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MMgftPmaUi.   SM-mmt.  (Simon,  JMMk  Ckm.  i  328;  Fandw.  d. 

Chem.  2  '.  Aufl.  ii.  [2]  167.)   A  brown  Bobsiano.  ,  probably  »  product  of  tho  de«>ro- 
position  of  haeiimtiii,  obtained  from  blood  ty  the  followring  process  :— I)riV-d  blood  ia 
rifp*al:«dly  «xlmiuited  with  boiling  water,  warm  fltber,  and  lastly  with  alcohol  contain- 
ing solphoric  acid,  and  the  latter  solution,  after  supcrsaturatioii  with  ammonia,  io 
e>-3ipor-itcd  to  dryness.    The  reeidae  is  exhausted  with  alcoholic  ammonia,  i!ic    hiti.  n 
ia  i^;aill  evaporated  to  dryness,  and  the  residue  is  exLuasted  with  tlLt  r,  uud  then 
repeatedlT  with  water,  in  which  the  h^maphoin  dissolve   To  free  it  from  still 
Ramixt-d  n.'i-mrilin,  it  fx  dried,  ilissolred  in  TioAing  alcohol,  «f«pamt<^  a^ain  l^y  <*vnf»n- 
ralioD,  then  di.ssolvtd  iu  cold  alcohol,  and  the  alcohol  is  eraporated.    The  product 
thus  obtained  is  a  brown  mass  difficult  to  palvorise,  soluble  with  brown-red  colour  in 
cold  alcohol,  l('>s  sr>luMo  in  wiiftT  and  in  ether.    It  doe*  nnt  nii-lt  \y]\<  u  bcati-.l,  Lut 
bams  with  a.  bright  tlamu,  without  leaving  any  ash.    The  solution  in  dilute  alcohid 
ferae  brown  precipitates  with  Istd,  copper,  mercurous  and  silvw  Mlta.  Simeon 
obtained  a  V^ly  of  limilar  eolow  to  tile  tion  by  tiwtiBg  bkwd  «teeimiT«ly  with 
alcohol  and  water. 

KBMATBZV.  C«H"0«,  or  C"H'«0».  (Erdmann,  Ann.  CLPharm.  xliv.  294.— 
Hesse,  find.  dx.  2S2.) — A  substance  produced  from  hcmataoTlin  hv  abstraction  of 
2  lit.  hydrogen,  a  change  which  takes  place  by  the  action  of  oxygi'ii  nnder  the  influence 
ui  aJkiUis.  The  beat  mode  of  preparing  it  is  to  sprinkle  about  20  grms.  of  kcmatoxylin 
in  abasin  with  Miffleient  ammonia  to  dissolTo  it,  stirring  continQiilly,  end  warming  the 
liqniJ  ;r<'nf!T  as  Innu  as  the  h;i  iii;itoxylin  remains  in  crrrf^.  It  m«««t  now  be  oxposed 
to  the  air,  and  ammonia  added  froia  time  to  time  Ly  siuall  quantities,  so  that  the 
fiqoid  maj  ahnys  smell  of  it,  care  being  however  taken  not  to  nod  too  mmeh  ammoni«T 
as  it  womd  canst?  docomposltion.  Tlic  liquid  after  a  litt'<  while  n.'»<:nme8  a  dark  red 
colour,  appearing  almoet  black  when  viewed  in  a  t»lrutum  of  moderate  depth.  It 
then  ttmtains  h»roateate  of  ammoninm,  and  on  being  slightly  sapersaiorated  with 

tic  iirid,  deposits  htematein  in  the  form  of  a  bulky  brown  r.-  l  mas^i,  lil^c  f-^rrio 
hydrate,  which  bv  diyifig  acquires  a  deep  green  cctloor  aad  metallic  lustre :  its  powder 
in  thin  kyem,  cuibmi  s  ved  eohviir. 

Hsmatcin  di5«;olvcs  f-lowly  in  ooM,  more  readily  in  boiling  waf<  r.  On  .juif^T^ly 
evapacatUBg  a  solution  prepared  at  the  boiling  heat,  it  becomes  coveted  with  ahiniug 
greeB  acalca,  wtkiefa  muc  to  Chs  hottom  and  are  gradually  replaced  by  oAera.  Some- 
tima<  also  the  solution  solidifirs  in  a  gelatinous  mas.*,  whirh  virhU  mioac  nus  lamime 
when  suspended  in  wat«r.  Hgmatwn  Ukeviae  dinolrcs  in  alcohol  and  vcrv  sparingly 
inethcae.  Itdi«oilTia«itliTCd-lnowBeoloarinihemitt«i»ladd^  laMeam^^ 
aetd.  Sulphydrie  add  daookafiaea  it;  but  dow  not  conTttt  it  into  hwnatoaryUn.  Itis 
carbonised  by  heat. 

Haemateio  unites  readily  with  baMt.  Fioituh  dissolves  it,  iSnndnc;  a  Una  aoltttioil, 
iridch  tarns  ]>rown  on  exposure  to  the  air.  ^  dmmcnia  dilwilna  it  with  ft  flue 
eolour.  which  likewiae  taioa  brovn  in  the  air. 
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Th«  kflt-nifliitioiied  sohtHon  contdiw  hsmftteftte  of  ammoiiiiiiii»  iHiidI  ia  IHce- 

wise  formed  when  a  solution  of  h:uniat  >xyliii  in  ammonia  i.s  oxp'^bcd  to  the  air. 
The  salt  deposited  by  gnuiual  cva|>oration  is  a  dark  violet,  gronolur  powder,  whiclx* 
when  esaauaed  by  the  ndeneeopo,  appean  to  he  eoapoeed  oi  txaoapaNOt^  violet,  Ibvur- 

sid«  >1  prisms.    It  contains,  according  to  £nlmann's  analysis.  56  26  per  cent.  C,  6*17  H, 
and  V>  72  N  fnio;in\  win  ri<v  Gerhardt  {TVaite,  iv.  303)  deduced  the  formula 
C'*ii'\>"H'  )-Oo  /  j-.^      ^  4  j£        3  3  jj).    Hosse,  by  leaving  the  solution  to  stand 
lor  two  or  ttir.  .■  days  in  a  cool  place,  obtained  crystals  in  which  he  fomul  .51  S7  C,  6-73 
H,  and  3-0 'j  X  mu  in\  agreeing  nearly  %v'ith  tho  formula  C'*H'(NH')(  )MH*0,  which 
requires  51*76  C,  6*60  ti,  and  3*77  N.    Haematcate  of  ammouiuui  diiabolves  readily  in 
water  and  aleohol.  The  alodhcdie  aolntian  ia  Ted-brown,  but  becomes  purple  on  addition 
ofwat*  r.    Thf  H.ilt  gives  off  water  and  amm<jnia  at  100°  C.  und  must  therefore  bo 
dried  orer  sulphuric  acid  at  ordinary  tempamtures;  even  then  it  sometimee  deoompoeeo. 
Over  aulphnno  aeid  ia  ftetto,  it  pvet  off  aU  it»  awmnma  asd  learea  hMnateln 
(Erdmann).    According  to  Hesse,  it  gives  off  all  its  Muter  and  aminc'nia  at  130'^  V., 
leaving  hsematoin  as  a  ivcj  faygvoeoofiie  fowdeTj  having  a  blackish  Tiolet  colour  with 
green  iridescence. 

Baniatein  thus  obtained  cxmtaina,  according  to  Hesse's  analysis,  r>7-n6  per  cent 
carbon,  and  3-.30  hydrogen,  agrppinp;  nearly  with  the  formtilu  C"*il"'(J\  which  reqnirps 
68"08  C  and  3-51  H.  Erdmann  found  in  his  lutiuatein  62  66  per  cent.  C  and  4  16 
H  (meanX  w!j  ho  deduced  the  formula  Q^Ef*C^\  GerhaTdt  (7rrn7(',  iv.  :}()2) 
propoficd  tho  formula  C'*H'*0*,  which,  however,  do(>s  not  arroe  vrry  well  with  Enl- 
mann's  an:ily;«e«,  requiring  64*0  percent.  C  and  10  II.    Ilcs-ic  fju^'ge.'-L's  that  Erdniann'a 

haemateiu  may  be  a  diba.sic  acid,  J  0-,  and  the  product,  C'^II'^O*,  obtained  l>y 

himself,  the  corresix^nding  anhydride ;  on  this  .supuoaition,  the  two  ammoninm-saltJ 

above  mentioned  are,  perhaps,    ^^|j,^,^  U- an',1    jj  ,^^«JU*311*0. 

The  solution  of  hsemateate  of  ammonium  forms  coloured  precipitates  with  many 
metidlie  salts :  with  acetate  of  Uad  it  produces  a  deep  blue  precipitate ;  with  sulp^te 
of  copper,  violet-blue  ;  with  protochUmde  of  tin^  violet;  wittt imn  tdtm,  UadL  With 
chloride  of  '  •  it  forms  a  dark  purple  liquid,  which  becomes  brown  on  ciposnre  to 
the  air.  It  reduce  nitrate  of  siVvtr,  but  huj^  uo  action  on  mercuric  chlorida.  Accord- 
ing to  Heese,  it  foma  with  chloride  of  barium^  chlorid*  eaicium^  and  especially 
with  chlorid*'  of  sodium,  precipitates  of  various  colours;  no  y  r-.  ^ipitalo  with  hypo- 
eulphite  of  sodiutu  ;  with  acid  »ulj*htU  aminonium^  a  gektmous  precipitate^  which 
dunppaoi*  on  boiling. 

MMHULTTK  or  BJBBKAT08ZV«  The  ml  colouring  matter  of  the  blood-cor- 
pnsclpf.  (See  Btoon,  i.  607.)  Lehmann  (Compf.  rend.  xl.  .'58o)  first  showe<l  tliat  it 
may  be  obtained  in  the  crystalline  state.  £.  Schwars  (Zoitiwhr.  1.  die  ges.  Naturwis- 
seneh.  XL  325)  prepares  it  in  thia  atate  bjrabmitttng  the  oomminuted  cdotof  ox-hlood, 
fret  d  as  irnich  as  po-sil-le  from  serum,  to  pressure,  and  agitating  the  expressed  liquid 
by  small  purtions  with  a  satur^ed  solution  of  oxalic  adidt  with  addition  of  alcohol  and 
a  krge  quantity  of  ether.  The  clear  daric  hiown  aolntion,  decanted  after  a  ftw  minutea 
and  left  to  stand  for  some  weeks  over  chloride  of  calcium,  def>osits  tlie  lueraatin  in 
anall  black  nodnlea  modo  up  of  cubcs^  which  may  bo  fteed  from  admixed  oxalate  of 
cakitnm  by  meaoa  of  dilute  fydrodilone  add.  Lesa  dist&et  crystals  may  be  obtdned 
by  leading  the  ethereal  solution  to  evaporate  freely ;  but  the  quantity  is  always  small. 
A  f*..]ution  of  hfpmatin  obtained  as  above  from  horse-blood,  yielded,  on  j^tandintr.  small 
rufih-shaoed  or  spindle-shaped  crystals,  rod-brown  by  transmitted  hVIit,  ila:inatia 
may  be  obtained  in  the  amorphous  state  by  diKtiOiQg  on  about  a  third  of  the  ether  front 
the  solution,  and  mixiTigi:the  residue  with  a  larjre  quantity  of  water.  Tlie  black  flocks 
thus  precipitated  arts  washed  with  water  by  decautaLion;  then  boiletl  witll  strong  acetic 
aeid,  to  free  them  from  albuminona  compounds,  as  loiig  as  the  liquid  ia  xeodered  turbid 
1  V  ''i  rr  v;;:iide  of  pota.'^sium  :  and,  la.'lly,  the  precipitate  is  boiI<  d  with  water,  alcohol, 
and  ether  in  succession,  and  then  again  treated  with  water.  The  crystallised  com- 
noond  nay  be  anlgected  to  the  aame  traatmeot  withont  nsdergoing  any  alteiwbon. 
Iltcmatin  thus  prepared  i.s  fa.''teless  and  inridnrous,  in.solublo  in  water,  cold  alcohol,  and 
ether;  partially  (?)  soluble  in  hot  alcohol*  easily  in  acidulated  alcohol,  whence  it  is 
precipitated  by  water.  The  solution  in  addnlated  alcohol  ia  decobrised  by  peroxide 
of  lead.  Hsematin  likewise  dissolves  easily  in  slightly  alkaline  Uqnida,  mt  not  in 
strong  sulphuric  or  hydrochloric  acid.  Silver,  lend,  aiiif  copper-salts  form  precipitates 
in  the  aramoniacal  solution.  lii^niatin,  when  bui'uL,  leaves  a  residue  of  ferric  oxide 
mixed  with  small  quantities  of  caleie  phosplmte. 

Tho  following  analyses  of  hmmntin  by  .Schwnrs,  give  results  not  di/Tering  greatly 
trom  those  formerly  obtained  by  Mulder  (whence  the  latter  deduced  the  ^mula 
CnSPVfiSKy),  bat  agKMBg  bolter  with  the  teiiil»  C"H"FeliW. 
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'Wlicn  an  alcoliolic  solution  of  rTy^^tallifiNl  Iwmatin  is  lioilod  with  nifrio  iKiil.  tlio 
whole  of  the  nitrocen  of  the  haematin  is  zemored,  and  a  xioD-«aoti«ed  acid  ia  fornuHl, 
togethar  viHh  a  •sMaaM  vlndi  ftdmet  eaprie  oodda  is  alkaKna  lolnBoii,  and  ftf- 
meotd  with  yeast,  yidding  aleobol  and  {BlIxilUO  aiM. 

Hiti  nan  '  '  i'^  sometimes  also  used  as  a  synonyme  of  "B mukfuaaaJK, 

W  IBBIf  A  TUKOmtm  A  red  glass  known  to  th'^  anciente,  and  used  for  mosaics, 
ornamental  vases,  &c. ;  it  is  mentioned  by  i'iiuy,  and  occurs  pretty  frequontW  omons 
the  raina  of  Pompeu.   Its  colour  ia  a  mia  xw,  intaimeduta  between  red  kad  atu 

T*»rmiliriTi.  Tt  is  opnqnf^,  h.-irtU-r  thnn  commnn  plaM,  takps  a  fin^  prdish,  hn?«  a  ron- 
eboidal  £r«M;tur<>,  and  a  «[>ecitic  gravity  of  3  o,  The  red  culour,  which  is  du«i  to  rod 
aiida  of  eopper.  completely  destroyira  tajfhsion,  nmi  cannot  be  restored  by  any  addi- 
tion whaterer.  The  fused  mass  has  a  grprrn'^^h  Vdack  colour,  whieli  nHlin  inf;  nsents 
merely  ooavert  into  a  muddy  brown-red.  Uttsmatinone  contains  no  tin,  and  uu  colour- 
iagrabilance  except  cuprous  oxide. 

This  antique  plass  may  he  cxacUy  imitated  by  the  following  process,  discorered  by 
Pettenkofer  (IHugl.  pel.  J.  cxlr.  122): — 100  pts.  of  silica,  11  Ume,  1  Butgnesiii, 
tt  litharge,  and  50  carbooata  of  loda,  u-e  fused  togethar,  aad  to  thf*  ekar  vUts  gjlaat 
thus  pr.Klu<'.  rl  ar<'  add.  d  25  pt.s.  of  suiale  oxide  of  copper,  somewliat:  latrr  1  pt<.  of  prnle 
oxide  of  irou,  and,  lastly,  a  small  qu&nUty  of  chareoaL  On  leaving  the  fused  mass  to 
epol  dowly,  a  Kvor^oolcwied  f^aat  ohtatnod,  whieh,  when  Anllier  neatid  (Ibr  6  to  19 
hoTirH)  tin  it  hoff<-ns,  U  cf.nverted  into  bitniafinono  of  a  splendid  r.-d  coioT>  tp  Conia 
^uence  of  the  separation  of  a  red  cuprous  compound  within  its  mass. 

A  man  itariola  glass,  nada  hy  aelHng  togettur  100  pts.  silica,  10  Hum,  0*5  mag- 
E«'s:;i,  40  litharirf,  GO  carbonuto  of  Hoda,  3(J  srale  oxide  of  copju  r.  2  nluinina,  and 
3  acala  oxida  of  iros,  exhibits^  after  onoe  alow  oooUng  in  the  air-fumaco,  a  great 
Mnber  of  ttA  poiuli,  USttlmaA  HiMt^  a  jelUnrieh  vffawoa  vum^  on  entting  and 
fdiishing  tins  p]ah«,  the  red  points  appear  as  beautiful  tufts  of  needle-shap' il  rrvsf  ils. 

When  part  of  the  silica  in  hsematinone  is  replaced  by  boric  anhydride  (by  adding 
borax  to  the  melted  mass^  a  dark-coloured,  dichroitic,  crystalline  compound  is  obtained, 
«ri]rd  astralite  (i.  429). 

Pettenkoft  r  is  of  opinion  that  the  snmp  m-^talline  cnprmifl  rompntrad  (whether  pure 
euprotis  <^^>xido,  or  more  proLably  cuprous  wih'cate)  wliich  impiirtjj  the  red  colour  to 
hctnatinonc,  constitutes  likewise  the  erystallini'  spangles  contained  in  arenturin  glaiy 
fi.  477).  which  in  fact  be  ha.«?  producM  ]>y  fusin^^  ha'matinono  with  a  qnaiility  of  iron 
HIiLLgs,  guffidc-ut  to  reduce  about  half  tht-  copper  c(jntaincd  in  it  to  th^;  niitjillic  state 
(the  metal  then  setfDiig  doiWB  In  the  form  of  a  regular,  and  leaving  a  deep  greeaUl 
black.  "Ciirot  ly  tran^rparfnt  0siB8  above),  beating  this  glii—  f  r  ^nnic  time  f<>  tin-  tompe- 
cature  at  which  it  softens,  and  then  leaYing  it  to  oool  Tei;y  slowly.  (Jahresb.  d.  Chem.  i 
1001;  Ik.  708.) 

HatiTB  tinaloiaiilu  of  uoa.  (8m  Dbow,  oexbm  ov.) 

rSTAXAnr*  A  crystuUine  substanco  obt  liiu  d  from  }>Wn\ 
(L  606).  It  has  the  composition  of  the  albuminolids,  and  if  quite  pure  would  probaUj 
be  edmitkH,  but  it  has  neTer  yet  been  obtained  perfectly  free  firaim  hmttflli 

A  erystaXKBa  aafaetaaee  often  found  in  cxtrarasated  blood 

(i.  G07).  Tt  nppr^ars  to  bo  protlaced  by  the  decomposition  of  lumnatin  ;  l>nt  the  nature 
of  the  trausfonaation  has  not  been  exactly  made  out  Accurding  to  V«rdeil  and 
Ballfae  (Compt.  rend.  xxx.  300),  eiystab  resembling  hmatoldin  may  be  obtained 
f^tmi  ox-Wo(«1  by  filtering  it  after  coagulation  by  boat:  emprtntinp  thf  solution  to  a 
ByTap,  and  mixing  it  iritn  alcohol;  stooncly  concentrating  the  liquid  hitered  from  the 
resnltii^  pecipttata;  and  nadag  h,  whm  eoVi,  with  dflnta  mlfAiazie  add.  Fat 
'  "An  then  ecpartte  on  Ili0  mAfOb  of  the  liqtddi  MOMtfanea  led  wyitile  ta« 
semtdiag  htbBiat^uiin. 

•  9 
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HiEMA^TOSIN  -  HuEMATOXYLIN. 


Roll  In  (Compf.  ron'l.  xH.  606)  found  a  ciinsidernMf^  qnantity  of  liajniafoiMIn  in  - 
hepatic  cyst,  forming  hard,  brittle  prisms  of  118°  and  62°,  and  of  a  bright,  oraug- 
red  Qoknir.  According  to  Valentiner  (Jalmsb.  d.  Obmou  1869,  p.  666),  gdl-afon*^ 
Wla,  and  the  lirers  of  porsons  affected  with  jaundice,  yield,  when  treated  with  chlon 
r>rm.  H  cr^-'ttnllino  Bu1j8tane<^  diffr-rin*];  from  nil  pfwiovaly  kaowa  in|(nidiimtiB  of  bii 
iind  iif^Ti'i'ing  in  all  respects  with  lia-uxatuidiB. 

HABKATOSZXr.    See  H^^MAXUf. 

sncATOZT&xw,  alao  called  Hmatm,  (M*^.   (CheTranI,  Am.  Chfa 

hm.  128. — Golfier-Besaeyre,  Ann.  Ch.  Phys.  [2]  Ixx.  272.— Erdmann,  Am 
Ch.  Fbarm.  yX\^-.  292. — Leblane,  Traiti  de  Chimic  do  Damas,  viii.  102. — O.  licsst 
J.  pr.  Chem,  iiiv.  218  j  Ann.  Ch.  Phurm.  cix.  332.) — A  ciybtdiine  subntauce  coii 
tainod  m  lonwood  {Bamaietejflon  Camvfchianum)^  and  the  aonrce  of  the  coloarin; 
proprrties  of  that  woll-kTiown  dye.  In  the  pure  Htate,  how«»ver,  it  has  little  or  r. 
colour,  but  ia  converted  into  a  colounng  matter  under  the  influence  of  alkalLa  un> 
oacygen. 

It  is  prepared  by  leaving  the  eommercial  extract  of  logwood — previonsly  mixe< 
with  qui^tE-sand  to  pvvent  agglomeration — in  contact  with  6  or  6  times  its  volumi 
of  ether  (not  anl^idhKNui)  Ibr  w&tml  days,  agitating  ftam  ttma  tD  timai  than  deeantini 
the  brownish-yellow  solution  ;  distilling'  off  the  ether;  mixing  the  s^TUpy  residue  will 
water;  and  leaving  it  to  itself  in  a  loosely  covered  vesseL  If  no  water  were  added 
the  liquid  would  simply  dry  up  to  u  gummy  mass;  but,  if  a  sufficient  quantity  of  Mratei 
ia  pteseQt,  the  luematoxylin  crystalliaea  in  the  ooirse  of  a  few  days.  Tho  crystals  an 
washed  with  water  and  freed  from  adherinfr  mother-Hqnor  by  pressnre  betwoer 
filtering  paper.  The  inoiJjer-liquor  mixed  with  the  wateh-wutiT  yields  another  crop  o; 
ei^tuls  by  spontaneous  evaporation.  A  Idlogmnme  at  logwood  treated  aarenl  timaf 
with  etliL-r  yields  from  100  to  120  grms.  of  bsematozgrlin.    (Erdmann  ") 

Hsematoxylin  thoa  pre|)U»d  has  more  or  leas  of  ft  jtAlow  oolour,  but  by  recrystal- 
liaation  from  water  eontaiaing  a  little  ffolphite  of  inunoniai,  it  may  be  obtainsd  in 
colourless  crj.stals.    (H  e  h  s  e.) 

fiiamatoxylin  forms  two  kinda  of  crystals  containing  respectively  3  and  1  at.  water. 
The  trihydxiited  crystals,  0^**0^.$WO,  oMiied  m  mn,  bekiog  to  Uie  dimetric 
system.  Ordinary  combination  ocPoo  .  P,  with  Poo  subordinate.  Length  of  principal 
axis  as  0-63  (nearly).  Angle  of  the  terminal  edges  of  the  primitive  ocfohedron, 
P  »  124°.  The  oystaU  are  transparent^  generally  veiy  briUiont^  and  soiueLiiue»  of 
eoaaideiaUe  leagth*  Ihaygireoff  thei»^»at«(15'l  per  cent)  iavMuo  elordinaiy 
temperatures. 

Tiie  nt&Tiohydrate,  C"H'*0'.HK)  (containing  6'6  water),  is  obtained  by  leaving  a 
■olntion  supersaturated  at  mean  temperature  to  etead  far  eome  time,  in  etystala  ef 

cnnsidi  rable  size,  with  smooth  and  sometimes  curved  faces,  and  conf^isting,  according 
to  a  preliminary  determination  by  Naumann,  of  homihedral  trimetric  combinations, 

oP  .  -  .  mPco .   The  same  l^drate  is  obtained  in  granular  crystals,  by  pouring « 

twlntion  of  htematoxylin,  »mpersntnrated  nt  the  boiling  heat,  into  a  cold  vessel  ooii' 
taining  a  small  quantity  of  solution  of  acid  sulphite  of  ammonium.  (Hease.) 
Dehydrated  hamatoxylin  eontaina>  aeoording  to  EMlmaim*e  eoalyeea,  68*17 — 68*66 

per  cent  carbon,  and  4  05 — t'7n  hvdropen.  whence  Erdmann  deduced  the  fonnnla 
C*^IJ"0^\  Gerhardt^  however  i'lVaiti,  i\\  299),  suggested  the  more  probable  formula, 
Oi<H>H)*.  iHiidi  reqoires  68-6  per  eeat  C,  4*6  H,  and  Sli)  O. 

ITTmatoxylin  dlssrjlves  <?lowly  and  sparingly  in  eohl  vntrr,  easily  in  ahy>hol  ViXtA  fthrr 
(Erdmann).  It  dissolves  in  a  saturated  solution  of  borax  more  easily  than  in  pure 
water*  ifarming  a  neutral  or  slightly  acid  liquid,  which  exhibits  ft  bluish  fluorescoucc, 
and  from  which  the  borax  is  not  precipitated  by  alcohol  This  solution,  mixed  with 
hydrochloric,  acetic,  or  ^nlphnric  acid.  KoHdifies  to  a  dense  mi\nn,  in  which  grannlar 
crystuls  of  monohydi-ated  li^ematuxylin  quickly  form  ;  but  on  addition  of  bolutioy  of 
enkride  of  eodium,  potassium,  orammoniom,  ferrocyanide  of  potessiam,  or  acid  sulphite 
of  ammonium,  it  depo.-ifs  hfematoxylin  m  a  white  amorphous  mass.  Wlieii  acid  sul- 
phite of  ammonium  is  added  by  t^rops  to  the  same  ac^ution,  lucmatoxvlin  is  at  first 
deposited  in  theftwm  of  an  aaun^ilKme  gnmmy  preeqntide,  which  Te-dtssolTes  on  boiling 
t^ic  liijuid,  and  reappears  on  pooling;  l)Ut  on  enntinumg  the  addition  of  (he  acid  suliiljlti' 
to  tite  .syrupy  liquid,  a  point  is  at  length  attained  at  vhich  the  amorphous  hsemataxylia 
disappears,  and  crystah  of  hamstoigrlia  are  soon  effcerwards  obtained.  When  amor- 
phous hromit  ox  vl  in  is  dissolved  in  boiling  water,  and  a  drop  of  hydrochloric  ac  id  add  id 
to  the  eolation,  oiyatab  of  haftmatoTjlin,  genenUfy  the  mou>hjdcate^  areeoon  dented. 
(Hesse.) 

Hcematoxylin  dissolves  abundantly  in  ft  mim  solution  of  hyvift^hte  of  sodium^ 
liwming  ft  purple  liquid,  which  degponte  aaMttphoae  hsematosyttn  on  oooUi^  It  die* 
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nlvw  viA  mmm  dMBflnlty  in  tolnlioB  ti«Morii§  ^fteihmt  man  ^nOj  Id  •  wtvnted 

so'uri'on  of  chii'riih  i  fhirhda  fthi,-i  snhit ion  ut  first  depositing  crystals  ot  tlie  trihydrati", 
wkich  sradtudly  give  place  to  thosD  of  tha  monoliydritei  verv  abimdjuitiy  in  itolutioa 
«r  tft^tmary  piiosphate  of  todiuni,  forming  a  liquid  vldn  baottVM  lik*  tlie  aolitfion  of 
hematoxylin  im.  tans  $bof  menrtotiadi  wwwpting       it  flihibito  »  bMb  tMofcioii. 

(Hesse.) 

Hiematoxylin  has  a  strongly  gacdiarine  taste,  like  that  of  liquorice,  very  persisteut, 
and  withoat  astriAgeiiM  Ot  omemcss.  Its  solutions  trim  the  plane  of  polariMtioii  to 
thr-  ncht.    It  rciltic*^  pnpnc  oxido  in  an  Hlcoholic  solution  eonfaining  a  Ilcali. 

Ail  aquecus  solution  of  hyumatoxylin  in  not  altered  by  cuntacl  willi  pure  air  or  oxygen 
ras ;  but  if  the  slightest  trace  of  ammmm  is  present  in  t  h*  uir,  the  liquid  aoquirci^  a  yel* 
HNriali  red  Mlour^ arising  from  the  formation  uf  h^Fmnteateof  ammonium;  pnhaiiHj  tlUMS 
C"H'*0«  +  0  +  NH'  =  C'«]PCNH*)0»  +  2H«0. 
)  Hs>matox)Iin  melts  in  its  water  of  cry^Uillii^ation  when  moderately  heated,  and  is 

eompleteljr  carbonised  at  higher  teapflratarei;    Chlorim  concerts  it  into  an  uncrysstal- 
TVith  nitric  acid  k  iomM  osulie  Mid,  JMjpJkmio  aod  kjfdnoiUork  awk 
hare  but  litllc  action  upon  it. 
With  6ase«,  hanatcsylin  fonat  compounds  whioh,  OH  exposura  to  fha  air,  iM  «on- 

TfTtfKl  into  hnematoate*!.  IJnryta -water,  added  to  a  solnfimi  of  hfPmntoxylin  freed  from 
air  by  boiling,  forms  a  white  precipitate  which  imjou  turns  blue  if  th&  air  has  access  to 
iL  nta*h  impart!  to  the  si^tioa  a  violet  colour,  quickly  changing  to  purple  and 
brown.  "With  acetate  of  haif,  n<  ntral  or  l>a>i(\  tlic  snhition  yi.-Ms  a  wliit..  j..r<  <.I|ntHto, 
vhich  qaidd;  turns  blue  j  with  cupric  aceUte  or  sulphate,  a  greenish  grey  precipiUttv, 

wita  a  coppery  lustre.  DkUoridt  of  tin  fbnni  a  nM> 
coloured  precipitate,  wliicli  (!ot-.s  not  ciiaiig*-  colour.  Iroii  (iJidu  forms.  aft<'r  fi  whil'\  a 
■ti|^l  blaekisb  violet  {Hrecioitate.  (J<mmou  alum  cUoora  the  solution  light  red,  but 
dow  not  jwoduw  a  prccipnttb  (SkMtU  baiilm  iist  oobniia  tile  liqoid  nd,  and 
then  forms  a  n d  pn-oipitate.  The  foliitikMi  of  limitoiylin  fuoklj  icdiiMi  aitnta  of 

91^ r:  r  and  ohloriJe  iji gtAd. 

&BBCXV.  A  crystallised,  iiittiiaely  red  substance,  which  may  be  prepart"d  from 
Uood  ia  various  ways,  but  ki  difllrult  to  obtain  in  the  pure  state,  and  has  therefore  not 
>jrcn  analvf^f  d.  The  crystals  are  nht.iinod  iraraediately  on  mixing  blood,  either  fresh 
or  boiled,  with  strong  acetic  acid.  No  crystals  are  formed,  however,  when  blootl  cou^u- 
latad  by  bailing  is  first  washed  with  water  an  :  i  I:  i  treated  with  acetic  acid  (Teich> 
mann,  Pffnfer  and  ITenU-  s  Zeitschr.  f.  rat.  2tI«  dioin.  iii.  357:  viii.  141).  Acconliuf; 
to  Krauss  (Jahresb.  d.  Chcm.  1861,  p.  792),  human  blood  may  be  distinguished  with 
certainty  from  that  of  the  ox,  sheep,  pi^  mooM,  07  poidtiy,  tba  ebataeteis  of  the 
\v-  T 1    -         I obtained  fron^  it. 

Hii.X'KEr  JORDZTE.    OlipooUse  from  Hafrtifjord,  in  Iceland. 

BAZBINOzaUTX:.  A  hydnited  arsenate  of  ealiium,  2Ca'ilA«0*.3H'0,  sup- 
poaed  to  be  from  Baden  or  Juadiimsthal,  associated  with  phainiacolit«.  Occurs  m 
minute  errstals  belonging  to  \\w  trimetrio  system,  mostly  cnnprei^ated  in  botryoi"dal 
£}nns  and  drusy  crusts.  Specific  graritv  2  848.  Hardness  1-6  to  2'ti.  Lustre 
TftraooM.  Ooloar  white.  Streak  whfte.  TnuiqiaMnt  or  ttanehieent  Sectile;  their 
slightly  flexible.    (Dana,  n.  413.) 

CiTstak  having  the  form  and  composition  of  haidingerite  may  bo  produced 
art^radllf  by  digesting  caitooala  of  eahmua  at  <Mrdinaiy  tempecatacee  with  esecM  of 
aqoMus  aj^nio  a«id»  (Debray,  Aan.  Ch.  Phys.  [3]  Ixi.  419.) 

KAIB.  Hnir  cAnsists  of  a  cylindrirnl  tttbo  clothed  with  minntft  pcnlcs,  Itavi'iiat 
tiieir  points  directed  towards  the  free  extremity.  The  tube  is  filled  with  an  oil,  wiuch 
pwe  die  ooloar  to  the  hair ;  in  white  hair  thie  oil  is  colourless. 

In  thp  norma!  static  hair  is  invnsibJe,  «ttronp;ly  divtrio,  and  a  bad  fondncf-r  of 
heat  In  contact  with  the  air,  it  swells  and  absorbs  moisture,  but  does  not  putrefy. 
GUofiaa  iftt  hieediee  ud  then  eooirarti  ft  into  a  rainona  aiatter  raembUag 
turpentine. 

Hair  ie  insoluble  in  water.  Heated  with  water  in  a  sealed  tube,  it  is  decomposed, 
vith  HbenlJos  of  enlphydrio  aeid.  A  rfmilar  deeonporitaon  takes  place  with  aqaeone 
pofa'-h.  Nitric  fwrid  turns  it  yellow,  forming  oxalic  acid,  sulphuric  acid,  and  a 
peculiar  bitter  subetanoa  Hvdiodilorio  and  eolphuric  adds  dissolve  it,  forminx  roso- 
colonadrahitioBa.  AlkeHimi^it  Many  ealte  ead  motallieoKidei,  aod  Hkeiinee 

certain  or^'^nic  sul^fancc;*.  (dian<:i'  the  colour  of  red  or  white  hair  to  black.  A  solution 
of  nitrate  of  ulrw  in  ether,  or  the  same  salt  mixed  with  laid,  oil)  slaked  lime,  or 
PTvogiUHe  add  ie  need  fm  bhukenlB^  hair. 

Hair,  when  heated,  beconi*.-4  hard,  .swells  and  emit^  im  odour  of  Luriit  horn,  :iiid  in 
the  open  air,  takes  fire,  bums  with  a  bright  flame,  and  leave*  a  leaiduo  of  charooal, 
By  dxj  distillation  it  yidldfl  oily  and  aimiioniftCBl  prodoflti. 
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HAIR-SALT^HABDNESa 


Aivordinp  to  Von  Laor,  hnman  hair  contains  49-8  per  cent,  carbon,  6*4  bjdrogen, 
17  1  nitrogen,  5  0  sulphur,  and  26*7  oxygen.  It  loarea  by  calcination  from  0  32  to 
1  Hj  per  cent  of  aah,  consisting  of  0*17  to  i)  i»3  soluble  matter,  0-658  to  O  :\90  oxida 
of  i    r     1 !  M  noo  to  0-628  ««rtliy  salt*.    (PelouEe  et  Frimy,  Traitiy  vi.  2il.) 

A  term  applicfl  fo  nafivo  sulphate  of  afuminbnt),  A1'(S0*)».9H^0, 
and  to  iron-alum^  Al*F6(S0')M2H-0,  theeta  mlta  ttomvliDnsn  occurring  in  delicate 
flbrau  nmnii    (8m  Aimt  un  8uk«u.tm») 

MMMOanL   Bttie  Mlpliato  of  abimiiiiiiin.  9(jUH>lflO^SBPO.   (8711.  witb 

HAUtOTSZTB  or  BAliZrfl'S'TS.    A  hydmted  silicate  of  aluminium  contain 
iug  a  laiiger  proportion  of  water  than  ordinary  clay,  which  it  otherwise  msemUes. 
An«r  drying  in  the  air  at  ordinary  temperatures,  it  retains  nearly  2H'0;  bat  by 

(Irvinfr  in  fh*-  l<iln.  tho  proportion  of  water  is  reduced  to  nearly  tlvit  -.f  <Minmf^n  clay,  Ti:^. 
Ai*0*.i5i()-  +  H-'O.  It  occurs  iii  wliitf%  soft,  smooth  mass^^s,  with  coiH"'h*inl;il  waxy 
fraetnn-,  adlicriu^  to  the  toiigU(\  opatjuc  or  transluoent  at  the  edges  only.  AVhen 
immersi  il  in  waf<'r,  i{  dnps  not  fall  to  liut  bt-'Com.->s  more  traneinoeiit.   It  ia 

readij[y  decomposed  by  sulphuric  acid.   The  following  are  analyses : — 


Berth!  or.  BootsiafauU. 


Alvnlika  « 

^1. 

«ff*       ft  1. 

b  S. 

«  1. 

«  % 

89-4  ma 

84-0  , 

8a-4 

96 

pnioa  . 

A"  X 

•      4(  (  0 

43-6  44-94 

39-6  , 

44'9 

40 

Water  . 

.  in-7« 

2ri-o  16-00 

26-5  , 

15-7 

25 

iooou 

iuo  0 

lUU  0 

Ov.v.ilJ. 

.    3oU0  . 

Du 

f. 

.  83-66 

frenov. 
/. 

Alumina 

•     •  • 

82-45 

Silica 

•     •  • 

.    40-25  . 

.  40-66 

43-10 

Water 
Ufagoeaia 

•  ■  ■ 

•  •  • 

•    24-25  . 
.     025  . 

99-76 

.  M'88 
■ 

9915 

22-30 
1-70 

tf,  fmra  Hon<ssc!ia.  ncarBayonne;  (1)  kiln-dried;  (2)  air-driod : — ^,  fmm  Antrl-nit, 
near  Liego;  (l)  kilu-dried;  (2)  air-dried; — <^  from  Guulc^ut,  in  A'lw  UroiiiuU; 
(1)  dried  at  100^  C. ;  (2)  air-driod ;  thia  apeeuiMn  eootaiaad  a  trace  of  sal-ammoniae; 
— «f,  from  Upper  Silesia,  containing  stzaisa  of  nuaganflaa      from  La  Voutli;— from 

Thiviers,    (Gm,  iii.  417.) 

aaJbaOEir.   The  dcetro-negaUTO  radicle  of  a  LHluid-suIt. 

waTtOTW  SJUmh  Benelhia  a{iplied  fhia  tern  to  aalta  consisting  of  a  metal 
united  with  an  olcctro-negativL'  radicle,  viz.  chlorides,  bromidt$t  MOtM^  cgaitidtt,  Arg^ 
designating  by  the  term,  AMPHTD-SA.LTS,  tlio«o  which  were  supposed  to  result  from 
the  union  of  two  binary  compounds  containing  a  common  element,  the  oxygen- 
BjJts,  Bulphur-Kjilts,  selenium-Mlto^  »id  tellurium-salts.  The  distinction  between  those 
two  pln«-srs  of  salts  is  no  longer  retained,  but  the  term  ha.l'i,l  ia  atiU  occaaionaUf 
applieillo  the  chlorides,  bromides,  iodides  flnoruK's,  and  tyanid<  si. 

MAAOnUECBJarSi   A  silky  iron-alum,  from  Lho  Sulfkt4ira,  near  Naples.  (See 

SAXiOTRZCHXTB.   A  name  applied  sometimes  to  native  iranHdnn,  aometinm 

to  11  1*!  .  .  !"  lr  it<  il '^ulphatc  of  aluminium.    (See  St  LPTTATits.) 

H AM ATHIOWXO  ACXll*  An  acid  produced  by  the  action  of  sulphuric  arid 
on  eoxanthie  add.  Ifs  oompoeittoii  baa  not  been  exacUy  determined.  The  bjuium- 
Kilt  cniitaiiis  ni  4  ] >.-r  1  >  nf.  bai7t»;  'tlM  leod-^alt,  61*6  to  02'4oxido  of  lead*  (See 

Eux ♦.NTJiif  A'*;p,  ii.  (JIO.) 

bahxpsuxrits.  (S.-.,  Steatitk.) 

SABSirBSS  or  miXWRMiBt  A  harder  body  is  dii^tinguished  from  a  sof^i^r, 
either  bf  attempting  to  aanttdk  one  -witb  the  other,  or  by  trying  each  with  a  file.  To 
prtvo  a  drfirnt."  cliara  f.  r  to  the  results  thus  obtained,  Mohs  introduced  a  scale  of 
hardness,  consi^tino:  of  ton  minerals,  (gradually  infroaoiDg in  haidneeas  from  1  to  10,  Tis.; 

1.  Talc :  common  laminated,  lir::hf -groan  Tlrie^. 

8.  Gyptum:  a  crj-stallised  vaiiety. 

3.  Caio-tp»!  tnn.s)>arcnt  variety, 

4.  Fhmr-'^par :  rry-talline  varie  ty, 
o.  A£aitic :  trauuipurcut  vadety. 
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6*6  SempoJite :  cxTsUlliiie  variety. 

<w  WsUpar:  (orthodMe);  vlkile  dmXbk  urisl^. 

7.    Qtmrtz :  transparent. 
S.    Topaz:  tnuMfMureut. 

The  hardness  of  any  giTen  mineral  ma}' bo  fletorTninM  Tiy  nttemp'inc;  to  scratch  it 
vitJi  MBM  of  the  aboTe  lmMmll^  or  Xts  txying  to  acralch  a  smooth  iiar£aoe  of  the  «ac> 
fMifv  wimlwwrf  tftotedetritttaMMpwHwgdf  the  MbiteaM  to  be  cxniiMd; 
tha9,  if  it  irMirtiie  Iiir<|jM  ead  It  .•aitehed  \n  aMtiU^  die  Imwlnaii  k  betveM 
iandS. 

Oragun,  the  rdattve  hardncw  of  a  miiMnl  maj  he  determined  bj  abrading  one  of 
ita  rdges  with  a  file  If  the  file  abnidoe  the  mineral  under  trial  with  the  same  eaee  aa 
flaar>sp«r,  and  prodneea  an  eqoal  depth  of  abrasion  with  the  same  force,  the  hardneaa 
■  aud  to  be  4.  If  the  mincnd  is  abraded  more  easilj  than  fluor-spar,  bat  less  eaailj 
than  apatite,  the  hardness  may  bo  4-25  or  4  5.  In  making  theae  oompurative  tnali^ 
MTp  niu*t  be  taken  to  apply  the  file  to  edges  of  equal  ontusenesa.  That  part  aNo 
of  the  specimen  should  be  selected  which  has  not  been  altered  by  exposurp,  and  has 
the  highest  degree  of  t  ransnarenej  i&d  compactness  of  stmctmre.  The  pressure  fijr 
detorminat  ion  ^llould  be  zauMT  basfj,  and  tM  flie  ahoald  be  peeMd  three  or  jour  tiaws 

OTer  the  specimen. 

Certain  Tarietiee  of  some  minerals  g^ve  %  Vm  digree  of  hardn(>ss  under  the  file, 
owing  either  to  impurities  or  imperfect  apcjegations  of  particles,  whilst  tlicy  Hcratch 
a  harder  apeciea)  showing  that  the  |>article8  are  hard,  but  loosely  aggregated;  this 
pereWarity  ia  exhibited  by  certain  raxietife  of  diiMloUle^  apinel,  and  aapplnra. 

Jbny  minerals— kyanite  and  mica,  for  example— present  different  depre«-f<  of  liard- 
MN  on  diaaimilar  fMea.  This  inequality,  like  did'crence  of  colour,  lustr^  &c.,  in 
theiMai^  i»  eonfiaed  te  thoee  primary  ftrau  vblflih  en  derriopad  vpen  Winfce  estik 
(Dana,  L  18a) 

BASBKAXA,  AXKAXiOZXMI  Or.  (Oerh.  iv.  9.— TTandw.  d.  aiem.  iii.  769.)— 
The  seeds  of  the  Peganum  Hannala,  a  plant  growing  ubuuduntly  on  the  steppea  of 
Soilliem  Russia,  especially  in  the  Crimee,  contain  two  orgaaie  baaea  called  bama- 
line  and  harmino,  probably  in  the  form  of  i  liat.  s ;  they  are  found  in  tJie  foed- 
coating,  not  in  !  he  kernel.  To  obtain  theae  alkaloids,  the  puiveriaed  seeds  are  exhausted 
in  a  pcmdating  appentoe  vftli  vator  eddnkted  with  acetie  cr  ndplmrie  acid ;  end 
the  browTiish  yellow  extract,  lUdi  wntiir"  thn  basos  in  the  form  of  ac  tates,  topt'tlu-r 
with  eartl^  phorohateiy  oolooriag  asttar,  ia  mixed  with  a  solution  of  eommon 
irft»wlMM«poBtte]i7dracUoanteaof  theal^^  wbidi  «ie  inohifaie  ia  that  Uqnid, 
are  pr*cipifated  together  with  colouring  matter.  Nifniti>  of  Hodiiim  may  alw>  W  used 
instead  of  the  chloridny  provided  care  be  taken  that  the  extnct  of  the  aeeda  doea  not 
eonfain  free  ndphnie  add,  ae  the  nitric  add  irlildi  trovld  then  be  liberated 
decomp—  tlu'  alkaloids.  The  precipitate  is  collected  on  a  filter,  and  washed  with 
brine  until  the  whole  of  the  mother-liquor  is  removed ;  then  dissoired  on  the  filter 
with  cold  water,  which  leaves  part  of  the  colouring  matter  nndisaolred.  The  solution, 
treated  with  animal  charcoal,  and  then  at  a  temperature  of  50°  to  60*  C.  with  :im- 
aioiii*  added  by  small  portions,  yields  the  alkaloids  in  the  pure  state,  nearly  the  whole 
ef  the  hannine  being  thrown  down  before  the  harmaliue  begins  to  separates  As  soon 
as  the  hitter  body  makea  its  ap|>earanoe,— vhidi  aMj  be  kaowa  aoMiaining  the 
preripifnte  from  time  to  time  with  the  mierosrope,  hamiine  crj'Ptallisinn  in  ne.  iHcu, 
while  Larmaiine  forms  leafy  scales, — the  solution  must  Le  tilliTfd  hot,  and  thu  Imrntu- 
, UaeBBacipitated from  it  by  ammonia. 

The  efeds  contain  al>ot]t  4  per  cent,  cf  ft'lrftl'^M^  of  wludl  fWlS-third  consists  of 
hannine,  and  two-thirds  of  harmaliue. 

SASMASA  BBDb  The  seeds  ef  bennah  flODlain  also  a  ved  coloBnB|(  awtter, 
which  may  1^  extracted  by  digesting  them  with  alcohol  for  8 — 14  days.  It  is  insoluble 
in  water,  easily  aolable  in  ether,  and  dissolves  in  all  prraortiona  in  abaolute  alcohol 
ttamteawith  adds,  Jbrming  red  salts,  and  dyes  wool  or  aiJk  aioidaBtadwith  acetate  or 
sulphate  of  alumina,  from  the  lif^itest  tose-colour  to  the  daepsst  Mnlotk  Ibo  eoloo» 
do  n  t.  .'I'  Wov.T,  appear  to  be  very  fast.    (Gm.  xvi.  119.) 

HABMAMwa.  C'»H'*N»0.— Discovered  by  Gcibel  in  1837  (Ann.  Ch.  Pharm. 
xxxviii.  36S);  afterwards  niore  minutely  examined  by  Fritzseho  (Atd  Ixiv.  3S0; 
Ixviii.  351,  355;  Ixxii.  306;  Ixxxviii.  327).  It  is  colourless  when  pure;  if  it  has  a 
yellowisli  or  brownish  tint,  it  may  be  purified  by  suspending  it  in  water,  adding  acetic 
Mid  in  sofleieDt  quantity  to  diasolve  it,  filtering  to  separate  colouring  matt<  r,  tbca 
precipitating  with  dilorido  or  nitrate  of  smlium,  or  hydrochlnrie  wa'-liing  the  pn-- 
Cipitate  OA  a  filtvwith  a  dilute  eolution  of  the  reagent  «nploy«d,  disaolving  it  in  tepid 
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vator,  treating  the  solution  \vit!i  auiauil  c3lireo«l  tfll  it  aMbtti  ft  ligllt  Jfttlov  oobltr, 
audprecipitatiiig  bj  caustic  potuah. 
ImKrmaBne  cmtaHuwd  ftom  ftleoKol  Ibrsui  octahedrons  Monging  to  tbft  tfim^tric 

system,  niCKlifii  a  hy  tlio  faces  vrx  ,  cr.r*=<^  ,  and  I^oo.  Ratio  of  tho  vertical  to  tlie 
horizontal  axes,  1  :  i  n04  :  1'416.  Angles  of  the  terminal  edges  in  P  ■=  116°  34'  and 
13P  18' ;  of  the  lateral  edges  in  the  same  =  83**  64'.  It  ia  sparingly  soluble  in  water 
and  ether,  moderately  soluble  in  cold  alcohol,  mdfWKJ^9tfym  boUlQg  riiOOholt  ^ 
ha«  a  faint  bitter  ta^tf  ;  and  colours  the  f-alivu  yfllow. 

Harmaiine,  when  heaUd,  melts,  gires  off  white  vapours  and  becomes  carbonised. 
Heated  in  a  tube,  it  yields  a  white  mealy  sublimata  Oxidising  agentii  voder  certain 
eirf*nTn»;t:tnf*rs,  rnnrcrt  if  into  a  nvl  culiinrini:;  inattrr,  insolulTf  ia  %ratrr.  .soluble  in 
alcohol  By  some  oxidising  agents,  however,  harmaiine  is  converted  into  harmine  by 
I<M0  <rf  8  at.  of  hydrogen ;  tnis  change  takes  place  when  the  add  dbromate  of  hamaline 
if;  h>  ;itod  to  120'  ('.,  or  when  hnrmaline  is  licat'  !  \\lt\  Iiyilroclilorlc  at'id  and  alci.>luil, 
to  which  a  little  nitric  acid  ia  added.  When  nitrate  of  harmalioe  is  heatod  with  alco- 
hoHe  liTdroeMorio  acid,  the  harmaHne  ia  oooToted  into  hamxne^  Harmaiine^  boiled 
vithexcow  ofuftn'eacid,  yields,  first,  nitroharmaline,  t  hen,  by  longer  boiUng,  nitro- 
harmine:  with  boihng  nitromuriatic  acid,  it  fonns  chloronitroharmine. 

The  salts  of  harmaiine  are  yellow,  have  a  bitter  ta&te,  and  arc  lor  the  most  part 
easily  soluble  and  crysttdlisable. 

The  iu;tate  is  obtained  by  spontanoons  erapnration  of  a  .solution  of  harmaiine  in 
ac«'t  ic  acid,  in  tho  form  uf  a  s^Tup  which  become*,  crystalhne  after  a  while.  A  solution 
of  the  acetate,  mixed  with  acid  carbonate  of  potassium,  yxeldji  moid  «»bmate.  of  Aomta- 
line,  in  the  form  of  a  {uvciplt-ato  composed  (jf  fini'  nfcdlcs.  The  neutral  alkaline  earbo- 
natea  either  form  no  precipitate  with  the  salts  of  harmaiine^  or  merely  throw  down  the 
iMae. 

The  ??'  utrnJ  (  Jironiafe  i.s  a  .sparinirly  soluble,  yellow,  crystalline  salt,  which  may  bo 
obtained  by  adding  a<^tate  of  harmalioe  drop  by  drop  to  a  solution  of  neutral  chromat<; 
of  potasatam,  satnnted  in  tbe  oold,  filtering  from  the  precipitate  of  harmaiine  first 
produced,  and  iddiug  more  acetats  of  harmaiine  to  the  filtrate.  The  acid  chromatr, 
*iC'*H'*N'0,H*U.2Cr'0*,  is  produced  by  adding  acid  ebromate  of  p»4a.tsiunj  to  a  dilute 
solution  of  harmaiine,  and  separates  immediaf*  ly  in  oily  drops,  which,  after  a  while, 
become  crv'stjilline.  When  heated  to  120'^  C.  it  is  r.ipidly  decomposed,  ^nelding a  snb- 
liniatt'  of  har/niur  and  leavincf  n  dark-eoloured  residue  containing  chromium. 

The  hydr,<  h!,,rate,  C"li"^;'0.1iCL2Il-0,  forms  long  prismatic  needles  containing 
1 2*3  per  cei\\.  wafer  of  cr}'stalli8ation.  It  is  moderately  MudUe  in  mter  and  in  aleoh^ 
The  chlonyp!<tti)iat' ,  r"n'«\*0.nCI.rtOP,  is  a  jrllnw  precipitate. 

Tho  htfdrocyanate  formi»  a  peculiar  alkaU.  The  hudrofrrnKyanate  is  a  brick-red 
dTStalline  powder;  the  hydrofcrrictftmtele^Bava  longoailc  green  prisms.  The  att^Ao- 
cyanatc  forms  silky  nei  ilU  s,  .'^parin^ily  soltilile  in  cold,  more  solulde  in*Vioilini:  water. 

Nitrate  of  htarmaiine,  obtained  by  preeipitating  the  acetate  with  dilute  niiric  acid  or 
nitrate  of  amoonium,  lonnfl  needlee  .'^piringly  soluble  in  pure  water,  and  almost  inso- 
luble in  water  containing  nitric  acid. 

Oxalat'S. — When  aqueous  oxalic  acid  is  lulled  with  cxcc«?*?  of  hnTroalinc.  crystal.'^  of 
the  neutral  salt  separate  on  cooUng ;  and  oxalic  acid,  added  to  the  sululiou  of  tlicse 
crystals,  precipitates  the  acid  oxalate  of  harmaiine. 

Sulphat<8. — By  digesting  dilute  sulj^burie  acid  with  exce«!S  of  harmnline.  and  empn- 
rating  the  filtrate,  the  neutral  sulphate  is  obtained  as  a  yellow  resin,  which,  when  iet1t 
OTfflr  oil  of  vitriol,  changes  to  a  radio-crystallino  nuun. 

Sulphiie. — Tito  solution  of  harmaiine  in  aqiMOltB  sulplllizie loid drid  1^  to n ydlow 
resin,  exhibiting  no  traces  of  oeystalliaation. 

Buiphffdraie.— By  mixing  eonoentnted  eolntiMM  of  tol^dnte  of  ttnmoniQm  and 
flC'  tate  of  harmaiine,  sb  nder  pri.s-ms  are  obtained wbudl  ^QICKly  dcoocapoae on  espaniio 
t"  f''."  !iir,  rit't'T  tMj.-irit  i'-n  -sf  the  mothcr-liquor. 

UyOrocyau-iiarmaliue,  C'*H'*N*0  =  C"H'*N'O.HCy,  ia  a  base  containing  the 
t  b  inents  of  harmaiine  and  hydrocyanic  acid.  It  is  obtained  by  dissolving  harmaiine 
in  dilute  boilinix  hydrocyanic  acid  and  filtering  liof,  being  then  drpo!Jif('d  in  crystahs 
on  cooling ;  or  by  pouring  a  aolutiun  of  (Ifjraniao  of  potassium  into  a  solution  of  a  stdt 
of  harmaiine,  or  eaiurtifi  pottth  into  a  aolatfon  of  a  aalt  of  hannaline  previously 
mixed  with  hydr.->cyiinic  acid.  From  aqueons  sobifions  it  is  depo.sited  in  amorphous 
flooks»  which  give  off  hydrocyanic  acid  when  dried  in  the  air ;  the  decomposition  may, 
howttrer,  be  prevented  hy  diaBolving  the  powder,  while  yet  moist,  in  hot  aJcohoL  If  it 
still  contains  harmaiine,  it  maybe  pmfied  anspending  it  in  mtW  and  adding 
acetic  acid,  which  readily  diaaolree  tha  batmaline^  hut  coucta  little  or  no  Mtion  on  the 
hydrocyan-harmaline. 

This  base,  wh(»  pore,  forms  thin  rhomboEdal  tahlei^  whidll,  when  dry,  undergo  no 
•ItoEftiion  by  oipoBiire  to  the  air,  or  in  Taeoo^  or  even  at  100^  a  At  a  higher  tem- 
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poTa^'nTP.  or  when  'hoiled  vrifh  wntpr  or  iiloolinl,  It  Is  ros<^>lrod  into  Tinrmnlinp  and  lijdro- 
CTonic  acid.  Suspendt^d  in  watvr  aud  boil<-(I  with  a  large  excess  of  nitric  a^'i<l,  it  is 
weomposed,  giving  off  red  vaponrs,  and  viMin^  a  purple  solution  which  d*  |  ositn  nan- 
CTV-iiuYiu^-  L'niins  of  a  fine  rcl  colour,  changed  to  green  by  ammoniii.  Hydrooyan- 
liamiaiine,  heat«d  with  hydrochloric  add  and  chloride  of  potassmm,  yields  a  resinous 
irnduct 

The  saltfl  of  hydrocyan-harmnlinc  are  even  less  staTjlc  thfm  those  of  liar- 
maline.  The  base  does  not  appear  to  combine  with  ail  acids.  The  bjdjroddorate, 
ty^m(*0.CjHJEK3,  b  •  OTBtetUaft  powder 

rlioinl'i-:  li.isi-  and  M-coticlarv  faces,  wlu'rea.s  liydrocluoratr  uf  liarmalint'.  \\h>  ii  I'xatiilncd 
hj  the  microscope,  appears  like  an  aggregation  of  long  yellow  priaina.  The  nitrate  and 

jntrobarnuOlne.  C"H"N«0»  =  C>^"(NO^N*0.  Chrymharmi nr. ^Thia  bodjr, 
wliicTi  i«t  dpriTrJ  fn»in  lianualiiio  hy  the  suL.stitution  of  I  at.  nitryl,  NO*,  for  1  at. 
IjYdrogen,  may  be  prepared  Uy  troBpendiug  1  pt.  of  harmaline  in  6  or  8  pts.  of 
aleoiKU  of  80  per  c«>nt.,  adding  2  pta.  of  itinng  snlphnric  acid,  and,  when  the  M»ntiaB 
is  complete,  2  pt"'.  of  nioJi-rafely  c.ineentmtod  nitric  acid;  heating  the  mixture  on  the 
vater-bath;  and  as  soon  as  the  reaction,  which  is  rery  brisk,  is  over,  cooling  it  quickly 
to  ptovent  Meon&ry  deeompositions.  The  liquid  then  deposits  sulphate  of  nitrohar- 
uaiine,  which  is  to  be  vrashi-d  witli  .ilcolml  containing  sulphuric  aciil,  then  dissolved 
in  warm  water,  and  precipitated  by  dilute  potash  or  ammonia,  If  the  nitroharmaline 
fhns  precipitated  eontaios  hannine  or  vadeeomposed  hamalioe,  ft  nuj  be  freed  diere- 
froni  ]>\  means  of  siiljilinroiis  acid,  w!ilc!i  f /nns  a  sjiaringly  soluble  salt  with  nitro- 
lutrmaime,  but  rcr^  soluble  salts  with  the  other  two  bases. — 2.  By  a  proc^  exactly 
nmflar  to  tliat  vfatdi  niH  be  Itemllter  daacribed  fai  the  prepantioa  ol  aitnrfiaiiiune^ 
exceptiogUMt  tba  mtrieadd  Med  mvet  be  maker,  to.  or  epedflo  gMTity  l'I2  iaetead 

of  1-40. 

Nitrohannaline,  precipitated  from  its  salts  by  an  alkali,  is  an  omnge-eoloinwd  powder 
composed  of  microscopic  prisms  ;  larger  crystals  are  deposited  from  the  alcoholic  solu- 
tion. It  is  but  fiparinply  soluble  in  cold  water,  to  which,  however,  it  imparts  a  yellow 
colour ;  boiling  water  aissolves  it  much  more  freely.  It  is  more  soluble  in  alcohol  than 
hamiine  or  hurmnlinc;  sparingly  soluble  in  cold  ether,  niorc  s«)lubl6  in  hot  ether.  It 
dissolves  in  nns,  loth  fixed  and  volatile;  aUo  in  hr.\  rock-oii.    It  nn  It.s  at  120**  C 

Beated  with  ummuniucal  salts  it  deeoitipoties  tlie;u,  expelling  tin  unnnonia.  Nitric 
acid  converts  it  into  nitroharnnne. 

T!i.  salts  of  nitroharmaline  arc  yellow.  The  hj/Jrochlorefr,  C'lT'^NO") 
K^U.iiCi,  crrstailibt  s  in  !>mall  prisms  ;  its  solution,  mixed  witli  dichloride  of  platinum, 
yiekls  the  Moroplatinatf,  C"H>\NO>)N^.HGLPta«,  aa  a  jaUow  pieeipitata^  wfaidi 
ultimately  Mssump*?  the  form  of  minute  j.n>ins. 

The  nitrate  crvf-tallises  in  vi  lh  w  ii<  >  iK.  s,  rather  spariiifrly  soluble  iu  water,  espo- 
ciailljr  if  it  contains  n  little  nitric  -mU].  A  p<  rti  etly  neutral  solution,  of  this  salt,  mixed 
with  amnioniiu-al  nitrate  uf  .silver,  yields  a  yellowish  red  ftoocolent ptadpitatl^  StWiaiet* 
tag  of  arymto-mtroharmaiine,  C"H"Ag(NO')N*O.H'0. 

A  compouiid  of  mitirokarmaliiu  wiiA  niirate  of  tiiotr  is  obtained  in  l|^t  yellow 
cr%  staUiae  IblBia  oa  misnng  la  aloobolic  eidiition  of  aitgoharmalfiie  with  oitiato  of 
wiver. 

The  mtmhal  ttdphait  U  obtrfoed  aa  a  OTttalltne  precipitate  on  eatnvathtt  a  eohition 

of  the  acetate  with  sulphate  of  ammonium.  Th  r  acid  stdphxt,-,  C"'H"rN0*)N«O.n»?=3O«. 
is  prodoeed  \n  dissolving  the  base  in  excess  of  sulphuric  acid,  mixea  with  alcohol,  or 
bj  dtsBolriag  it  in  strong  sulpbtirfe  aeid,  and  pouring  the  sdntion,  drop  by  drop,  into 

colfl  w.-itr  r.    It  !h  a  pale  yllow  ciy^falllnc  [lowder,  nearly  insoluhh-  in  cold  water. 
The  stUjpJktte  is  veiy  little  soluble  iu  cold  water,  especial^  if  acidulated  witli  solphu- 


The  acttate  is  soluble ;  the  oxalate  cry  stall  isable.  The  hydroferrocyanate  is  a  y.lh  i\v 
crystalline  precipitate.  The  hydrofcrricyanate  separates  in  oily  drops,  which  solidify, 
alter  a  while,  to  a  czystalUne  powder.   The  svlphocyanaU  smaa  sparingly  aolabM 


B>id roci/aiin-nilrohnrmaUnt;  C"ir'(NO')N'0.ryTT,  is  obtained  by  dis.'-ohiiig 
nitroharmaiine  in  a  hot  al(»holic  solution  of  hydroqranic  acid ;  also^  by  leaving  a  oon- 
centrated  sdation  of  acetate  of  idtiobarnialine,  nixed  vith  hydrocyaaie  add,  to  enpo- 
rate ;  or  by  adding  ammonia  to  a  salt  of  nitroharmaline  containing  hydrocyanic  acid. 
It  forms  slender  yellow  needles,  which  give  off  the  odour  of  amm<Ntiia  when  moist^  but 
are  permanent  when  dry.  By  boiling  with  water,  it  is  reedved  into  nitroharmaline 
nwi  hydro^rantc  add.  IJecDniposed  also  by  strong  ammonia  or  potash.  It  dissolves 
in  strong  sulphnric  arid,  and  the  Holution,  poured  into  a  amall  qnattti^  of  Water,  yields 
iiecdli4»,  apptiruuLly  cousisling  of  uu  insoluble  sulph^«. 
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BASMXHS,  CH'^NH).  (Fritzsehe,  /oc  ctt,  p.  7.)— This  alkali,  which  con- 
tains 2  at  H  leM  tlian  humaline,  may  be  obtained  athtr  directly  from  tlie  seeds  of 
I^gmmmkatmala,  in  the  manner  already  described,  or  as  a  prododt  of  tilfl  oxidation 
ofnarmaline.  Acid  chromate  of  harinaline,  heated  to  120^  C,  decomposes  suddenly 
with  evolution  of  heat,  and  produces  harminc,  part  of  which  voLitilises  and  condenses 
omthe^ideB  of  the  vessel.  A  Letter  process  is  to  heat  harmidinc  with  a  mixture  of 
equal  ports  of  Iiydroohloric  aeid  and  alcohol,  to  which  a  little  nitric  acid  is  added.  The 
conversion  of  the  harmaUne  is  complete  soon  after  the  liquid  b^ins  to  boil,  and  on 
eooling,  hy droehlomle  of  harmaluw  »  abondaDdy  deposited  m  iIoii£r  noadlM.  The 
lution  of  this  .^alt,  i!    omposed  liy  ammonia,  yields  the  base. 

Hanuine  forms  rhomboidal  prisms  of  121*^  18',  acd  66**  42^,  nearly  inaoluUein  too^, 
Tery  sparingly  wfaibl^  At  oraiiiuy  tompeff^uNi^  in  ttlaoiol  and  in  «<ikr.  It  if  » 
weaker  base  than  hacmallne ;  nmcAdoM  it  e^da  n**"*^*^  from  ita  aaUn  afc  the 
boiling  heat. 

The  salts  of  bar  mine  tire  colourless,  and  mostlj  otjatalline;  tbeir  solutions 
luKTe  a  yellow  tint  whfln  ooncentrated,  bluish  who,  dilate.  Alkalis  and  alkalina  cav- 
bonates  decompose  them,  preei[iitating  the  base. 

The  acid  ckromaUt  2C'*H''N'O.H*0.2CrO*,  is  always  formed  on  mixing  an  acid 
atdation  of  haanaEno  with  a  aoliiUa  dnomata.  It  ia  deeompoaed  faj  liea^  jielding  % 
peculiar  base. 

The  ht/drockhrate,  C"H**N'0.HC1,  forms  needles  containing  12-38  per  cent,  water, 
wbieh  they  give  off  at  100^  G.  From  alcohol,  the  salt  is  deposited  in  the  anhydrooa 
state.    The chhiroploihafe,  C'TT'^'-O.TICl.PtCl^  is  a  floceuli-nt  }>m-I].;taf  e,  l)eLomlng 

aMalline  when  heated.   The  chioromcrcuraU  is  deposited  as  a  curdy  precipitate  tiom 
1  aohitioni^  and  ayitaUine  fhnn  hot  aolntuina.  The  IkyirchnmaU  and  hydrioiaU 
Xesemble  the  hydrochlorate. 

The  ht/droferrocyanate  and  hydroferricyanaU  are  obtained  a*  yellow  precipitates. 
The  nitrate  forms  yellow  needles,  sparmgly  soluble  in  cold  water,  still  le^m  in  water 
addalated  with  nitric  acid. 

The  neutral  oxalate  is  a  crystalline  pr(»cipitate.  The  acid  oxalate^  C'^n'-N-O.C-II'O*. 
IPO  formii  radiatiug  nec^Ues,  containing  6  07  per  cent,  water,  which  they  give  ort'  at 
lOOO  C. 

The  nndral  st'iphr,*.'^  2C'^II'-N-0.ir-SO'.2H«0,  obtained  by  dissolvinp  an  ex.-rss  of 
faannine  in  diluti;  sulphuric  acid  and  evaporating,  forma  coneeatricallygrouped  needles 
flODtaiidng  ^'B1  per  cent  of  water.  The  nlpimU,  C^"!H**N'0.ff'SO*,  ol>taiD6d  bjr 
adding;  excess  of  8ulp!iuric  acid  to  a  solqtiflii  01  hazmalino  in  boiliqg  aloohioii  forma 
G^stais  £>iuiihur  in  form,  but  aohydroua. 

Tbt suipkocyanak is  nbtninrd  Ttj pmrfpifafinn  fn  jnHmnrnnnfllni 

SttbstiiutioH'dcrimtitm  of  Harmine^ 

Dlolilorluiraiine.  C'H'^Cl'N'O.  (F r  i  t  zscke,  PeteRsb.  Acad.  Uull.  v.  1 2.)-  I'ro- 
doeed  by  the  action  of  hypochlorous  acid  on  harmino.  To  prepare  it,  avcry.liluto 
nolntion  (containing  H  to  2  j)<  r  cent.)  of  liyilrochlomte  of  haniiine  is  ht  atcd  tu  1-oiliiiu; 
10  to  id  per  cent,  of  at  rung  hydiochloric  acid  is  then  added  to  it,  and  afterwards,  tlie 
aolntion  wing  still  kept  boiling,  chlorate  of  potassium  is  thrown  in,  by  small  qnratiHea 
at  a  time,  nntil  the  brownish  rod  olour  which  tho  liijind  assumes  at  first,  is  eh:ini,'e<l 
to  pure  yellow.  The  ebulhtion  is  maintained  a  little  while  iong^,  so  as  to  destroy  a 
ooloniM  ptodnet;  the  solutioD  is  then  allowed  to  eool;  and  tm  ct7«tals  of  diehtor> 
hartiiine  which  Pi-parate  are  wushod  with  dilute  hydrochloric  acid,  or  with  solutii  .n  of 
chloride  uf  tiudiuiD,  and  purifiod  by  crystallijsation  from  alcohol,  or  re-solution  iu  water 
and  precipitation  by  hydrochloric  or  nitric  add.  On  redissolTinf;  the  hydrochlorate  of 
dichlorharmiue  in  a  large  quantity  of  hot  water,  and  boiling  it  for  6e\< ml  h>>ur8  with 
a  great  cxces^s  of  soda-ley,  crystals  of  dichiorfaannine  are  deposited,  which  must  be 
recrystallised  from  alcohol 

Didlloriiamine  forms  soft  white  needles,  insolnble  in  cold,  very  slightly  sclnbls  in 
boilincr  water.  It  dissolves  in  a/f  "//  7,  dhcr,  btngene^  and  mipkiae  <ff  carbon^  niudi 
ixiQTii  easily  wheu  limited  than  in  the  cold. 

Bichlorharmine  forms  a  compound  with  ioiiMy  oorrespondiag  to  di^iodide  of  nitto* 
hnrmine  (p.  1  \  \  and  eontainiii^  \Cr\6  per  cent,  iodine. 

With  acidi  it  forms  crystallisable  salt%  which,  like  those  of  harmine^  are  verv  diffi- 
eoltly  solable  in  water  oontaining  acids  or  salts.   The  mono>add  (neatral)  salts  are 

dcconipo^i'd  li-*  i\  ccftain  ext.'iif,  with  s>'p:ir;i(i<>n  of  dichlorh;innine,  wh<n  a  l;iiv<" 
quantity  of  water  ia  poured  upon  them.  Ammonia  tlirows  do^^-u  dichlorharmine  from 
tncir  sonitioDi;  as  an  atm>rphons,  oolonrless  jelly ;  solntion  of  soda  acts  in  the  same 
Way,  but  in  this  ensp  (he  preepitate  becomes  crystalline  when  long  boiled  with  a  great 
excess  of  soda  solution.  Dichlorlmnnine  displaces  a  tmi:'o  of  ammonia  from  a  l>oil!n{» 
solution  of  sol-anunoniac  ;  part  of  the  dissolved  dichlorharmine  separates  out  on  cooling, 
bat  tiM  xest  Old  J  on  addition  of  tminonia  to  the  fittzata^ 
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BfdroekloraU  of  Diehlorharmine  is  obtained  by  dissolring  the  htm  in  wntcr  ron- 
taimne  hydrochloric  acid,  and  precipitating  bj  exceM  of  hydrochloric  ndU.  Jt 
a^MalUses  from  wuter  in  n«edlM,  from  alcohol  in  larger  crystals ;  chloride  of  sodium 
■tpiliiliiii  it  from  its  solution  in  the  form  of  a  jelly  whicn  turns  to  ncrdlo-shapt-d 
erjrttala.  It  contaiuu  2  at.  water,  which  it  gives  off  at  100*'  C,  but  nabtk^rlix  1  at.  if 
exposed  to  moi»t  air.  When  heated  much  above  100°,  it  bMOttM  yellow  and  li,..s.  g 
hydrvichloric  acid;  hotwecn  180°  aud  200°  it  melt«  to  a  blOVD- Ji^klV  tiynid,  wUoIl 
dl&solvc>  LD  water  and  contains  a  newly  formed  base. 

The  nitraU  is  fBMqntated  aa  a  jeUj,  wliieh  afterwards  dianges  to  eryataUine needles^ 
by  addition  of  oicvss  of  nitrif  acid  to  a  solution  of  di<'h!nrhanuine  in  water  containing 
nitric  acid.  It  is  anhvdruus  and  less  suluble  in  water  than  the  hjdrochlorat«.  When 
mlltd  H  gives  off  acid  yapours  and  }  i<  Id.s  a  bvowik  wmm,  froa  tli»  — l^itftw  of  vUdi  ia 
•queou.i  alkalis  acids  throw  down  bruwn  flocks. 

2S'itxate  of  diehlorharmine  predpitatea  from  oxuie  tiff  araen  fttwrnuttjum^  »  paU 
greenidi  jcQf,  eoatnning  silver.  When  hydrochlonte  of  mKlortinnM  k  irasd 
with  nitrate  of  silver,  a  jelly  is  pn^cipitatt  d.  withi  ut  formation  of  cUoridoof  iilTtr> 
but,  on  adiling  nitric  acid  to  the  jelly,  chloride  of  hilv  r  is  formed, 

VHrobarmlne.  C«»H"(NO')N»0.  iVV/roAar»»W«i/-.  (Fritasche,  Petereb.  Acad. 
BoIL  xii  33,  225 ;  Ann.  Ch.  Pharm.  Ixriii.  328 ;  xdL  ttO.)— >FMduced  bj  1h»  Mtion 
of  nitric  acid  on  harmaline  or  nitroharmaline.  It  does  not  appear  to  be  formed  bv  fbo 
action  of  nitric  add  on  harmine.  To  pn>p:ire  it,  1  pt  <rf  harmaline  is  dissolved  in  2 
pla.  of  waitg,  and  tbe  nqninte  qvantity  of  aoeCle  aoM,  iod  to  tbt  oohilion  IS  ptt.  of 
nitric  acid  of  specific  grriA-ity  l*in  are  add'  1  i:i  a  thin  stream.  A  violent  evolution  of 
zed  Tapountakeo  place ;  and  if  the  liquid  be  kept  in  a  state  of  ebullition  till  the  action 
ia  Ofvwr,  ttm  ooebd  quickly,  aad  trcated  irhli  axoMi  of  oansflo  oDcafi,  nitrolianBtBO  it 
daptfritcd  in  the  form  of  a  derp  yellow  prcripitate,  while  a  resinous  matt,  r,  formed  aft 
tlwaame  timey  remains  in  solution.  The  product  is  porified  by  conrertiug  it  into  a  hj- 
dvoddont^  and  doeomposing  that  aalt  irith  aninioiria.  KitR^mmiiM  fama  yellow 
needles,  ta.'itcless,  .'•paringly  soluble  in  cold,  more  soluble  in  boiling  water.  From 
IxMlang  alcohol  it  separatee  in  deep  Telknr  octahedrons^  which  soon  chimge  into  needles. 
SUmt aiwihwitlNit  ipiiringly.  It  dioHihw  in  Mdc*otl  and  in  coal-tar  naphtha.  Ueated 
with aaoiatioiiofnl^Dimuniac,  it  slowly  elinnutMaaii^^  Itimimmdiioifinc^lnit 
is  deiooniposed  by  dilorine  and  bromine. 

The  salts  of  nitroharmine  have  a  slightly  bitter  taste,  and  mostly  cirstaUise 
la  jeOow  needles.  The  kgdnOhmU,  C"H"(N0')NH).HC1  +  2H*0,  obtmned  hf 
addinpr  hTdnicld'<ric  acid  in  ex<-fss  to  a  solutinn  of  the  base  in  acetic  acid,  or  in  hot 
vater  acidulated  with  a  few  drops  of  hydrochloric  acid,  cirstallisea  in  slender  needlesi| 
yfkiA  may  be  pnrilled  by  reoyitalliMmn  ftom  boiling  uooboL  Tlio  Mroplaihmtt 
is  soluble  and  aT-^talli-^es  in  needles. 

The  lUtUnU  nitraie  is  but  sparing!/  soluble  in  water,  still  less  in  dilute  nitric  acid : 
IboBoe  nitrie  add  gndoally  preeipitaiteo  ailroliannfno  from  tiie  sohitiona  of  ita  otfier 
fsalt.K.  It  ors-stallises  in  yellow  needlrs,  whieb,  if  b  ft  in  the  a.'id  liquor,  gradually 
change  to  granular  and  znomboSdal  crystals  of  a  deeper  yellow  colour.  There  appears 
abo  to  ba  a  batk  nUntte,  wemtmhat  mora  aohibia  in  wator. 

The  bydrocyanatc  doe.''  not  appear  in  exist  by  itself,  but  a  double  compound  of 
kjfdrocjfanaU  nitroharmine  and  mercuric  cyanide  is  deposited  in  granular  cryst^ds 
tmen  ejurido  of  matsectt  ii  added  to  a  boOuig  toliitioii  of  aeetate  of  nitroharmine 
and  the  liquid  left  to  cool. 

The  h^fd/K^ferroe^anatf  and  hj/droferricyanaU  arc  obtained  by  precipitation,  the 
former  in  brown  microseu{>ii  ^  rL^ms,  the  latter  in  yellow  griiina  'tho  sulphocyanate 
forms  nearly  colourless  needlea,  sparingly  sohible  in  cold,  more  soluble  in  hot  wateCt 

Di-iodido  of  Nitroharmine,  C'*n"(NO^)N-O.P,  separates  in  yellowi-h  brown 
agglomerated  microscopic  needles,  on  mixing  the  boiling  setlutions  of  iodine  and  nitro- 
hansine  in  alcohol  or  coal-tar  naphtha.  It  is  nearly  insolnble  at  ordinary  tempefatnrea 
in  water,  alcohol,  ether,  and  coal-tar  naphtha  :  sli(,'!itly  solubh  at  higher  temperatures. 
It  may  be  heated  to  100°  C.  without  decomposition.  It  is  resulvod  into  iodine  and 
aitrolMnnna  bj  boiling  with  alec^ol,  and  more  (quickly  with  dilute  aukthniio  add.  It 
appears  to  form  a  cryf<talline  salt  with  hydrochloric  acid.  It  dissolreiauoi&aoitioaild 
hydrocyanic  acids,  and  these  solutions  yield  crystalline  comixjunds. 

BaoMo.MTBOMAUMnfH.  C'*H'«BrN«0»  -  C'»H'»Br(NO')N*0.  Bromtmitroharmidine,— 
When  bromine-water  ia  addod  to  a  very  dilute  solution  of  a  salt  of  oitnliaiiBiBe^  iSkb 
sraill  of  bromine  disappears  immediately,  and  on  addition  of  ammoniji,  bn^mdiiitro- 
harmine  is  precipitated  and  may  be  purified  by  recnittallisation  from  alcoboL  It  re> 
•omUesehloromtrohannine,  forms  salts  with  acids,  ana  unites  with  bnnnino  and  iodine. 

Tb''  r1ilriyy,r.(h\  r"Tl'*BrN*l)'.Br'',  is  f.^rnn  d  on  adding  broininr-water  in  moderate 
esern  to  a  aolutiun  of  bromonitroharmiue  in  weak  alcohol,  aud  separates  on  oooiiag 
aad  aCiiriiig  the  liquid,  in  yellow  nievoieopie  needlBa. 
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CirLOKoxiTROHAUMTNR.  C"H"CIN»0*  «  C'»H"»C1(N0»)N'0.  CMoronitroharmidine, 
(Fritzsche,  iVtersb.  Acad.  Bull.  xii.  226;  Ann.  Ch.  Pharni.  xeii.  330).--Pro4Med 
by  the  action  of  clilorino  on  nitroharmine,  or  of  nitromuriatic  acid  on  haniuilino. 

Preparation, — 1.  When  chlorine-water  is  added  to  aqueous  hvdrochlorate  or  acetate 
of  attrohamiiDC^  or  dilorine  gas  is  passed  into  the  solntioii  till  the  smell  of  dihnina 
bocnraos  permanent,  rhloronitroharmine  sepjiratos  in  the  form  of  a  jVlly.  If  tlio 
actioa  of  the  chlorine  be  too  long  continued,  a  rollow  resin  is  nroduced.  The  mixture 
ia  heated  to  boiling,  and  the  resmting  sohitioii  u  precipitated  Dv  the  cantjona  addition 
of  aiTiiiionia,  drop  by  drop,  with  constant  stirring.  A  more  CV  less  crj-stalline  pro<luct 
is  thm  obtained,  whereaa,  from  cold  solutions,  a  jellj  is  precipitated,  which  is  difficult 
to  wash. — 2.  A  solation  of  1  pt.  harmalioe  in  S  pta.  water  and  the  requisite  qnantity 
of  acetic  acid,  is  poured  into  12  ots.  of  boiling  nitric  acid  of  specific  grarity  140,  and 
2  pts.  of  fuming  hydrochloric  ncid  arc  added  to  the  mixture ;  or  the  harmaline  solution 
is  pouri'd  into  the  boiling  mixture  of  the  two  acida.  The  liquid  beoonies  red-brown, 
froths  op  strongly,  and  eroWes  a  volatile  snbatanoe  which  attacks  the  eyes,  bat 
deposits  nothing  but  resin  on  cooling.  In  order  to  separate  tlie  di*-- nlv.'d  cliloronitPO- 
harmine,  a  solution  of  sal-ammoniac,  cooled  by  placing  lumps  of  ice  in  it,  is  poured 
hilo  tfie  limtid ;  this  la  dilated  with  about  an  equal  bufit  of  water ;  and  eanslie  aoda  ia 
then  added,  until  it  smt  lis  stronprly  of  ammonia,  whereby  an  abundant  precipitate  of 
impure  chloronitroharmine  is  thrown  down.  The  pzoduct  is  washed  with  dilute 
hydtoeiilorie  acid  and  healed  villi  water;  the  aolotioB  freed  b^  ffitratSon  fnm  nndie- 
solved  resin,  and  pree^^itated  by  gradual  additien  of  ammonia ;  and  the  precipitnte 
purified  by  crystallisation  from  hot  alcohol.  The  crude  chloronitroharmine  may  also 
bo  dissolved  in  boiling  water,  with  addition  of  just  the  necessary  quantity  of  nitric 
add,  and  ^redpitated  as  nitrate  from  the  cooled  filtrate  by  addition  of  nitric  acid  in 
excess;  this  salt,  at^er  being  washed,  may  be  dissolveil  in  hot  wat<  r,  and  pure  cliloro- 
nitroharmine  precipitated  £rum  the  boiling  filtered  solution  by  means  of  caustic  ammonia. 

CSiloronitrohannine  forms  a  bright  yellow,  bottle  masi^  eompoeed  of  xeiy  fine 
Tiec<ll«"<,  which  cannot  be  distinctly  perceived,  even  under  a  niaL'nityinc  pi^wer  of  300. 
Ammonia  precinitiites  it  from  cold  solutions,  as  an  almost  transpareuL  deep  yellow,  very 
bnlky  jelly,  whioh  ahdnka  rtrj  mndi  on  drying.  It  i»  taetelesi  ui  the  acdid  alat«v 
slightly  bitter  and  XOqgh  in  solution.  Tt  gives  off  11-4  per  cent,  water  at  100°  C. 
(2  at  »  10*98  per  oint»X  and  becomes  orange-yellow.  It  dissoWes  but  slightly  in 
cold  waUr;  more  abundanllj  in  boiling  water,  ftaratbg  a  yeDow  aohttSoa;  with 
moderate  facility  in  boiling  aloohol;  ^^f^tttj  in  aUMV ;  tbaiidaDtlj  in  boiling  ooal-tar 
naphtha,  and  in  rock-oil, 

Chloronitroharmine  dried  at  100^  C.  leaves  a  reddish-ycUow  residue  when 
alcohol  or  coal-tar  naphtha  is  poured  upon  it,  bat  dissolves  completely  when  boiled 
with  dilute  nitric  acid. — Sohition  of  iodinr'  converts  it  into  di-indide  of  dil'M-onitro- 
harmine.  When  mixed  with  solution  of  iodide  of  poUiissiura,  and  then  with  nitric 
acid,  it  deposits  a  deep  bine  precipitate. 

Chloronitroharmine  unites  with  ac!<!«i.  formincr  ycllnw  calfs.  When  boiled  with 
aoltttion  of  sal-ammoniac,  it  slowly  displacct*  a  trace  of  ammonia. 

The  lyJrodU^rw^,  obtained  by  adding  hydrochlorie  add  in  excess  to  a  aohilloii  of 
the  base  in  hot  alcohol,  forms  fine  capillary  ory-t.ils  niodi  nitely  solubh'  in  watrr.  It 
is  precipitated  from  its  aqueous  solution  b^  a  larse  excess  of  hydrochloric  add,  as  a 
yellow  jelly  ;  by  chloride  of  sodium  in  white  floats.  On  mixing  the  hot  aleeliiolie 
solutions  of  tluN  siilt  and  dichloride  of  i^iinum,  chloroplatinate  of  chlarfmUtl^k^rmilU, 
C'»n'*ClN»OMICl.PtCP,  is  de^)osited  on  cooling  in  fine  yellow  prisms. 

The  nitrate  forms  stellate  groups  of  slondi  r  needles.  A  perfectly  neutral  solution 
of  thia  salt  mixed  with  ammonio-nitmte  of  silver,  yielda  a  prodpitata  conaiating of  a 
compound  of  cliloronitmharmine  with  nilnitoof  silver. 

Sulphate*. — A  solution  of  chloronitroharmine  in  warm  alcohol  containing  sulphoria 
add  oepodta  the  lutitral  $ul]^kate  on  cooling,  in  spherical  groups  of  capiUaiy  needlea. 
From  a  hot  aqueous  solution  the  salt  is  deposited  in  Wght  yellow  n.  latinous  flvks. 
The  acid  tulpkate  separates  slowlv  in  needles  from  a  but  concentrated  alcoholic 
aolution  of  the  neatraf  asH  mixed  with  exeeaa  of  tnlpborie  add. 

Di- iodide  of  Chloronitroharmine,  C'^]I'*riN'(V.]»,  separates  in  slender 
needle  resembling  di-iodide  of  nitroharmine,  from  a  mixture  of  the  hot  solutions  of 
iodine  and  chloronitroharmine  in  alcohol  or  in  coal-tar  naphtha.  It  ia  more  soluble 
in  alcohol  than  the  di-iodida  of  nitrcduuinine,  and  diiMilTei  aaiily  ia  mm  alooholie 
hydrocyanic  acid,  separating  in  rounded  granules  on  cooling. 

BAXMOTOMB.    This  term  includes  two  isomorphous  mineral  qpedci^  idCTltiffil 

in  crystalline  form,  viz. :  Baryta-harmfAomf,  and  Liini -harmotome. 

Barjta^armotome,  also  called  CroM-ttontt  Staurolite^  Andrealite^  Andreas' 
bmfokti,  iiwfmUt,  OtptOM  h^a^^  to  liio  tdaetrie  ^yitam,  befaig  ganmUy 
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wctangnlar  prisms  with  foor-sidad  sammits  set  upon  the  lateral  edges.  Oxdinarr 
f—WSiliwi,  P .  eaP<o  .  mPm  .  P«»  (like^.  628),  oftw  vitbeotKe.  fiatio  of  tiM 
axi>s:  a  :  A  :  <;  =  0-9781  :  1  :  0-884,  For  P,  the  angle  of  tho  terminal  odpes  in  (he 
bncbjdiaffonal  section  »  121°  28',  in  the  nuu3X)disgonal  section,  *  1209  1';  and  the 
ngfeof  tito  lrt6nledges(inBfeelionB«yiiltDtfa»U^  Clmmmm 


  anofhor,  as  shown  in  Jig.  629,  in  which  tlie  faces  qdI^oo  are  denoted  hj  n,  and 

ooj^oo  by  rn.  For  distinctness,  the  faces  of  one  of  the  ciystals  are  shadtd  (Kopp^ 
Krt/.«tallographi(,  p.  263).  Rarely  massive.  Specific  prarity  —  2  39  to  2-|y8.  Ilard- 
iitj*  =  -i  o.  Lustre  vitreons.  Colour  white,  pstssing  into  gwy.  yellow,  red,  or  brown. 
Srreak  white.  '8ubtnuiS|Mn«iittotmislucent  Fracture  uneven,  imperfectlv  conchoidaL 
Brittle.  Mi'lts  without  intumescence  before  the  blowpipe,  forminj;  a  whito  pinnule. 
When  finely  pounded  it  is  decomposed  completely,  though  with  difficulty,  by  hydro- 
ehlorie  aeid. 

The  following  are  analyses  of  baryta-harmotome : — a,  from  Oberstein  ;  b,  from  Stron* 
tiaa  (Kohler,  Pogg.  Ann. xuTii  661);  c,  fromStrontian  (Connell,£d.  N.  PbiL  J., 
ISaS,  Joly,  p.  83);  <  Mhfvmdh,  from  %i  mw  (Damovi^Asa.  ICn.  [4]  is.  339); 

5/       ~      "  * 


a. 

b. 

d. 

e. 

/. 

fiiO»    .  . 

.   .  46-66 

4610 

47-04 

47-60 

48-74 

48-49 

A1H)«  .  . 

.   .  16-H 

le'to 

16-80 

Fe«0«  .  . 

0-24 

065 

Ba«0   .  . 

.  19-12 

20-81 

20-86 

20  86 

1922 

20*08 

G»«0  .  . 

.  .  MO 

0^ 

0*10 

K«0  \ 
F««0i  •  • 

.  .  I  io 

(h90 

l-f5 

•  • 

H«0    .  . 

.   .  16-26 

16-11 

14-92 

14-16 

i4*8e 

I3<00 

101*^1 

100-97 

9^99 

tnalyM*  agree  pretty  nearly  wMi  tiM  Ibranda  Ba'OjlI*0'.6SiO* -i- 6HH> 
(Ramtnelsber£r\  which  require.s  lfiTi5  percent,  silica,  1.5  . 5  6  alumina,  2379  baryta, 
and  14-00  water  (the  other  constituents  being  regarded  as  adventitious),  and  by  sub- 
■Citatii^  «f  —  1  Ai  and  ifgarding  %  it  hydnMBWi  at  Mi^  thk  fomla  bseomw 
{WaPBFpiei3^^  4B»0,  «Udii»idii^  to  ]raO».  fHW,  tiM  tandaof  •  ~ 
catflL 

tkb  MnposftioB  of  tlio  alBflnl  Jcam^  lioiravw,  Imcii  hitiboto  jmsrally  re| 

byth*'  formula  Ba0.AP(P,t^O^^6H0,  or  2(Ba»O.Al«0»)J8K5*+ lOlPO  ;  l.nt  this 
formula  gires  only  44  per  cent  sfliea,  which  ia  considwhly  bdov  that  of  all  analyses 
vUeh  tev0  iMen  made  of  the  mineral. 

Baryta-harmotome  occurs  at  Oberstein  in  Zweibrncken,  in  Hillcoous  p.  rxl.  s :  at 
Andreasberg  in  the  Hartz;  at  vStrontian  in  Argyleshire;  in  Norway  on  gneiss;  and  in 
simple  crystals  with  analcime,  in  the  amygdadoid  of  DnmbartooMiira.  The  variety 
dlled  Morvenite,  distinguished  by  the  greater  WUiaiMJ    ita  lirjltlll^  !•  lllD  ftnnd  lit 

Ftrr.ntian.    (Dana,  ii.  323  ;  Gm.  iii.  416.) 

Idxne-luumMtomo  or  PoUith'harmoUme,  I'hillipsitf,  Christianite. — Isomoiphous 
vith  Oe  imoediBA  dtemring  alsoJntwiiw.   Speeiflc  grsTity  »  2-2  to  t^lS.  Haid- 
aMiw4  to  4-6.    Lustre  vitreous.    Colour  white,  somctinv  s  r<  (M;<h.    Streak  unco- 
L  TraaaliicoDt — opaaoe.  Before  the  blowoipe  it  intumesces  slightly,  aiTes  off 
and  malla  toft  tnauneoiti^laaa.  HydrodJoric  add  deeompeata  it  eaiuy,  wiA 
MHSation  of  gelatinous  silica, 
xha  ftiUowiBg  ava  of  lime-haxmotome: — <^  from  Annerode  near  Qieasea 


Digitized  by  GoogI 


14  HASBINGTONITE^HAUYNE. 

(Wernekink,  Gilb.  Ann.  Ixxvi.  171,  336);  6,  from  Stempel  near  Marlrar|;^(L.  Omelia, 
Liv>nli.  Zeitflcbr.  f.  Min.  1H26,  i.  81;  c,  t'l-om  the  Mune;  d,  from  Habichtswalde,  near 
Cassol  (Kohl*  r.  P      Ann.  somu  Ml)t  t$  finm  tfatt  GumtTa  CSmovaj  (GoaatJU, 

EJiiib.  i'liil.  J.  xxxy.  373). 


a. 

b. 

c. 

d. 

e. 

•  • 

48-36 

48-61 

50-44 

48-22 

47-36 

A1*0«    .  . 

•  • 

2000 

21-76 

21-78 

23-33 

21-80 

Fe«0«    ,  . 

0-41 

(H» 

870 

Ca-0     .  . 

«  • 

5-91 

6-26 

6-60 

V-22 

4-85 

KH)     ,  . 

■  • 

6-41 

6*38 

3-89 

*-66  Ka*Q. 

Bi^O   •  • 

•  • 

•  • 

17-23 

16*81 

17-66 

16-96 

101-oi 

99^ 

100-23 

100*21 

The  composition  of  Ume-harmotomo  has  been  represented  by  sereral  different  fonnnlaa. 
The  quantities  of  calcium  and  potassium  contained  in  it  are  somewhat  ruriable,  but  its 
composition  appears  to  be,  for  the  mo«t  part,  that  which  is  expressed  by  the  formula 

^^^2  j  .3Al«OM2SiO-  +  loIPO  (60-2  per  cent.  SiO«,  21-3  A1'0«,  7  0  Ca«0,  6-6  K'O,  saxd 

15*0  water),  which,  hy  substitution  of  a/  for  |A1,  as  before,  becomes  (Ca«Ka^»)Si*0'«.  ^  H»0, 
and  is  nniucible  to  the  gen.  ral  formula  M'*Si«0'» .  yH«0.  or  M-SiO' .  ^ll'O,  which  is 
that  of  :i  ni(  tasilicato,  and  diflesi  ftom  tha  guunl  fmaiaU  of  baiyUi-hannotema  onlj 
in  it^  amouut  of  water. 

Lune-hannotonio  occurs  in  the  amygdaloid  of  tha  Otaa^a  Canseway,  in  lar^^c  trans- 
parent crystal.'?.  It  is  jilso  found  in  Tr.land;  nmonc  thr  Vesuvian  lavas;  in  sheaf-liko 
aggrofl^tions  at  Capo  di  Bore,  near  Home ;  and  in  long  radiating  cn-stals  at  Aei  Castello 
iaSialj^ aadotlur loeaHtian  (Dana* iL 824; Bammalabarg; MmrMmiet p. 811.) 

BASRXSXTS.  A  Muioty  of  caprotis  ^ulpliiilc,  Ccu*??,  ocourrin)^  in  fho  Canton 
mine,  Georgia,  in  crystals  belonging  to  the  regular  system,  and  cieavisg  poxallel  to  the 
liMw  oTa  eabe  (Shepard,  Jalinab.  d.  Cbmu  1867,  p.  666).  &aath  (SiU.  Am.  J.  [2] 
xxii  449)  wigards  it  as  a  pseudomor^  ot  oopper-glanca  after  galena. 

SASTZnr.  C''IT"0.  Pfiifi/rht. — A  frtfi.**!!  rosin  resembling  hartite.  Mafytlv.^.  but 
cryiitaUisea  from  rock-oil  in  needles  bdongioc  to  the  triuetnc  system.  White ;  desti- 
tute eftaato  and  amalL  NmifleB  belwiMoi  Um  fingers.  Malta  at  SIO^  C,  and  distib 
nt  SdO**.  Slightly  soluble  in  other.  Giro^,  by  unalysis,  78  0C  pi  r  cent.  P.  10  92  H, 
and  1102  Q.  Xtisfouud  in  th«  liguiteof  Obertuurt, Ajustria.  (Schrotter^rugg.  Ann. 
lir.  4&) 

SAmvm,  CFB^^An&etm  fiaaa  nabi  ftom  tha  Ifgatte  of  Oberiiail  Obltcnia 

f ri'^rns  bolnnfrinfr  to  the  niomx-linie  system.  Cloavape  only^h  traces.  Spe^r-iflo  frmvify 
rU46.  ilurdncsssl.  Whit^  with  a  sonio what  greasy  lustre.  TmnalHCenL  JUrittie. 
Melta  at  74*  C,  and  diatOa  at  blgl»«r  temporatnrea.  DiaaolTaa  aaaSlj  in  «tli«i>,  leaa 

ffvulily  ill  alooho],  and  cry.stalliKrj^  fmm  viu-\i  ."iolution  hy  evajwation  (TTaidinger, 
i'ogg.  Ann.  hv.       (  Gives,  by  aualy.Hit,  87  -i7  p'-r  cout.  C  and  12  05  II.  (Sehrotter.) 

■ATCBSTTi  V  or  M^t*ral  lUlhte,  a  fossil  resin  occurring  in  the  coel  measures 
ct  Olamorganshiro;  eryatalliaed  aad  anorplioaa  in  titfa  kmian;  lika  wax  or  apenna* 

fcti  ill  consistence.  Spociflo  irravity  0  01 6  at  15  5''  C.  White  and  transparent,  with 
nacreous  iuatre,  but  becomes  black  and  opaque  by  long  cxpocure,  Omuty  to  the  touch. 
HeltB  at  46*  d  Durtlla  vithont  ehango  wam  cautiously  heated.  Duaolres  sparingly 
in  h'jilitifr  ah^olfol,  and  H'pnrates  on  cooling:  sparlnfzly  also  in  cold  t-fhor,  more  easily 
in  hot  ether.  OiTes,  by  analyaia,  86*9  per  cent,  carbon  and  14-6  hydrogen  (»  100-6). 
(Joh Baton,  Fhil.  ICaf.  xH.  888.) 

A  similar  sul>staii("e  is  found  at  Kossifz,  in  Moravia.  Specific  gravity,  0-892.  Hard- 
ness =  1.  A  variety  from  Loeh  b'yue,  near  InvenMoi^  laena  at  47**  C.  AnnthMt  allied 
mineral  ftom.  Herthyr  Tydvil,  melts  at  76-6<'  0. 

MMnnmm  Vativo  dbolphSda  of  nling■a«■^  MnS,  ftfond  at  Saliak%  in  H«b« 
gpny.  (8aa  Kaimaiiisi^  SuLPuims  ov.) 

BAmiMAWZTB.  Native  mangano«!f>-manfrniiio  oxide,  Mn-O.Mn'0»  or  Mn'O', 
foiind  at  Ilmenau  in  Thunngia,  at  Ihleield  in  the  Xlartz,  and  one  or  two  other  locali- 
daa.  (Soe  MAXoaMiBii^  Oziraa  «r.) 

SAUIJlBa  A  mineral  eonsisting  of  silicate  of  aintniuium,  sodium,  and  aikinm, 
with  sulphate  of  ealrinm.  occurrinit  in  the  lavas  of  Vesuvius,  on  Somma,  and  nn  iho 
basalt  of  Niedermendig,  near  Audemach,  on  the  Bhine.  It  crj'stallises  in  rhombic 
dodanihedwMM^  with  alaavage  purallal  to  tha  IhoM^  aoinetinifla  oatinci;  eoauaoofy  ia 
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cryttaH'mt  grains.  Specific  gnnity  2*4  to  S*0.  HardnMi  5*f .  Loitn  ▼mrrinpf  from 
▼ttreoos  to  greaay.  Colour  bright  blue,  occastonallj  asparagus-green.  Streak  bluish^ 
white.  Sabtransparent  to  tranilucont.  Fracture  flnt-concboidal  to  uneven.  Before 
the  blowpipe  it  decrepit  at  and  Sasea  alowly  to  uii  opaaue  white  or  groenish-blua 
f^twm  Efferregcea  with  lorax,  ad  fotmn  a  gUusa  which  is  yellow  when  cold.  The 
finely  pn'reriHed  mineml  dissolves  compktafy  in  iytowMoPO  afltdy  flu  H/ffiA  ^tyowi* 
inageiatinous  silica  wliea  evaporated. 

Tm  gfleipoaition  of  haayne  has  been  xansndf  Itlittd.  From  the  analysis  of  the 
mineral  from  Mont  Albiino,  Whitney  (Po^.  Ann.  Ixx.  431)  dt'duof'd  tlu' fonnulu 
3^Na-O.Al*0».2SSO')  +  '2(Ca»<:).S0»).  ur  3(  Na/7/')SiU«.Ca'SU* ;  from  iLat  uf  hnuym 
ftom  &:>mma,  Rammelsberg  calculates  tli  [  :  iuula2(Na*OjU*0«.28iO«)  +  (Ca«O.SO«X 
or  4<Na^i/'  »SiO'.Ca=^0'.  The  folluwin;;  table  exhibits  the  numbers  dednotd  fton 
formalgt,  together  with  tlte  results  of  the  cooMponding  analyses : 

Mmt  Mmn      (WbHocr.)  Smmm,  (laam^Aerf.) 

Calc.  AiMlfiU.  Cailc.  Analr«[*» 

6SiO*  .   .  33-20         32-48      4SiO'     .   .   84-29  34-U6 


.  *  im  IS-W  80*  .  .  11*16 

3A1*0>.  .  mS  .    27  75  2.ilH)*  ,  .  28-57  27*64 

2CaF0  .  .  I<h02  9  96  Ca*0  .  .  8*00  10-60 

XSafO  .  .  1M4  14^84  SKa'O  .  .  17*71  11*79 

K«0    .  .  ,   .  2-40  K*0 .  .  .  .    .  i'W 

100-00  00  81  ion  00         100  10 

Ace(»ding  to  these  formula,  h^yne  is  allied  to  nosean,  eodalite,  and  ittncrito,  all  of 
whicii  «t»  nlicMite^  of  the  fbon  ]f'0jU*0'.2SiC^,  easily  reducible  to  an  ctthorilicate, 

Sknyne:^^|Marai(>*  . 

Bodfllito:     mamo* .  NtOl 

Kosean:       CMa/^SIO'  .  N.i^O* 

Ittnerite :      GMa/'SiO'  .  (Ca-SO« ;  NaCl)  +  6n*0 

Hanyne  from  Niedermendig  coutains,  according  to  Whitney,  Sa-ftOSiCPj  12-01  SO*  j 
IS-dT  AIK)*;  I'M  WO  and  19*28  Na>0  -  100-73,  and  is  composed  of  1  nol«e«U<if 
no^an  and  2  nioh  cxxles  of  the  Albano  bauyne.  Thn  blue  colour  of  hanyne  appears 
to  arise  from  a  small  ^uaati^  of  a  melaliio  sulphide  similar  to  that  wluch  giTes  the 
eobv  to  vBtHBMiiBab  All  ipeefancM  cf  bii^  when  4fwlad  with  bjM 
acid,  giT6  ofT  at  bMt  •  taM  «f  M^lijpdrie  Mid*  Ji  iW;  Hadv.  d. 

Chem.  iii.  832.) 

SAimroVBTK.  A  n&me  applied  to  tiie  lara  of  Melfl  on  the  Vukuro.  This 
km  ii  bbck  or  Imwvb,  and  eontains  nauyno  of  variou.s  colours,  and  angita  ia  dender 
nrf-dl«--s.  It  is  stronglv  rittiiolc-'d  by  aciils.  When  it  is  treated  with  an  equal  wt  i^^Iit 
of  a  mixture  of  2  pt».  bydrochloric  add  and  1  pt.  water,  30*2  per  oenU  remains  unde- 
eompoied,  acmahtlng  naialjr  of  Mgita  oontaining  a  large  propovtidn  of  inm.  Tha 
haa;yna aaMnurti  to  22  fxr  cent.   (Tt a m m o I s b org,  Jahrt- sb.  1860,  p.  807.) 

KAnnna.  Yellowlsb  chabaaili^iin»Jo«Ma'af aU^Maqrland.  (SaaCkiMflm) 

BA-TESXiriL    (Syn.  with  BoROCU^m.) 

BATTORZTS.  rseudomorphous  qnnrir,  from  thp  tnino  of  macnftiV  iron  at  Hay 
Tor,  in  De%oiu»Uirid.  It  htm  the  form  oi  uaLuoiilv,  and  conUiiuM  96  6  vvr  cvut.  vilica 
iDdt-SftBiaflflddiu 

BBAT.  The  word  Tloat  is  used  in  common  lan^^uagc,  both  an  the  name  of  a 
particular  kind  of  se  nsation,  and  to  denote  that  condition  of  matter  in  which  it  is 
capable  of  producing  this  sensation  in  us.  Any  influence  whereby  external  objects 
are  rendered  koi,  or  capable  of  exciting  the  sensation  of  heat,  causes  them  at  the  same 
time  to  undergo  other  changes,  iirhich,  !>oiiig  independent  of  the  varying  condition  of 
oar  bodies,  affbrd  much  more  certain  and  more  exact  indications  as  to  the  condition  of 
kaat  than  is  furni^^hcd  hj  the  sense  of  touch.  ladaed,  strictly  speaking,  our  sensations 
Wnr  no  direct  testimony  with  rep;an!  to  the  absolute  degree  of  hotne.'^s  of  extt-rnal 
objects,  but  rathtiT  to  the  fact  of  their  imparting  heat  to  our  bodies,  or  removing  heat 
ftom  them.  When  the»o  eif<»cts  are  produced  in  a  modamto  degree,  we  experic n  -e  tlw 
senwitions  of  heat  and  cold  respectively  ;  when  the  loss  or  gain  of  heat  hy  our  liodies 
is  more  rapid,  it  no  longer  produce  any  f»eusatiou  to  whieh  a  d(  finite  name  can  bo 
awigned,  but  t<imply  a  JoaHngof  pain;  and  the  vetyMpid  pn.>(sage  of  he^^aithar  into 
or  out  of  our  bodies,  r-nn'^r^  n  rronnd  which  is  of  the  same  kind  in  citiier  tase.  Tha 
direet  evidence  of  our  senses  with  z«q>aet  to  the  heat  of  external  objects  is  therefioaa 
aooiMdvitUB  eiMv«Mtiv«^  BHsovlbuta.  MoNm,  il  ii  aot  ahn^  of  tha  aadw 


Digitized  by  Google 


16  HEAT. 

kind,  eren  with  n^peet  to.  bodies  in  the  same  conditkM!,  m  h  omQj  {nroTod  hf  jmtting 
onft  hand  into  hot  water  and  thf  othor  info  cold  water,  and  after  a  short  tiiue  mov- 
iag  both  and  plunging  thom  iAto  lukewarm  water,  which  will  then  feel  cold  to  the  hand 
wmdi  was  pravioudj  in  hoi  mtflr,  Imt  tram  to  tlw  othoR 

The  most  important  of  the  other  properties  of  the  condition  of  matter  confitltuting 
heat,  besides  pzoduoing  the  sensation  denoted  by  the  same  word,  ane  the  following : 

1.  Heat  imputed  to  aay  bodj  ra^  iti  temperature,  that  is,  it  not  only  omim  iha 
l>ody  to  produce  the  sensation  of  heat  in  a  more  marked  degree,  but  its  tendency  to 
bo^w  ^faimai^^  of  so  doing— in  other  wozda^  its  tendency  to  impart  heat— to  ciheg 

2.  It  modifies  the  rrlafions  between  the  density  and  ela.sticity  of  substances,  the 
general  law  being,  that  the  hotter  a  body  is,  the  less  is  its  eiaxticity  of^f^urt^  or  tend- 
«Dcy  to  pi'flum  a  definite  fiNrm  and  arrangement  of  parte,  and  the  arbiter  u  its  ^aUicitjf 
of  volume,  or  tendency,  if  loEd  Or  liquid,  to  fffOMm  •  delUdto  Tunn^  and  if  gMeooa 
to  espaad  indefinitely. 

8.  iTeat  causes  solid  bodies  to  become  liquid,  and  1  liquid  bodies  to  become  gaseous. 
Theatri  uril  of  heat  required  to  paodoeeraeM  dianges  in  any  bodjrTaiiee  with  its 
special  nature  and  with  other  cirmimstaneeji,  hot  they  take  place  always  and  witliont 
exception,  iu  the  same  order ;  that  ia,  the  solid  state  sdways  ooiTe«pondi»  to  the  luwei»t 
degree  of  h^  the  gMeow  state  to  the  luffimlk  degne^  end  die  liqoid  etate  to  an 
iiU;ermediflte  degree. 

4.  Heat  cauacs  chanffes  in  the  chemical  composition  of  bodies,  and  uko  in  thoir 
electrical,  magnetic,  and  optical  properties. 

The  cajnicity  of  heat  thu«i  to  eflTs'ct  changes  characterise??  it  as  a  form  of  energy, 
capable  of  ha'mg  measured  and  expressed  as  a  quantity,  in  terms  of  one  or  other  of  the 
dueetly  measurable  effects  which  it  produces.  When  thus  expressed  as  a  quantity, 
the  condition  of  heat  is  found  tx»  be  sulijoot,  like  oih<T  forms  of  energy  (mr -elianieal 
ttieigy,  for  examule),  to  a  law  of  conaervatiou ;  that  is,  if  in  any  system  of  bodies, 
no  beat  w  eacriended  or  produeed  through  changes  otibor  than  chmigee  of  tnttperatttre^ 
then  the  total  quantify  of  heat  in  tlio  .■-ystrm  cannot  be  changed  hy  the  mutual  actions 
of  the  bodies^  but  what  one  loses  another  gains ;  and  if  th^  are  changes  other  than 
diai^ee  of  temperataxe^  tiun  if  by  thoee  chai^ee  tlie  totd  heat  <tf  t^ 
in  amount^  that  change  is  compensated  exactly  Ly  an  opposite  change  In  soitn-  other  form 
of  energy.  (8ee  Hankine.  A  Mtutual  qf  the  Uteam  St^im  oim^  oUtcr  lYium  Mover§, 
od.  1861,  %  196,  pp.  224,  226.) 

Hence  it  follows  that  heat  may  bo  produced  by  the  reversal  of  Its  effects  :  as,  for 
instance,  by  the  conrersion  of  a  liquid  body  into  a  solid,  or  of  a  gas  into  a  liquid ;  by 
the  compression  of  a  ^s,  so  as  to  make  it  ooenpy  a  smaller  bulk ;  b^  the  transmission, 
through  the  point  of  junction  of  two  disnmilar  metals,  of  an  electric  current  op|>oHite 
in  direction  to  that  which  would  be  produced  by  the  application  of  heat  at  the  Kame 
point;  by  tli.>  union  of  oxygen  and  hydrogen  so  as  to  form  water,  the  effect  of  heat 
npon  WHt^r  being  to  resolve  it  into  oxj^m,  and  hydrc^en  gases,  &c.  &c. 

Similarly,  heat  may  be  caused  to  disappear— in  other  wonls.  co!d  maybe  produced — 
when  a  chang*",  nui^h  as  heat  is  capable  of  producing,  is  brought  about  by  other  nioanf!: 
M  when  a  eo&d  is  liquefied  by  solution,  or  when  a  liquid  is  ra^rised;  when  a  gas  is 
PTpandM  ;  when,  thronph  the  i>oInt  of  junction  of  two  dissimilar  metals,  an  f  bctrie 
current  is  transmitted  iu  the  suiuc  dircctiuu  a&  that  which  would  bepx)duoed  by  the 
application  of  heat  at  the  same  point,  &c  &c. 

The  rpTcrsal  of  any  of  its  effects  does  not,  howerpr,  reivfsarily  and  under  nil  cir- 
cumstances, cause  he^  to  be  produoed :  instead  of  it  an  equivalent  of  some  other  furtn  of 
energy  may  be  gcnented;  thne,  in  Gfom's  gas-battevyCSuoranRT,  it  4S0)  the  primaiy 
r<.'.sult  of  tht!  combination  of  oxygen  and  hydro|xen  pases  is  not  the  evohitlon  of  the 
qoanti^  of  heat  which  would  be  required  to  decompose  tlit*  water  formed,  but  of  an 
cqniraMnt  amonnt  of  eleelrieal  enei^.  Keither  ie  the  disappearenee  of  h«st  ilwafa 
a  necessary  consequence  of  the  production,  by  other  means,  of  changes  such  a§  might 
be  brought  about  by  the  action  of  heat  itself :  for  ezainple,  iu  the  d«ioompo8ttioB  of 
water  by  the  ele<^e  enrrent,  there  ia  no  disappearanee  heat,  lot  there  is  expended 
an  amount  of  electrical  ent-r^ry,  equivalent  to  the  heat  which  would  otherwise  have 
been  required  to  effect  the  same  decomDoaition.  i^'urther,  the  most  familiar  and  moat 
practically  import^int  proceesee  by  which  heot  if  ptrodoeed,  eneh  aa  eombnatian,  ftjetion» 
tnd  percussion,  are  not  such  as  can  be  directly  reversed  l  y  tlie  action  of  licat. 

On  the  other  hand,  heat  being  a  form  of  energy,  every  source  or  store  of  energy 
may  be  considered  as,  directly  or  indirectly,  a  source  of  heat.  The  sources  of  hert 
ttrailablo  to  man  may  then  fore  be  classified  as  follows: 

1.  The  f^nn.  AccordiUfj  to  Pouiller,  tlie  tofil  heating  effect  of  the  sun's  rays  fall- 
ing perpondicuhirly  during  1  uiiuutu  upon  oue  square  centimotrc  of  the  earth's  auriiiec^ 
Intiwding  the  portion  abwriwd  by  the  atmoq^heB^,  maact6»  to  t'y683  tiawa  the  ^naa* 
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lityof  ImbI  raqiilPBj  tonne  tto  f«mperat««  of  Igrat  of  mtor  l^tgnm  centigrade, 

or  to  17633  pr;imme-d<<^ix-8.  The  nu  an  lic-itiiifj  cflTect  on  each  sqnare  centimetre  of 
the  earth's  BurCace,  for  eyeiy  minute  daring  24  hours,  is  therefore  «■  0-4408  gramme- 
^gree ;  or  the  total  eflfe^  dming  one  year  is  232,000  gramme-d^reee.*  At'conling 
to  th€s<  data,  the  whole  quantity  of  heat  receired  hy  the  earth  from  the  sun  in  ono 
year  would  be  sufficient  to  melt  a  layer  of  ice  oyer  the  whole  fiurfacr  of  the  oarth  of 
32  metres  (or  35  yards)  in  thickness.  The  whole  of  this  BU{^]^ly  of  heat  ( vhicli  is  \^  than 
titftSfSOO  millionth  part  of  the  total  heat  ciiiittoil  by  the  sun)  is  not,  however,  direelly 
amilable  as  such.  According  to  Ponillet,  no.irly  one-half  is  al>sorV><d  by  the  atmo- 
epliere,  and  of  tbo  heat  so  absorbed  a  coiisiderablo  jmij^ortion  goes  to  sup^Jy  the 
mechanieal  energy  of  air  in  motion,  or  wind,  and  thus  ccuse^  aifc  kast  for  a  tune,  to 
exist  as  heat.  Anofhrr  portion  is  expended  in  cauninj;  tlip  pmpomfion  of  \vat<»r  from 
the  ooiau  aad  from  the  moist  surface  of  the  land  :  m  will  ha  shown  in  the  sequel,  a 
great  part  of  this  heat  reappen  when  the  eTnp<^rat(^  water  is  returned  to  the  earth 
as  rain  or  othcrwnsr;  l)ut  tnf  roinainder  is  retained  in  a  modified  form  in  water  which 
is  deposited  at  a  higher  lerel  thiui  that  from  which  it  was  evaporated,  and  so  fsniisbM 
til*  mAuSeBl  «Mig7'»  or  ^to^power,  of  rivers  and  falling  water.  Stffl  taollMr 
portion  of  the  total  encrfry  of  the  stni's  rays  is-  nb  .rl  ■!  by  growing  plant'*,  enabling 
tlmn  to  coQvext  carbonic  acid  and  water  into  woody  fibre :  our  ordinaij  modes  of 
obtaining  artifleiakl  boat — maelT,  hy  tho  eowtmstion  ot  wooi  and  oool — ttn  premoeo 
in  which  the  heat  thus  alxitjrbeti  is  liberated  by  the  reversal  of  the  chemicHl  chanjxes 
which  taks  place  in  plants  while  living.  The  warmth  and  mechanieal  fince  of  animals 
mn  ttbo  denred,  through  the  Tegolaible  feed  wWch  they  eonaome,  from  tihe  samesoorce, 
whence  are  likewise  deriA'i-d,  directly  or  indirectly,  our  chief  .'iu}>plies  of  eh  ctrieal  ener|zy. 

%.  The  internal  heat  of  the  earth.  This  we  may  consid^yr  as  of  two  kinds:  the 
»ettial  hnlk,  of  tHdeh  Aare  io  erideBee  in  hot  springs  and  v<4ca»oss,  as  well  as  in  the 
oomparatirely  high  temperature  of  deep  mines;  and  the  potential  beat  stored  up  in 
combustible  minerals.  By  far  the  most  important  store  of  potential  heat,  namely,  coal, 
represents,  as  we  have  already  seen,  a  portion  of  the  enecgv  of  the  sun's  rays  which 
reached  the  earth  during  the  growth  of  the  plant;*  f:  r  i  whrah  It  has  been  formed. 

3.  The  iidal  vavf,  caused  liy  the  earth's  aiumal  rotafion,  combined  wnth  the  mutual 
motions  of  the  earth,  moon,  aud  sun,  is  a  soun^  of  heat  which  might  be  rendered 
BfMtically  ayaihdik^  hj  cMHfaig  WKteMih— iifc  dfiTsa  hf  the  tidal  mlen^  to  gonofato 
heat  by  friction. 

4.  The  /all  of  mctioric  stonet  is  a  source  of  heat  practically  insignificant,  so  far  as 
tho  earth  h  concerned,  but  whidi  haa  heen  tmpgatta  to  pl^  att  im|ioiftast  part  in  tha 

maintenance  of  the  heat  of  the  jfnn. 

(On  the  poesibie  sources  of  energy  available  to  imui,  see  W.  Thomson,  FhiL  lifliig. 
[4]  iv.  m) 
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BeAve  «e  eaa  jooceed  farther  hi  tha  Mttfy  of  the  {sopetties  and  effects  of  heat,  it  ii 

Ticf»«»8sary  that  wc  shoidd  haT<»  fw>me  TUPans  of  mpasuring  and  comparing  different 
quantities  of  it.  As  already  stated,  quantitiea  of  heat  may  be  expressed  in  terms  of 
aar  of  its  directly  measurable  effepts ;  but  that  one  which  is  usually  the  most  easily 
and  accurately  observable  is  alteration  of  temperature,  nnd  hpnce  quantities  of  heat 
an  commonly  defined  by  stating  the  extent  to  which  tiiey  are  capable  of  altering  the 
taoiparatan  of  a  known  weight  (such  as  1  gnn.)  of  a  known  substance  (for  instance, 
water).  Accortli*-:r'V  ♦!ir>  tuiit  of  heat  which  will  be  ernfb>yed  in  this  article  is  the 
quantity,  already  spoken  of  as  a  gramme -  degree,  winch  is  required  to  rauve  the 
temperature  of  1  gramme  of  water  from  0°  to  1°  centigrade.  Heat  is,  howsvar, 
capable  of  catisinir  ~^lier  alterations  in  tho  condition  of  bodies,  such  as  the  liqtir- 
factioQ  of  solid  subtitaaces,  without  at  the  same  time  causing  any  alterutiou  iu  their 
temperataf*;  hoaes,  aaottiar  way  in  which  a  quantity  of  heat  may  be  defined  ia 
hy  stating  the  nnioutit  of  some  known  Kolid  (ice,  for  cTr  mple)  which  it  is  capable 
of  liquefying  without  causing  any  change  in  its  temperature.  Quantities  of  heat 
cmi  abo  he  tapiwaed  is  terma  of  tho  weehamenl  or  ehctrieal  envgy  to  wfaieh 
they  are  equivalent;  but  as  neither  motion  nor  electricity  can  be  generated  by  heat 
without  the  simultaneous  expenditure  of  a  greater  or  less  quHtitity  in  cnu^infr  a  rifi©  of 

*  The  total  qusntltr  of  heat  rftriTpd  In  a  mimite  bv  a  hrtniiphore  nf  thf  farth  *  «iiif.ice  it  the  same 
a«  That  which  would  fail  on  tliP  grt-at  cirrip  foriniiip  tlir  nrojrcllou  of  that  hf tnlf jihere— that  ll  to  »%J, 

l-7<iad«-K^  grainniL-.'itffreet  (the  radliu  being  meaaured  In  centimetres).  Ilenc«,  •uppottng  the  b«!at 
to  unUormir  diitribeisd  ovsrihts sorted cbe  fosail^  leodrsdiB  a  mlBaietirescb  sqaaie  e«Ut* 
loC  Mrtace  U 

and  M  the  earth  perfomss  Rs  teMioa  U  H  hoow  and  lis  year  eonMnt  ^J*7*i]!i.M^''';Jl^'i^ 
tlM  mtm  amNiDt  of  h««t  rtcslvsd  la  a  ymr  by  eiidi  iqawa  emtestf e  ef  the  MttaTs  mcftse  Is 
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temperatore  in  material  sobstaoces,  and  since,  therefore,  the  vhole  of  a  given  qnantitf 
en  wnr  tnuMfeniMd  withont  hm  into  tiiwe  other  ftmw  of  «nergj,  they  auuot 
serve  for  the  tlircft  meiu-urement  of  heat.  And  in  faet,  whatever  mode  of  measurement 
is  adopted,  it  is  alwajra  necessarjr  to  t«ke  account  of  the  temp^toro  of  the  bodies 
vhose  noai  ia  to  be  eatiina^d,  and  of  thoM  ivUdi  aio  iafliie^ied  hj  them,  is  order 
that  ve  may  know  the  ^ent  to  which  their  temporataro  is  altered;  or  on  the  other 
h:u\i\,  that  we  mny  conrincp  otirsclvea  that  no  stir-n  alteration  takes  jilace.  The  mea- 
surement of  temperature,  or  thvrmomstrtf,  m  there-fore  a  nuoessary  preliauuary  to  the 
aMMuraitenl  of  DMt»  ear  mUtrimriry. 

Tl&ormonietry. — Tempemtiire,  orhotncss,  lifis  already  been  defined  an  the  tentlenry 
of  one  portion  of  matter  to  part  with  heat  to  other  portions,  and  haa  been  stated  to 
depend  on  tho  qnnntitj  of  heat  whidi  the  portion  of  matter  ia  qneetaon  containa  For 

the  purpose  of  defining  different  temperatures,  it  is  obviously  necessary  to  n  •  two 
Standard  pointa,  separated  by  a  known  and  constant  interval,  which  may  iierve  us  & 
tneiMniro  !y  whidi  to  eati»afce  the  interval  between  any  other  two  tempwatnras.  The 
Btundanl  points  usually  adopted  are  the  temperature  of  melting  ice,  and  the  tem- 
perature of  pure  water  boiling  freely  under  a  barometric  pressure  of  760  millimetres 
(  29*92  inches)  of  mercury  (measured  at  the  melting  point  of  ioe\  When  a  quan- 
tity of  mercury  is  allowed  to  attain  equilibrium  of  temperatiire  witn  melting  ice,  and 
nfYerwMiIs  with  water  boiling  under  the  eonditions  above  mentioned,  it  is  found  that 
its  l-'uik  111  the  latter  case  always  excct^ds  ity  bulk  in  the  former  ease  by  a  certain  constant 
amount.  The  expanmrni  of  Uie  mercury  is  here  a  meMWce  <tf  the  quantity  of  heat 
whieh  the  lioilin;;  water  imparted  to  it  aftt-r  it  had  como  to  snrh  ji  condition  thit  an 
interchange  of  heat  no  longer  took  place  between  it  and  the  melting  ice ;  and  since,  as 
already  ebeerrad,  the  nereiuy  ahraya  eixpands  by  the  same  propoi^n  of  ite  bnlk  at  the 
temperature  of  melting  iee,  wo  may  oonebuh;  that  the  (jufttitify  of  ht-at  whieh  boiling 
water  can  impart  tu  m  given  mas«  of  matter,  exceeds  that  which  melting  i^x  can  impart 
to  the  aame  mass,  by  a  constant  proportion ;  in  other  trords^  that  the  tciapcratore  of 
boiling  water  is  higher  than  .the  tempcvatare  of  mcltiagioe^aiid  that  the  inuiriqd.  vhioh 
sejuurates  them  is  always  the  same. 

It  is  upon  this  principle  tliat  the  use  of  the  mercurial  thermometer,  and  of  other 
instruments  in  which  expansion  is  employed  to  indicate  temi  .  rMture,  depends.  The 
construct  ion  and  vise  of  this  instrument  in  its  various  forms  are  fully  d.  seril>ed  in  the 
article  Tuioimomlteu,  to  whieh  the  read-  r  in  referred.  It  will  be  sutHcient  here  to 
8tat«,  that  there  are  in  freqaeat  naa  three  different  modes  of  deaignating  the  two 
standard  points  of  temperature,  and  of  subdividintr  the  interral  between  them  :  namely, 
the  centigrade  scale  of  Celsius  employed  in  this  Uictionaiy,  in  which  the  teinjjerature 
of  melting  ice  is  denoted  by  sero^  ad  the  tenperatniD  of  boQhig  water  by  lOO; 
Reaumur's  scale,  in  which  the  tempernfnre  of  meltinf;  ice  is  likewise  denoted  by 
serc^  but  that  of  boiliiuj;  water  by  80;  and  Fahrenheit's  scale,  in  which  the  former 
tcaipcnfauo  ia  nailEea  S2,  and  the  latter  813.  The  melting  p<nfflb  of  lee  ia  tiiereforo 
itdieatad  liy  «ij  (tf     IbOimiBg  espMrioiia;-* 

O^C,  0»B^  and  SS«F.; 
and  the  boilii^  poisl  of  vifar  bj  anj  of  the  felloiring:-* 

lOO^C,  and  812»F.; 

aeooxdillil^,  100  degrees  centigrade  are  equivalent  to  SO  depees  Reaumur,  and  to  18() 
(  as.  212  —  32)  degi^es  Fahrenheit,  or  5  deirrees  C.  =  4  degrees  R.  «»  9  degrees  V.  Tlio 
simplicity  uf  these  relations  makes  it  easy,  when  a  temperature  is  expressed  according 
to  any  of  the  three  scales,  to  find  an  equfalent  egpreaaion  aoeesdfaig  to  ^her  of  the 
other  two.    (Sec  further  the  article  TjiKRMoirrrFn. ) 

JBesides  the  mercurial  thermometer,  sod  the  spuit  thermometer,  which  is  quite  similar 
to  it  in  pri  nciple  and  in  Ihe  manner  in  whieh  it  ia  need,  therr  are  aome  other  inatni- 

ments,  which  are  advantii^eously  employed  in  special  casa%  Ibv  tha  mcaiBMlllftnt  of 
tempoaturc,  and  must  therefore  be  briefly  described  here. 
The  Wdght-ihermomeiet.-^TbM  ii  a  mennuial  tiiermometer  whieh  differs  from  the 

common  one,  ina.'^much  as  the  expansion  of  the  mercury  consequent  upon  rise  of  tem- 
peraturo  is  not  read  off  directly  from  a  divided  w^ile,  btit  is  calculated  from  tlio  weieht 
of  mereury  which  escapes  from  the  instrument.  It  consisis  of  a  cylindrical  gla^s  reser- 
voir, closed  at  one  end,  and  terminated  at  the  other  by  a  short  capillary  glass  tube 
which  is  so  bent  that,  when  the  thermotneter  is  placed  in  the  posit  iun  in  whieh  it  i.s  to 
be  xised.  its  open  end  points  vertio-iiiy  dowu wards.  The  mode  of  using  it  is  as  follows : 
The  thcrmomi  t(  r  ia  Weighed  while  empty,  and  the  reaervoirnd  tobe  are  then  oom- 
pb-t(  1\  filled  with  pure  mercury,  the  whole  of  tlie  uir  belnfr  carefully  expelled  bv  boiling, 
und  aiiowing  the  instrument  to  cool  while  tiie  open  end  of  the  capdkuytube  dips  under 
Ifta  iulhe*  of  aflrenqr,  as  in  the  nsnal  prooen  of  flUing  a  hnMmeter  or  tiiennoBttter. 


Digitized  by  Google 


XH£RMOM£TBY.  19 

Bj  snmranding  the  thamcmtUtwiOi  neitiDg  ice,  Hm  faatiwuanfc  {feirif,  m  ««H  m  Am 

mercury  ooiJ  J  ail  ^  :ii  it,  is  brooght  to  tlio  tfrnperatiirc  of  0°  C. :  when  this  temperature 
has  been  reached  hy  every  part  of  it^  tlie  rees^l  of  mtsean  iJi  xemoTed  from  itader  tba 
open  end  of  the  capillary  tube,  and  k  replaced  by  ft  sbmO  twnd  eapnlft.  Tbe  left  ii 
K>v  remored,  and  tlM  outaide  of  the  thennomet«r  is  carefully  dried.  As  tha  merctuy 
tnTitainf  il  in  it  rcttmis  to  the  temperature  of  the  air  (supposed  above  0**  C),  it  expanda, 
afid,  coiisequenlly,  aomc  of  it  escapes  by  the  capilhiry  tube  into  the  tared  capsule.  The 
llbimwiiiliii.  and  the  capule  containing  the  mercury  which  has  escaped  firom  it,  are 
now  placed  torjf^hrr  in  the  I'alancc  and  weighed ;  by  deducting  from  the  gross  weight 
to  obtiiined  the  weight  uf  the  iastnnneiit  when  empty,  &ad  that  of  the  capsule,  we 
obtain  thA  w^righft  li^  of  the  quantity  of  mercury  which  tills  the  thermometer  at  0^  OL 
Tlie  instrument  is  next  heated  to  100°  C,  by  immersing  it  in  the  stoain  of  Ix^iHt)^ 
water,  the  same  precautions  being  taken  as  in  fixing  the  boiling  point  of  iJie  ordiiiury 
graduated  thermometer  (sec  Thermometer),  and  the  mercury  whicA  eecapee  is  collected 
in  the  f  arr  d  caps^ule  and  weighed.  Lot  to  be  the  weight  of  the  whole  quantity  of  mer- 
cmy  which  escapes  from  the  thermometer  whea  it  is  lieated  from  0^  C.  to  100°  C. ; 
tiim  llio  codkMot  of  appvtai  tzMaaion  (s«e  Uim,  EKfmuim  ^  Ugwidt)  tt  tko 
'  IB  tbo  tlutnoflMMT  viU  bo 

■  •  •  •  •  \**/ 


'  {}V-tp)lOO 

Simikrlv,  if  Wt  be  the  weight  of  mercury  which  eecapeo  fton  ttio  fiMnMnMtor  ^Am  i% 
k  Imn^  to  anj  oHmt  toapontu^  f*,  vludi  it  ii  M^oixod  to  aotvauM^  w  bom 

•-(■jr?5gi'  

hence  w«r  get 

to        —  tr, 

The  Yaiue  of  5,  dedudble  from  eouation  (<z),  was  ftrand  by  Bubng  and  Petit  (who*wo 
the  first  to  employ  the  weight-thermometer)  to  be  e<iual  to  ^7  Bubstitiiting 

thi*  vklue  in  equation  (A)  the  value  of  <  is  given  indewaident^y  of  the  preliniinazy 
experiment  abovo  d.  scribed,  in  which  th©  thermometer  is  Deatcd  to  100*  C. ;  but  wantB 
VDcertnint^  iitllU»  introduced  into  the  det.'rmination,  inasmuch  as  the  value  of  S  taxiM 
to  «  ^^lichl  extent  with  the  kin<i  of  gln.«;s  of  which  the  thermometer  is  made. 

The  wei^t-thermomet^  is  capable  of  giving  very  accurate -reauHs  when  employed 
toiadinto  themeon  tonperaturs  of  aiqr  oonsiderable  space,  such  as  an  oil-  or  water- 
bafVi,  th©  tempernnre  of  which  rhangea  so  slowly  that  it  may  be  assumed,  at  any  jgjyen 
insUttt,  to  be  the  same  as  that  of  the  thermometer.  The  size  of  the  instraneot 
depmda  upon  the  purpose  for  widdi  it  is  to  be  employed  :  it  is  well  that  it  should  be 
f  Mich  a  length  a,s  to  rf-ach  from  one  end  to  the  Other  of  the  space  whose  temperature 
h««  to  be  measured,  and  its  capacity  ought  to  be  such  that  the  weight  of  mercury 
dmen  oat  by  thoaanllMt  rise  of  temperature  whioh  it  Is  required  to  estimate  may  be 
eiiprilde  of  being  accurately  detemiin.'d  by  the  balance.  An  oT)vio«s  precaution  in  thft 
nae  of  thia  iusteument  is  to  keep  the  open  end  constantly  under  the  surtace  of  tiie 
mercury  ia  tbo  capsule,  lo  that  «o  air  em  oater  in  ooo^iranee  of  a  dinriBiitSoii  of 

temperature.  .  .  ,  .       ,.   , ,       ,  ,  •  j 

Re^a.xx\t'»  Mr- thermometer  is  an  instrument  which  is  apphcable  m  the  same  kind 
of  case*  aa  tko  weight-tbomoiaeter,  bat  bM  tbo  advanta^  of  giring  accurate  results 
at  all  temperatures  below  that  at  which  plas.s  soffe:  s.  whereas  th.-  indications  of  th« 
wriglit-thcrmometer  are  obriously  confined  to  temperaturea  below  the  boiling-point  of 
UK rcun  In  construction,  it  dooely  r«>aeniblea  tho  latter InahniliMaRt.  and  eonsists  of  a 
cylindncal  glass  rcaerroir  about  2  centimetres  (O  S  inch)  in  diHmetrr  and  about  12  or 
1 0  ceritim.  Ires  (5'2  or  6  inches)  long,  terminated  «t  one  end  by  a  narrow  gla&«  tube  of 
1  or  2  millimetK  J  internal  diameter,  which  io  bant  at  a  T<ght  angle,  at  a  short  dmtanee 
from  tbo  and  farthest  from  the  reservoir,  and  drawn  out  to  ft  fine  i>oint.  In  thts  state, 
the  in«!tTOmpnt  in  placed  in  the  space  of  which  it  is  desired  to  know  the  temperature; 
and  a»  soon  as  the  in&t^iut  arrives  for  which  this  temperatma  tt  required,  the  drawn- 
outpoint  is  aealodby  fusion  with  tho  blowpipe,  the  height  of  the  barometer  arri  it., 
attached  thermometer  (i.  512)  being  obf-erved  at  the  same  time.  The  tharmometer 
thus  dosed  is  then  supported  in  a  vertic^  position,  the  namvlaibo  downwazdi,  and 
with  the  bent  and  sealed  extremity  of  tbo  latter  under  the  eurfaoe  of  mercury ;  it  is 
next  r.r-cncd  by  brealcinrr  off,  nndVr  the  mercury,  as  smaU  a  piece  aa  P0»^  «  ^1 
Boint:  and  th«i  reeerroir  is  completely  surrounded  with  melting  ic^ 
«»ibi^«K»  of  tlto  tir  iD  tlio  fh«n^^ 
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p;irtj;illy  fills  the  reservoir;  ;ind,  when  the  tcmpcr.itnrc  of  the  thormoTneter  nnd  its 
ooDtentA  has  been  reduced  to  0*^      the  height  of  the  sur&oe  of  the  mercuiy  in  the 

Cttthetomcter,  the  height  of  ihv  l>an>nKtcr  being  can  fiilly  noted  at  the  saiut-  time.  The 
open  end  of  the  tube  is  now  dosed,  while  still  under  mercury,  by  pressing  a^^inst  it 
a  pellet  of  soft  wax ;  the  ice  is  removed  from  the  reservoir ;  wad  the  instrvment  is  takm 
out  of  tha  support,  invwtod,  Rnd  weighed  togatkcriritb  the  notcnnr  contained  in  it. 
The  thermoTnptnr  is  next  complctfly  fill  d  with  Tuercmy  and  w(»igh«a  ■gain,  and  Uu^jr 
the  weight  of  the  iostnunent  itself  whtn  empty  is  determined. 

J.I  t  If  bo  the  weig^  tf  mereiirj  t^ch  CL  Uiplet^ly  fills  fbs  thermometer,  and  let  w 
\<o  tlio  diffcreoee  between  this  weight  and  that  of  the  merenry  rontainerl  in  it  at  the 
first  weighing.  These  two  weights  then  bear  to  each  other  the  same  proportion  as  the 
t&tmi  CBpsdtj  of  tiie  thcffnonetcr,  at  the  tempwature  of  the  merenry  with  which  it 
was  fillf  il.  1-(.  ai>  t<i  tho  volume  ocenpii  d— at  0^  C,  and  vnider  the  atmospheric  pressure 
diminished  by  the  column  of  meoxuiy  read  ofif  by  the  cathctometer — by  the  air  which 
the  themunncter  contabed  aft  the  moitteiit  wluii  it  wse  sealed  viCh  the  hlowpipe. 
Th^  wmj  thiMlbce  be  taken  to  Mfiesantie^ecti'rafy  these  toliiiiiee:  iit  ehallthen  hsre 

r(i  +  «o  =  »     (1  + 


whece  <  Is  the  tenpetalsM  M^uired,  expressed  in  eentjgnide  degrees; 
M,  the  atmoepherie  pnesore  at  the  iDoneiit  of  eeeling  the  thenionMCw  wil&  thip 

blowpipe ; 

kf  the  pressure  supported  by  the  air  in  the  thermometer  at  the  moment  of  clouing 

it  tmh  the  pellet  of  wax  m  the  barometric  pressure  observed  at  the  aisie  flMDieiit 

—  the  Column  of  mcrcun-  read  off  with  the  cathetomcter; 
'  a,  the  ooefi&cient  of  expansion  of  air  for  1°  C  «  0  00366 ; 
K,  the  ooettcient  of  cabieal  eatpaiunon  of  the  glan  of  vhidi  the  the«iometeir  ia 

made  =»  0  0000305,  between  O"*  and  nOO°  C.  for  common  glass^  aadMO*00002SS 

for  crystal-glass  from  Choi«y-k'-lvoi.    (K c  j; iiault,) 

(For  the  derivatioa  of  the  above  formula^  see  the  section  fixpansion  of  Gases 
m  this  axtieile;  for  ftutfaer  deteile  cf  the  air-thermometer,  see  Begnaalt,  Oovra 
.     Uhnentoin  dr  Chimic,       1854,  iv.  64.) 

Deville  and  Troost's  Jodtni-pjfrom^er* — ^For  the  measurement  of  tcmperaturce 
above  that  at  which  glass  eoftens,  DeriDe  aad  Troost  employ  a  method  which  depends 
on  fmnentinllj  the  same  principles  as  the  use  uf  the  air-thermometer,  although  the 
niodo  of  fxperinn  nting  differs  considf^rably.  Their  apparatus  consists  of  a  globular 
llaf-k  i>{  Uayeux  porcelain  of  280  ur  300  c.  e.  c-ajiacify.  with  a  iirok  11  centimetres  long 
uni!  1  mm.  in  internal  diameter.  A  quantity  of  iodine  is  put  into  the  flask,  and  the  nt  ck 
is  nearly  closed  ly  a  ?<niall  plug  of  por(.il;.Iij  wliioli  lies  loostly  in  the  oj  tMiiiipr.  When 
the  iWk  IS  now  tiX(>o»ed  to  u  hi^h  teuipt^rature,  the  iodine  is  vaporised  and  the 
gtvater  f»rt  escapes  by  tlie  nedk«  dnring  out  at  the  same  time  nenrly  the  whole  of  the 
nir.  After  the  flask  has  l/con  expos.-d  f^r  a1)out  twenty  minutes  to  the  toni{)cratnr<} 
that  'is  to  be  measured,  the  Hame  of  an  ux^'-hydrooen  blowpipe  is  allowed  to 
1^  far  an  instent  upon  the  poraeUiu  plug  lying  in  we  neek;  uie  plug  is  thus 
nifltcd  and  closes  the  nosk  hermetically.  \Vli«  ii  ooTd.  the  flask  in  oh-ant  d  and  care- 
fully weighed ;  tlie  end  of  the  neck  is  broken  under  boiled  water  or  mercury,  and  the 
flask  is  weighed,  together  with  the  water  or  mercury  which  enters  ;  it  is  then  comph  tely 
filled  with  water  or  mercury  and  weighed  again ;  lastly,  the  flask  ia  weighe<L  when 
empty.  From  the  wrifidit^  thus  obtained  it  h  ea-^y  to  eal-  nlate  the  capHcity  of  the 
flask,  and  the  voluiin' of  air  which  the  i'j  Hno-vapuur  hu^  failed  to  txp«.l:  the  Urst 
weighing  gires  directly  the  oxeeis  <tf  the  ight  of  the  flusk  and  iodine-vapour  over 
tliat  of  the  empty  ilask.   The  obeerrations  which  zeqaiie  to  be  made  in  each  co^eii'- 


meut  are  the  following:  — 

Temperature  of  the  b^Jance  =»    <  ^ 

Atmospheric  pressure  m  AnuD. 

Eaccres  i  f  wri^'lit  u(  fla^k  a f^er  being  heated  and  sealed  full  of  , 
iodine- va|)our  over  weight  of  ilaek  filled  with  air  prorioas  to 
the  experiment  ••«•      •••mt  grm. 

Capacity  of  flask  •^ecc. 

Beeidoid  air.  •      .      .      *  ace 
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B<»^1m  these  datA,  the  following  oonirtMits  m  Mi|pif«i  is  ofvler  to  ttw 

twnpmitaro  at  wliich  tho  fl.i^k  "was  sealed:—  • 

Weight  of  1  c  c.  air  at  0°  and  760  mm.  fcctturc        .      .  »    0  001293g;tm. 

l>0«tj  of  iodiii«>va|Kmr  nfemd  to  dr  u  imi    .      .      .  i*  8-716 

CoeflRcient  of  e  xpansion  of  air  for  1°  C  0  00366  [ 

Coeffidf'nt  of  culncal  expansion  of  Bayeiix  yKircolain  for  1°  C.  0*0000108 


The  re^uirtHl  temperature,  1\  can  now  be  calculated  aa  &iiUowv; 

tMiwd  in  tk«  ilaA  aik  tihe  aiomoHi  of  MtliD^  timi 

/.  (1  -  ■  Lnu-^nr,  71  ir.o 

0  001293  x»^15  '  4  «  A  . 

viQ  both*  ivhiiDO  of  thia  vapoor  at  the  mne  momeiit;  bit 

_  ^  a  (1  +  0  00366  r)  760 

and  from  tliis  eqaaHon*  in  wliich  T  is  the  oaly  unknown  quantitj,  its  Taiuo  ifl  caailjr  [ 
Ibund.  . 

It  ia  obvious  that  this  tnf  tho<l  is  applicable  only  for  tlio  mcaKnTvrnPnt  of  maximum  ' 
tenp^raturea  which  can  be  maintained  statiooaiv  fox  some  time  ;  but  in  cases  whare  i 
these  oonditioro  can  be  ftiUSUed,  a»  in  dctttniuiing  tha  boiling  nointi  of  fUfHoulty 
T'>!;.r;!(  sobaliaeM  {e^,  tnlpliiu^  cadmium,  aae)  itia  capable  of  yieidiiig  rerj Moifato 
results. 

A  porodaia  i^bbe  fflkdwffh  dv  BMjbo  ettplo;^  «  a  tfi«rtiioiiMter  in  tbo  him 
way  :  the  advantage  of  using  iojiiia  it  ttwt  g^m  difftwoct  of  teupcnton  COCMpOOd 
to  mccaterdiffervnoea  of  weight 

^  ftothar  DoTille  sad  Trooal^  Ann.  Ch.  Phys.  [3]  hpiil  267.  375,  285,  293.) 

Mercury-pyrometer. —Thin  instrument,  proposed  by  Reguault  (Ann.  Ch.  Phys,  [3] 
Ixiii.  40),  is  composed  of  a  bottle  made  of  cast  or  wrought  iron,  platinum  or  porceLuu, 
tmring  a  capacity  of  600  to  1000  c  t,  and  provided  with  a  perforated  lid  which  liea" 
flat  upon  the  neck  of  the  bottle,  the  under  sur&ce  of  th«  Ud  (which  has  a  considerably 
greater  diameter  than  the  neckl  atii  the  tipper  surface  of  the  neck  being  ground 
together,  so  that  by  sliding  the  lid  a  little  tu  uuo  side,  the  bottle  can  be  almost  com- 
pletely closed  without  removing  it  from  the  fumaea^  or  other  space  whoae  temp«mtim 
is  to  Ijf  ilrt-Tnuin  <1.     Bcfup;  tlif  pxperimoiit,  10  or  1-5  gnns.  of  pum 

mtT.-ury  ;iro  jnit  iiilu  the  bottli-,  ami  it  is  theu  jilijo'd  ill  the  I'uruiwis  tha  lid  being  laid 
on  so  r^at  the  hole  throt.'gli  it  fonnn  a  ooBtinnation  of  the  orifice  of  thancck;  when 
the  bottle  ha'^  b*  i  n  in  the  funia.-f  lonj?  cnr>rs;h  to  have  thoroughly  ftpsnimed  the  tem- 
lernture  of  the  latter,  it  ia  ^  I'l'^cil  by  lirnwiiig  the  lid  sideways,  thcu  r»-iiiuved  from  the  '  . 
fhmace,  and  quickly  t  <1.  The  mercury  remaining  in  the  bottle  ia  poured  out  (it 
can  be  completely  detached  from  the  bottle  by  shakui;!  a  little  wat«  r  ronnd  in  it), 
and  weighed,  either  ia  the  metallic  atate^  or,  when  necessary,  after  solution  in  an  add  •  . 
and  pr^upihition.  Whoa  tho  ftllowiag  data  an  laiown,  naiaety--^ 

•  —    capacity  of  the  bottle  in  c.  c.  at  0°  C. ; 

K     ™    co<-f!ii;Ieiit  of  cubic  expansion  of  the  substanrp  nf  the  bottle  ; 

k     a    iituio^plitiric  presauio  at  the  moment  of  withdrawing  the  bottle  from  tha 

furnace ;  ♦ 
d  m   density  of  merciiqr*t^o«r  aft  tMapermtoiw  at  which  ii  hat  tha  pxopctCifla  of 

•  padiectgM; 

•  »  wafaroof  awwaiy  laawiaiBgiB  ttabottia; 

« 

fhoTCqain'd  tomperatoMb  7^  Ota  be  c<ilculated. 
lit  veigfai  of  laottm/'Taponr  which  flila  tha  bottla  at  2^  it 

"   •  •  i  i.  0-00366  2"  760 

I  +  kT  760  ^    «  Jf 

1  +  O  OOSGC  r   "  P   0  0012932  .  d  *    7/   "       *  A  * 

hi  ^hich  last  exprcaakm     ia  a  ^uantitjr  whidi  remaist  conatant  for  the  fame  bottle : 
we  have  thereibre 
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Bcgnaalt's  Hydr^m-pyromeffT  (Ann.  Ch.  Phya.  [3]  Ixiii.  42)  is  an  imtrument 
whereby  the  teni^rature  oi  a  umiaco  or  otlier  heated  apace  can  be  quickly  determined 
ttt  any  required  instant.  It  consista  of  a  MTought  iron  tube  one  or  two  inches  widn, 
and  lonpr  rnonph  to  reach  from  one  aide  of  the  furnaeo  to  the  other,  terminated  at  each 
oad  by  :i  eapillaiy  tub«  of  the  same  material,  proviJtnl  will)  a  three-way  oock.  When 
the  ti  rii(  t  ratVM  of  lih«fbnuwe  it  to  be  determined,  a  current  of  pure  and  dry  hydrogen 
is  caused  to  cntt  r  the  iron  tubo  nt  on.-  end,  and  allowed  to  is^Uf  frc«ly  into  the  air  at 
the  other ;  when  the  current  of  ffas  has  been  continaed  lone  enou^  to  dit^boe  all  Ui« 
air,  and  to  Tedvee  any  oxide  iSat  mty  hare  fomied  in  ue  bma»  of  the  tobe^  it  is 
•topped;  the  free  end  of  the  iron  tube  is  connertcd  with  a  copper  tube-  f!llr>l  with  oxide 
of  copper,  and  heated  to  redness  by  a  row  of  gas-jeUi ;  the  curn>Qt  of  hvdrogea  is  th«n 
replaced  by  a  alow  cumnt  of  dry  air,  whieh  sweeps  forward  the  hydrogen  into  thci 
ecfilMK  taw,  whera  it  ie  eompl^y  emraUd  into  water.  'I  h.*  wiacr  thus  formed 
passes  on  to  a  wciph<»d  TT-ttiVte  containing  pumif^e-ftoTiP  and  .Milphuric  acid,  and  from 
its  weight  thf  tonip*  ruturc  of  the  furnace  can  be  calculated  upgu  the  »ame  priuciploiu* 
•mhm  ue  mercury  pyrometer  is  used.  (For  further  details^  and  fiv  flgozw  Of  thia 
apparatus  and  of  tiiut  last  described,  see  Regnault,  he.  cif.) 

The  llunrmomtUlijfUcr. — ^This  instrument  consiitle  of  a  thermo-electric  pile,  connected 
iritfi  a  delicate  galranomotar;  its  constructiaB,  and  the  principles  npon  wnioh  its  action 
di'pt'ihls.  liavc  iiln  ady  been  explained  in  the  artiole  Klkctricity  (ii.  413  and  443,  444). 
As  a  thermoscope,  or  instnuncixt  for  rendering  sensible  heat  of  ver^  low  iatessity,  this 
afiparRliis  ia  maieh  mora  ddieata  than  any  other  that  has  been  donsed,  the  heat  given 
out  by  the  human  body  jiroducing  ii  pcrceptil  'le  effect  upon  it,  even  at  a  distance  of  ten 
yiirds  or  more  (Daguin,  TtaiU  de  Physique^  2nd  cdit»  ii.  34).  As  a  differential  t!ier» 
mometer,  it  is  capable  of  giving  a<^urate  results,  when  the  interrals  of  tem^^erature  to 
be  vtaanred  are  aufioiaatTj  amaU.  Bat,  since  the  direct  indications  of  the  lostnuiMat 
arc  not  peneml!}'  proportional  to  thwe  inter%'a]s  of  teni}>erafnr«%  it  is  nocosHary  to  con- 
struct, for  tacli  thormoniultipHi  r.  u  talile  tliow  ing  the  iutervul  of  tomf>eraturo  to  which 
each  degree  read  elf  npon  the  iiisr rumen t  really  eomqionds,  The  following  aocount 
of  the  method  recommpnded  by  Melloni  for  constructing  these  tables  is  giv.n  by 
Tyndall  {^HttU  as  a  Mode  of  Motion,  p.  365),  being  tnui&kted  by  him  £com  'X^i  Ther- 
mocrose,'  p.  69 : — 

"Two'bniall  ves.«iel<!  aro  half-filled  with  merctiry,  and  connected  separately  by  two 
short  wires,  with  the  extremities  of  the  galranometer.  The  veaselB  and  wires  thus 
disposed  nnln  no  cimige  in  the  actioa  of  the  insfarament ;  the  themo-eleetrie  eomnt 
beiu},'  freely  transmitted,  as  before,  from  the  pile  to  the  galvanometer.  But  if,  by  means 
of  a  wire,  a  communication  be  established  between  the  two  vessels,  part  of  the  current 
will  pass  tliruugh  this  wire  and  return  to  the  pile.  The  quantity  electricity  circu- 
kting  in  the  galwMinetflr  irili  be  thns  dimiiushed,  and  with  it  tfaa  dafle^ioii  of  the 
needle. 

"Suppose,  tht^n,  that  by  this  artitice  we  have  reduced  thu  galvaoometric  deviation 
to  its  north  or  fitlh  part ;  in  other  wmdM,  sopposing  that  the  needle  being  at  10  or  12 
under  the  action  of  a  conslant  pourco  of  heat,  {jiaced  at  a  fixed  dl."^tanco  from 
the  pile,  that  it  deeoends  to  2  or  3  degrees  when  a  portion  of  the  current  is  diverted  by 
the  ffCEtemal  iriia;  I  si^  that  by  eansiag  the  soovee  to  act  IWhu  tarions  dlstsnces,  and 
observing  in  each  case  thft  la/of  deflection  and  tlie  n.huyd  doflection,  we  have  all  the 
data  necessary  to  determine  the  ratio  of  the  deflections  of  the  needle^  to  the  £oioqs 
whieh  piodnee  these  defleetiont. 

"To  render  the  exi>osifion  eleai^r,  and  to  furnish,  at  the  same  time,  an  example  of 
the  mode  of  operation,  1  will  take  the  niunbeta  lelatiii^  to  the  applieataon  of  this  method 
to  one  of  my  thermomultipliers. 

^'The  ext  rnal  circuit  being  intsRvpted,  and  the  source  of  hett  being  snffleieatlj 
distant  from  the  pile  to  give  a  deflection  not  excredinjT  5  deprcps  of  the  pilranomctfkr, 
lot  the  wire  be  placed  so  as  to  connect  the  two  vciii»elB  of  mercury  ;  the  needle  falls  to  1*6. 
The  eonnectioa  between  the  two  TOmels  being  again  interrupted,  lot  Ilia  ■onioi  ba 
bmof^t near aoongh  to  obtain  ^tccc^sively  the  deflections: — 

50   10',  IS*^,  20°,  20^,  35^  40°,  45°. 

Interposing  after  eneh  the  sajne  wir*»,  we  ohtain  the  following  uumbers:— • 
l  u\  3^  4  0°,  6  3",  8  4°,  U  2^,  16-3°  22*4°  297°. 

"Asmmiug  the  force  necessary  to  cause  the  needle  to  describe  each  of  the  first 
degrees  of  the  galvaaometer  to  be  equal  to  unity,  wo  have  tlit>  number  5  aa  Ilia  ej^w» 
siun  of  the  force  corresponding  to  the  first  ofaservatioQ*   The  other  tanr§  sia 

obtained  by  the  proportion 


•  That  ii  to  <t.-\;r,  nn«  reduced  current  ii  to  the  toMi  camat  te  wMeb  ||  CDnsmaAk  ai  OBV  Mm 
rodtwed  cttrr«iii  i*  to  tta  comtpoodiof  total  otrmt.  "      '  ' 
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a  representfi  the  deflection  when  the  exterior  f  iretut  ia  closed.    We  t^na  obUia 

6,  10^  16-2,  21,  28,  37  3 
Ar  A*  tem  cacr«spoodlDg  taflMdaloe^ns, 

10«  IfP,  20O,  26^,  WO. 
"In  this  in^tniBient,  therefore,  tbe ibrees  are  aenslbhr  wopottiooal  to  tiMttet  n  to 

M  the  arcs  increose  in  «rize. 


'Tl*  faecs  belongui-  to  the  IntoniMaato  dqgm  ai«  obtained  with  great  ease, 
either  bj  t^lralatinn  or  by  gfli^liioil  OOOltmlMII,  "MA  httw  if  ■■■Wnii.^fc 
i»  these  determinatioQB. 

tlMM  BMMM  V«  find. 

De«i^      .      .    18»  14»  W   ie»  17»  18»  JO®  21« 

F  r».o8  .       .       .    W     141  15-2  16  3   17  4  18  6  19  8  21  22'| 

Diffcrvucca  .       .        11     l-l     11     11     1-2     12    12  1-3 

lJtgre«i       .       .     22^    23°    24**  JW"    27°  3*° 

Forces .       .      .    S8*S  24-9  m  SS     89*7  M  m  m  f7*t 

Diffen-uccs  .       .         1-4     1-6     16    17      I  S     l**    1*9  % 

"  In  this  tAblc  do  not  take  into  aw)tint  any  of  tho  «l<'£rre<»s  prpc^^ini?  t!io  l^xh,  l-f- 
cau«e  the  foroe  curreepondiiig  to  each  ot  them  posm&aen  the  name  Takie  as  the  detlectioa. 

*"The  £>rees  correqpondiiig  to  the  first  thirty  degrees  hmag  kBOWa,  "o^Wfatj^  jg  ^g/ggf 
thar.  to  dmumuiait  tfie  ^vatoM  of  thia  iotMS  iWffwtiMwiliy  to  Sl^  40^  M  flmmw^  lad 
upwsrda. 

*Hm  nAae«dddtodlioM«f  thcwtkfMftMiMi^ 

224«  19-7^ 

■*  Let  xm  ernmStm  them  sepazateljr;  commeaaiity  with  tiM  int  In  the  first  plaee* 
then,  16  degrees  aecording  to  our  calculation,  are  equal  to  152 ;  we  ohuiin  the  vaiii7  of 
xhA  decimal  0*3  bj  muUipj^iiig  this  £eaction  bj  the  A'^^r*ww  1*1 ;  £»r  we  hare  eyiUonUj 
tlM  fiopoefion 

1 :  1-1  -  M  :  X  »^  0  3 

TTie  T«Ine  of  the  rt^ducetl  fleflootjon  foprespondintr  to  tho  3.5th  dcprrco,  will  not,  tliorfv 
fore,  be  IJ  3°,  but  15  2^  +  0-3*  —  16-6''.  By  similar  oonHidoraiions  we  tiad 
»  50  +  0-6'^  -  24  instsad  of  Md  M'T*  imteiia  of  8»70  tfa»  i«diioed 
deflecti-  ns  of  iO  and  4-5  ilr<^~r«;. 

**  It  now  onlj  remains  to  calcolate  the  forces  belonging  to  these  three  deflectioniL 
1^  M^l^aadt6r>,  l^Mitvf  tfaeopmioiiS-SSSa;  tills 

the  forcej*,       51-7,   90%  IW-t.* 
ftrthe  dL.rrces,  85,      40,  45. 

"  Comparinff  thp^c  numbers  with  t  lioso  of  th(^  ynrwding  table,  we  see  that  the 
EenaitiTeoMB  of  our  galvanometer  diminishes  considerably  when  we  use  deflections 
gnaltar  tkn  SO  degrees.** 

When  one  face  of  the  tltrrmopilo  !.>>  oxposM  to  the  action  of  licit,  {he  iie<>ill<'  of  tho 
gahriwgf  tnr,  with  which  the  ^e  is  eonn^rted,  immediate^  leaves  its  position  of 
«qa3ibi4iiiB  «^  fvt^li  ModdniUy  bejoad  the  aeir  porilioituiwlii^  allcrAMrieiaf 
pa&slly  diminishing  oscillations,  it  iiltimatoly  coiikm  to  rest,  if  the  pile  continues 
exposed  to  the  same  source  of  heat ;  and  when  the  source  of  heat  is  removed,  th*  fa(!>e 
of  the  pile  only  eradnally  loses  the  increased  temperature  which  it  had  acquired  while 
exposed  to  it<^  art  ion,  so  that  the  return  of  tha  galnmomsCiV Madia  to  iti  first  position 
is  likcTTT^o  pradnal.  Thr',s,-«  two  circijmstanc<»s  wmdd  occasion  a  very  ron^iderable  loss 
of  time  in  making  u  numerous  ^rie^  af  ubbc-rvutious  with  the  themiomuitiplior,  were 
it  Beeessary  ea<rh  time  to  allow  the  needle  to  becot&a  alationaiy  at  the  point  of  ultimata 
defltvthm  :  l-ut  McUoui  otjicntnl  tiiat  iho  an*  til^:>^g^h  which  th»"  11 -'>  !!»•  swin^  in  its 
ftcat  oscillation  is  alwajs  the  same  tor  an  ultimate  detlection  of  the  uAoie  amount,  and 
heaee^  by  eourttaetfaig  what  h«  oalb  a  Tkbk  0/  hnprnltm,  or  table  giving  tha  nltinato 
deflection  corre8p<:indlng  t  i  f^n't  swln^^.  or  inipulso,  of  any  givoii  an)0Htif,  ttiin  \>>sh  of 
time  may  be  avoided.  With  sacb  a  table,  it  is  onljr  secessary  to  observe  the  axe  do- 
scribed  by  the  needle  in  its  first  waofmmt,  and  ih«a  to  nfer  to  tht  taU*  ftr  the  nlti- 
mtodflilection  corresponding  thereto. 

?ipTnfn5?*K  li' ft  stance  Thermomrifr. — In  this  instrument  the  actual  indications  of 
tcrmperature  are  ma-de  by  an  ordiuiiry  mercnrial  thermometer :  its  peculiarity  consists 
in  toe  fiMsfe  that  it  enables  the  temperaturca  of  spaces  to  be  determined  into  which  a 
thrTTnonirfer  could  not  bo  infromitvd,  t-r  wlurc,  if  introduced,  it  could^  not  be 
observed-  its  action  depends  on  the  inereased  resfistance  which  a  metallic  wire  ofEara 
to  the  passage  of  an  clMtiw  cnncn^^ite  (Buomon, 
il467.> 
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Two  perfect^  Mmikr  coils  of  insokted  wire  are  enclosed  in  two  hermdlcall^  ^^^^  * 
ocmpeir  OBMB.  One  ii  piMed  in  the  ^aoe  of  vhidi  the  tempemtm 

otuer  in  a  b:ith  ofwator;  and  thetempt^mture  of  the  bath  is  alt.^rc-d  until  the  clectriciil 
resistance  of  the  two  coils  is  eui^j  equal,  an  equality  whieh  can  be  readiiv  tested  bjr 
a  differential  galTsnomeUtv  The  tempenitnre  tiie  batli  will  th«n  deariy  be  eqitdl 
to  that  of  the  space  where  the  first  resistance  coil  is  plaee<I.  Tlio  connections  are 
made  with  very  tlii^^k  coppor  wire,  so  thattheir  resistance  shall  have  little  or  uoinfluenoo 
xi|>on  the  result,  i  iio  wirt^  are  coUeil  on  an  open  copper  cylinder  of  considerabla 
diameter  and  length,  eo  as  to  expose  a  large  surface  to  the  air  or  water  in  wliidi  tiiegr 
arp  placed.  They  in  conspqticnce  tiike  thf>  temperature  of  the  surroimdinp  Tn<Mlium 
with  great  rapidity.  {Report  on  Electrival  imtrummU  in  the  International  Exhibition 
of  1862,  by  Meeming  Jenkin. — Jurors'  Reports,  daae  xiii  p.  93.) 

This  instrument  is  obviously  adapted  for  detemiiuing  the  temperature  of  diflTerfrife 
depths  of  the  sea,  or  of  borings  on  land,  and  for  other  similar  porposes.  Its  sensibi- 
lity may  be  eoosiderably  inexewwd  by  adopting  a  sup^estion  cf  Ur.  Ebidlbadi'i^  find 
constructing  one  of  the  cuils,  that  one  which  is  placed  in  the  Lath  of  water,  of  ft  mate- 
rial whose  conducting  power  is  lower  than  that  of  the  substance  of  which  the  other  coil 
is  made.  The  temperature  of  the  bath  wonid  then  have  to  be  Ttuied  move  than  one 
degree,  in  order  to  compensate  the  alt^ation  of  lesistance  caused  by  a  Ttaatiaai  of  ona 
degrn^  in  the  temperature  of  the      lium  surrounding  the  otJier  coil. 

lipsides  the  instrumentii  for  mcu^uring  temperature  which  are  described  above  and 
in  the  artide  Thbbmombtsb,  alieady  referred  to,  a  great  nxmiber  of  others,  of  various 
degrees  of  utility,  have  been  suggested  from  time  to  time.  But  it  is  believed  that  tlio 
instruments  here  noticed  are  those  most  likely  to  be  found  practically  useful  by  the 
experimentel  ehsauat  A  luge  nnmber  of  the  older  eontmneM  ftxr  theiinoBUtii« 

purpoBes  are  very  fully  described  in  the  treatise  on  T?ic  Thcnnonuf'  r  and  Pi/rorut  t  r, 
published  by  the  Society  for  the  DifPosion  of  UseM  Knowledge.  (I^ibrazy  Useful 
knowledge,  Natural  PhUoeophy,  vol.  ii.  1832.) 

0nlMFlaMi*y.— The  cases  in  which  qtMnUHa  of  heat  feqnirs  to  be  meaawed  am 

very  numerous,  and  different  methods  and  npparafu??  are  required  in  nearly  eveiy  case. 
In  relation  to  every  one  of  the  efifects  of  heat  the  question  arises :  How  much  heat  is 
needed  to  prodaee  tfaiB  effect  with  a  given  Intensity  7  hence  ealorimetrie  msasnrcineata 
hare  to  l)e  made  in  the  study  of  eacli  of  these  effects,  while  the  nature  of  each  will 
determine  the  manner  in  which  such  measurements  can  best  be  made.  We  shall, 
tiMzcdfaiak  oonaideF  the  diflbiant  pnlAcaia  into  ^ich  ealorimi^fZy  enters,  one  by  one  aa 
tii^  oaenr,  and  ahaU  umr  paaa  at  onoe  to  the 

Tha  ftltowing  oidw  will  be  adopted  in  thia  part  of  fha  inlgact 

1.  Changes  of  Temperature  produced  by  Heati 

2.  Changes  of  Volume  produced  by  Heat. 

3.  Changes  of  State  of  Aggre^tion  produced  by  Heat. 

4.  Relations  of  1 1  eat  to  Chemical  Afflnitj. 

5.  Kelations  of  licat  to  Electricity. 

6.  lielatiouii  of  Heat  to  Mechanical  Energy. 

1.  Changes  of  Temperature  produced  by  Heat, ^—SpeclfLo  Beat. — "VNTien 
equal  weights  of  two  different  substances,  say  a  pound  of  mter  and  a  pounil  of  mercury, 
are  placed  in  two  similar  vessels,  and  exposed  fur  the  same  length  of  time  to  the  lieat 
of  the  same  lamp,  or  placed  in  front  of  the  same  fire,  at  equal  dii>tanct>i>  from  it,  or 
otherwise  treated  so  as  to  have  an  opportunitgr  of  taldng  op,  saeh  exactly  as  much  beat 
as  the  other,  it  is  found  that,  if  of  equal  tmiperatures  at  the  beginning  of  the  experi- 
ment, they  have  no  lunger  the  same  temperature  at  the  end  of  it^  The  mercury  is 
ibnnd  to  be  nraeh  hotter  than  the  nvtar.  Henee  it  is  proved  that  a  qusatily  of  Wt 
which  is  sufficient  to  raise  the  temperature  of  a  given  quantity  of  meivury  throut;]i  a 
given  number  of  degrees,  is  only  able  to  raise  the  temperature  of  the  same  quantity  of 
water  through  a  smaller  number  of  degrees ;  in  o^er  words,  more  heat  is  required  to 
raise  the  temperature  of  a  given  quantity  of  water  one  degree,  than  is  required  to  raise 
the  temperature  of  the  !?aine  quantity  of  tnereury  one  dofrree.  Apain,  if  we  take  two 
equal  weights  of  water  uud  nxereury  wliicli  luivu  been  healed  to  the  raiue  temperature, 
any  to  100"  C,  and  place  them  xmder  such  conditions  thal^  in  cooling  down  to  the  tem> 
penitare  of  the  atmosphere,  each  shall  ^ve  out  exactly  as  much  heat  in  each  second  m 
the  other,  it  will  he  found  that  the  mercu^  will  hare  cooled  down  to  the  temperattire 
of  the  atmosphere  long  beiine  the  water;  hence,  when  its  temperature  ia  lowered  by  a 
given  nnmber  of  degrees,  water  gives  out  more  heat  than  an  Ofjual  quantity  of  mercury 
does  in  undoi^ing  a  similar  alteration  of  temperature.  JbSztendis^auuilar  eaq^erimenti 
to  ofhfl*  aahataaeei^  we  ihmild  And  that  the  quantity  of  haat  aaaaad  to  aflbel  a  givaa 
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ehange  of  t«mperatare  ia  different  for  almost  every  rabftanee.  Thew  quantities  of 
brat,  fapressed  r(>1atiTeIy  to  tho  qiinntity  of  heat  required  to  raise  the  temporatnre  of 
an  eqyal  weight  of  water  from  0®  to  1°  C,  are  called  the  specific  heats  of  the  rarinns 
sakstaucc'S.  Thus,  fur  instance,  the  statement  that  the  specific  heat  of  lead  is  0 
imfJif  that  the  quantity  of  heat  which  would  suffice  to  raise  the  temperature  of  anj 
given  quantity  of  lead  from  0^  to  1°  C,  woakl  SNM  tJi«  tenpentuM  of  an  «qiial  qiMa* 
tiiy  of  Wttter  only  from  0°  to  0  0134^. 

The  powar  of  Aeat,then,  to  cause  changes  of  temperature  depttds  upon  the  mitiiMof 
the  <^ubstance  upon  which  it  acts,  just  as  we  shall  see  in  the  sequel,  that  its  power  to 
CkLUti^  changes  of  volume,  or  changes  of  any  other  kijid,  varies  with  the  naturt^  of  ilie 
bodies  submitted  to  it6  action. 

Three  principal  methods  hare  been  crnploycd  for  mcasoirinr'  tho  ppf-^ific  heats  of  tlif- 
£ereiit  substances.  Of  these^  much  tho  most  accurate  is  thut  kuouu  as  the  method 
of  nixturef ;  we  AaSi,  tbenfbre,  describe  it  first.  It  ttmnsta  in  heating  a  kaowii 
weight  of  the  substance,  whose  specific  heat  is  to  be  determined,  to  a  known  teniper;i- 
ture,  then  plougiug  into  a  known  wei^t  of  water,  also  at  a  known  temperature  and 
daiai  ■lining  the  tempezBtme  of  tho  nmton  viddi  nivltB.  Id  in  eaqMMimrat  of  tiin 
kind  let  T  bo  the  temperature  to  which  the  siibs-tanco  was  heati-d,  t  the  itiiflal  (cni- 
pemture  of  the  water,  anXi  9  the  temperature  of  the  miztorc;  and  kt  the  weighty  in 
grammes,  <^  the  rabstaoMe  be  W,  ana  tiio  tni^tA  of  tho  water,  Then  H  it  plain 
tiiat  the  heat  which  the  substance  has  pv«.-u  out  in  cooling  from  T°  lo  0'*  is  the  same 
as  that  xoqoired  U>  heat  the  watar  from  ^  to  9°.  Calling  the  hitherto  unknown  specific 
lust  of  im  fiAitaaiee  wo  ahall  lum  fsr  tiio  lbnii«r  qmntilj  of  heat,  the  expression 
H  ( r>      aailbc  tlie  hMt  tte  vp  I7  Uwvvtar  (vliOM  ipo^ 

HODOO 

Tbm  most  accurate  detaminations  of  specific  heat  that  hare  hitherto  been  published 
are  probably  those  made  by  Kegnault  (Ann.  Ch.  Phys.  lixiii.  5;  Ihid  [3]  i.  129; 
ix.  322;  xivi.  261  and  268;  xutviii.  129;  xlri.  257 ;  Ixiii.  5),  by  the  methotl  yf 
mixtures.  Fig.  630  (see  p.  26),  which  is  copied  from  his  latest  memoir  on  this  Hul  joct, 
shows  the  disfiosition  of  apparatus  ':'-'i  dIy  employed  by  this  inrestigator.  Tho  sub- 
stance to  be  examined  is  contaimc*!  ui  u  bu&ket  of  tine  brass  wire,  M,  8U»pend«l  iu  the 
mtddlaof  an  nj^ght  cylinder.  A,  of  thin  metal.  This  cylinder  is  surmnnded  by  a 
Inr^er  concentric  cylinder,  B,  and  this  again  by  a  third  cylind<  r,  C.  By  tlie  ebullition 
ot  water  in  tha  bculer,  V,  the  annular  space  between  A  and  B  in  kept  constantly  full  of 
■tMm,  wUdi  pMMB  then(»  dnoogh  the  openings,  o  0,  near  tb«  top  of  B,  into  the  outer 
annular  space  comprised  between  B  and  C,  and  hence  by  the  waste-pipe  r/to  the  con- 
denser (i,  and  so  hauck  to  the  boiler.  That  portion  of  the  steam  which  is  liquefied  in 
tho  ejriiiidni  B  and  (X  xetoms  to  the  boikr  tn  the  form  of  water  by  the  pipe  e.  Th« 
temperature  of  the  substance  in  M  i^^  '^^b.o^m  by  the  tlurmoTnctcr  T,  the  bulb  of  whii  ii 
ooeupics  a  qyiindrical  space  left  for  the  pozpose  iu  the  middle  of  the  basket  of  brass 
vtra.  Tho  wafcer  into  wiiidithafldbBtanMtt 

meter  H,  a  sm^  vessel  of  Tery  thin  and  highly  pojislitd  brass,  supported  upon  threo 
points,  and  carried  bjafooi  which  slid««  alo^sagzooTe,  so  that,  by  a  ^id  and  amooth 
watioB,  it  can  bo  bKOtt|(bt  diwcUy  wiidif  A«  op  nmotvd  to  tho  ftrtnev  ndo  of  tho 

sliding  screen,  pp',  so  as  to  bo  jirotected  from  the  influence  of  heut  given  out  by  the 
ht'ating  apparatus  C.  When  in  its  place  under  A,  the  oalorimeter  is  protected  from 
beat  radiated  by  the  boiler  by  tiie  double  atmm  B,  botwoen  the  two  coatings  of  which 
s  eootinuAl  circulation  of  cold  water  is  kept  up.  The  temperature  of  tho  calorimeter 
i»  indicated  by  the  thermometer  t,  the  bulb  of  which  is  long  Munq^  to  zeadi  Ston 
just  below  the  siu-face  of  the  water  to  very  near  the  bottom. 

At  the  commencement,  of  an  experiment,  the  o&lorimeter  ii  drawn  back  outside  th« 
8CTP<»n  pp',  and  the  b  i^lc^t  containing  the  substance  to  bo  examined  is  8usi>ende*l  in  tho 
middle  of  the  cylinder  A  by  a  silk  thread,  the  cyhnder  itself  being  closed  at  toji  and 
bottom  hf  bidluw  plug's  to  pKyent  loss  of  heat,  one  of  which  is  shown  in  its  place  at 
the  upper  part  of  the  figure.  Steam  from  the  boiler  being  allowed  to  circulate  al  'out  A, 
the  sucstance  at  M  is  gradually  heated  lo  nearly  the  temperature  of  boiling  ^uter. 
Mbn;  bk  genoral,  about  two  hom^  tho  thermometer  T  becomes  stationary ;  but,  for 
greater  certainty  that  the  temperature  of  the  substance  is  uniform  throu^diout,  the 
n<^ng  is  continued  for  at  least  another  hour.  The  temperature  of  the  water  iu  the 
eakciaMter  ia  ^bai  obeerred  by  reading  the  tiMrmaaMtar  i  through  a  tdraeope,  the 
temp^ratur©  of  the  air  beinp  read  off  at  the  same  time  upon  another  thermometer.  Tho 
cabrimet^T  io  onieUiy  pushed  xrndcr  the  heating  apparatus ;  tho  plug  at  the  bottom  of 
the  cylinderAu  TCBOfsd;  nd  bjkoMiiiqgfho  oon  whidiaappotto  tho  tlMniioaMt«T, 
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the  rilk  thread  from  which  the  basket  M  hangs  ia  liberated,  and  this  with  its  conienta 
allowed  to  fall  into  the  water  contained  in  H.  The  calorimeter  is  again  drawn  back 
behind  the  screen  PP,  and  the  btisket  is  moved  about  in  the  water  bj  an  aKsistant, 
while  the  obserrer  watchea  through  the  telescope  the  mftTcinmni  temperature  indicated 


Fig.  6^0. 
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Weight  of  substance   M  gmu 

„     „  brass  wire  basket   p  grm. 
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SPECIFIC  BEAT.  jfi 

JWa,  cillijig  the  required  specific  heat  of  the  suUsLanco  C.  w©  siiould  hare 

la  giTiug  iLe  calculation  in  this  ycir  simple  fonni  we  are  assuming  that  Lh(*  con- 
rtant  A  inclades  not  merely  the  actaal  trater  in  the  calflriBMtar,  bni  also  th«  wttcr* 
eqnivalpnts "  of  the  brass  of  which  the  ealoriiiutor  is  conrpost-d,  and  of  flic  ^'la.'ia 
aad  Bwceszy  composing  the  themosietra  ^  for  these  are  all  heated  at  the  same  time  as 
Asvatec;  and  to  the  Mma  flstent  If  tfie  w«i^t  of  fccass  is  ft«  ealoriaMtw  wra  «•, 
and  the  weights  of  ^Injvs  am!  nu-r  crun-  in  (ho  tlu  rmomtfor  /  rofpictively  u>'  and  and 
it,  furtit^  Ube  npecifio  h«at8  of  brassi,  glass^  and  mercozy  be  c,  c',  and  c",  the  "  wuter- 
eqaiTslaot**  of  toe  eakrimeter  (at  Hem  qvantity  of  water  which  would  require  the  samo 
HHMliilji  of  heat  to  raise  its  temperature  one  degree)  would  be  wr,  aiul  the  **  water- 
Wjwra'.rnT "  of  the  thermoractor  t  would  ho  tr'c  +  w'c".  'Hrrtrc  if  <t  l,e  th*»  wriirJit 
of  sctu^  water  in  the  caiorimeter,  the  caiorimelric  v&lue  of  the  whole  quantity  of  matter 
t»«lMh  ttebcttof  th0  body  uadw  csyaiaiaift  ia  ii^^ 


The  valiMe  <^  thift  Mm!  tsnaif  naktng  up  tlie 'vMe -ftlM  «f  jI       obHovdIf  W 

4stflnnini'd  by  preliminary'  f  xperiments. 

An  additional  correction,  the  ralue  of  which  has  also  to  be  found  by  preliminniy 
tnoia.  !^  r»:  quired  to  compensate  the  heating  or  cooling  effect  of  the  atmosDhere  npou 
the  calorimeter  und  it 4  contents  during  the  course  u{  an  expariiiient»  MIt  as  the 
(TitT-p       K  twoen  the  two  temperatures  i  and  9  of  the  calonmetrr  peldom  exee^ds 

or  J",  it  is  ^asy,  by  kcepinji;  the  temperature  of  the  inittrument  aa  much  t^slow  the 
atmospheric  temperatore  donng  the  fint  kalf  of  tilie  experiment  as  it  is  expected  to 
■  xc'.-llt  in  the  s*^<v>nd  half,  to  render  the  error  introduced  by  alnio'^fih«.Tic  hriitin;?  or 
oooiing,  reiy  small  indeed :  ia  Begnaalt's  experiments,  it  amounted  to  only  three  or  four 
famdicdliis  ef  ft  dagMa,  1i«t  wae  aefvtlielMe  eaielUly  aUeved  Ibv. 
-  By  means  of  the  apparatus  alxjre  ch'sscrlh* d.  tlie  snbstjinc*^  under  examination  oan 
never  be  heated  quite  to  the  boiling  point  of  the  liquid  ia  the  boiler  V,  so  that  when 
this  is  water,  the  tempmtme  of  ib»  MilMrlHiee  nefer  xiaee  abore  07®  or  ;  bia  any 
other  temperature  that  may  be  desired  can  easily  be  attained  by  introdmng  into  the 
boiler,  in  place  of  water,  a  liquid  which  boils  at  nearly  the  required  temperature,  and 
then  raising  or  lowering  its  temperature  of  ebullition  as  much  as  may  be  n^Mled,  by 
eonwcting  the  tube  hi  with  a  la r^^o  n  serroir  cf  compressed  or  larefied  aid 

In  determining^  tlie  ^pi  ^nflc  heat  of  .suhf«f»nces  (such  as  phosphorus,  f«>r  eTtamplo) 
whidi  could  not  be  heated  without  oaumng  them  to  melt  or  else  to  uiidcrgu  oU^er 
aheration*  wUA  -would  interfere  witii  the  aeevaaj  of  the  results,  Ileguault  adopted 
:-,n  inrf  rsc  pr'-^ccf^s,  and  oo<jled  tht  m  to  a  trmprmture  considerably  below  that  of  t!ie 
wstcr  in  the  calorimeter,  and  thus  observed  the  diaunatioa  in  the  temperature  of  the 
latter  wkdA  mioMed  Hmoi  hmisning  the  eooled  eoibelaiMMi  w  it  The  apparatw 
employed  for  produnng  and  niainfaininc  constant  a  lo'.v  t>'inp«>ratun\  resembles 
tn  ^me  extt^nt  the  heating  apparatus  already  deswibed  and  figured.  It  consists  of 
A  central  tube,  in  the  middle  <^  whidi  is  anspended  the  niostanoe  to  be  cooled, 
flttrrounded  by  two  larsrcr  concentric  cylinders.  The  space  between  the  central  tube 
and  the  nrxt  is  partially  tilkd  with  ethor  or  some  other  rolntile  liquid,  an  1  thft 
i^ce  between  this  tube  uud  the  outiaide  uue  iii  iiiled  with  uir.  By  causing  a  rapid 
eancnt  ef  air  to  twtyewe  the  other,  ita  tempantan  is  gradually  lowered,  and  with 
an  extrmal  temperature  of  20°  C.  any  temprnifnre  not  lowc-  t^;Mi  —12-  ran  ho 
TOUttained  oonstaat  by  properly  regulating  the  flow  of  air  ;  the  iuMest  temcerttture 
dttt  era  be  etilrfBed  mcHr  ehnUar  eiicvnstaseeo^  by  employing  sulpha  ox  caiboii 
Instead  of  ether  is  -  8^.  By  the  use  «f  liqvid  Miiiiiniii^  aaj  tMnpentaM  between 
and  -80°  C.  eao be  obteaned. 

In  order  to  apply  the  abore  AethddtodetsnnBalleH  of  the  nteiflebeat  of  lu^uidi^ 
they  must  be  enclosed  in  tubes  of  very  thin  glass,  nearly  filled  and  h»  nn.  ficallj 
dosed.  Theee  tuV «;  arc  ra.<:pended,  like  the  basket  M,  in  the  centre  of  the  tube  A, 
and  aft^waida  let  down  iuto  the  calorimeter.  In  calculating  the  result,  allowaueo 
MBit  of  eosrae  be  mde  for  the  heat  imparts  d  to  the  calociaieter  hy  the  tube. 

Another  ftpparatns  which  bcrs'cs  fur  the  d*'trrmination  of  Rpeciflc  lu  ats  h  repre- 
isnted  in^.  631.  This  apparatus,  dcviatd  by  i  avre  and  Silburmunn  (  Ana.  Ch. 
fhys.  [3]  xaonrL  caum^  of  a  izlass  globe,  A,  of  al>out  l  litre  capacity,  in  which 
are  three  opening  The  first,  b,  admits  a  thin  iron  or  pliitiiuim  tiibr.  closed  at  the 
hwcT  end  a>x.ut.l  inch  (2|  to  3  centimetres)  wide  and  4  inches  ^lu  or  11  couti- 
metn*)  long,  cemented  al  ^  top  into  tbe  openiag  «f  the  g)a«^  and  kept  ia  iia 
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plaiCe  below  hj  a  piece  of  g\&HH  rod,  one  end  of  whidi  in  comontad  against  the  upper 
•ida  ot  the  tube  and  the  other  end  agsiinet  tlio  side  of  the  glass  globe.  Within  ttiiii 
tube,  which  is  called  tho  vinflc,  is  ;  !<H-fil  another  tube  of  vert"  thin  g1a?s  which 
•erres  to  contain  the  substttnces  under  ejiperimont,  .This  is  hold  in  it«  place  bjr  a 


Fig.  dai. 


cork  which  sxirrounds  its  neck  and  fits  tightly  in  the  vmUi  of  tibe  llKiffle;  It  £• 
aofroniided  by  about  100  gnuk  of  meveuyp  intended  to  jhrilitete  faitensbeage  ofheat 

between  it  and  the  mufSe. 

The  second  openin^r.  c,  carries  a  horizontal  capilkry  tube,  H,  about  500  millimetres 
long,  divided  into  millimetres,  and  ti  rniinatcd  at  the  farther  end  by  a  small  funueL 
This  tubf,  whifh  shouLl  be  pcrfivtly  cyliiKlrical,  is  cemeiifod  to  the  glim  globe  ty 
marine  ^ue,  so  that,  when  needful,  it  can  be  easilj  removed  and  clamed. 

The  third  opening  eairiee  %  stod  piston.  4^  vhieh,  by  means  of  a  screw,  can  he 
raised  or  luwen-1  so  as  to  increase  or  diminish  s<imewhat  the  capacity  of  the  f^lube. 
^  The  ^lobe  itself  is  st:^ported  upon  a  thick  ring  of  cork  and  endtwed.  in  a  box 
lined  with  traddtttg  or  >wan*e-dowD,  and  lorronnded  bj  a  donUa  casing  filled  with 
water.  It  is  filled  with  mercury,  with  the  precautions  necessary  to  exclude  any  trace 
of  air,  and  the  extremity  of  the  column  of  mercury  is  adjusted  by  moving  the  steel 
piston,  </,  up  or  down,  so  as  to  be  exactly  at  the  zero  point  of  the  divisions  of  the  tube. 

In  using  the  instrument,  the  substance  whose  specific  heat  is  to  be  determined, 
is  introduced  at  a  known  tf»mpeniture  into  the  muffle,  or  into  the  glass  tube  inside 
it.  The  substance  then  pm*t«  with  ita  heat  to  the  mercury  contained  in  the  globe  of 
the  calorimeter,  eansiog  it  to  expand,  and  the  expansion  read  off  on  the  tube  UU  % 
measure  of  tlie  quantity  of  heat  thus  imparted  to  the  menrnrr.  In  order,  liowever, 
to  compare  the  indications  of  this  instrument  with  those  of  the  water-calorimeter,  it  ia 
needftu  to  know  the  nmnber  of  divisiona  of  the  tabe  U  which  correspond  to  the  effect 
of  a  unit  of  heat,  or  iL^ramrne-de^ree.  For  this  purpo.M'  Favru  and  Silht-rniann 
graduated  their  instrument  as  follows : — A  few  scraps  of  platinuu  wire,  and  4  or  6 
of  d'Ttilled  water,  are  placed  in  a  pipette  of  the  f(»m  dwwn  in  fig.  532.  The 

pipette  is  heated  over  a  ^pirit- 
iamp  until  thf  water  boils,  the 
ii;iino  l>ein;;  occubiuuaJly  passed 
alonp  the  point  4^  ao  aa  to  heat 
it  sutTiciently  tn  prevent  the  con- 
densation ot  tftearu,  and  the  drop 
of  water  iaremoveii  from  the  end 
by  a  piece  of  filter-paprr.  so 
that  the  steam^  may  have  free 
iasne  into  the  air  at  the  moment 
of  begiuning  the  experimonf. 
The  lamp  is  then  removed  for  an  instant ;  the  ebullition  ceases,  and  at  the  samo 
moment  the  point  of  the  pipetto  is  rapidly  introduced  to  the  bottom  of  the  tube  con- 
tained in  the  muffle,  the  pipette  being  simultaneously  turned  round  through  180° 
about  the  axis  ah.  The  lamp  is  then  apain  brouj^jht  near  the  pipette,  and  the  cork 
which  olosoe  the  upper  end  is  removed,  so  that  no  steam  may  follow  Uie  water  into  the 
nnflle.  Aa  soon  aa  Hie  nwwwy-ooJaran  in  U  has  reached  the  extreme  pob^  the 
temperature  of  the  water  is  taken  by  a  sniall  and  sensitive  thermometer;  and  the 
experiment  is  completed  by  weighiiu;  the  glass  tube  with  the  water  oontaiued  in  it. 

If  the  weiglk  or  water  im  P,  ud  the  number  of  degreea  through  whidi  its  tcm* 
perature  falls  after  being  introduced  into  the  tube  ..f  the  muffle  bo  T.  the  number  of 
unit-?  of  heat  imparted  to  the  calorimeter  will  be  PT.  If  this  quantity  of  heat 
cautM!^  the  mei'cury  to  advuice  tJirough  N  divisions  of  Ilia  tdM      the  anmint  ef 


Fig.  632. 
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Farre  and  SilbemMmt  Jbinid  UiAt,  in  the  instniment  employed  hy  UbiaUk,  CM  ult  of 

hie-Ht  rriQst-'i  tho  mercury  to  advance  in  t(  by  0  3  niillimetrp. 

In  determining  the  specific  heats  of  liquid  ^ubstaiictje  hy  taeann  of  \h[ii  apparatus, 
tbtjm  iiitro  luced  into  the  tabe  of  the  muifle  bj  means  of  the  pipvtt**  ab,  in  the 
manner  already  described  in  thft  0M6  ot  ««I«E^  thft  irai^t  aofioye^  bcong  detecmined 
after  the  experiment. 

Anmtlwr  method  of  aeeertaining  the  ipeeiflo  Iteate  of  rarioos  eabstanoee  ooneiati  io 
detffmiininp  the-  qn  mttty  of  ice  win'cli  crin  be  melted  \>\  tlie  heat  givon  off  hy  a  known 
Weittht  of  each  whUe  cooling  through  the  same  number  of  degrees.  A  known  weight 
of  uo  •obsCaaoo  to  be  opented  upon  ia  beated  toa  detomiaato  tempenhm^  ai  IWf*, 
and  then  placed  in  a  caritj  sc<.ujH-d  out  of  a  Woe'k  of  niclting  ice  and  covt'j-ed  bj  a 
eeooad  slab  of  ice.  The  temperature  of  the  substance  is  thus  brought  down  to 
that  of  mriting  ice,  and  a  %autitjr  of  ioo  it  melted'— tfiat  in,  a  quantity  of  irator 
h  forme<!— proportionate  to  the  qoautity  flf  iMit  whadji  tfao  snbetMioa  giTvo  OMt  in 
cooling  to  this  temperature. 

TboB  modio^  hornvnTf  though  rerr  simple  both  i«  pisneipte  and  in  ozMntioB, 
cannot  be  made  to  give  very  accurate  results  ;  for  there  is  great  difficulty  in  determin- 
iiME  with  exactness  the  quantity  of  water  formed,  and  a  small  error  committed  hero 
intToduce  a  lar^  error  into  the  eettmato  of  tha  quantity  of  b«it  given  out  by  tho 
body  in  cooling,  since  as  will  be  seen  hereafter,  the  quantity  of  heat  needed  to 
convert  one  part  of  ice  into  water  woold  be  wfficieot  to  xaiae  tho  toapentiire  of  79^ 
parte  of  water  one  d^eree. 

A  ^rd method,  called  the  method  of  cooling,  was  emplqyod  by  Bulongand  PetiC 
It  consists  in  detenninincr  tlio  lengfli  of  time  which  the  different  gubstancts  to  be 
examined  require  in  order  lo  cool  iu  u  vacuum  from  one  known  temperature  to  another, 
each  being  placed,  as  neaxlj  as  peowMe,  xmAn  identical  circnmstanoes. 

In  order  to  realise  the  necessary  conditions  for  detenninations  of  this  kind,  the  ?nl>- 
stancos  to  be  examined  are  all  reduced  to  an  im^udpable  powder,  and  tilb*d  &ucctmi\ely 
into  the  same  cylindrical  silver  venel,  gOded  and  highly  poUahedoileraally,  in  the  axis 
of  which  is  thf'  bulb  of  flu-  thermometer  by  •vrhieh  the  progrpss  of  thr  cotiling  is  to  be 
shown.  The  silver  vessel,  supported  by  the  stem  of  tiie  Ibermometer,  is  suspended  in 
the  middle  of  a  large  bnas  receiver,  coated  intematlly  with  lamp-black,  from  which  the 
air  can  be  completely  moved.  This  is  immersed  in  "wntcT  nt  iO^  C,  and  when  the 
thexDMmiater  inside  the  apparatus  marks  3d^,  it  i«  transferred  to  melting  ice.  Tho 
tbeMttoaieler  ie  now  ivatdied  through  a  teleeoo^pe,  and  th«  iaeteiite  at  which  it  mariu 
o(f^  -j/jo^  ]Qo  -^jiff  ,50  noted.  If  all  other  circumstances  wctp  tho  ^amo.  (he  time 
during  which  each  substance  underwent  the  same  fall  of  t«mperature,^onld  be  a  mea- 
RRvof  th«  amoontof  heat  gives  ont  in  undergoiBg  tbit  eSmiigo— that  ia,  of  the  epeeiflo 
Ii.-;it  of  the  substance;  but  Regnault,  who  Fubmitted  this  niffhod  to  vers' can  fal  rx- 
anunation  (Ann.  Ch.  Phm  [8]  is.  i27),  found  that  it  was  impossible  to  obtain  results 
of  any  Tafaio  ite  apohealaoii  in  tho  caeo  of  foUd  bodiei:  inth  liquid^  ibr  vhidk fha 
same  soaxeesoreRVrdo&otoeemaaibvoalidikitiaaqpaU^ 
jv  traits.  " 

The  dHBcnltiesi  attendant  on  the  enct determination  of  tiie  epeetio  heats  of  gases  and 
vapours  are  very  much  greater  than  in  the  ca^e  of  solids  and  liquids.  An  cxten-ivo 
series  of  experiments  on  this  subject  has  been  made  by  Renault  (M^m.  de  1'  Acad,  des 
Sciences,  xxvi.  41)  with  elaborate  care,  the  principle  of  bis  method  being  to  observe  the 
altctation  of  the  temperature  1^  water,  surroundinpr  a  spiral  tube,  caused  by  the  passage 
througli  the  tube  of  a  kiio%Tii  qtmntityof  jni*  which  entfTs  and  issues  from  it  at  known 
temperaturee.  A  dcscriptioa  uf  liic  apparatus  employed  in  these  researches  and  of  the 
wmtA^fOm  of.  experimenting  w  ould  occupy  too  muoi  apwe  to  admit  of  its  being  given 
here;  we  mn«it  thon-furo  refVi-  for  dptai!)«  to  thn  pn per  already  quot<Kl.  (  A  fiirure  of 
the  apparatos  and  a  tolerably  full  account  of  the  method  of  experimenting  are  albo 
giv<-n  in  Dag vin'o  TVaiti  de  Pht/»iqiie,  2iid  edit,  ii  276-380.)  Tho  prineipal  xendte 
obtained  are  rnnmrraffd  below  (p.  35). 

In  (he  following  Table  are  given  the  specific  heats  of  a  oonsideraWe  nTtmber  of  tho 
oieiUfUteij  biiiTirn.  according  to  the  resulta  obtained  by  Regnault  l  y  r  1  nu-tliod  of 
mixtures.  When  the  f^pc  cific  heat  of  the  same  element  has  been  determined  by  him 
■emal  time^  the  mo&t  recent  result  is  given  in  the  Table.  The  third  ctdumn  aivee  the 
tempccatmws  between  whieh  the  spedfie  heats  given  in  the  second  cdnmn  were  obeerrod; 
the  numb^-rs  contained  in  the  fourth  and  fifth  cobinm.s  \\\\\  be  referred  to  presently. 
Th(*  «pmfic  heats  of  the  gaseous  elements  arc  not  included  in  this  table,  but  will  bo 
fuuudiu  a  subsequent  one,  together  frith  ibeipedficheataofaonio  other  gMW  (seep.  Zb). 
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DgHe  of  Specific  Heats  of  the  Element*. 


If  MR*. 


Lithium  .  .  .  . 
Sodium  .  .  .  . 
Magnesium  .       .       .  . 

Alniiiiiihini  f'>p.1jpat  rArrrfteil 
for  2  p.  c.  irun  impurity)  . 
f  liquid  • 


8| 


Phosphonui 


aoiid 


'I 


,  mnoiplioiui 

?ul|ilmr  (r.  octitly  melted) 
Sulpllur  (uatire)  .  « 
PotaBnvm  .      .  . 
Manganese  (containing 

trace  of  silicou) 
lix>n  .... 

fapeehnen  1.(1840) 
Kickel  j     „  U.ium 

f  specimen  1.(1840) 
Gobiilt4     H  n.(1859) 
'     „  111.(1859) 


Copper 
Zinc  . 
Aaeam 

Selenium 


BramiM 


metallic 
solid  . 


^liq^uid  . 
Molybdenimi  finj[^nrf'') 

Bhodiiim  ^ 

r;ill:idiimt   .  • 
Silver  . 

Cadmium  (containing 
cent,  impttti^)  . 

Tin 

Uranium  (impure) 
Antimony    •  • 
Iodine  . 
Tellurium  . 
Tungsten  • 

Iridium  • 


( Bolid 
(liquid  . 

Thallium  5 


per 


i 


^egnanlt 


Bumuih 


Icrjrttallised 

(irood«harooal 
ftraphito 
diamond 

Vorvsfallised 

Sili.r.-i     <  , 


0-94080 
*1I9840 
24990 

21480 

•21200 
•18870 
•17400 
'17000 
•20259 
•17760 
'16966 

•12170 

•11880 

■10863 
■107.02 
•11080 
•10696 
•10620 
•10730 
•09615 
•09656 
•08140 
;  07616 
•07}  16 
•10310 
•07468 
•08432 
•11294 
•11094 
•10513 
•07218 
•06527 
•06806 
•05928 
•05701 

•06669 

•05623 
•06190 
•05077 
•05412 
•04737 
•08343 
•03244 
•03259 
•08248 

•onnn 

•03192 
•08882 

•03250 
•03.155 
03140 
•03065 
•08084 


•235'20 
•25000 
•24160 
•20083 
•14687 
•17740 
•17600 


I 


100°  to 
6  n 
98  ^ 


100 
30 
10 
98 
98 
99 

0 
97 

08 
99 
97 
97 
99 
98 
97 
08 
99 
98 
97 

7 
82 

8 

-20 
58 
48 
10 
98 
98 
97 
98 
99 

98 


n 

II 
ti 
n 
ti 
» 


t> 
ti 

»i 
«> 
»« 
»» 

» 
•  I 
If 

n 
>» 

n 
»• 
fl 
»> 
n 
n 
»» 

» 

M 


27° 
-82 
28 

14 

60 

•  10 
•78 

15 

14 

14 
78 

14 

17 
13 
17 
12 
12 
10 
8 
16 
14 
13 
21 
18 
19 
24 
•78 
13 
10 
.  6 
12 
20 
11 
It 
13 

16 


Atowie 
v«lClit. 


7  (-Li) 
28  (-Ka) 
24(-MiO 
27-6  (-Al*) 

81  (-P) 

32  («S) 
89  (-K) 
66(-Hb*) 

66  (-=Fe«) 

58-7  (-Ki«) 

68-7  (-Co*) 

6^6(=.Ou«) 

65  (  =  Zn^ 
75(=A8) 

79  (-So) 

80  (-Bi) 

96(=Mo=) 

104-4  (  =  Rh') 

\or>  r-Pd«) 
i08(,  =  Ag) 

112  (-rd«) 


i'riiiliict 
of  sf).  ht. 


6-69 
6-76 
6-00 

6*89 

/6^57 

5-  85 

6-  39 
6-27 
6-48 

5-  68 

6-  61 

6-69 


6-93 
^577 
j  6  07 
6-28 
616 

6-36 
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TIm  loUoviag  abort  table  gires  the  8p<»ciAc  hc&iA  of  a  few  •ubitances  which  require 
»%»tikM  ivto  aMautiti  OihwHting  tbM  mdUi  of  tho  aspcrioMBU  fton  wlodi  tlie 
I  Li  dift  fsMgoii^  ud  fliiljMgnMit  tibkf  im  d< 


Glass 

Oil  <  f  turpentine 


019768 

lOUSOO 


t)ir  >peciiic  not  wiu  obierred* 
98«>  and  12<» 

99  „  14 
9S  ,.  1.5 
9H     „  13 


Kam^rous  determination*  have  bron  ma(!(>  bjBegnanlt  of  the  sjipcifio  brats  of  mois 
guk  compoiuids.  A  selection  from  his  n-suhs,  sufficient  to  show  their  general  nature, 
a  fpna  m  fli«  mt  tabic  Tlie  tempcrattm-.^  between  i^AA  the  detmnalioM 
Bude  are  not  pirrn  in  the  t«blc,  liiit  yrcrc  in  all  ca^ps  a  tpmppratUTT  appronnhin^r 
100'  C,  and  a  temperature  near  that  of  the  atmosphere^  In  the  case  of  «abi$(Mn  -oH 
wUdh  m  aohilil*  in  water,  or  cMMAla  of  being  ehoraioiiQj  neted  on  bj  it  la  uij  way, 
r!i-  cil'  riiiu  t.T  w:i.s  fillt^l  ith  oil  of  tnrpt'liflno.  The  dlfTt  ronf  sub.stances  em 
ia  tbe  tahU  are  uranged  in  groi^  according  to  Uieir  ch«anical  CMapowtioo. 

XitUi  of  S^peeifio  Mtth  of  Inorganic  Compoundi, 


KiMCOf  Subttancak 


A.— Duimmr  Xounoouia 

1.  Ot::?-'s  . 

Protoxide  of  kad  (^tused) 
Chdde  of  mereuiy  • 
Pr  f^xi'V  of  niangmmft 
Oxide  of  copper 
Oxide  of  nid[el(c«letBed) 
lUagnesia.       .  • 
Oxide  of  zinc  . 

2.  Sulphides 
ProtoBulpbide  of  iron 
Bn^^faide  of  iiK-krl 

„         cobalt  . 


tf 


l^^ad 

xneicniy. 
■dpUde 

Oiloride  ofUthiun  . 

sodium  , 

potaanvm 
„         Pilrcr  , 
HercnrooB  chloride 
Cuprooa  » 

^roinifli'S  , 

Bromide  of  potassium 


i.  hdida  . 
Iodide  of  pc^aanoBi 

Iodide  of  sodium 

M't^miroiis  iodide 
Iodide  of  ailver 


1.    0.:i'lf$     .  .  .  < 

•Stannic  oxide  .  • 


yonaula. 


MO 
I'pbO 
HhgO 
MtnnO 
CcuO 
NniO 
MmgO 
ZuO 

IfS 

FfeS 

NniS 

CcoS 

ZsnS 

PnbS 

HhgS 

SnS 

MCI 
LiCl 
NaCl 

Ka 

Ag€l 

HhgCl 

OcnOl 

MRr 

Klk 
AgBr 
NaBr 

MI 

KI 
Nal 
Hhpl 

Agl 


MO' 
fc>nO» 


! 


005089 
•05179 
•16701 
•14201 
•15885 
•24394 
•12480 

•in.*7o 

•12813 
*135IS 

•12303 
•05086 
•06117 

•28213 
*91401 
•17296 
•09109 
•06206 
•18837 

•11322 
•07391 

-08191 

•08684 
'03949 
•06160 


Molmilar 


•U9320 


223 
216 

71 

7»o 
74-7 
40 
81 

88 
90-7 
90-7 
97 

2^9 

160 

42-6 
68'6 
74-6 
148'6 
286'« 
09-0 

119 
188 
108 

106 

160 

327 
886 
100'6 


Product  of 
hrmt 


11-36 
1119 
1116 
11*19 
ll'«7 
076 

10-  11 

11 -  94 
11-62 
11-86 
11-93 
1216 

11-  87 

12- 66 

11  99 
12-6) 

12-  88 

13-  07 

12-  36 
18-09 

13-  47 

13-  90 

14-  26 

13-60 
13  03 
12-91 
14^7 
18-00 


160 


18-90 
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Table  0/  8ptc{/ie  HtaU  of  Inorgamc  Goffipouiii!*— eootinaod. 


MaoM  of  SttteUnce. 


Tbiatomjc  MoT.rcT'T.Rs  eoutinwd — 

Titiuuc  anhjdrido  (artiticial) 
„       „  (nitae) 

Silicic  anlivilriJo 

Intermediate  oxide  €i  aatamon^ 
8.  8»itpkid€9 

Iron  pyritea     .       ,  , 

Stannic  sulphide 

Bisulphide  of  molybdenoxn 

3.  1'hluriih.f         .        •  , 

GUond«  of  barium  . 

vtrontium 
QileitiBi  » 

magucsium  • 
mercuiy 
line      .  . 

nianganeee  . 

Stannons  chloride     .  « 

4.  lodidea  .       .       •  • 
Iodide  of  lead  . 

mercury 

C.  — TlTIIATOMIC  MuLBCULJiS. 

1.  Oxides  . 
Tangstic  anhydride 
Molybdic  aofajdride 

2.  Chlorides  . 
Chloride  of  Mwiiw 
Iridiloride  of  pluMplioiiis 

D.  — ^Pbxtatomic  M0LECU1.BS. 


•* 

N 
t» 
ft 

» 


Foraula. 


Aluniinri 


1 .  StDiph  oxides 
\  oonindom 
\  sapphire  . 

Specular  iron  , 
ArsenioQs  onliTdride 
Chdido  of  chromium  • 
„     bismuth  . 
ntimony  . 

2.  Mij-'  if  oxidtB  •  • 

a.  Nitrates. 
Kitrato  of  potassium 

ft  ndiiutt 
„      silTsr  • 

b.  Carbonates. 

Iceland 
ruj^*^     Arniffonite  . 
K/tKitwiJtvo   J  tjaccharoid  marble 

n  n  grey 

whit«  chnlk 

Carbonate  of  barium 
-» 

MnBiran 
ixoD  • 

3.  Sufphidfs 
Sulj'iiitlo  of  antimony 

•1.  Chlorides 
Stannic  chloride 
ChIorid«of  titaunm 


8iO« 
SbO* 
MS* 

Fft^ 
SnS» 
HmoS* 

Bbaa» 

SsrCl' 

CcaCl* 

MmgCl* 

HbgCl* 

ZniOl* 

Jdmna 
8nGl« 

MP 

PpbT» 


M0« 

WwoO» 
MmoO* 
MC1» 

pa* 


All-0» 
Ffe»0» 

Ccr»0« 
Bi«0« 
8bK)» 

HMO" 

NKO» 

NNaO* 
NAgO* 


CCcaO» 


CBbaO» 
CSsrO* 

CFfeO* 

Sb'S« 

Ma* 

SnCl* 


0-17164 
•17089 

•19132 

•13009 
•11932 
•I2S34 

■08957 
■11990 
•16480 
•10460 
•06889 
•IMtS 
•0Gn4l 
•142od 
•10161 

•04267 
•04197 


-07988 
•1S240 

'17604 


•19762 
•21732 
•16695 
•18786 
•17960 
•06053 
•09009 


•23875 
•27821 
•14853 

•20S58 
•20850 
•21585 
•20980 
•21485 

•iioaa 

•14488 
•19845 

•08403 
•00002 

•14769 
•1914< 


Molmilar 


88 

60 
154 

120 
182 
160 

208 
158-6 
111 
95 
271 
188 
278 
126 
189 

461 
454 


232 
144 

I81^6 
187-5 


103 

160 
198 
153 
468 
298 


101 

85 
170 


100 


197 

147-6 

116 

340 
616 

260 
198 


Product  of 
•p.  Itpftt 
X  mnl. 
weight. 


K  1407 
jl8^97 

n-48 

1470 

15-61 
21-72 
1973 

1ST)  3 
19  Ui 
18-23 
lR-49 
18-67 
18-68 

18-  46 
17-96 

19-  20 

100 
1907 


1852 
19-07 

I  l-(5 
28-77 


20-35 
22-38 
26  71 
88^1 

27-  47 

28-  33 
36-81 


24-11 

23-  65 

24-  89 

,20-86 

20-  8.') 
'21-58 

80i»9 
121-48 

21-  74 
3188 
88-14 

23-57 
8097 

38  37 
S6*76 
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Tabk  qf  Specific  Meats  qf  Inorgatm  Compound*  continaed. 


Kaau  of  SulMaac*. 

f omnis* 

SpedielMM. 

Molecular 

Product  of 
•p.  heAt 
X  III  4. 
weicht. 

E.^  Hrxi^Toioo  MouMNiiaair 

1.  Su/phatft  .... 
ouipuaU)  oi  D&riuni  .       .  . 

„       Btrontitm     .  . 

cak'ium  ... 
„      lead     .      •  . 

magaeiltm  . 

2.  Car^M-T,at's  .... 

\.«XPOUow  (U  pviSMUiilll     •  « 

ft  wictiiiiii 

SPpbU* 
SMmgO* 
CM-0» 

•14«7» 

08723 
'^169 

•91  A91 

•*7a7tf 

333 
188-6 

136 
303 
ISO 

1  9Q 

106 

26*28 
36-36 
3678 
36-48 
36*60 

S8-01 

Fi«— 'HBZ&inniiD  KouoozHL 

Sol^Uate  of  fotasuum     .  • 
m     ■odion  •     •  • 

SK'O* 

•19010 
•28116 

174 
142 

3308 
3282 

Tbr  •  mnaimw  wriM  ti  d«C«nBni«t&nH  of  the  tp^dlle  Iwato  of  the  isMnorplioaa 

«lil]ih.'it<''-f  of  the  TTiiipnc'sinn  prf)Up,  sec  Papo  (Vo^'j^.  Ann.  cxx.  3r?7). 

With,  reeazd  to  allojs  of  two  or  more  metals,  Kcgnuult  fouod  tliat>  at  tempcraturoa 
vmmdmMj  Mnored  from  tfuir  melting  poinU,  tfa3r  epeetfle  heeie  are  the  meeas  of 
the  r[>e.nfic  Leafs  of  their  oompoin.nts.  In  th.-  frdlowiii^r ';tL'1''.  f'le  v.ilui  ^vcn  iu 
the  coIoioQ  beaded  "Galcnktcd^Speciic  JQLeate"  are  obtaiocd  bj  muitiplyiug  tba 
MMsciHe  heat  of  each  eonatitiMit  into  (be  pemntage  uncmnt  of  it  eontainea  «n  the 
all">v.  and  divMIn}:;  the  sum  of  all  tlifsc  prO'luctH  fur  eacli  all*  y  by  100;  theso  valnrtt, 
there&ire,  voald  exactly  represent  the  ipecifio  heats  of  the  r«spectiTe  aUojB  if  the 
aboifo  Tole  mn  zifforou^ly  true ;  tha  eomnoiidanoa  bctwett  than  md  the  reanlta  of 
dirM't  ol  s  rvalieo  waolBdinttodioir  tiiatdrania  i%  at  Imw^  a  doaa  apptosimation 
to  the  troth. 


Comroiftlon  of  Alley. 

UbiifTcd  •jxci Ik- 
heat. 

Calculated  upeciiic 

111  Mr. 

1              +2  at.  till  .       .       »       ,  , 
1      «     +  1  at  antimooy 
1  at»  Dunnith  +  1     tin    .      .      .  . 
1        1^         +  2  at.  tin  . 
1        „        4-  3  at  tin  +  1  at.  antimony . 
1       „        ^8at.tiB4'lat  antimony 
•i-SaiBUft 

0-04078 

■04. ^nc 
•03880 
•04000 
•04504 
•04631 

'OM67 

1  0-04080 

■0(161 
-03883 
•08987 
•04415 
•04664 

•00479 

Tn  the  Paso  of  alloj'S  ■fthicli,  at  tlio  tn7iporatnrC'  i  f  oT  ^i.  rvaf  ion,  were  approacbinj? 
tlMur  steUing  points,  the  oUerred  specific  heat  was  always  considerably  hi|{her  than 
thai  erienlatea  as  abom 

Tlio  spooiRo  heats  of  afow  liquids  ar<^  Inclndofl  in  the  tnblcn  alreatly  dvon  ''rp.  ^0 
and  32) :  we  appoid  here  the  r^ults  obtained  by  Person  (Ann.  Ch.  Thys.  [3j  xxi. 
888;  xxIt.  I86>  H.  Eopp  (Pogg.  Ann.  faocv.  08)  and  Tam  and  Sifbermann 
(r(.nipt«rs  rend,  xxlii.  521;  al.-.o  Ann.  Hi.  Phys.  [3]  xxxvii.  \C,\  170)  T.r  gomo 
additional  liquids,  simple  and  oompouzML  FaTre  and  SUbenuunn's  experiments  were 
made  by  cooUng  the  Lquida  ia  tha  naRRiiial  caktimetflK  (p.  38),  Ikon  thaimQ>aetiTa 
boiUiy  pobti  to  tanpsmlvM  ncvfyfqqdto  thai  of  tfaa  anmiind^ 


IIL  B 
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1                UqaUi.                1  TnpMtttiiK. 

Lead  .       •  • 

• 

360®  to  460^ 

00402 

Person 

SulphiBf     •  • 

•  • 

ISO 

t» 

150 

•224 

w 

Bismuth     •  • 

• 

280 

j» 

380 

•0352 

M 

Tin  . 

• 

360 

n 

350 

•0687 

19 

CrTBtaUiMd  oUorid*  «f  cal- 

'555 

www 

ciam       .  • 

• 

83 

•1 

80 

W 

Nitrate  of  sodiam 

•  • 

820 

«> 

430 

•418 

Nitrate  of  potaadnm 

•  • 

350 

M 

485 

•3319 

M 

Mcrcny     •  • 

• 

44 

M 

S4 

•0332 

Kqjp 

Iodine 

• 

• 

» 

. 

•10S22 

F.  S. 

Bramine 

45 

>* 

11 

•107 

Andrews 

Sulphuric  add  • 

m 

46 

ti 

21 

•343 

WoodHnpiat 

m 

48 

«* 

28 

•f.45 

w 

•6713 

F.  8. 

AIboIioI  • 

• 

49 

H 

SS 

■•IS 

•6438 

Kopp 
F.  8. 

Fuael-oil    •  * 

•  • 

44 

W 

26 

564 
*5878 

'5059 

I* 

•50342 

II 

Formic  acid  . 

•  • 

45 

>» 

24 

•536 

Kopp 

Acetic  acid  • 

• 

46 

*» 

24 

•509 

M 

Butyric  add 

45 

f ) 

21 

•603 

w 

F^rmat<>  of  ethjl , 

•  * 

39 

II 

20 

•613 

Aeetate  of  m«-tlivl 
▲ettatoof  ethji  • 

• 
• 

41 
45 

f> 
» 

21 
21 

•507 
•496 

If 

fl 

Bufynto  of  BMfhjl 

• 

45 

It 

21 

*487 

Kopp 

F.  S 

•49176 

Yakiato  of  inetlijl 

•  • 

45 

21 

•491 

Kopp 

•  • 

41 

» 

20 

•580 

M 

1  Honzone      .  • 

•  • 

45 

n 

19 

•450 

M 

1  Oil  of  mustard  • 

48 

>i 

28 

•432 

»i 

Oil  of  turpcntiaa 

•46727 

F.  a 

Thfi  spocifio  heat  of  water  at  diflFerent  temperatures  has  1>oen  tletermined  by 
Kognauit  (Mim.  Acad.  Sciences^  zzi.  729)  ftom  whoso  experimenta  it  appears  that 
the  quantity  of  h^t  ejmreased  in  heat'Umt*  which  one  gramma  of  water  losea  in  cooling 
dow&ftonl^toO^O.  wginiihjUMteinaUs — 

Q  -  I     Oi)0002^  •!>  0-0000008^; 

and  fh«  ipaoiie  hMft  0  ftt  the  tMiip«ntiiM  tliait  ii  to  mj,  Uw  qmaiitH^  of  hMft 
wqiiMtoxalMffwgiiBBiMof  irat<rft>Qai<9tD(t  4'  Vft^x 

C  -  1     OHKMMMI     O^OOOOOOO  ^, 

Fvott  tfait  ibmal%  tho  ftDovj]^  anint^ 


Specific  Heat  of  Water. 


Q. 

a 

1. 

a 

0° 

OOOQ 

10000 

IjO^ 

lul  IG2 

1-02G2 

50 

50-087 

1-0042 

200 

203-200 

1  0440 

100 

100500 

10130 

230 

234708 

0-0568 

The  specific  heat  of  ice  is  considerably  less  than  that  of  liquid  water.  According 
to  E«gnault's  experiments,  it  is  0-474  between  —  78°  and  0°  C,  and  0^504  b«fcWMn 
—  20°  and  O*',  neeonling  to  the  eTperiments  of  Peison  and  of  Desains. 

It  results  from  lit^ault's  determinations  of  the  specific  heats  of  gases  and  rapoura^ 
made  in  the  manner  already  mentioned  (p.  29^  that  the  ipecallo  heat  of  •  gi^no 
vntjht  of  a  gas  which  obeys  ao}\  '  I  .^'(GAaKS,  ii.  f?20)  does  not  alter  with  variations 
either  of  temperatore  or  <^  pceiaure.   Tlua  waa  found  to  bo  tnto  of  atmosphwri^o  air 
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betweoi  tbe  I iiiiMif mwi  of  —20*^  md  +  225",  and  st  pBMraret  vnrjrii^  ftoai  1  to 

12  atmcwphcresi.  Con.«w^TifntlT  the  Jfp'-^ciflc  Tu  at  of  a  ^von  rrhtmf  of  air,  or  other 
Zion-condeii&abld  gaa,  varies  directly  aa  ils  dcinsity.  In  ga^os  whicli  du  not  follow 
Boyl**s  law,  thkn^golantydoes  not  exist:  thus  the  specific  heat  of  carbonic  anhydride 
15?  found  to  increase  pereeptiblj  as  its  temperature  rises,  !>*  inf*  018127  l>L  tw.  on  —  30"= 
and  10  ^,  and  0  202i8  between  10°  and  100*^,  and  0*21692  Wtween  lO^and  210^,  as 
ci'Tiipaml  with  that  of  an  equal  weight  of  water. 

The  fallowing  taMf  gives  the  tipcoifio  hrats  of  the  van'mis  prnpcs  and  Tapcttrs 
examined  br  Ii£^iiuult,  caBi{>ared,  first,  with  an  equal  weight  of  water  taken  as 
UMtj,  Meandlj,  with  thalof  an  equal  T<^mne  of  air  rderred  m  Defoi«  to  its  own  weig^ 
of  w  Liter  03  unity.  The  latter  ^*  rii-H  of  numlxTS  is  oLtaiin  d  by  multij/lyin;^'  the  iinmbtTS 
expressing  the  specific  heats  of  equal  weights  of  the  rahous  gases  or  vapoun^  b^-  their 
teipeiUT*  dHMitui  nteMd  to  tiu*  of  ttv  M 1. 


Tabic  of  Specific  Ilfats  of  Gases  and  Vaponr.^.  (Rognault.) 


Speelie  bteta. 

Equal  wdgnu. 

Air  

1 

Oxygen  

•21 7  o 

bQ  4  n  ^ 

SunpM  Cf  ^ 

Nitrogen  •       •       •       ,  , 

Hydrogen  

Q.I  ^lAA 

Loionne  •      .      .      .  . 

>  1  <}  t  A 

V  JfrOBuuS  «       •       .       ,  . 

*woo 

*BVV1  . 

'  Nitrous  oxid«  •      •      .  • 

'Zloo 

•344/ 

Nitric  oxide  .... 

Carbonic  oxide  .... 

•Mow 

*aS70 

Carbonic  anhydride  .       .  . 

2lh-i 

3807 

Compound 

Sulphurous  anhydnde 

*84«4 

Hydrochloric  am 

•1846 

•28SS 

'i43 1 

ZOO/ 

Ammonia        .       •      •  • 

•6083 

•2«i9r» 

M;Lrtih-gaa        .       •       •  • 

•6929 

•3277 

^  Olefiaatgw  .... 

•4040 

^  Water  

•4806 

•2984 

Sulpiride  of  carbon    .  . 

•1670 

•4140 

Alcohol  

•4634 

•7171 

Eflior  ..... 

•4810 

1-2296 

Clilurid©  of  ethyl 

•2787 

•6096 

Bromide  of  ethyl      .  , 

•1816 

•6777 

?>ulphidc  of  ctliyl  . 

■tfiO.) 

1-2668 

Cyiiuide  of  flhyl      .       .  . 

■4  2  til 

•8105» 

Chloroform  .... 

•1666 

-6o0.',» 

Cliloride  of  ethylfiM  .  . 

•2293 

•7911 

Acetate  fif  ethyl  ... 

•400S 

1-2184 

Kfittmn  .      •      •      ■  . 

•4126 

•8341 

Bonzrno    .       .      .      ,  , 

•a7M 

10114 

Oil  of  toipentiue      ,      ,  , 
Tridilotioe  of  phosphorus . 

•5061 

2-3776 

•1840 

•6886 

Cliloride  of  arsenic  ... 

•1122 

-7013 

Chloride  of  silioon  . 

•1329 

•7788 

StetuBic  dilorido      •     *  ■ 

•0989 

•8689 

,  CUorido  oftitaiiiiiiii 

•1263 

•8634 

Ko-nu— Ttie  nainbwi  roarluxl  that  •  In  Ihe  lait  column  ara  con  acted  for  error*  of  calculaxlon,  polDted 
GtaMiiM.  Gh.  Fhsm,  aivlil.|^  114k  114^ mi  IW,  lit,  iMk-naUs.) 


OMDparing  these  values  with  those  ^rcn  for  some  of  the  same  substances  in  pre- 
•rious  tables,  it  app'  ars  that  tli<-  specific  heat  of  the  muu-  body  is  commonly  greater 
in  the  liquid  than  in  the  st  lid  f-tato,  and  always  kns  in  i\w  j:;;i8eous,  than  in  the  liquid 
•totou 

On  e:!caTniiiinf»the  numbers  .'iLoto  piven  for  the  specific  heats  of  difT  ronl  T)odits,  it  will 
beeeen  that  the  specific  beat  of  a  substance  is  not  altogether  an  ab^^Iuto  hihI  mi- 
damaUe  property :  on  the  contrary,  it  will  be  evident  that  this  property,  in  oiw 
ndtte  Mme  eDbetanee^  ie  oapeble  of  conaidcmUe  -mittioa,  depending  (a)  on  the 
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pbysical  stracturo  of  Uie  subetancc^  (d)  on  its  tempearature,  (c^  on  its  state  of  aggrega- 
tion. In  iUastration  of  tiiii  MBurlc,  it  wiU  be  aameMBtto  Mnr  tofhe  0p«oifie  fieafei  of 
eaibon,  silicon,  seleniam,  sulphur,  phosphorus,  alumiii%  lad  carbonnto  of  calcium,  as 
girrn  in  the  foregoing  tables,  in  evidence  of  the  influence  of  dififerences  of  physical 
condition ;  to  the  specific  heats  of  lead,  phosphorus,  water,  and  ice,  in  evidence  of  the 
«ftct  of  differences  of  temperature  ;  and  to  thoae  of  bromine,  mercury,  tin.  lead,  bismuth, 
-vrater,  &e.,  in  the  loiii  and  liquid  atatei,  inendenee  oftbe  efiect  of  thfliitaro  of  ■ggy^' 
gation. 

In  referenee  to  lilio  «oiiBaetio&  iMhPMB  speeifte  lieat  tad  temperature,  it  may  bo 

romarkfd  that  this  property  varies  to  a  greater  extent,  for  a  given  intonal  of  tempe- 
rature, near  the  temperatures  at  which  chanjges  in  the  state  of  aggregatiun  occiur, 
tlim  a  diftaiiee  firom  tliOM  tempintiiTCik  ^Ana,  the  specific  haat  of  laid,  an  easily 
Aisible  metal,  is  considerably  greater  between  10°  and  100°  C.  (  =0-0314)  than  it  is 
between  10^ and  —78^  C.  (•0'0306);  and  that  of  phosphorus,  a  still  more  fusible 
■nbstance,  diowa  even  a  greater  dmbrmoe  nfbea  coinpared  between  10^  and  90^ 
(specific  heat  =-  0*1887)  and  between  -71°  and  10°  C,  (specific  hoat  -  0-1740); 
while  the  specific  heat  of  platinum,  one  of  the  most  infosible  of  all  tbo  metals,  varies 
to  a  scarcely  perceptible  extent  at  temperaturee  below  100°  C,  and  only  slowly  at 
temperatures  considerably  higher.  The  mean  spi  cifio  heat  of  this  metal  between  0°  C. 
and  the  tompenitures  enumerated  below,  was  in  fact  found  by  Pouillet  to  be  tiefe- 
aeated  by  the  numbess  contained  in  the  second  line  of  the  following  table. 


Specific  Meat  qf  Batmmi. 


intMTd  of  isiBvemuw 

B»aadlOOB 

iPsBdaooo 

|0»siidMMr> 

OPsadTOQO 

aeMdltOQO 

Mean  spMifle  bast 

<HWB 

1  <H»ftlS 

00(801 

OfllfM 

<Mia^ 

The  specific  heat  of  solid  bodies  therefore  increases  with  rise  of  temperature,  up  to 
their  melting  points,  and  at  this  tcmperaturo  there  is  generally  a  further  sudden 
inereaae  of  speeifte  heat  of  a  considerable  amount. 

It  may  be  further  noticed  that  in  the  table  of  the  specific  heats  of  the  elements 
(p.  30),  the  elements  are  arranged  nearly  in  the  order  of  their  specific  heats,  beginning 
with  ut^imn  (epeeifie  heat  0*941)  and  ending  (if  we  disregud  ibr  lite  preeent  tiie 
three  clcinentB  carbon,  boron,  and  silicon,  which  are  placed  together  after  the  rest)  with 
Uamnth  (specific  h  eat  0*03 1) ;  and  that  this  order  is  also  exactly  the  inverse  order  of  their 
atomic  weights,  a.s  given  (n  the  fourth  eolunm,  tiie  atomie  weight  ef  litbinm  (a 7) 
being  less  than  fl.at  of  any  other  element  included  in  the  table,  and  that  of  liismuth 
(■B  210)  being  greater  than  that  of  any  other  element.  In  fact,  not  only  do  those 
elements  whose  atomic  weight  ia  lowest  possess,  as  a  rule,  the  greatest  specific  heat, 
andafee  evr*«,  but  the  specifio  heats  of  the  el<Mneiits  (in  the  sulid  state)  are,  within 
comparatively  narrow  limits,  inversely  proportional  to  their  atomic  weights,  when 
these  are  taken  as  Imvinj^  the  values  given  in  the  fourth  column  of  the  table ;  so  that 
the  product  of  the  epeeifie  heats  of  the  elements  into  their  atomic  weights  is  nearly  a 
constant  quantity;  as  shown  by  the  numbers  in  the  fifth  column  of  the  table.  These 
numbers  may  be  taken  to  represent  the  atomic  Meats  of  the  elements,  or  the  relative 
qoantities  of  heat  which  must  do  imparted  to,  or  removed  fk>m,  atomie  proportions  of 
the  several  elements,  in  order  to  cause  in  them  equal  alterations  of  temperature.  The 
table  shows  that  the  atomic  heata  of  the  elements  are  not  represented  by  an  absolutely 
oonetant  qnantity;  bnt  irhn  it  ii  comMercd  tiiat  the  two  netcora  (atoode weight  and 
specific  heat^  of  which  they  are  made  np,  vary  in  thr  proportion  of  1  :  30,  it  eamwit  bo 
denied  that  they  are  oompriaed  between  comparatively  very  narrow  limits :  for  (taking 
those  detenninationa  onlj  which  reftr  to  eomparable  ctmditions  of  the  eerenl  elements, 
ami  wliich  there  is  reason  to  lH-lieTe  ware  made  upon  nearij  pure  substances)  we  fiml 
that  they  are  nearly  all  included  between  ^'9  (aluminiom,  modium)  and  6*9  (iodine), 
the  greater  number  not  differing  much  from  6*6.  (The  high  atomic  heat  of  uranium, 
7'4|  u  donbdaiB  to  be  «aq>lained  by  the  impurity  of  the  metal  operated  npon.)  The 
general  accordance  is  amply  sufficient  to  mdic^Ue  the  exiMt.niee  of  a  (t-  neral  law, 
although  the  individual  results  show  the  effect  of  some  one  or  more  disturbing  causes. 
And  aren  if  it  be  admitted  that  the  true  atomic  heats  of  the  elements  under  considera- 
tion are  really  identical,  under  comparable  ein^nmptances,  there  nre  several  reasons  why 
the  experimental  atomic  beats,  deduced  like  those  in  the  foregoing  table^  cannot  be 
expected  to  exhibit  the  same  identitj.  The  moet  important  of  these  reasona  are:  the 
unavoidable  experiment:il  (>rrors  nttachins^  to  the  determination  of  the  specific  heats; 
the  imperfect  purity  of  some  of  the  elements  examined ;  the  circumstance  that,  although 
moat  of  thedetrnninationa  wera  made  at  nearly  thesame  abeolate  temparatoiei— oam^, 
betvecs  •  ten^cfatuio  near  lOOP  and  that  or  the  atmoephere-^tha  Vibrant  eiementa 
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aie  not,  in  regard  to  their  specific  he&te,  under  comj^rable  circnmstAnces  nt  tbc^te 
Uiin>wiitiirrn.  iiciima  being  mix-h  nearer  to  their  melting  point  than  othorH,  and  tliMr*- 
fore  baTTn^  in  frprenil  rt-lativi  lv  laLrhor  sin-iifii:  licafs  i y.  T.G  i ;  Listlv.  ni  a  lew 
ca8<a»  the  uncertainty  of  the  cxperinifiitui  dkui  uae<l  in  fixing  the  atomic  weights. 

Tlitfilitiott  at  approximate  «qnalitT  among  the  i^mi«  b^ts  of  tlie  «l«mtiiU  cadal% 
hoverer,  only  wheii  th»''ir  atomic  wi'Ij^ms  aro  allowr.-l  to  hare  the  valurs  ^'ivi  n  in  flie 
tahls:  thase  values  are  in  very  many  cases  the  double  of  thoeo  which  are  giveu  iu  the 
tablt  «f  aloaie  veights,  -vol.  1  iip.  404,  465,  and  im  employed  throu^umt  fJaS»  traric. 
It  t'  l.  latter  scale  of  atomic  weiglit'i  be  adopted,  the  cl.  m.  nr"  would  have  tol>e  divided 
into  two  daases ;  tluMe  wrhose  atomic  heat  is  approximately  6*6,  and  tho^e  whooe 
ataonehofit  is  approximately  3*2.  The  &ct  that,  by  doublinf;^  the  atomic  weights  of 
the  latt4  r  cluss  oi  elements,  their  atomic  heats  immd  be  brought  into  harmony  vilJi 
those  of  the  former  class,  is  in  itself  a  strong  aigumcnt  in  faA  ourof  such  a  change ;  nnd 
by  reference  to  ihc  articles  At<muc  Wbiobts  (i.  468 — 47S)  andCLAssiFiCATio:w  (i.  10U8, 
1009,  foot-note)  it  will  bo  saen  that  it  iaa^K>rt<>d  by  many  oth^r  oonsi  ii  la-  in-,  both 
chemical  arid  |  hT-ii^l,  In  any  ca^c  it  is  certain  that  the  numbrrs  in  tJu'  d  Imm 
hi-^ided  '*  Aiuiuic  Weirfits,"  in  the  table  on  p.  30,  represent  qoautitics  of  the  vanous 
alnnents  whidi  wa  ealorimetricalfy  eomparabla;  ana  it  ia  thersfora  oonTtnient,  wldla 
coDsidf'ring  the  present  fsiiVjf  ct^  to  assnmf  thp<«e  nnm^rr?;  as  rrallv  r<-jir.  Mi  nting  those 
weights  of  the  elementa  which,  in  relation  to  the  plienomena  of  heat^  possess  the  pro- 
pntiea  of  atoma.  Wh^er  tha  ehamieal  ^oms  oc  the  elcniMita  are  alwaya  idetitieat 
nith  the  c<>l"rlni.  fric  af-'ins.  is  :\  question  that  is  perhaps  still  i  p.  ii  t.^  dim^ussion. 

It  ia  very  important,  however,  not  to  ovo^k  the  itd  that  the  atoinie  beats  of 
hoRA,  eamm,  and  silieon  Ibna  imqiufltiaiable  exeeptioBB  to  the  gffMnl  nda^  and  can- 
not be  brought  into  harmony  w  hh  it,  by  the  adoption  of  any  atomie  vdightl  Ut  ivhidl 
the  present  state  of  chemical  knowledge  lends  any  f<"rious  support. 

The  examples  which  have  been  given  (pp.  31-33)  of  the  specific  heats  of  compound 
bodies,  show  that,  within  cortain  classes  of  allied  compounds,  the  same  kind  of  n  iat  ion 
rabsists  between  their  speoifiQ  beita  and  molecular  weights,  aa  has  been  pointed  out 
betwe*=n  the  «rp<  r-:fi,^  Ik  its  and  atomic  weights  <>f  tl..-  .  I.  ment".  ron^^qTifntlv,  the 
Bolecniar  keaU  of  tho  Instances  comprised  in  tach  Mu  h  class,  or  the  produrts  of  their 
ifadflc  heats  into  tlwir  molecular  weights  (see  the  laat  eolanin  of  the  table),  are 
nrproxlmatfly  <y)U.il.  In  OHluiilatiu^';  these  molcoulur  h.  at.-,  thr  afoTtiit^  weights  of  the 
elemffiDla  are  taken  as  having  the  values  which  may  be  deduced  from  their  i^-ific 
hiate;  thoaa  vahuM,  luniely;  iHbldi  ave  given  in  tne  pmrioaa  table.  When  th4>ee 
atomic  •weights  arv  1\nV>?  a,s  groat  a.s  thoj^e  Cfnnniotily  adopt.  ^.  they  are  i1>'ii'<t'd  }>\  Ohi 
ndaplicaiion  of  the  iitat  consonant  of  tho  ordinary  symbol:  thu%  AU  «  Al\  Iffe  «  J:*i\ 
Pjib  M  PV,  1^  Adopting  thflM  akonde  mights,  it  will  be  mco  th^  aa  a  rtde,  the 
molecular  heat  of  solia  compound  bodies  increases  with  the  number  of  atoms  con- 
tained in  their  molecule.  For  instance,  the  molecular  heat  of  tho  oxides  MO  enumerated 
in  the  table  averages  about  11 ;  that  of  the  oxides  MO*  about  14 ;  that  of  the  oxides 
•    MO^iboQt  19;  thafc  of  the  oxides  M>0*,  about  26*6. 

An  extensive  seriea  of  ilott  nninaf  ion«?  of  the  specific  h«  afs  of  s-did  hodics  has 
been  made  by  H.  Kopp,  but  tiie  individual  results  have  not  yft  been  pubhslicd;  we 
riiall,  thercibrev  iiMtendof  discussing  any  furthr-r  tli<>  relations  between  apecific  heat 
and  clicmical  comf^t^itinn  which  might  be  deduced  frnui  Ki';.njaidt'«>  rxprnnifnt.s  ah't  ady 
given,  leproduce  here  the  enbstanoe  of  the  remarks  wiuch  Kopp  (Ann.  Ch.  i:'harm. 
aam,  ^       reeoks  befcve  Mm,  niaikei  upon  this  subject. 

This  new  investigation  hxs  hroncrht  to  lijrht  a  I'Dnsiii-  raM.-  mmdit  r  of  ndditional 
examples  of  solid  compounds  which,  haviog  an  anaiogons  atomic  c-onstitutioo,^poes(>fla 
afa)  approximativcly  the  nme  Boleealar  heal    Among  these,  particntar  t&terett 
tffnnhm  to  the  ca^  in  which  an  analogy  of  constitution  is  apparent  only  wlx  n  tho 
atomic  weights  of  tho  elements  are  admitted  to  have  tho  vahv  >;  assigned  to  them  iu 
the  furling  tai>le%  ^nd  where  the  ftrrmtUse  previously  adu^itt  tl  and  the  old  atomic 
ina^teof        elements  would  never  have  caused  any  such  relations  between  Fpecific 
heat  and  molrnilar  wcipht  to  T,,  suspci  tt  d.    Just  as  the  molecular  heats  of  curl>onHtes 
and  filicateat  M"CO'  and  M  SiO'.  and  of  nitrates  aud  chlorates,  AINO*  and  MC10», 
ne  aBBraacimntety  «qunh  no  aim  an>  the  inoU  eular  heats  of  the  permani/aiiatt  s  and 
percblw^te*.  'MMut^^O*  nud  -MClU',  and  of  tlio  fulphat.s  and  chr-Hnatf  s.  M'SO'  and 
3I"CcrO*.    The  now  investigation,  however,  also  liimishes  some  additioniil  »-xani{)les 
to  the  previously  kno'wm  exceptions  to  the  general  rale,  and  fhiw  lup^lies  further  evi- 
dcDce  of  the  fact  tlmt  it  is  { ' i«!Hible  tat  bodies  of  analogotti  oonatitation  to  difbr 
considerably  in  tUior  molecular  heata. 

The  mole<mlar  hietA  cf  a  compovnd  appears  to  be  goivenied  only  by  its  empirieal, 
n/}     tJv  its  rational  c-ou-titntidii,    Analnt^ou^i  comfN^mid^,  in  om-  of  m  hifli  -i  ''"mplex 
^Ujpyjtfup*Crt  tli«  Jilace  of  an  elomoutaiy  atom,  were  found,  even  wben  isomorphouis 


Digitized  by  Google 


88  HEAT. 

to  have  -untquiil  mulocular  heats ;  tlius  tho  moloculrir  heats  of  the  ammonixmi-com- 
pounda  are  conaiderably  greater  than  those  of  the  correaroondiog  potassinin-oompoiuidSy 
and  those  of  the  cyanogen-compounds  «3toeed  titiOM  of  the  ddorioe-QaiiipoiuiAB. 

The  atomio  (or  molecular)  heat  of  any  body  which  is  contained  in  a  compound,  of 
may  be  assumed  as  ono  of  it.s  constituents,  may  flcrortlinp:ly  l>o  nscertahicd  indirectly, 
by  deducting  from  the  molucuUir  heat  of  the  conifiound  tiiat  of  whatevor  other  con- 
stituents it  contains  in  addition  to  tfae  body  in  qdtsfion.  For  iti'^tance,  if  ;>  net 
from  tlie  molecular  heat  of  n  compound  of  the  form  M"M"0*  (cbromate  of  lead, 
tungijtate  of  calciomt  &&) — ^which,  it  may  be  remarked,  is  twice  as  great  as  that  of 
compounds  of  the  fofiallir'O* (stannic  oxide,  titanie anhydride,  &c.) — the  molecular  heat 
of  t!ie  Inise  ^"0,  wc  p;<  t  as  rcniauult-r  tlie  niolcr-ular  hr-at  of  the  anhydrous  acid  M"0*; 
and  the  same  romftinder  is  obtained  by  deducting,  £rom  the  molecular  heat  of  acid 
efaromate  of  potasdmn,  KK)ei^*,  that  of  the  nentml  diioinat«,  K*0eiO*.  Afpdn : 
the  molecular  heats  of  hydrated  compounds  admit  of  lu  ing  ri  tr  irdt-il  as  made  up  of 
the  molecular  heat  of  the  respcetivo  anhydrous  substances,  together  witix  that  of  the 
water  contained  in  them  in  the  solid  form. 

Such  indirect  determinations  of  the  atonuo  heat  of  a  subst^ince  are  nevcrthdeas 
Bomeuliat  iinccrtaiii :  not  only  because  it  cccamonally  happens  that  atinlopotis  com- 
poundii,  which  tlu  re  is  every  reason  to  expect  would  po&ses!>  equ;il  molecular  heaU*,  Jo 
oerelthelci^s,  according  to  the  experimental  determinations  of  their  specific  heats,  ahow 
imjwrtaiit  difF  ri-ncfs  in  llit  ir  niulrfular  hrats:  but  also,  and  more  particularly,  because 
the  total  uncertaioty  attaching  to  the  determination  of  tlie  molecuLu*  heat,  hofh  of  the 
original  compound  and  of  the  element  or  group  which  has  to  be  deducted  from  it^  it 
accumulated  upon  the  rclatlTLly  small  r«  m:under.  But  whrn  sncli  iuferontial  di  tcr- 
minatioQs  are  made  for  whole  senes  of  correepoudinff  bodies,  and  not  merely  for 
indmdttal  mtm,  the  TMmltB  mxf  be  regarded  M  svflwientiy  trustworthy  to  vender 
tnch  consideration.s  as  arisu  from  tlu'm  worthy  of  notice. 

This  IB  espeoiaJliy  the  case  with  regard  to  the  inferred  specitlc  and  atomic  heats  of  cer- 
tain elfflunts.  Am  alnady  pointed  out,  nearly  all  the  dements,  when  examined  in  the  solid 
8tuto,  are  found  to  have  approximately  the  same  atomic  heat— on  the  average,  about  6*4. 
It  is  now  very  generally  ndmitlt-d  that  thi?;  -  tho'  so-eallod  law  of  Dulonijf  and  Pftit— 
holds  good  for  eUl  the  eloiueutH.  and  a  suaiw  of  atomic  weights  of  the  elwrneats  is  oon- 
eidered  as  satirfegtorily  established  if  the  pndnels  of  thne  atomie  weights  into  tbft 
specific  heats  are  nearly  equal.  In  the  case  of  pome  elpmrnts,  however,  it  results, 
,both  from  the  older  determinations  of  their  speeidc  heats  and  fk>m  Kopp's  newer 
detenainBttoBS,  Umt  this  tale  k  inapplleifUe ;  toe  eacample,  the  specrfto  hmfa  of 
cnrV»oti,  boron,  aJid  silicon,  are  such,  that  the  prfnl nets,  oLtanicd  l)y  multijjlyin^'  them 
into  the  respective  utomio  wei|[^ts — ^when  anjr  values  are  adopted  iot  thaso  which  can 
possibly  be  dedneed  from  ebemmd  eoiHidefatioas— sn  always  dseidedly  snialte  than 
the  corresponding  products  in  tfatt  easo  of  odu«  sICDMntB  iriUMd  ^Moifie  bMts  m  ths 
solid  state  can  be  investigated. 

But  these  exceptional  or  accidental  results  acquire  additional  interest  when  taken  in  con* 
neetiou  with  the  conclusions  wliich  may  be  drawn  from  the  molecular  heats  of  eoai|Kmnds. 
C'">nip.nuuls  of  thom  elements  which  obey  ludonf;:  and  r<  tit's  law  exhibit  a  renrolarify 
in  tiieir  niuh-cular  heats  (A.  H.) :  such,  namely,  that  these  are  as  many  times  greater 
than  that  of  an  elementt  as  there  ave  elvaeotanr  atooM  ^ww^jfimtd  in  tin  lawiiciif 

oompoonds  (that  is  to  say,  ^—^'^  6*4  neaily,  if  n  denotes  the  nimibtt*  of  eleoientaiy 

atoms  in  one  moleenle  of  eaeh  compound).  This  regularity  appears,  not  only  in  alloys 
containing  atOBlie  proportions  of  difiTorent  metals,  but  also  in  the  metallic  chloridea^ 
bromides,  andiodiaes  (see  table,  pp.  31, 32),  and  has  been  fnnnd  by  Kopp  to  extend  like- 
wise to  compoimds  of  which  one  molecule  coutaius  as  many  as  seven,- or  ev^  nine, 
elemental^  atoms  (sttdi  as  ZbiiE*C1<  and  l'^tE)*Cl'>  It  isless  disliiielljMoooiiaable 

AM  ♦ 

in  the  case  ofCheoompooDdaoftbe  metals  with  8a]phw(  — ^  is  hern  vmally  lees 

than  %),  and  no  longer  exists  fcft  tlie  lAetalUe  (ncides,  wbieh,  almost  without  exception, 

A.  II. 

give  fur  the  quoUout     — '  a  number  decidedly  k-ss  than  6,  and  smaller  in  pn>pK)rtioii 

as  the  number  of  oxygen-atoms  exceeds  that  of  the  atoms  of  metaL  J^'or  water,  con- 
sidered of  course  in  ue  state,  this  quotient  is  imly  about  and  for  tiie  few 
organic  coinponnds  whidh  3Copp  haa  examined  (s«eb  as  tartaae  add  and  eano-sogM')  it 

is  still  lees. 

The  Aut  that  this  regularity  is  absent  in  so  mangr  eomtioiinds  adnuts  of  only  om 

explanation — namely,  that  they  contuin  elements  which,  at  least  in  these  combinations, 
possess  a  different  atomic  boat  from  that  which  corresponds  toDulong  and  Petit's  law. 
It  has  oftan  been  assumed  tlmt  th*?  specific,  and  therefore  the  atomic,  heat  of  an  ele- 
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ment  may  be  diflferent  in  certain  compounds  from  what  it  ia  in  the  £roe  atatc^  and  that 
it  maj  be  dMhteut  in  one  flompeoM  ftoB  what  it  ia  ia  aaotiiar.  Ba^  aoeoiiiiig  to 

K<'pj\  tho  only  ground  for  such  an  assumption  is  fhat  by  means  of  it  the  calculated 
moi«eular  heats  of  oompoimd  bodies  can  be  bioa^t  into  closer  a|preement  with  the 
experiment;  for,  as  ha  raaarik%  <h>  TMWtioM  whitb  Hm  speeifle  1 


4. 

Wben  the  molecular  heats  of  the  earbonatee  M'CO'  and  M^OO*  are  eorapared  with 

the  molecular  heats  of  the  oxides  (M")*©*  (-  SM"©)  and  (M")K)',  the  moKcular 
heaLs  of  the  carbonates  are  found  to  be  decidedly  smaller  (accordint;  to  lU-^nuult's 
experiment!!,  ns  friren  in  the  table,  pp,  31-33,  the  molecular  heats  of  th«  curbgnutcs 
Ji*00*  an  :  .  i  Il-s  3M"0  are,  on  the  average,  about  29  4  and  32-85  respectirely ;  those 
of  the  carbonuttii  M"CO'  and  oxides  fM")*0'  ul'out  21 7  and  25  o  respectively).  Such 
oompariMODs  show  that  the  atomic  heat  of  carbon  in  those  combinations  must  be 
assumed  to  be  aboot  the  same  as  that  which  hit  bMB  dimctly  found  for  free  caibtm 
in  the  form  of  diamond;  namely.  TS.  Similar  comparisons  applied  to  other  elemonta 
lead  likewise  to  the  adoption  of  atomic  heats  which  are  much  smaller  than  what 
would  correspond  to  tiM  law  of  Dulong  and  Petit :  for  instaaoe,  to  the  atomic  heat  2*9 
(nearly)  for  hydrof^en  ;  for  boron,  to  a  number  lyinp  bt  tween  2  and  3  ;  for  silicon,  to 
4  (nearly) ;  and  tor  tluui-iue,  also  to  a  number  which  appears  to  be  distinctly  less 

The  specific  and  molecular  heats  of  compound  Ixxiies  calculated  with  the  atomic 
heats  thus  arriTed  at  ibr  the  elements,  show,  in  reiy  many  cas«^  a  rery  satiafiictozy 
dc^vcn  of  agiMiMttt  Aom  dAdnnd  flcon  duMt  nptuisoMtt  in  many  other  eaaea, 
however,  thf-y  show  important  discrepancies.  But  equal  discrepancies  may  likewise 
be  observed  among  the  moleoolar  heats  of  aaalogona  oompoonds^  such  even  as  contain 
dauwta  m cowtsyoadiBg eoMtttuwrti wMah,  wfiin  wnualned  in  lliofrM  itet%ga^ 

nearly  * -^ufi;  at'  iruic  heata.  Regnault  not  nnfreqnently  found  this  difference  amont  to 
ODc-tenth  of  the  molecular  beats  in  question ;  occasionally  it  was  still  jpeatsr. 
Eopp  coaaii—  Ikat  tlw  iwolti  cf  bit  inwirigation  eoofim  and  mdsn  tlw  eonalap 

sion,  already  adopted  by  some  philosophers,  that  Dulon<:  and  Petit's  law  does  not  bold 
pood  for  all  the  so-called  elements  in  the  solid  state,  l  or  a  particular  group  of  elements 
it  is  undoubtedly  true ;  but  if  it  is  not  a  uniTersal  law,  ana  if  thsN  are  some  elements 
to  which  it  certainly  <lot's  not  apply,  it  may  be  considered  doubtful  with  regard  to 
indivi  In.'.l  elements,  whether  they  ought  to  be  looked  upon  as  agreeing  with  or  am  de- 
parting from  it.  This  may  be  said  to  be  the  case  with  sulphur,  for  which  Kopp's 
aeterminations,  made  bt-tuv<  n  47°  and  Aft  tHSperature  of  tlie  atmosphere,  give  the 
atomic  heat  5*2,  nearly,  wiiich  lik<-\ngo  agHm  with  tlm  atomic  lieat  of  gnlphur  — 
indirectly  deduced  from  the  mokcukr  hcata^tilB  mclaUic  buipludua. 


TCnUief  experiment;  for,  Taiwtfo— wfaieh  Hm  speeifle  heat  of  an 

element  must  bo  supposed  capable  of  undefniMr  vfeMt  it  enterti  into  combination  (if 

Daloog  and  Petit's  lair  ba  taken  as  applioms  to  all  elements  in  the  free  state)  are  r-^ 

wmA  giMtar  than  tiie  wiatiau,  dependwt  on  dtffereneee  of  physical  condition, 

which  have  ever  been  actually  obserred  in  the  case  of  an  accurately  investigated 

element.    On  the  contrary,  it  appears  that,  in  many  compounds,  the  elementurv  atoms 

...  ......     ,r.  ,  ,      .  ■  . 

far 

aeeoxd  tott  eloeely  with  the  atomic  heats  which  result  from  the  direct  investigation  of     •  - 
the  same  ejentsnts  in  the  fiee  stata  Kopp  accordingly  maintains  that — although  these     ' ^ 
last-ro«'ntioncd  facts  render  the  calculation  of  the  molecular  heat,  and  thence  of  the  *^ 
ipecific  heat,  of  compound  bodies  &om  the  atomic  heats  of  the  elements  much  mure 
■lHaiilt,  and  althongh  they  make  the  agreement butinan  tho  innUi  cf  edonlation  and 
tho?e  of  direct  observation  much  less  complete — every  element,  when  considered  in 
the  solid  state,  and  at  a  temperature  sufficiently  removed  from  its  melting  point, 
possesses  out  ttsentially  invariul>lo  qMtifle  batt^  vbiflb  it  ia  true  may  faiy  wwaewiitt 
with  ditferf-nces  of  physical  condition — such  as  greater  or  less  density,  amorjihous  or 
crystalline  structure,  6^c. — but  not  to  such  an  extent  as  some  of  his  determinations  of 
tPSgMt  httt  would  require,  if  Dulong  and  Petit's  law  were  really  appIicaUt  to  idl  tht 
elements;  and  further,  that  tl.'e  sj  eciflc  heat  of  each  element* in  tht  fttt  ttato  it 
essentiallv  the  same  as  that  which  it  possesses  in  its  comjpounda. 

By  dedoetti^  A«n  tho  nolMnlar  ottto  of  tibt  ^ailoiit  oaddst  th»  ttomfo  ketta  of 
the  metals  contained  in  them,  or  by  deducting  from  the  molecular  heats  of  the  oxy^cn- 
•alta  thote  of  the  grouse  which  are  therein  united  with  oxygen  (taking  away  from  the 
mnlambiT  beat  «f  KOO*,  fat  esample,  that  of  Ed,  or  Ibora  liiat  of  I^bSO*  the 
molecular  heat  of  Ppl  S),  a  remainder  is  obtained  iu  ever\-  case  which  gives  for  tho 
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Tn  ?'r«nf>ml.  tlio  w^iL^oularlitMt  nf  a  compound  in cr^fipps  xn'th  I'f  s  dogreo  of  Ci)mpl(-xity, 
or  with  Uie  uumUii' of  tlciin'titary  atoms  containt  d  in  <nu-  nmlticulo,  and  tlii^  moro 
MpedaUjlB  the  case  of  each  as  oontain  only  clciiK  ats  vhich  follow  Dulong  and  Pctit's 
law.  Kopp  points  out  that  if  tho  application  of  this  rule  be  extondrd  to  the  olompnts 
tbemselres,  the  fact  that  a  large  proportiou  of  tliciu  Iiave  nearly  t  he  baind  atumie  Leat 
naj  be  takfln  asan  indie  ttion  tul^  whether  they  be  absohitoly  simple  substances  or 
no,  they  are  at  least  bodies  of  a  companiM*'  deprre  of  comj>l<  xity ;  while,  on  tho  other 
baud,  the  smaller  atomic  heats  of  somo  elements  would  seem  to  show  that  they  are  of 
» lowCT  degree  of  compLfladfy,  or  approach  more  iieeiiy  to  truly  simple  bodies,  than  the 
TTst.  Tt  would  thus  appenr  to  be  possible  for  a  substance  which  can  be  prored,  to  bo 
compound,  to  hare  the  same  atomic  heat  as  a  so-called  element :  for  instance,  a  per- 
ixdde,  XO,  oontaimng  an  eleanent  whose  atotnic  heat  was  equal  to  that  of  hydrogen, 
namely,  about  2*3,  would  linvc  n  Tnolocular  hoat  of  about  2*S  ^  4  «•  6*8,  tUt  is  tO 
say,  the  same  as  that  of  chlorine,  iodine,  or  the  metals. 

with  regard  to  the  ttppmnt  improbability  of  two  ■o-ealled  elenumta,  which  are 
rapnblr  of  mat  iui!ly  replacing  each  utru-r  in  conipotinfl'',  like  hydrnn-^^n  and  tin-  nn  fals — • 
or  wluch  even  appear  as  ooxrespondina  oonstitaeDts  of  isomorphous  substances,  Uko 
■Qioon  and  ttn^hsYin^  imeqiiiu  etooSe  heete,  it  ■mat  be  borne  in  mad.  that  this  ie 
not  in  reality  any  more  .snrprisinrr  or  improV'nIde  than  that  an  ^n^^.•(•orIl{x..sil.h'  -uli'- ranee 
and  one  known  to  bo  compound,  such,  for  oxamfde,  as  hydrogen  and  peroxide  of 
nitrogen,  or  potMmvm  end  ahooid  replaee  eadi  other  in  eompoiuid  bodies 

without  ean«in;>  any  alteration  in  their  eh^  miMl  ehar  icters,  or  should  even  be  O^Mble 

of  appe;irinf4  as  corr^pponding  ODn^tituents  of  isuinorplioi:*?  «nl}stanc©s. 

It  still  remains  to  consider,  rather  moro  purticukrly  than  has  been  done  thus  far, 
whet  it  is  that  is  moa^iuvd  und'  r  tho  namo  of  the  qpeeifle  heat  of  solid,  Uqiiid,  or 
•  gaseous  substances,  by  the  methods  above  de^.  rilted. 

In  all  these  methods  of  moasurement,  the  heat  imparted  to  the  Turioiis  bodiet»  does 
something  moce  than  merely  raiae  thev  temperature :  it  causes  at  tho  same  time,  as 
will  be  seen  by^  what  follows,  an  expansion  or  ine:-i  ;i«e  of  their  bulk;  and  when  the 
bodies  ore  again  cooled,  they  contract,  or  diminish  in  bulk,  to  an  equal  amount. 
Hence  the  specific  hea^  measured  aa  ebore^  are  not,  strictly  speaking,  the  lelatire 
quantities  of  heat  r.-^jiiiivd  t^  raise  the  ti'^mpcraturc  of  the  various  mih^tatii'i-s  \<>  flie 
same  extent,  but  the  quantities  required  to  do  this,  Mid  at  the  rame  time  to  cause  a 
greater  or  leoa  inereaee  of  balk.  It  ia  therdbre  aqneodon  Ibr  ftufher  inTsatigatioii, 
what  jir'ijHjrtion  of  tlie  ti.>tal  isp-'elfic  hc-ut  of  a  .suT>stani-''  g'V's  to  raiso  its  tcmpora- 
tiure,  and  what  proportion  to  cause  it  to  expand,  or  possibly  to  modify  it  in  other 

^he  expansion  which  a(^."'omp;nues  a  given  rise  of  tcmperaf  nre  is  ineonsldemblo  in 
the  case  of  solids  and  liquids,  compared  wit  h  that  which  takes  place  in  gases;  bat  it 
would  be  inooitect  to  eon<4nde  that  the  proj>ortion  of  the  total  spedflo  neat  at  solid, 
liquid  and  gsiseous  sultstan<H  s  ropectively,  wliich  is  exju  ndi  1  in  causing  expan si  >n.  is 
in  proportion  to  the  amount  of  expansion  actually  produced  in  each  case.  On  the 
other  hand,  althongh  no  data  exist  whidi  nake  it  posmble  to  farm  a  Tevj  definite 
estimate  of  the  nitio  of  th.'  /my?  specific  heat  to  fhi  Mai  apparait  specific  heat  of 
solids  or  liquids  (see,  however,  p,  -14),  it  is  certain  that  they  oppose  a  much  greater 
resistance  to  any  force  tending  to  alter  their  bulk  than  gases  do,  and  hence  the  com- 
paratively small  amount  of  expansion  which  they  undergo  ms^  require  the  expenditure 
of  as  much  or  more  heat  than  tho  relatively  gi*eat  expansion  which  takes  place  in 
paj^os :  there  is,  therefore,  no  reason  to  believe  that  the  ratio  of  tho  two  specific  heats, 
ill  tho  case  of  solid  and  liquid  mhslauioMH  ii  a  magnitude  of  a  difflneot  order  from 
what  it  is  in  the  cris<>  of  i:a.«e«i. 

The  ratio  of  the  ajsp  ir.  nt  to  the  real  specific  heat  of  u  gas,  is  the  ratio  of  its 
sporiflc  heat  under  constant  pressure  (when,  therefore,  it  expands  as  the  temperature 
rises)  to  its  specific  heat  when  kept  at  a  constant  volume.  It  is,  of  course,  flu-  specific 
heat  nnder  constant  pressure  which  is  determined  by  the  method  already  described 
(p>  W),  and  which  is  given  for  sefveral  gases  in  one  of  the  preceding  tables  (p.  So). 
Tliat  the  Fpecifie  lieaf  <if  a  lm.s  kept  at  a  constant  Toiniiie  is  less  than  its  specific  heat 
under  a  constant  pressure,  is  obviuu^  Irom  the  following  considerations.  Suppose  a 
qnantitj  of  gas  to  have  had  its  tempcratuie  raised  ^,  while  the  pressure  to  which  it 
was  expoprrl  reinaiirHl  crin ^t-int :  thr  inerPM'^f'  of  tr'mp(»mtnrf  will  have  Ite^n  arrnm- 
panif'd  b}'  a  corresponding  increase  of  volume.  How,  suppose  the  gas  to  be  com- 
pn  ssed,  ^  asto  restore  it  to  its  original  balk :  the  result  of  this  eoraprearion  will  be 
to  raise  its  ternprraturo  more.  Thr»  gas  will  now  be  in  the  same  condition  as  it 
would  have  been  if  tho  same  quantity  of  beat  had  b«en  imparted  to  it  without  its 
being  allowed  to  expand :  henee  it  is  mdent  that  ^  satne  quantity  of  heet  that  is 
required  to  raise  the  tempent  nic  of  a  gi\  i  n  weight  of  gas  while  tlio  ]  r*  -^tire 
n>maius  constant,  will  suffice  to  raise  tho  tcmpcratare  of  the  gas  t     t'  degrees  if  it 
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i*  kept  at  a  constant  volume.  The  sp«cifle  heat,  c,  correspondinir  to  a  constaut 
pressure,  is  therefom  to  tine  specific  heat,  e,  coPCTponding  to  a  con<»taut  volume,  us 
t  f  to  t.  One  prnmnie  of  air  h:is  ifs  tfTnpeTatnrf  misM  1°  (,'.  M-Ii-  n  flu  ri-  \% 
imparted  to  it  0*2374  of  »  unit  (gramme-4e^(«)  ot  heat«  and  it  expands  at  the  iMime 
time,  if  tb»  |«  aM»mcj»<aniain»  qaJUawd,  of  it«  lwlk«t<Pft  Aeeordiiigl/,  if  tlM 
eleratioD  rf  tenipcrtitnro  conscqaMlt  OH  fiflllHiifriMllfl  ft  gM  1)J  ^  of  ili  bolk  at  0^  !)• 
W',  it  is  evident  that  tbo  z»tio 

1  -I-  •       £  . 
1      "    •  " 

is  the  ratio  of  thm  flf>eciflc  heat  mdir  OOBfteffit  pressure  to  that  at  constant  xolumc. 

Clement  and  "Dcfsormcs  fonn<l  by  dirwt  pxperimpnts  upon  nir  tbo  vnlno  0*3lTor  a,  but 
it  is  plain  thjtt  tiie  unavoidable  loata  of  lieat  altvudLug  suck  ttxperimeuts  mmi  eau4e 
thevemh  td1>e  too  low. 

A  Itm  ^Bvee^  baft  &r  moM  aeeDnto  bmcdi  of  detamiining  the  ndo  il  »  — ^ 

aot  only  far  air  bat  fisr  Mreral  other  gases  abo,  is  afflnded  hj  4e  theory  of  the  pro- 

piipition  of  souimI.    The  xelodty  with  which  a  ware-motion,  such  as  that  which 

eoxi>titut<*«!  sonrtd,      propnpraftHl  throncrlt  a  homo^fnoon''  medinm  ■vrho«r»  rl:i?tic:tj 
the  same  iu  ali  diroclioiii»,  dtrpuud^i  oul^'  upou  the  ehkiticitj,  e         iL  3?0^  and  Lht» 

doMily,  d,  of  tfaa  mwliinn,  aeoadiiig  to  the  eqaatioii 
Xbis  ■■^■iiMiiiii,  agpilied  to  tiw  inoTaiMiit  of  s  aonnd-waTe  fhrngjli  tiio  av, 


where  g  denotes  tlio  accelerating  force  of  gravity  (=•  9-808  metres  -=>  3215?  f  '.  t); 

m  760  nun. »  29*92  inchea;  0-  the  weight  of  1  cub.  cent. of  mercury  at  O^b  13*596  grm.; 
M  die  -wei^t  of  1  ooli.  cent*  of  atr  at  0*'  and  under  a  preaaore  760  mm.  mercory 
M  <HN>1&8  gm. ;  <  the  tcnperitue  of  the  ali^  a  Ha  eqeffideat  of  ^oegiamaA  nadar 

ittt  j*M«ire(»0-OWnndJttfie  legmiwa  wtio        libv  liM  Tehm^  ef 

c 

inairat  O^haebeen  apermenteU j  firaad  to  be  ■>  SS8  xnetrcfi  ok  1091*6  fcet 
^;  bflttoe  the  abon  eqpiatioii  gifee 


333  «      7^  308      0  76  X  13-696  , 

or  A  =  1-414. 

The  physical  reaeon  ftr  fhe  pMMnee  of  the  naffnitode  £  io  tiie  formnlA  for  the 
Teik)eit7  of  sonnd,  ia  that  that  velocity,  being  dependent  upon  tho  olasfin'fy  nf  tin'  air, 
varies  with  evpry  variation  rf  tho  elasticity,  and  that  the  alternate  heatifigs  and 
coolings,  caused  rt^ipectively  by  the  alternate  condensations  and  rarefiMStiona  whioh 
flOWtitute  the  wacrea  of  aonn^  am  equivalent,  in  their  effect  upon  the  velocity  of 
transmission  of  the  wafoi^  to  aa  iaereaae  in  the  efawticity  of  the  air  in  the  proportioa 
of  1:  ir  -i  1:  1-41& 

In  the  abov«  ibrmak  the  magmtodea  ^,  ^  and  a  aM  all  indepcnd.  nt  of  the 
particular  nature  of  the  pas  fat  u-^v^?■l  in  the  cnpp  of  perfcf^  pnjips;  for  iniperf.  pn's^^s 
the  value  of  a  Tariea  aiighlly),  hence  if  v  uid  t;'  represent  the  velociiios  with  which 
aoond  tzamaea  two  diflSceDt  gaaaa,  a  and^  thaar  deaiitiei»  aaid  A  and  AT  the  latioa 
of  the  two  ipaeifto  barti  of  00^  we  ha^ 


iO  that  tlie  ratio  k'  for  any  gas  may  bo  deduced  from  tliat  of  air,  provided  the  density 
of  the  gmi  and  the  velocity  with  which  it  ia  traversed  by  aonnd  are  known. 

Hence  the  investigation  of  this  ratio  ia  radnced  to  that  of  the  real  velocities  of 
so^nti  in  different  ela5itie  fluids.  For  any  other  gas  than  utraospherio  air,  it  la  ui4ulet«8 
to  think  of  xnea«uring  directly  the  velocity  of  propagation  of  a  aonoroua  wate :  reeourie 
aniBt  obriGOaly  be  had  to  indirect  means.  The  theory  of  \»*ind  inatrument-  mi-l^^I.  1 
n  iTiril.>.  whioli  vrns  first  indir-ifirl  and  j  ut  in  j  r.ictico  by  Chladni  and  Jacquin.  This 
method  coi^sts  in  making  the  same  pipe,  witli  a  flute  tmhowlvin;  sound  aacowaiTely 
with  all  the  elaatio  flnxdit  foppooed  at  the  aame  tewpacatnre,  and  in  determining  tne 
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pUch  of  tone  giren  by  each  pas.  Admitting  Hint  the  fluid  oolnmn  conUincd  in  tho 
uutmrnaDt  eKperiences  tho  y-nmo  mode  of  mibdirinon  in  erery  ranfi  thnt  H  oom* 
sponds,  for  examiilf,  to  what  is  caUed  tho  fuudamental  sound,  or  fhe  gmvest  of  all 
those  which  the  theoiy  of  IJernooilii  indicates  ica  tiie  same  pipe,  we  easily  come  to 
know  tiw  Itstf^  ot  »  WMnBy  nd  ito  dantkm  in  each  dartie  flvid ;  and  conaequently 
the  velocity  witli  which  a  vihnition  would  he  propagated  in  each  of  them. 

Tho  following  table  exhibits  the  leraltt  of  Dmmf^u  rwfimhf  oa  tfait  ■«hi<t^-^ 
(Ann.  CJb.  PhjB.  xli  118) : 


Kamos  (if  the 

«lMtlc  fluid*. 


Ilvdrogen 

Oerloiiic  ;in-| 
hydride  j 

Carbon  i<j  oxido 

Kitric  oxide  . 


Tones  given 
by  the  sitnie 
pipe  6U 

ceDtln.l«af. 


uti  mod. 


KunilxT  of 
vihratians  in 
a  SGXagettmal 


600  4 
(  474-9 
]  475-2 
(  174'5 
1883-6 
1881- 
893- 18 
892-68 
«01*S 
60307 
392-7 
466-0 


turi-  by  111. 
centigrade 


21 

17 

22 
20-5 

15 

20-6 
16 


Ivelocity  of 

;ul<>ptod  iii  ^^**.^IL 

timi  l<3r  0,c\ 
d.  nsitF  of  I  the 
cbe  fluid. 

Ittkl. 


1 

Vim 

0-  0688 

1-  434 

0-  974 

1-  627 
0-981 


888- 

W17 

1269-6 
961*6 

337-4 

261-9 
314 


Ratio  of  the 
specific  heau 

at  a  const ;int 
pit' Murf,  to 
the  ap«ctiic 

heat  at  a  con- 

(tUtTOluiBflk 

mk. 


1-4  21 
1-415 
1*417 
1-413 
1-409 
1-406 
1-3.J7 
1-340 
1-429 
1-433 
1-343 
1-240 


The  slight  difference  between  the  value  1-421,  oLtained  by  Duloug  for  the  latio  of  the 
two  specific  heats  of  air,  and  the  number  1*414  alioa^J  P^n,  is  duo  to  tlM«  duOMM 
which  have  taken  ylaco,  since  tho  dato  of  lib  experimentB,  in  the  adOjpCed  TllOftdTuM 
constants  which  enter  into  the  calculation. 

Theoretleal  ^ews  of  the  natiiM  of  heat  and  tlw  «oii8titntlon  of  gsMoui  Mi«^ 
which  will  liave  to  be  furthor  considt-rod  in  a  suhseqtiont  part  of  this  artioh',  lead  to  the 
eonclnsion  that,  for  all  perfect  gasea,  the  diiferenoe  between  the  two  specific  h^eats  of  a 
quit  of  Tobuna  is  eipwaeed  hy  the  equation 


whcrf^  A  is  a  constant  (the  thorcial  equivalent  of  the  unit  of  work),  p  and  t  the  prm- 
sure  and  temperattirc  of  the  gas,  ami  —  the  cof  fficient  of  expansion,  and  therefore 


a 


a  B  273  nearly.  The  right  hand  member  of  thia  equation  contains  nothing  which 
dcpenda  <m  the  particular  nature  of  the  gas  to  yAadi  it  is  ii|)|died ;  and  henco,  if  the 
temperature  and  press  tiro  are  taken  the  same  for  all  gases,  tikd  differenea  V — 7  will  be 
the  same  for  alL   If  tho  valtir^fl  of  y  and  y  appUoabla  to  atmosphaiie  air  be  dia- 

tiuguished  as  7/,  and  y^,  we  have 


7-  7 


an  equation  which  remains  tmc  whatrrer  unit  of  volume  is  ad^pfed.  and  therefore 
also,  if  with  Keguault,  we  take  thia  unit  to  be  the  volumo  occupied  by  a  unit  of 
weight  of  air  aft  the  aama  teo^eiatue  and  preaaova  aa  the  gaa  mm  conaidcantum. 
Theiefine 

y-Y  *  yf-^X  -  ^'^^  "  ^'^^  aad<y  -y  *  0-0694. 

By  means  of  this  eouation,  the  specific  heats  of  the  various  gas^  under  constant 
volume  may  be  calculAted  from  their  specific  heats  under  constant  pressTtr''  as  friven  in 
the  tiiblo  on  p.  36.  The  numbers  so  obtained  will  refer  to  the  unit  of  vulum*;  adopt**d 
by  Regnuult ;  to  d^ooe  therefrom  the  specific  heats  whieti  correspond  tO»«n<C  <{f 
vrif/fit,  these  numbers  require  merely  to  bo  divided  hy  f  lio  densities  of  tlte  respnetlve 
raises ;  and  to  obtain  the  specific  heats  compared  voiih  that  of  an  cquai  volume  oj  air, 
thej  moat  be  divided  by  0-1660. 
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According  to  equation  (a)  the  qaotient  ^  ^  h  becomes 


ftcd  it  thonjfore  exceeds  imity  by  s  quantity  which  u  inyersely  proportional  to  y. 
Fnrtber,  the  general  considerations  aboro  referred  to  make  it  probable  that  the  troo 

sp»-d£c  heat  of  f-qnal  Tolnroc^  of  nil  simplo  ga«scs  is  the  same,  nnf!  that  the  sp<-cifle 
beat  ct  L-L-inj-ninil  ga.s^-s  la  t-quai  to  th.tl  of  the  simpk-  p^asos  nmlrijtliod  by  tlu-  fracti'.'il 
yhidi  re]in->^-iita  tli.  ir  molecuhir  coiu1<.-ii^ation  (g.<7.  fur  liydrochloric  aHd  the  mTilti» 


pUer  voold  be  — 


+  1 


1,  for  water 


2  +  1 


for  ammonia 


3+  1 


2.  &a). 


The  foljowing  table^  which  ia  copied  with  very  riij^t  modifications  from  tabiea 
p;ivi>Q  by  ClatiBiaa  (Ann.  Cb.  Fharm.  cxriii  118)  and  B a  ff  (ibid.  cxv.  312  ;  see  alao 
pp.  306,  307),  and  may  be  conwidered  sapplf^mpntfiry  to  the  table  on  p,  35.  piTea  the 
i»ttlis  of  the  appUcution  of  ihcso  furmula-  to  the  gu*c8  aad  vapouns  m  hich  were  the 


Jfarog  of  ga>« 


yt'trogen 


(?arl«tjnir'  oxide  . 
\  H  T'^r^  K-  \  .1  o  ri  ■  •  a<  'id 


Sulphydric  acid  . 
Carb(.>nic  anhvdrido 


'h-innis  anhydride 


jSulj  hi'lc  uf  carbon" 
AirirrKiiiia   .  . 


\I: 


■  '!<  ti:int  ■^aji 
Ak-(j\\'A 


Salphide  of  vthyl 
Chloridoof .  thvl 
Bromide  of  ( t  hV  l 
Cyanide  of  ethyl 
Clilorofonn  . 
Chloride  of  ethylene 


Acetate  of  ethyl 

Ac  ft  arm 


if  fiirpf'titine 


Trichlurido  of  I'ho^pli 


Chloride  of  arsenic 
Chloride  of  ail  icon 
tStanntc  rhloride 
Chlnridp  i>f  titantTim 


rns 


IL 


IIL 


heat 


"I  f 


Dcmity-  unAur 
jcOi.xt.int 
|)rr-«;irc 


Ml 

m 

en 

Bid 

2m 

CQ 

Ha 

HiS 
CO» 
SO? 

CS! 

mil 

CH« 

em 

CH'O 

c«H'»n 

C<H'«S 
CH*C1 
C^fT'T^r 
C*H*X 
CHCl* 
(l-\\'(V 


1-0(1(K> 


2-nor> 


5  .'VJOO 


i-o;i'jo 


'9674 
1-2474 


11912 


•2-2170 


•5527 
•9672 


C*H»0« 

c»n*o 

CMf« 


PC1» 
AsCl* 
RiCl« 
SnCI* 


•'MoOO 
4-G'J7H 


4-74t5 


G'2.510 


Specific  he4t  at 

rr>T>«tant  vr>ltim«". 

■Value  q{ 
Fqii.tl  !  '_'  _  J. 


VIll- 


Air=sl  ■ 


Idlfl 

101 
100 
•99 


l-2b 

ini 

1-00 
:&& 
1:15 
1-26 

I  90 


l-3fi 

iin 

3:112 

/•.or 


'276 
aJJi 

1-  2r> 

2-  09 
29d 
3:2^ 


Eqnal 

=  1. 


0-ifift 

2-40fi 

•ot-i 

•173 
•131 

•ISO 
•182 


liiiil 
■Ml 

•408 
•^ 

•H:i2 


•491 

•120 
•101 
•191 

•ilM 
•  1 1  a 


100 

102 
JLilU 
•9fl 

1  00 

Lfii 

1:29 
i:M 

1fi9. 
205 
Llil 
1-54 

2:03 

691 

1:11 

f.'^O 
G:M 

/ilil 
13-74 


with 
tin-  Oift- 

tnontiiry 


L103 

1109 


1-417 


3-76 
i:22 
473 

1:13 


1-403 

I:ilfi 

1-243 
1-302 


1-144 


•  M 


LQ 
LQ 

liD. 
1:0 
Ul 

1:0 

l:ii 
1:0 
1:5 
!:& 
liL. 
Lfi 
1:5 
1:5 
2:0 
2:i 
3:11 

7:5 
1:5 
IJl 
i:a 
4:4 

2:A 
4:11 

Z:fi 

/so 

an 

13-0 


gahject  of  Reffnault'a  experiments.  Column  I.  gires  the  names  of  the  gaaes ; 
eolama  II.  their  chemical  composition :  the  formulte  in  this  column  represent  two 
Tolames  of  tho  Hcreral  f]^«es  :  lufncc  the  molomlar  oondensation  of  each  gaa  is  obtained 
by  dividing  tk©  «umb«;r  of  alvms  in  its  furmula  by  2.    Column  III.  gives  the  dcnsitiet 
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adopted  bj  £(^;iiaalt  in  bis  ciUcalationa.  Column  IV.  fpree  tho  soecifio  heaU  under 
^Hant  ^rt$nm  eompwed  irith  that  of  an  eqnal  Tvlnine  of  air  tanen  as  unity.  Tlie 

numbers  in  this  column  arc-  olitaiiioJ  from  tlio>o  in  tho  hif-t  column  of  tlic  tabic  on 
p.  36  by  dividing  each  by  0  237 4  =  spocitic  heat  of  air  under  constant  pressure. 
Columns  V.  and  VI.  contain  the  specific  heats  corresponding  to  a  constant  volume 
oompand  (V.)  viUi  that  of  an  equal  weight  of  water,  and  (YI.)  trith  that  of  an 
rxjuju  volume  of  air.  Colnmn  VTT.  gives  the  ratio  of  the  f<i'o  i^pfc'rfir  kmte{oT  some 
of  the  mojit  importaut  gasts,  obt;iiuc<l  bj  dividing  the  specilio  hrats  of  oqmd  weights 
md«v  eomstaat  pressure,  as  given  in  the  {m  vious  table  (p.  S5),  by  the  conic^wnoiiMg 
mlnps  in  colnmn  Y.  of  this  table.  Cobiiiui  VIll.  oontaius  tho  theoretical  true  specific 
hcaCs,  compared  with  the  true  speciEc  heat  of  uu  ecjtial  volnmo  of  air  or  any  simple 
gM,  ThsM  iramb«fl8  awealcwlated  upon  the  supposition  tiiat  the  trae  spedfte  neato  of 
the  elt  int  iif.iry  pa.ses  are  the  samo  in  the  ooml/incil  as  in  the  uncnml  invcl  state. 

On  comparing  the  numbers  in  columns  \L  and  VUL  it  will  be  seen  that 
then  is,  on  tiie  wbold,  an  tnunlstalca'blo  wwapoudeneo  botwoen  th«ai,  bat  that  th<>y 
exhibit  also  in  manv  oahcs  dt-oitbd  discrepancies.  These  are  j  robably  duo,  in  par!  to 
errors  of  experiment^  and  in  part  to  the  fact  that  the  method,  by  which  the 
numbers  representing  the  specific  heats  at  constant  volume  are  calculated  from  those 
reinventing  tho  ipedfic  heats  at  constant  pressure,  is  quite  amirate  only  in  the 
case  of  perfect  pn«<'P ;  and  fnrthfr  that,  rvon  if  the  numbers  in  polumn  VI.  repre- 
sented the  specitlc  heats  for  cou&taut  volume  with  perfect  accuracy,  these  uuiuWrs 
would  not  neeceearily  agree  witil  those  in  column  VIIl,  except  for  perfect  gases. 

The  true  specific  heat  of  a  gas,  that  is,  its  specific  heat  under  a  constant  volume, 
is-regarded  by  Clausius  (Phil.  Mag.  [4]  xxir.  204,  205)  th«.'  Li-m  bpecitic  heat  of 
the  eobetance  in  all  atates  of  aggregation,  and  in  the  combined  as  well  as  the  free 
state,  llaukine,  on  the  other  hdu  l  [A  ^^(tlll'al  "/  the  St'diuEnairu,  p.  ;;07\ 
while  admitting  that  tiie  true  specific  heat  of  each  substance  remains  conHtunt  at 
an  densities,  w>  long  as  the  mMtanoe  vetaios  the  same  eonditidn,  solid,  liquid,  or 
gaseous,  supposes  that  a  change  of  real  specific  heat,  ^^omctimes  c.aisidi  raMe,  often 
accompanies  the  change  between  angr  two  of  these  conditions.  Bat,  as  Clausiua  iiaa 
pointed  out  {loe.  eit ;  ujm>  Pogg.  Aon.  ezz.  438),  there  is  no  obvious  reasMi  why  the  mil 
epedfic  heat  of  a  body  should  bo  supposed  to  undergo  alteration  on  the  passage 
from  nnp  state  of  agcrcgation  to  another,  if  it  remains  constant  within  the  same 
6faf«'  of  oL';-'rei;ation ;  for  the  changes  of  deuhity  aud  olasticitpr,  which  accompany 
e]i:ini:(  s  of  temperature  within  one  and  the  same  etate^  do  not  dlfibr  in  kind,  but  only 
in  di  -nvQ,  from  those  which  constitute  the  passage  from  one  state  to  another. 
Assuming,  therefore,  that  the  specific  heat  imder  constant  volume  of  a  substance  in 
the  gaaeona  state  u  its  real  epeeifie  heat  under  all  conditioBi^  we  ham^  fiv  water,  ftr 

Batio  of  apparent  to  real  spedfic  heat  in  the  soiid  state  (be-        .^/v . 
tween-200aiid0«')  -  1^9  "  ^"^^^ 

Eatio  of  .nppaiv  i^t  to  real  spedfio  heut  in  the  liqnid  state  (be-  i-oos 

tween  0^  and  100^)  «.  -— -  »  2732 


Batio  of  apparent  to  real  specillc  heat  in  the  gaseous  slate       .   w      ■  ■  «  1*302 


2.  Changes  of  Volume  produced  by  Heat, 

It  is  an  almost  universal  law  that,  when  heat  is  impi^rtcd  to  any  body,  the  body 
expands  or  augments  in  bulk,  unless  prevented  from  duiug  bo  by  a  corresponding 
increase  of  external  pressure,  and  that  any  body  from  which  heat  is  withdrawn  con- 
tracts  or  diniinisli<  s  in  bnlk.  The  exceptions  to  this  law  arc  cxtrcmelv  A  w,  and  m'nr 
only  wiiliin  pariieuJar  liuiiu  uf  J.enii>trs4,lur© :  tlie  most  important  will  be  specially 
P<>!iit(Ml  out  hnreafter.  Admitting  the  atomic  hypothesis  of  UM  eoBStitatioii  of  matter, 
it  's  iinjio'^slMr  to  conceive  of  exj  ansion  otherwise  than  ns  a  movement  of  the  mole, 
cules  of  a  mass,  which  haa  for  its  oifeet  to  increase  their  mean  distance  from  each 
other.  Henee  when  heat  eaoMS  a  body  to  expand,  it  acts  in  oppontion  to  the  foreea 
which  tend  to  prevent  the  further  separation  of  the  inoleeidcs ;  and  the  bulk  of  the 
body  at  an^  given  tempcrotuxo  is  the  result  of  an  equilibrium  between  these  forces  and 
the  ezpanaiTe  force  of  the  heat  contained  in  it  at  that  temperature.  The  forces  by 
which  the  particles  cf  a  mass  are  Iteld  together  consist  in  part  of  the  pres.^iire  to 
which  it  is  subjected  from  without,  and  partly  of  the  pressure  arising  from  tho  mn'n.?l 
attractions  of  tho  particles  themselves.  This  Litter  pressure,  which  is  known  as 
eoheaiTe  toee^  faaa  a  much  greater  effbet  in  deteminiag  the  bulk  of  solid  wad  liquid 
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Wit*  than  anv  pressnre  which  acts  upon  them  from  withoa^^nU  it  rarii*  not  onlj 
*ifftffaDibodaM|  but  erm  in  the  same  bodj  its        '  " 


n  tliBhit  bodao,  but  erm  in  the  same  bodj  its  value  is  diflbreDt  at  difhmt 

penitares.  Hrncp  it  is  not  Mirpri.sinfr  that  the  re!;itioTiR  f ul/'-i-tinf;  betwci-n  tlia 
timpentare  and  btUkof  solid  and  lipoid  snbstancea  should  be  8oui«.'whikt  coutplex. 
bpcffeet  gases,  hernvm^  eobesion  does  not  esiBl,  and  honee  tiie  only  opposing  fane 
wbicb  heat  has  tooTercurne  in  order  to  oaus^o  tlx  m  to  <  xpand  is  the  <  xt>  rn.il  prosHiirc. 
Coitseqiieiiti^  it  is  £>und  that  the  rate  of  expansion  of  gasM  bean  a  much  more  simple 
idadoB  to  the  Heat  hj  vlueh  it  is  caused,  than  that  obeerred  in  loUd  and  liquid 
bodies.  It  is,  theretfijce^  MBrrettienl  to  conitder  the  laws  of  the  expansion  of  giineotis 
fnbfftances  before  examining  thoss  wfaieh  vegnlate  the  "^p*"*^  cf  uatter  is  tbe  two 
other  states  of  agg;regatioa. 

Sspaasion  of  ChiBe«« — In  a  peffSset  ga%  volmiMi  dastidtj,  and  tempemtvrs 
veald  be  lelsted  to  ssicli  ottier  in  the  manner  o^ressed  hy  the  eqiiatioa 

yf>  -  /(a  +  <X  («) 

where  via  thp  TxilnTnc  of  n  priv-  n  woi<ihtof  the  ca''  sit  the  trmpTntnrc  f  nn-l  under  the 
praM»re  p,  mad  J  and  a  are  constants.  Hoace,  if  v'  were  thu  vulumo  of  the  eaiae 
wti^  er  the  — m  gas  nnmspiwdiiig  to  any  oUwg  msspme,  and  tempiintiinib  f,«« 
Aoild  lisv<s 

p'v'        a  +  f  ^  ' 

l^o  abaoltttely  p^'fecfe  0U»  lioveTer,  is  known  in  nature,  so  that,  according  to  tho 
"best  ertcii—ts,  the  varaes  of  «  idhieh  eotMspond  to  diftsept  Talnea  of     v,  and  <; 

are  not  quite  constant,  but  rary  (diirlifly.  not  only  with  variations  of  these  f  u d  :  h, 
bat  also  according  to  the  nature  of  the  gas.  The  pcoperties  of  air,  itowever,  aad 
Mother  non-condensable  gases  accc^  ao  n«u*ly  with  the  abQ<Te  fomviim — whidi  aie 
in  fact  nothing  more  than  a  statmont  of  the  laws  of  Bojrl*  ^d  Gay-Lussao 
(Gases,  ii.  819*) — that,  except  in  eases  wheKseilTOQe  aoean^  is leqiund, 
mar  be  cooaidered  perfect. 

In  Ilia  alwTO  eqpistion  (4)  ve  naks  j> «  f)*  we  gat 

hj  which  that  qoantitj  of  gas  which  occiii|aei  a  imit  of  Wume  at  0*^  C.  expands,  tinder 
constant  prcs8ur<%  whma  its  tanpoiatue  »  niaed  one  degree^  Similariy,  faj  making 
•  mm.  p\  v«  have 


or  -15 

a 

Xtetlj  (smce  when  v  »  v  no  actual  expanaiun  can  tako  j'laco).  ^  is  tho  coefficient  of 

increase  of  ^^Instlfitv,  or  tlic  incrnnftit  of  eListicit^,  under  a  constant  rolumc,  for  a  rise 
of  temperatun;  uf  oiie  d(  irrt    of  :i  g:is  whose  elasbcity  at  0°  C.  is  unity.    For  a  perfect 

gas,  it  is  obrious  that  th<^.so  two  values  of  ^  ■would  be  equal. 

The  firet  tolerably  accurate  determinations  of  the  coefhcients  of  cxnansion  of  gaaeoua 
bodies  were  made  by  Gay-Lussac  He  used  in  fals  e«»«tment8  aTeasd  shaped  inti«h  like 

a  thermometer,  ha>nng  a  bulb  about  1  centimetre  in  'li;niirf<  r,  an  l  a  f  nl  <  :il  "  'ut      ^r  40 
eenf'ni.  fr.    lonrr.  nnd  1  or  1*6  millimetres  wide.    Tho  tube  was  di\ided  into  lengths  o( 
eoooi  eapocitj,  and  iht*  proportion  between  the  total  capacity  of  the  bulb  and  that  of  one 
dmsion  of  tlie  tube  was  ncctir.it*  Iv  determined.   The  iijii  imtus  having  been  fill"!  w'th 
air  dried  by  pri'^-^iiiu  thr-n-h  -i  rfll  ,nM«:-of-oali  inm  tube,  a  drop  of  mercury,  occupying 
a  short  length  of  the  divided  Lube,  was  tmplujed  to  cut  off  the  enclosed  nirfkwn  com- 
snnriealxm  with  the  atmosphere,  and  at  the  same  time  to  serve  as  an  index  whereby  to 
off  its  Toluruf.    The  bulb  was  tli.n  fixed,  with  thf  «1rm  bonVontal  and  projecting 
through  tho  side*  in  e  Teasel  filled  with  water,  througli  tiiu  medium  of  which  it  could 
be  healed  to  Taiions  tempewtnrBe.   The  volumes  occupied  by  the  air  at  each  tcmnem- 
tarseoold  be  r.  na  off  upon  the  divid.  f!  tnl>-;;  ly  noting  tho  poMf^m  <,r  t!ir  littl-i  column 
of  ■piimiij  ^  but  the  Tohonea  thus  determined  required  to  be  corrected  {tt)  for  tho 

■  y^p^(a>^«yeh^k«lfbssatbtollisfarai#»»>^.  It?' 
W  wM*  Ihsw  tasre  aie  ftp««sM  atth.  Ptaesqos^ 
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hbat! 


ea^MUiBioa  of  the  glaa8»  (J>)  for  the  lower  temperatare  of  Uie  portion  of  air  contained  ia 
thepnt  of  tiw  tuh^  oamlae  the  wKbeii-lMitii,  and  (c)  for  the  poniUa  altmatioai  of  Indto- 

Tncfriepressun^  (luring  tho  t-xpcriim  iit  Independ<-'ntly  of  these  latter  iilffrHtlous.  which 
were  always  very  iuconsiderable,  the  pressure  upon  the  gas  remamed  constant  during 
the  experiment:  it  was  the  yolume  which  changed.  Applying  the  same  method  to 
Other  gases  and  to  vapours,  Oay-Lussac  concluded  that  gases  and  raponrs  (at  tem- 
peratures PuiBcieiitTy  roniovod  from  their  jwjints  of  liquefaction)  expanded  Ijy  heat  to 
she  same  uxleut ;  that,  namely,  when  hti^ited  £rom  0°  to  100'-^  C.  thoy  exjmndcd  in  tho 
fnopotCion  of  1 :  1-375,  or  for  1°  C.  by  0*00375  —     of  thflir  ^ndnine  at  0°. 

Tho  confidonee  which  tliesa  results  •natnrally  pxcited,  in  consoqucnoe  of  tlio  high 
reputation  of  the  author,  was  still  further  increased  by  the  confirmation  which  they 
receiyed  at;  the  haadi  ct  Dnlong  and  Petit,  mad  also  because  it  was  considered  pro- 
linMe,  on  theoriiticul  gjoiinds,  that  in  substance  in  vhieh  cohesive  force  no  h">ni::;er 
existed,  the  expansiye  action  of  heat  should  be  independent  of  chemical  composition. 
Heaee^  when  the  Swedish  phyaidet  Bndborg  simonnoed,  m  the  reralt  of  fab  own  more 
accurate  c-xperinieufH,  that  tho  coefReit-nt  of  expansion  found  by  Giiy-LoNM  "WltB 
eonsiderably  too  high,  the  btatoiuent  was  at  first  received  with  hesitation. 


Bndberg  determined  the  value  of  the  ooefficdent  of  expansion  of  air  (  -  )  betwen 


0°  and  100®  C.  by  two  series  of  experiments.  In  the  first  h<?  detennlned  the  contrac- 
tion ondecgoae  by  a  given  quantitj  of  air  on  cooling  fhnii  100^  to  0°  under  a  nearly 
eonetant  pxeanre;  in  tiie  eeeemd,  the  dHferenee  in  the  elaatie  ftrae  at  0^  and  100^  of  » 
quantity  of  air  kept  at  the  same  volume  at  the  two  temperatures.  Malcinp;  f  niul  f  in 
equations  {c)  and  (cOxeepectivohr  >  100  and  0,  tho  results  of  his  experiments  may  be 
•tated  M  Utunmi-^ThB  mean  of  twebe  «ipflrimeBto  hj  the  ihifc  method  gave  fat  the 


the  mean  of  ten  experiments  by  the  second  method  gave  for  tho  coefficient  of  expansion 
at  constant  volume — 


More  recently  (1841)  the  expansion  of  air  and  other  gaeea  hae  heen  afain  made  tiie 

subject  of  elaborate  experiment. H  hy  Hi:  pnaii It  (TuJ<itu>n  /!■:.'<  Krpa'kncfS  ....  pnur 
determiner  Us  princtpaies  leu  et  ks  donniea  nunUriques  out  entnnt  dam  U  ocdcul  dcs 
Madkine§  it  Vapeur,  mAm,  Ami,  Boj.  dee  Seieneeo,  xxL  18-180  ( 1 847) ;  alee  Ann.  Gh. 
Pbys.  [3]  iv.  5  and  v.  o2)  antl  by  Magnus  (P"^rir.  Ann.  Iv.  1,  and  Ivii.  177). 

Kegnault  made  five  series  of  experiments  by  methods  more  or  less  distinct.  His 
flrst  method  was  the  aame  as  the  flnt  method  employed  hy  Rudbei^.  It  consisted  in 
heating  a  cylindrical  glass  vessel  of  kiio^vn  capacity,  about  2*6  or  3  centimetres  wide, 
and  about  11  centimetres  long,  filled  with  dry  air,  to  100°;  senliirg  it  hermetically  at 
that  temperature;  then  cooling  it  to  0^,  and  observing  the  quaiuiiy  of  mcrctury  whicli 
entered  on  hrealdng  off  the  point  of  the  instrument  under  the  f  iii-i  ie<3  of  that  metal. 
Tlie  apparatus  emplov<Ml  and  tlic  metliod  of  experimcntinpf  were,  in  fact,  exactly  t!io 
same  as  in  determining  u  tempcraiure  by  means  of  the  air-thermometer  in  the  manner 
already  described  (pp.  19  and  20) :  for  it  ie  obrioaa  that  the  same  experiment  wfaidi, 
thr"  Cfi(  fTi,  itiit  .if  expansion  of  air  hein;r  kno%TO,  scrrcfl  to  drtermino  the  temperature  .tt 
which  the  air- thermometer  is  sealed,  would,  if  this  temperature  were  known,  serve  lor 
the  determination  cf  ^e  ooeffldent  of  expansion. 

The  Hi  cond  set  of  determinations  W'  ro  made  ly  a  nn  thod  only  slightly  different 
fcom  the  hrsti  tho  only  ettseutial  difRarence  in  tho  appanUus  being  that  the  tube  con- 
nected with  the  ai^reservoir  was  abont  40  eentimetree  (10  inches)  long,  and  that  a 
portion  of  it,  al)oiit  two  inches  long  and  separated  from  tho  air-reseryoir  by  about 
four  inches,  was  wide  enough  to  protluce  only  a  very  slight  capillary  depression 
in  a  column  of  mercury.  The  effect  of  this  modification  of  the  apparatus  was 
that  wiun,  after  being  heat4?d  to  100^  and  sealed  at  that  temperature,  the  instru- 
ment wn'«  plnc*>d  with  tho  tu^c  pointing  vertically  'lownwards  and  with  the  point 
dipping  iiito  mercury,  the  mtivury  rose  only  as  far  the  wide  ^>iirl  of  tho  tube,  on 
breaking  off  the  point,  and  did  not  reach  the  reservoir  at  alL  Hence  the  space  occu- 
pied by  tho  air  at  r.rro  difTen  d  from  that  which  it  had  occupied  at  100°,  only  by  tho 
capjicity  of  that  portion  of  the  tube  which  became  filled  with  mercury  on  opcuing 
the  point;  and  since  the  diameter  of  the  tnbe  was,  with  the  exception  of  tile  wider 
portion  already  m*  ntion»  d,  vrry  F-mall,  this  cnpneity  bore  a  small  proportion  to  thi'  total 
<»^iicity  of  the  instrument.  The  experiment  consisted  therefore  essentially  in  a  deter» 
minatioii  of  the  difibrenoe  at  the  elastie  ftorae  of  the  air  at  tha  two  temperatnML 
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In  the  third  and  foiirtii  sets  of  cxporimentB,  the  air-peierTOip  was  madf  fo  cnmmnii!- 
caie  mth  a  nuuioaMilflr,  whw^j  the  pmmmn  wpm  Ibm  MdsMd  air  coniU  U  vtmed  at 
will  and  aecTirat<-lT  measnreJ.  The  pressim s  m  i  re  so  regulated  that  tin  dtwm  enutd 
to  oeCT|y  accarately  tha  aamo  Tolnme  at  and  100°  an  1  the  aiffon-r^c*^  of  pr^^-sTiro 
nqfiM  ^PWB  dfl(cnun«d.  Tll*  apparatus  for  the  tkird  miitfti  of  expt  rimtints  was 
o^e^  with  some  improvementa  of  detail,  fyom  tbat  «ttplli7«d  liy  Rndberg  in  his 
■Moyt  aoaea.  The  apparatus  for  the  flitirth  series  was  the  P^mc  in  principlt ,  hnt  it» 
onliMCiMm  ma  such  that  the  pressure  upon  the  air  oouid  be  determined  with  still 
greater  accnraey  than  ms  possible  viUi  tlw  fNoeding  apparatt^s. 

In  the  fifth  set  of  PTp^rimcnts.  the  pirsjmrc  npoii  the  aur  riTuainod  ron.-sfaiit,  an<l  tho 
alterstioii  of  Tolttme  was  determined  by  weighing  the  quaatitv  of  meicnrv  which  fillad 
tlie  sp^ioe  into  vbtth  it  capaadBd. 

The  mean  resnlts  of  numeroTLs  pt^k  rimonts  raa^le  bj  eai?h  of  tlifso  prweesaes  were  as 
follows: — If  po  and  %  rcprestnt  n  sj  cofivcly  the  pressure  and  voUme  flf  titt  air  at  0^, 

Mdf%  and  f  1  its  pressure  and  Tolomo  at  100°,  tha  tatna  of  vaa— 

toe  fix9t  series  .  1  ."^fSfi^S 

t»      aeeoodaetka  1-36633 

H     thWaetwa  1-36679 

fourth  Kcriet  l  :j()G;'iO 

fifth  series  1*36706 

In  tlie  necond.  third,  and  fourth  series,  the  expanrlon  was  calralated  from  the  chanffo 
of  eUstie  force  undergone  by  the  same  Tolome  of  air  when  its  traweratore  changed 
brtwemO^aikd  100^;  in  the  experimcnta  made  by  tha  to*  Methcdjbotii  pwawue  imd 

Tokmp  chncpc-d  considerubW,  so  that  tlicy  gnrc  a  mixed  result.  From  the  considera- 
tion  of  all  the  expehzuenta  by  the  first  four  methods,  Kcgnault  adcmts  for  the  cAoflRcimt 
i-i^-^-niirfiiii*  ■•"'■■M*      1  degree  oentigrado  between  a  aud  luo% 


tm 


272^  ■  273 


This  result  agrees  precisely  with  that  obtained  by  Magnus. 

iwSil^  ^  ^""g"""—  ^  ^  TOdar  agwalaiif  jfniw i,  Eegnault  adopta  tha 

0  00367 

giTTO  by  the  experiments  of  the  fifth  merits. 

Similar  expenmenta  extended  to  other  gases  gare  the  mean  results  wwidad  in  Hit 
ftdlof«ii«  talil^  in  viuflh  an  alio  inah^ 


▼alnscfM  =  i  +  '^. 

tiana  of  gmt. 

CMfltant  preuure. 

Se(asirit> 

Hydrogen     .  . 

Air  .... 

Curbonic  oxide      .  . 
Caxfaonfa  anl^diidd 

Nitrous  oxido 
Sulphurous  anhydride  . 
Cyanogen      .       •  . 

1-3667 
1-8666 
1-3668 
1-8667 
1'8688 
1-3676 
l-38id 
1*8829 

1-3667 
1*8605 

1*-8601 

1-3856 

9  m 

1-3661 
1-8870 

1-3669 
1*8710 

1-3719 
1-3903 
1-3877 

Th'-  f'-rf iroinpr  results  are  all  dt  ilticed  from  exporimmts  in  whi*'h  the  pnsrn  npentr-d 
Q|iOii  were  subject  to  pressures  dififering  but  little  from  the  ordinary  pressure  of  tho 
ttmospjiera   In  anotiuff  inveat^^alion  (Op.  eU.  pp.  96~1S0)  Bcgnault  detemined  tha 
frit  ffici, Tits  of  f'xpansion  of  air  and  pomf*  other  gases  at  pri  asnrcH  coii'^idfralily  diftraat 
irom  that  of  the  atmosphere.   The  following  table  giTes  the  mean  results : 


•tf  Aa 


11 


of  expsnaion  of  sir  be 
a  Munifcis  wMA  is  taty 
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HEAT. 


ComUaU  Vaiume. 

Constant  tre$$ure. 

Dcnkltjr. 
(DM>»lty  of  air  at  (fi  and 
760  mm.  prettore  =  l  ■ ) 

fi.  /» 

H  « 

0-1444 

0  1037 
10000 
2-2084 
2-8213 
4-8100 

1-86483 

1-36672 
1-96660 
1-86760 

1-37091 

760 

2625 
2620 

1-86706 

1-36944 
1-36964 

Caaboxic  Axhydbids. 

Constant  Volume 

1                 Cmutamt  Preatmre, 

Dentitj. 
(Dtoxity  of  otfbonle 
•nhfdnda  nt  IP  and  780 

1  Preuure. 

1  SUB* 

1  0000 

MS79 

4'7S18 

1  ans.Ki 

1-36943 
1-37623 
l-88tf96 

760 
2620 

1-37099 
1-38466 

StrLPHCBOVS  AjmrnniTir. 

OnulMiAwmrv. 

Freuure. 

^1  =  1+15?. 
*•  » 

ProMure. 

760 
2646 

l-36fil3 
1-3661G 

760 
986 

1-3903 
1-3984 

Tbo  follovring  gcnernl  condnmoM  msy  be  dmws  ftom  theae  zwnlte: 

1°.  The  cociBcients  of  expansion  of  air,  hydrogen,  nitngn^  tad  oailMnio  <nd<^ 

between  0"*  and  100*^,  are  sensibly  equaL 

2^.  The  coefficiontfl  of  expansion  of  tho  condensable  gnaes,  carbonic  anhydride,  nitrons 
onde,  solpbtiroas  anhydria^?,  and  cyanogen,  aro  slightly  greater  than  tho  coefficient  of 
expansion  of  the  permanent  gases.  For  tho  condensaljlo  gases  also  the  coefficient  of 
ex}iunsion  (under  constant  pressure)  slightly  exceeds  the  ooefficicot  of  increase  of  ulas* 
ticity  (the  ga«  b<«ing  kept  at  constant  TohimAX  ft  diffuzviiett  irUdi  k  likewite  obsemd, 
though  in  a  less  drgroe,  in  the  case  of  nir. 

3  ^.  The  coefficient  for  hydrogen  is  not  influenced  by  a  change  of  pressure  frum  1  to  3 
atmospheres.  Tho  coefficients  for  «ir,  caiboiuo  anbydzida^  ami  suphiixoiia  anhgrdridft 
are  greater  at  high  densities  and  pressnreg  than  at  low  ones. 

Notwithj-itanding  the  differoncos  in  the  al>M>lute  values  of  the  cooffi(^i' nts  of  expansion 
of  air  at  different  densities,  and  of  air,  hydrogen,  and  carbonic  aBliy  lriil liegnanlt 
found  I'V  dir.-'"t  rxprn'mpnta  {Op.  cit.  pp.  171-190  )  I'lat  tlic  elastic  force  of  air,  of  any 
initial  pressure  at  0*^  between  400  mm.  wid  1300  mm.,  and  tho  elastic  force  of  hydrogen 
and  cammic  anhydridB  incMaaed  aoeocding  to  the  same  law  at  all  temperatures  between 
O*  and  350^0.  fte  nceprt=!-thf*rmomet^r<:  fill  d  with  air  nf  in  v  d.  iv-ity.  i  ir  with  hydrogen, 
or  carbonic  anhydride,  would  give  perfcetly  eiimilar  indications,  provided  that,  in  calcu- 
lating the  temp«!attirefl,  the  eoelBcient  proper  to  each  gas  were  employed.  The  eoeffi- 
cit-nt  of  pTpnTisinn  of  ?ii!phTtrmi«  iiiihydri'l.'  was  found  to  diminish,  relatively  to  that  of 
air,  in  proportion  as  the  temperature  rose,  being  0  0038261  at  98  12*^  of  tho  air-tlutr- 
moraeter,  and  0*0087893  at  8iO'8F. 

Heaoe  ee  a  genentl  oondaeieik:  AtAoai^  no  get  tfpeeci  to  IbUow  abioiuitiftha  lav 
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of  expansion  expressed  bj  the  equations  (a)  and  (b\  pajp©  45.  tJbo  permanent  gases 
iAnrtiiis  \amwo  elosely  that,  in  all  except  the  noat  itiliuKl  caloulations,  these  formula 
mnj  !k  t.^kcn  as  strietlj  aapikahlia  to  Vum,  tba  vaioe  of  «  beiii|[  iv  ^  •  munbac 
feij^Uj  «^uai  to  273. 

The  fE)Ikyviii9  tmam^qomemixt  thaaa  eqaaAmt  an  of  imfNoteiiea  In  t||» 
A^nzt?  of  Tuluiin-  and  ehistic  force  of  gases  oorrfspondin^j  to  ixlxdi  ohansi' s  of  tom- 
petatttie:  Let  0  be  the  Tolamfi  of  a  givesk  weight  of  gaa  at  0°  and  jp  ita  elastic  foroa 
it  Oa  MOM  tampetatore ;  *Iat  aira  }>,  ma  Toliiae  and  alaade  totem  of  mum 
foaotity  of  gas  at  any  othflV  tMnperafuro.  f°;  and  let  r,  and  be  the  volume  and 
elajitre  forsy  corrr^Kponding  to  any  thmJ  tc'inp©l5atlU»»  thiOf  tll6  Yohuso  li  l|f 

ex^ritMsed  lA  t«rmB  ui  tiie  tuIuuu-  at  U'^,  will  be  — 


^  a  +  ^, 
7,'  a 


ike  Toiiuue  At  0*^,  in  tenna  of  the  volame  at  t^^,  will  be— 

«  jp,  273  £^  I  2j  1 


1 

^  "    '        •  «7S  +  /,        *  J'sf  1  +  0  003666  <,  ' 
The  elaatic  foipce  at        in  terms  of  the  elastic  force  at  0°,  will  be — 

the  elastic  force;  at  0%  in  terms  of  the  elastic  force  at  t^°,  will  ba— 

ar  t%       273  ^         1  V.  1  

nd  tfaa  aiMtk  toe  at     iA  toema  cf  tlM  dMiie  iim  at  <,^^ 

V,       <7    +    Jf,  ff,        ^         i  '^t 

•  *'«     273  f  1  +  0  003665 

ia  Ycxy  important  to  baar  in  mind,  -with  wfrrenoe  to  aU  aalonlatMnia  of  tlua  Idnd, 

tliat  when  the  coefficirnt  of  expansion  of  the  permanenl  g.i^ea  is  8.^i<l  to  b<!  uriiform  nt 
all  temperaturee,  and  equal  to  it  is  not  meant  that  1  vol.  of  a  gas  at  any  tempesar 
tnre,  t.^.  becomes  1^  roL  at  w  teanpcraturo  (t+  1)** ;  but  that  1  roL  at  €9  bacomea 

1^         at  V*,  and  1  +        toL  nt     and  that  <»nseqmaxtljr  I  toI.  at  ^  beeomea 
Vou  UI,  B 
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The  ItTt^ihiritifis  in  tlie  expansion  of  the  more  condensable  gases,  particoUrly  sol* 
plimvius  anhydride^  which  are  brought  to  light  by  Regnault's  experiments,  are  met  iHtil 
to  a  greater  CV  lew  CKtMit  in  tlie  OMA  Ht  au  liquefijible  gases  or  vapours,  and  are  mor* 
Tnnrkrd  in  proportion  as  the  phases  are  examineJ  uenrrr  to  tlu-ir  pointM  of  liquefaction. 
The  lav  with  regard  to  the  ej^pantuon  of  vapoursi  appt^ors  lu  be,  Ihal  their  coefficients 
of  eipaiiaioii  «ee  ooundanbly  greater  tlum  ^  at  temperatures  near  to  the  boiling 
points  of  the  liquiils  from  whicn  they  an-  forni<.-d,  and  tfiut  they  continue  to  diminish 
as  the  t<>mp^ature  xisea^  so  a«  to  approach  more  and  more  closely  to  a  ooastAUt  value  of 
nearly  Ken«e^  enfloMiitly  high  temperatures,  all  TaMem  and  Kqpwltthto  gMW 
aoqnire  the  properti^  of  sensibly  perfect  gases.  The  lapioity  with  wluch  the  coeffi- 
cients of  expansion  of  diffrront  vapours  approach  their  limiting  values,  varies  oreutly. 
Some  vapours,  us  tliat  of  otii*  r.  have  a  nearly  uniform  ratij  of  cjtpansion  wiihm  twenty 
or  thirty  deggpee  of  the  boiling  point  of  the  liquid,  whereas  others  show  a  aeonbly 
diminishing  rate  of  expansion  throughout  a  mucli  wider  interval  of  temperature  :  for 
instance,  acetio  acid  through  upwards  of  120  degreeii,  and  «uIpUur- vapour  throogh 
400  degrees  sbov»  the  bothim;  point  of  Hulplmr.  litis  property  of  vapoon  is  of  grmt 
importance  in  relation  to  the  exp^-rimeiital  detennination  of  their  densities.  (For 
further  detuls»  see  Sfbgzfic  GaAvmr ;  also  ii.  811.)  The  fact  of  a  vapour  having 
zcaehed  a  teanperatnie  at  wlndli  its  rate  of  expansion  is  the  same  as  that  of  air,  is 
indieated  by  its  density,  compared  with  that  of  air  at  the  same  temperature  and  pres- 
sure, remaining  constant  for  any  f'lrther  rise  of  temperature :  thus  tha  daoaity  of  aoetio 
acid  vapour  (boiling  point        j  wa:s  found,  by  Oalionr.x,  to  be, 

at  125<>,     160°,     180<>.     200°     240^,     270°     310°,  336° 
-«S-180b    9*7a7t   9*488^  2-241^   2*090,   2-088,   2-080,  2'08S. 


That  la  to  ny,  it  eocpands  matt  vapidly  duui  air  up  to  about  340°,  Imt  aibofa  tliat 

teiii[^erature  its  expansion  is  very  nearly  the  same  as  that  of  air. 

lidafion  Ixtw^'n  the  Erpanftion  of  a  p'^rfivt  G<ts  and  tke  (^(mfit]f  (tf  fffUtt  ngUMTlf 
to ^rvdtwe  it. — Et^uation  (a)  (page  id)  may  be  written— 

pv  =>  m(l  +  at),  («) 

if  va  put  m  for  Jit,  ami  •  £«  ~ ooaffieient  of  aipaiiaioa.  Let  die  Tolnme,  %  bo 

expressed  in  cubic  metr«">f,  the  pressure,  p,  in  kilogrammes  per  squan.'  metre,  and  the 
temperature,  t,  in  defirees  of  the  centigrade  thermomrtOT.  Than,  aiace  m  is  a  constant, 
ita  vahis  ia  ind«p«Metit  of  tiia  variatiana  ot  and  t,  in  ovder  to  And  it,  wa 
may  make  any  suppositions  we  please  with  regard  to  thes<-  factors.  To  detenniiia  ita 
value,  let  p  be  the  normal  atmospherie  pressure  of  0*76  metre  referred  to  1  square 
jiielrt),  =  10,333  kil(^.,  let  v  be  one  cubic  metre,  and  let  i  be  0^  C.  Th&i  we  see  that 
MJiiMtbatliAataaoiiliarioiiiaaBanoiLlaqiuMXMt^  IC^SSf  kOoipr.  and  we 
hftTa^ 

ptf  ^  n(l  +  at)  (/) 

In      633  let  distances  measured  parallel  to  the  axis  of  abiK^i.^si^o,  OV,  zcproaent 
tolqniai^  and  diataaeaa  maagutad  paiaUd  to  tha  axia  of  orduiates,  OP,  repi«Motpna- 
Fiff»  58S.  sures.    Then,  since  the  condition  of  a  gas  is  de- 

*  fined  if />  and  »,  two  of  the  three  variable  quantities 

upon  which  it  depends,  ore  known,  that  condition 
may  be  repreaanted  by  the  position  of  a  point  rela- 
tively to  the  lines  OP  and  OV.  Let  the  point  A 
renreseut  the  initial  condition  .  v)  of  a  gaa :  wo 
wui  consider  the  quantitiaa  of  heat  irhiA  ttHafc  ba 
imparted  to,  or  witfulrawn  from,  the  gas,  in  order  to 
make  it  pass  through  the  series  of  conditions  repre- 
aanted by  tha  aidaa  of  tlia  laotang^e  ABBCA,  parallel 
to  or  and  OV. 

1.  Wlien  the  gas  pa9.«»es  from  the  state  A  to  the 
state  D,  its  ehuitic  force  incroases  while  its  volume, 
9,  ranaiaa  matterad;  to  produce  this  dianga,  ita 
tompi^T'  iture  mttst  be  raij-ed  from  i  f o  the  temperature 
which  is  given  by  the  equation  y  t>  =»  M{1  +  at^), 
▼"^  mA,  eom^ad  with  (/),  pa  -  Jf(l  +  «  0,  gives 
{p'  —  p)v  II a  {t ^  —  0.  TTencc.  pntfin)?  D  for  the  weight  of  a  cul>ic  metre  of  the  p-aa 
at  0*^,  and  C  for  its  specific  heat  when  kept  at  a  constant  volume,  we  hare  for  the 
^■aatitf  of  haat  which  nuwt  be  imparted  to  the  gas  to  produoa  the  cha^  lu  ^ut^tion, 
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but,  by  tt»  tiet  o^uation,  » t>^^^,  tlMMibve^ 

XZ  tt 

t-^««0>'-j»)  (*) 

S.  WImb  fliA  gM  pttMM  from  the  eonditkn  D  to  tiui  eonffitjon  B,  it  nmtba  unte 

»hp  ccnstant  pressnire  //,  but  its  volume  incrcas<»s  fk>m  r  to  v' :  its  temperaturr  must 
kiierafore  be  siiU  fturtktar  nusad  to  t\  whieh  ii»  girea  by  the  fi^iirala  p'  v'  ^  H{1  -t- 
thk,  MoiUMd  ^th  !>'  V  «  if  (1  -I-  a      g:iTe8  p  (t^  -  «)  -  ifaC^'  -  t,) ;  hflBm  Uw 
qoantitj  of  heat  re>qmre<l  will  be      =  JJc'  [t'  —  (.),  c'  di  noting  the  spvifio  heat  under 
WMtMrt^fgeasuro,  Fattiog  iots  C  —  ^,  it«  Talne  adduced  ttom  tbd  preTiont  o^iuUion, 

y,  =  ^  c>'      -  r)  (A) 


8.  In  passing  tt>jm  the  condition  B  to  the  condition  C.  the  gas  is  cool**d  vrithout 


D 
Ha 


4.  Lastly,  when  the  gus  passoit  £rom  the  otMkdttioQ  G  to  its  original  conditioii  At 
h  eoob  VBder  th*  Qotntaut  pressure  p,  and  its  temmntaM  again  Moomes  t  deflnra 

by  the  formuhi  pr  =  /f  (1  +  a  0,  whidi,  eomlaned  witli  p  v  —  7/(1  +  o  ^,,),  prm 
p(y  —  —  ijf  o (/,  —  The  quantity  of  Ij.  at  to  be  withdrawn,  to  cause  the  tem> 
pfMtaM  to  ftB  fromf^to   wiO  be  q\  =3         -     which,  hj  snbatltntioi^  beeoncf^ 

f't-^«'j'(V-t»)  ii) 

The  gener:il  n^sult  is  that,  during  the  passage  of  the  gas  from  the  state  A  to  fit*  ptoto 
a  ^nautitj  d  heat  is  expended  vhidi  (bj  g  and  A)  is  wpreaaated  l^'— 

«-f  ♦f. -^^••<''"'>*'^^^''**^^'  .  •  .  •  (0 

and  toal»  dmii«  tiM  satom  cf  tli*  gai  tai  fbe  «xidilioB  B  to  tte  Madttkn  A,  « 
VBOtilj  of  bMt  ii  etolwd,  vliidi  (bj  i  and  A)  ii  eqiMMd  lij^ 

^  -     +  j/  -  ^    t/*  (j)'  -  p)  +  cX»'  -  V)]  (m) 

GoBse^venUj,  there  is  an  ultimate  expenditure  of  a  ^uautitj  of  heat  equal  to— 

a  quanti^  which  is  necessarily  positive,  so  long  a»  p'  —p  aad  V  nv  poritiro  (that 
is,  so  hmg  aa  any  actual  increase  of  prawnre  and  volume  takes  place),  being  propor> 
tional  to  the  product  of  tii«M  tmo  qwuititii^  and  ia  rgpgaasnted  fcgr  ^  ini^  of  tb* 

rveUfigl*;  ADBCA. 

B|f  lmeu)g  in  tlia  mim  wiqr  Aa  heat  expended  aad  inrdlfad  ia  the  cycle  at  ahiMii 

represented  l>y  tho  paRsng«»  of  the  point  A  aWmt  thf  same  rrctiin-j'l.'  but  in  the  oppOluO 
direction,  ACBDA,  it  would  be  found  tha^  as  a  iinal  result,  u  quantity  of  heat  —  Q 
would  bo  mdmd  hj  the  proeeaa  lastoad  of  sspondsd.  Henoe  we  see  that  the  qma^ 
of  heat  necessary  to  change  the  condition  of  a  gas  from  A  (p  .  v)  to  B  (p' .  i'*).  depends 
not  onljr  on  the  nature  of  the  conditions  A  and  ii,  but  also  on  the  manner  in  which  the 
paaai^  flooi  OM  to  tho  oUur  talm  pflaoa. 

If  B  approaches  indefinitely  n«  ar  to  A,  the  qiiantity  of  heat,  Q  —  Q",  expended  or 
avohed  aa  tibajMint  A  passes  round  the  rectangular  circuit  approaches  indefinitel/  to 
thstidBtO.  lliBtiB,inoidertocanMag8st«paaaft«ntiio<oiiditioBAto1l^^ 
lion  B,  infinitely  near  to  it,  the  same  infinitely  small  quantity  of  hr  it  1 1 1  i  ^t  Imj  expended 
whether  the  passage  is  in  the  dircetion  AJDB,  the  direction  ACB,ur  that  of  the  diameter 
€f  the  rectangle,  AB.  Hence,  au  ekmont,  AB,  of  auy  curve  may  be  replaced  by  its  two 
fnjrirtionB  I) A  and  DB  parallel  to  the  axes,  and  changes  of  condition  represented  hf 
cuTTo-lines  may  b  '  con'^ifb^r'^il  a«  made  up  ot  rectangular  elements  parallel  to  these 
ax<^  io  that  the  result  denveU  irwrn  the  consideration  of  the  reetangulur  circuit  ADBCA 
may  be  CEXtMided  to  a  closed  circuit  of  any  form  whatever.  (B  o  u  r  g  e  t,  A  nn .  Ch.  Phys. 
[3]  IvL  267  ;  also  Daguin's  T  .'*7r  rle  Vh/sfiquc,  2nd  ed.  ii.  512.-See  further  the  MOtiail 
of  thia  article :  &elation»  of  Heat  to  Mechanical  Energy.) 

to  laiPWOgtoatwMMtaiaBeflfthawibtiflMqwtwo 

M  2 
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ianA  to  IwhrMB  the  pruewue,  volme^  and  tempento*  <if  a  ««.  Hm 
eoneeqaence  referred  to  will  bo  most  easily  deduced  ieom  the  above  equatioiis  (A)  and  {k), 
which  show  that,  when  a  gas  expands  from  the  volume  v  to  the  fOlllBe  t^,  under  tM 
constant  pressure  ^,  a  quantity  of  heat  is  absorbed  equal  to 

£  -  ^ -  «'). 

and  that  whf^n  the  gas  contracts  from  the  volume  t'  to  the  volume  v,  under  the  same 
pressore,  an  e^ual  quantity  of  hea(  is  evolved.  It  is  plain,  however,  from  the  above 
•qplaoa^  duit  if  p,  the  piuwiue  vpon  the  gas,  is  nothing,  the  qnuitity  of  heat»  needed 
to  eMMO  the  gas  to  expand  will  nlra  be  nothing.  This  condition  is  actually  fulfilled 
vhen,  &iflfcead  of  having  to  force  up  a  piston  or  overcome  the  pressure  of  the  atmosphore 
in  its  expansion,  a  gas  is  aUowed  to  expand  into  a  Taenons  space ;  and  it  has  been 
experimentally  proved  by  Joule  that  the  expnnsion  of  a  pis,  under  these  ciivunisfcances, 
is  not  attended  with  expenditure  or  absorption  of  beat.  He  immersed  two  copj^er 
vessels  in  water,  and  remored  the  air  from  one  and  comprewed  an  additional  quantity 
of  air  into  the  other,  until  the  pressure  amounted  to  22  atmospheres :  on  opening  a 
communication  between  the  two,  air  rushed  from  the  latter  vessel  into  the  exhausted 
one  until  the  pre.s«ure  in  both  was  11  atmospheres.  *  Nevertheleas,  the  water  by  which 
thej  were  hurrounded  indicated  no  alteration  of  temperature. 

ea^annon, 

pv^J{a  +  i), 

that>  if  the  tempentme,  4  of  a  gas  were  reduced  until  it  became  ■>  —an-.  273,  the 
gas  would  cease  to  have  any  gaseous  ela.sticity — the  product  of  elastic  force  into  volume 
would  be  ■«  0.  The  tempemture  -  27 S*^  C.  is  therefore  called  the  absolute  zero  of 
temperature,  and  temperatures  redoooed ftom  it  are  called  absolute  temperatures. 
These  are  obnously  obtaint  d  in  any  cnse  ]ty  adding  273  to  the  number  of  degrcs  1>y 
which  a  temperature  is  expres.sed  on  the  centigrade  scale ;  und  by  employing  thcni  iu 
the  eaqweeaum  of  the  lanve  regulating  the  relations  between  tcmperatoie  and  other 
properties,  the  resulting  exprer^sions  are  often  much  simph  r  thiin  tliose  required  when 
temperatures  are  expressed  according  to  any  ordinary  thermometric  scale.  Thus,  for 
instance,  by  using  r.  f  <f  S7S)  to  dnote  the  absolnte  temperature  corresponding  to  the 
centigrade  temperature  t,  we  have  for  the  fundamrntal  formulie  (a)  MM  (6)  (pege  4d) 
relating  to  pressure^  Toliune,  and  temperature,  the  expressions 

•      e      •      •      .    • 

and  eotreaponding  wmpliffertioiBa  will  be  ftwad  to  lerak  in  BiaDjr  oditf  eaacB* 

&Ep«iialon  of  Idqnlda. — ^The  relation  between  the  volume  of  a  given  w«g^  of 
liquid  and  its  temperature  follows  no  simple  general  law,  such  as  llmt  whidi,  as  wo 
have  seen,  applies,  at  least  approximately,  in  the  case  of  gases.  Ua  the  other  hand, 
not  only  has  almost  every  liqua  A  coefficient  of  e^aaaiOB  difibrent  from  that  of  aaf 
othr  r,  but  the  coefiBoent  of  too  aaoM  ligiiid  Tarica  to  aa  important  eaiteiit  nith  ehaogea 
of  temperature. 

In  oonscqneaea  of  the  onaD  extent  to  whidi  the  tolvme  of  liquid  anbataneea  is 

influenced  by  extrrn;i]  ]ire«<sure  (Et.asticitv,  ii.  370^  it  may,  in  all  orilinar)-  cases,  be 
considered  as  a  function  of  their  temperature  alone,  instead  of  as  a  function  of  tem- 
peratore  and  pfessnie  eombined,  as  with  gaees.  It  leaults  ahm  ficom  the  eoherion  of 
liquids,  which  causes  flimi  nlwriys  to  have  a  definite  limiting  surface,  that  their  volumrs 
can  be  determined  byobservations  of  a  more  direct  kind  than  those  which  can  be  made 
on  gaseooa  bodiea.  Henee,  an  obriooa  meUiod  of  determining  tike  expansion  of  a  liqind, 
is  to  olwerva  how  many  divisions  of  a  vessel  graduated  into  parts  of  equal  capacity,  are 
filled  by  the  aane  weight  of  it  at  variotu  temperatures.  Such  a  method,  however, 
would  only  be  exaet  if  the  capadtv  of  die  containing  vessel  were  knowiif  not  merely  at 
aome  one  temperature,  but  at  eaen  temperature  at  which  an  observation  of  the  liquid 
was  made.  Tims,  it  would  l>e  inaccurate  to  conclude  that  the  expansion  of  a  liquid 
between  0°  and  100°  amounted  to  1  per  cent.,  because  the  same  qiuintity  which  filled 
100  divisions  at  the  fbrmn*  temperature  occupied  101  divisions  at  the  laMar ;  ibr  it  is 
impoasible  to  raise  the  temperature  of  a  liquid,  without  at  the  same  time  raising  the 
temperature,  and  so  altering  the  capacity,  of  tiie  vessel  in  which  it  is  contained.  It  is 
therefore  necessary  to  distinguish  beCween  the  apprnmU  mxptadoa  of  liquids,  or  that 
which  would  result  from  observations  made  in  the  manner  that  has  been  described, 
without  taking  account  of  the  changes  of  capacity  of  the  containing  vessel,  and  their 
rml  or  ab»olmU  ezpansioQ,  which  ia  ^e  a])parent  expulsion  uurwieted  fat  the  rinml- 
taaeous  ex{i.insin!i  of  the  vessel.  Of  course,  in  measuring  the  changes  of  volume  of 
gaaeons  bodiesi  the  expansion  of  the  oontaining  veasel  xeqaires  to  be  aimilarly  takcQ 
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into  account,  bat  in  this  ami  it  ia  of  much  lem  relative  conseqnoa^  lhan  it  is  in  the 
«aae  of  liqnida :  Unu^  feat  example,  the  apparent  expansion  ottStih»  gfua  tomoI  wtmld 

only  diff"  r  from  its  real  oipanbion  about  m  the  proportiou  of  140  :  141 ;  whrrenH,  in  flio 
mercuiy,  the  difference  iroald  anumnt  to  one  aeTenth  of  tlie  total  efiect  to  be 


Eilafim  fxiuyfen  ihe  Ahmlute  and  Apparrnt  Expan*i<>n  of  Liqvids. — From  wliat  haM 
b«n  •limdj  aaid,  it  will  be  erideot  thttt  the  apparent  e»panaiop  of  a  liquid  is  equal  to 
iti  flaalirta  wxptrndem  §ot  1h»  mbm  Intwval  off  tenpflnnnn  ^jmhriihed  by  the  coi'i'e- 
BfKmding  expan«ion  of  the  containing  Teasel.  That  is,  if  A  be  the  coefficient  of  absolute 
expansion  of  a  liquid,  and  8  ita  coefficient  of  apparent  expansion,  the  relation  between 
these  two  Quantities  will  be  the  following: — Let  Vhe  the  rolume  of  the  liquid,  and 
eonsequently  of  that  povtioil  cf  tho  vessel  which  it  fills,  at  0^ ;  and  let  V"  be  tljr  oap;i- 
city,  ettimated  ai  09,  of  ao  much  of  tho  vossol  n«i  it  fSlIs  wlien  its  temperature  has  been 
raised  1®.  Then  the  real  Tolume  of  tlie  liijuid  at  the  latter  temperature  will  be 
F(l  +  A),  and  the  real  volume  of  the  portion  of  the  ressel  occupied  by  it  will  bo 
F'il  +  k)  (patting  k  for  th»  «o«ffieiaiit  of  eahiai  ncg$mim  ot  th6%iaterial  of  th* 
TesBel) :  hence  we  ^are— 

r(n.,)-r(i  +  AX 

or  7"  —  V     A  -  « 

!  of  v«ln«  of  dw  liquid,  te  ft  BM  of  tcitpmtaM  of 


1   -i-  K' 

biit  n "  ?  an3  «  are  always  small  fractiotis,  we  may  disrcganl  tli«  ir  product,  8  k,  and  put 
A  n  S  4-  K :  thj^  ia»  the  cofffietent  qf  absolute  ac^anstvn  of  a  Itqutd  is  equiU  io  Us  &t^^ 
tieni  of  appmrmi  tmjmmim  im  u  vtmel  of  any  maUriel,  togetlm  «fifl  iks  wffiemU  ^ 

tuhiral  txpansu/n  of  thr  inati  rial  (f  v  hich  tJte  v^fsil  ig  madf  . 

By  fu  the  moet  accurate  method  of  measoxiiig  the  cajpadty  oi  a  Teasel,  and  of  fiadtug 
llw  idatifv  TihicB  of  dMriom  -wiAA.  nay  bo  raaAA  upon  fc^  io  to  detemnne  llio 

weight  of  mercury  which  fills  it  up  to  the  zero  point  of  the  scale,  and  also  the  weight 
whioh  corrc^poni  to  the  interral  between  any  two  diTimona.  But  since  both  the 
capaeity  of  the  reaeel  and  the  specific  gravity  of  mercury  rary  with  variations  of  tern- 
twrrat^rti  tiie  different  weights  efsMNBiy  which  fill  the  vessel  at  different  temperatures 
no  not  at  once  enable  its  relative  capafities  at  tht  so  teniin  raturcs  to  1h-  cahnilatrd  ;  for 
thia  it  is  necesaai^  that  the  abaolute  expansion  wf  mtsrcury  shuuid  be  previously  known. 
Hmi^  IIm  rinehl»  eiqwiiioB  of  mmmj  (which,  on  account  of  ito  inalterability  and 
its  property  of  not  wetting  gla<««.  is  better  adapted  for  mf  aj«urinp:  purposes  than  any 
Other  iMjuid;  ia  a  necessary  preliminary  datum  for  the  det«-nnination  of  the  absolute 
imiOTidfln  of  fiqwida  in  genenL 

Ddenninaiion  of  the  Absolute  Kjpanfi'i  ))  rf  iV(rr('?^r7/.— "Enongh  has  already  boon 
aaid  to  make  it  evident  that,  in  order  to  obtain  a  trustworthy  determination  of  this 
eooetant,  some  wetbod  must  be  devised  wbope  nmilf  a  are  wholly  uuafifeeted  by  ehaa^ 
in  the  capacity  of  the  vesf^rl  in  whifli  tho  nicrcur)'  is  contained.  A  Katisfactory  solution 
of  this  apparently  very  difficult  problem  was  first  given  by  I>ulong  and  Petit  (Ann. 
Ch.  Pbya.  [21  viL  124  (1817);  Daguin's  Traitk  de  Physique,  2nd  ed.  ii.  187 ;  see  abN> 
Baf^asvlt;  itdation  eUs  Experiences,  ^v  .,  pp.  277-280.  Paris,  1847  l  Their  method 
conwipited  in  meaimTintif  the  heights  of  columns  of  mercury  at  difft  rent  temju-rattire*!, 
whicii  produtx'd  equilibrium  with  another  column  of  the  same  liquid  of  coui»taiil  height, 
and  kept  always  at  0*^. 

If  h  denotes  the  helfjht  of  tho  column  at  0°,  d  the  density  of  mercury  at  this  snme 
temperature.  A'  the  height  of  the  column  at  t°,  which  produces  equilibrium  with  the 
fait»  aad  tP  tiw  denifty  of  iwiiHity  it  the  tMqwtatMca  i,  w  lutva-  ■ 

A'  d 
*  T  . 

HepntentSag  w  od  1^  liia.folnmti  of  Uia  mbm  v«el>^  of  iMMuy  at  0^  tftd  at  <^ 
we  get— 

^«     and  eoweqpMiitiijr  ^  * 

behPMB  <P  aad    fa  flMMlora^ 

—       4'  —  Jl  , 
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and  its  determination  requires  only  that  the  difference  of  height  of  the  two  colnmna, 
and  the  absolute  height  of  the  column  at  zero,  should  be  accurately  measured. 

The  apparatus  employed  by  Dulong  and  Petit  for  the  purpose  of  putting  this  method 
into  practice  is  represented  in^.  634.  It  consisted  of  a  kind  of  inrertcd  glass  syphon, 
thf>  two  vertical  branches  of  which  (A  and  13)  were  al>out  0'56  metre  lonp,  ana  com- 
municated bolow  by  a  horizontal  tube  of  very  small  diameter.  The  branch  A  was 
surrounded  by  a  cylinder  of  tinned  iron  which  was  kept  full  of  ice ;  the  other  branch,  6, 
occupied  the  middle  of  a  cylindrical  copper  vessel  fillea  with  oil  and  built  into  a  furnace. 


Fig.  534. 


(In  the  figure,  the  front  wall  of  the  furnace,  as  well  as  a  part  of  the  cylinders  surround- 
ing each  branch  of  the  syphon,  is  represented  as  having  been  removed.)  ThfOl^nun- 
tity  of  mercury  in  the  apparatus  was  so  adjusted  that  the  meniscus  in  the  tube  B 
was  a  little  above  the  cover  of  the  oil-bath,  and  the  difference  in  the  height  of  the  two 
columns  was  measured  by  a  cathetometer  (an  instrument  devised  by  Dulong  and  Petit, 
and  first  used  in  this  investigation).  The  temperature  of  the  oil-bath  was  indicated 
by  an  air-thermometer  and  a  mercurial  weight-thermometer  (^p.  18, 19),  the  reservoirs 
of  which  were  of  the  same  len^h  as  the  mercury-column  in  the  tube  B,  and  were 
placed  near  to  and  parallel  with  it. 

The  following  table  gives  the  general  results  of  a  great  number  of  determinations 
made  with  this  apparatus : 


AlmtluU  Expamion  of  Mercury  (Dulong  and  Petit). 


Teinpeniturri  by  the 
atr-thrrmoineier. 

MeAn  coefficient  of  Rxpandon  counted  from  0". 

Vfaxitnuin 
valiief. 

Minimum 
Taluea. 

Mean ' 
TaJuet. 

lOO®  c. 

•   •   •   nVj  •  • 

1  _ 

•   •  me 

000018018 

200°  . 

1 

1  _ 

•00018433 

300O  . 

1 

I3¥5  • 

•     •    •    Ijfei    •  • 

•    •  WOT 

•00018868 

Notwithstanding  the  great  approach  to  accuracy  which  was  undoubtedly  made  in 
these  experiments,  the  results  were  still  affected  by  sources  of  error  which,  in  the 
determination  of  a  physical  constant  of  such  primary  importance  as  the  one  in  question, 
cannot  be  considered  as  immaterial.  The  chief  of  these  are:  the  uncertainty  of  the 
determinations  of  the  temperature  of  the  heated  column,  arising  (1)  from  the  employ- 
ment of  the  old  (and  inaccurate)  coefficient  for  the  expansion  of  air,  namely  0  00375, 

• 
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in  Te<!ucinj2  tlio  indioatlons  of  the  alr-thermomof or ;  (2)  tlio  coolinp;  effect  of 
«steraai  sir  upon  the  portion  of  the  heated  eolomn  which  ros«  above  the  cover  of  the 
oilpbath;  (3)  tiMfrairt  of  imifonmty  ia  tlw  temperature  ct  the  dl-bath  at  diffen^nt 
depths ;  and  the  comparative  shortness  of  the  two  mercury-columns,  whereby  a  very 
small  i^bflolute  error  in  the  measnremcntof  k  mik'tomm  to  have  ft  luondinililtt  iflbet 

In  orvler  to  oT)tAiu  rf>«ti!t.s  vfhkh  sliouM  ho,  as  far  ns  possible,  fn-o  from  the  errors 
thus  a£udx>&  Eegnault  iHeiatiou  df»  Eix-pertmce*,  ^c,  w.  271-828.  Parii^  1847)  repeiUwd 


B  acudx}^  E^nault  (Mdatum  de%  EjtperiencUt  ^c,  pp. ! 
tlie  drteramwtum  of  tiio  alMnlirte  expansion  «f  rue^ 
cury,  n  method  similar  in  principle  to  that  of 
Dulong  and  Petit,  but  somewhat  oifFerent  in  execation. 
Tho  arrangement  of  his  apparatus  will  bo  intelHgiblf' 
from  Jia.  635.  AB  and  CD  are  two  iioii  tubes,  i  > 
metr^i  lung  and  10  mm.  in  internal  diameter  (in  the 
figuro  tho  diameter  i.s  greatly  exiicgerated  in  pro- 
frortion  to  the  k*rt|rth),  conaoetod  above  by  tho  ho- 
rizontal iron  tube  AC,  of  2*6  mm.  (<»'l  inch)  jnt  n:!  il 
diameter,  and  respectively  e(»mnnnicating  below  with 
tho  boRMmtal  tnbM  BE  and  DF,  Ekowise  of  2-6  mm. 
dianu-t,-r.  whioh  in  thoir  turn  carry  tho  vprtical  rIus-s 
tubes  £0  and  ¥0.  The  apparatus  having  been 
•d|}ttrted  00  tb«t  tiiotahai  aB  and  OB  am  soEactly 
vertical,  ami  "  ^  tubes  AC,  BE,  and  DF  exactly 
horizontal^  mercury-  is  poured  into  it  through  one 
of  th«  short  tubes,  open  at  both  ends,  by  whidi  botii 
AB  and  CD  are  surmounted,  and  in  proportion  as 
the  liquid  ri*?cs  in  the  glass  tubr-s  EG  and  FG,  sir  is 
compressed  into  a  copper  receivto:  commimicating 
with  them  tiia  Imuo  pipe  G,  so  as  to  keep  the 
level  of  the  mermry  near  tne  bottom  of  tho  g\:v--< 
tubes.  Tho  addition  of  mercury  in  coutinued  uniil 
it  begins  to  rtin  out  at  a  hole,  0,  bored  in  tlio  iipfKr 
aide  (  f  the  tul»e  AC,  The  vertical  tube  AB  is  phiced 
in  the  centre  of  an  oil-bath;  CD  i»  suxxounded  by  a  constant  current  of  cold  water.  • 

Om  htatiiig  tbeiobe  AB,  the  density  of  tho  vufteury  oontainod  in  It  wrao  of  oooiao 
dlmiiiished,  and  consequently  e^uiUbrinm  of  preMstiro  in  tho  ttibos  EG  and  FG  could 
only  bo  maintained  by  the  siakuig  of  the  merourv-columA  in  the  foimer.  The  daatie 
ftveaof  Ute  eompwiood  air  in  tho  rserfrer  wtm  thcfdbM  balaiMfd— on  thooiio  liand, 
hy  tlie  pressure  of  the  heated  column  of  mercuiy  of  the  height  AT,.  -  //,  diminij-hed  l  y 
that  of  the  column  in  £,  e  A ;  on  the  other  hand,  bv  the  pressun^  of  the  cold  column 
CD,  =  H',  diminished  by  that  of  the  column  in  F,  «  A'.  The  temperatuio  of  the  oohnmi 
AB  was  indicated  by  an  a£P»tiNmometer,  that  of  CI)  by  three  mercurial  thermometers 
in  the  water- vpwel  which  surrounded  it,  and  that  of  the  mercury  in  E  and  F  by  a 
thermometer  placed  between  them  as  shown  in  the  figure.  Wlien  the  DtceBniuy  cor- 
inelioBf  for  the  difforouec.s  of  tenqMMtare  of  the  Wfttal  BMKWOT-colinBlli  had  bMB 
agpliad,  the  tomk  tat  the  absolute  e^pannon  bemma  ■' 

^  ii^rv — 

But  since  the  required  corrections  involved  the  knowledge  of  the  veiy  coefficient  sought 
the  calculation  could  only  be  made  hy  the  method  oi  saooeesive  approximaticms:  that 
is,  Dulong  and  Fetit's  coefficient  was  first  asemaed  in  order  to  (mlculate  an  approximate 
re^lt ;  then  the  number  obtained  was  tabititBted  Ibr  tho  eld  eoofflcion^  and  SO  a 
still  more  accurate  result  m-uh  arrived  at. 

In  another  asnoB  of  experiments,  the  tubes  AB  and  CD  wera  oonnected  at  the  bottom 
by  a  cpntinnons  horizontal  tube,  and  the  tube  AC  was  cut  across,  vertical  gla.'^.s  tul)e» 
being  iuiw.'i'ted  into  the  two  halves,  wherein  the  different  heights  utiaiueJ  by  the  mer- 
cuiy-columns  could  be  observed.  la  this  state^  Hie  appiyntaa  ma  UBNty  a  modified 
form  of  that  I  rnj  lr-yed  by  Dulon^  and  }'<  ^if. 

The  reenlttf  ultiJuatelT  amved  at  are  given  in  the  following  table,  the  temperatures 
in  tliefaat  ooimnn  viwmA  are  tiiooo  monrow»d  by  the  atHAownomotm, 

The  numbor«  in  the  last  column  of  tliis  table  repref^ent  tho  amount.s  by  which  a  unit 
Tohime  of  mercury  ei^ands  for  a  rise  of  temperature  of  one  degree  centigrade  at  variou.^ 
tflmpivattiiea  betveen  and  Thus,  100.000.000  caUe  mOliBMtno  of  UMtcury, 
~  at  0",  9mm  mt9n»996  anfak  MilliaBtnn  at  V*i  100.000,000  onfck  nim- 
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Absolute  £rpaiMMm  ((f  Mereurjf  (Bq^nlt). 


Temperature  =  /. 

Volume  at  1**. 

0iean  co^nicieni  <>i  ox  pan- 
iiMi  iMtwMB  lad 

A  rUv  CV^IiJ  (I'll'   ^-^  V   C  &|IMtl* 

•ion  at  t^. 

W 

1" 000000 

m  WWW 

0*00000000 

0*00017905 

10 

1-001792 

0  0001792.5 

0*000179.00 

20 

1*003590 

0*00017961 

0*000 1 800 1 

90 

1 '000808 

0*00017076 

0*00018061 

■10 

1  007201 

O-dOd  1  SMfV> 

0  00018102 

50 

1  0090 13 

000016027 

0*00018152 

60 

10 10831 

0*00018052 

0*00018208 

70 

101 20.00 

O'OO01R078 

0-00018253 

80 

r0l4482 

00(10 18102 

000018304 

90 

1*016315 

000018128 

0*00018364 

100 

1*018108 

0*00018168 

0*0001 8406# 

110 

1*019996 

0*00018178 

0-00018456 

120 

1*021844 

0  00018203 

0-00018505 

180 

1'028697 

0*00016228 

O-OOO18006 

140 

1*025000 

0-00018254 

0*00018606 

150 

1*027410 

000018279 

0-00018657 

160 

1*029287 

0000 18304 

0*00018707 

170 

1031160 

J000018329 

00001R75S 

180 

1*033039 

0-0001 H355 

0'*MH)1KS08 

190 

1*034922 

0000 18380 

OOUOlSSoO 

200 

1*086811 

0*00018400 

000018909 

210 

1*038704 

0-00018430 

000018959 

220 

1*040603 

0  00018456 

000019010 

280 

1*042506 

0*00018481 

0*00010061 

240 

1*044410 

0000 18506 

fi  f" -019111 

250 

1  *046329 

000018631 

000019161 

260 

r04«247 

000018657 

0*00019212 

270 

1  0601 71 

0*00018682 

0  00019262 

280 

00001 8607 

0-0001P313 

300 

1*054034 

00OO18632 

0  00019363 

800 

1-050978 

0-00018658 

0*00019418 

dio 

1  057917 

0  00018683 

0  00019464 

320 

1-0O9866 

000018708 

0-00019010 

330 

1  06 1820 

0*00018733 

0*00019560 

840 

1*06;577S 

0*00018758 

0-00019010 

850 

1  065743 

0  00018784 

0 00019000 

metres,  measured  at  300",  1>«  cnme  100,019,413  cubic  raUliinetree  At  801**.  Aeoordingly, 
the  true  copfficient  of  (xpnisioii  in<  i-easesaatheterapMBtareriBes.  11  i  In'rd  column 
contains  the  (jtiotu  Tits  oLtainfd  by  dividing  the  difference  bpUviMi  J  lie  volume  (  F,)  of 
mercuiy  at  end  iho  Tolume  of  the  same  weight  at  0°  (F,  "  1>  by  the  number  of 
degrees  of  tempentvre  (=  t),  that  ia  to  nsf,  tb«  mean  «oeffieiant  cf  v^muaan. 

between  0°  and  iP,        ^ .   Between  0°  and  100°,  the  netti  ooefllcimito  TMy  ao  litdd 

t 

.that  the  real  expansion  of  mercuij,  and  much  more  therefore  its  sm»Uler  apparent 
caqpanakm  in  f^am,  may  be  tdcen  as  proportional  to  the  temperature  meanured  by  tlia 
air-thermomorer.  A  eiiriful  coiuparis.in  of  an  jiir-tli<'rmom<-trr  nnd  a  mprrnrial  ther- 
mometer, upon  which  the  points  0*^  and  100'^  had  been  determined  under  the  same 
dzcimateiiMa,  and  which  thereUm  neceaaarfly  agraad  at  theae  temperatures,  tliowad 
the  f^Oama^  differences  betwaen  the  indicatioiia  of  the  two  Snatnimenta: 
Temperatures  by  wr-thennnmetcr — 

-  36«    0°    +  100^    129-9*'    148-7°    197  0°    245®    292*7°    350°  i 
Temperatures  by  mercurial  thermometer — 

-  36°   0°    +  100°   130°     150®     aOO*»     256^   800®     800".  , 
9m  tUa  taUe  it  vcaolta  that  if      Teal  mtpanrfon  of  mercui^  be  taken  aa  the 

moastiro  of  t> mprrature,  tta  cowaiponding  tamptntiMa  of  the  air-  and  mneaial 
therniomottTs  will  lie— 

•In  Ro(?n.-\iill'i  original  paprr,  tin- true  rorlTK  i^nt  of  rxpamion  at  1(X>°  U  given,  ilnubtlcss  in  roiM«- 
qucnc*-  of  «  mitprint,  ni  0  (H>0ls.?0f>,  niul  tho  »atni-  luinilK-r  it  repraiwt  in  various    tlKi  jl  u?*  ■  e.g. 

UmdvSrtOTb.  d«r  Cbcml*,  Sod  ed.  U.  Cl]>  M7i  vtide  jMtfeteMVi  alw  Oaauia'i  Trmti  dt  tkftipMt 
If.  ltl>  Btftoi  IMl. 
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0*    60*    100»    Iter*  200O  9M>  3M«s 


0»    49-6«>  100«     ISO^  202-8»  8^-2^  SOfi't*  m-S^. 

By  n  i^.  rii's  of  oliservations  of  tho  heights  of  t\To  men.*nri;il  barotnotoi^.  \>n>j  of  wliirh 
vas  k^t  at  a  temucTature  qmt  0°  C,  while  the  othcx  was  heated  to  a  higher  tempera' 
tvM^  Militt«»  (Pogff.  Ann.  Iboc  obtaiiwd  fn  tli«  mean  eoelBci«n(  cf  ■molnte 
of  BiHcannMtWMii  0^  Hid  IWP,  the  uttmbar 


«H)001740S  4  OiNNXWOM  -  (l  ±  jL). 

which  (lifForsi  considerably  from  Kegnaolt's  result,  aud  is  }>r-jlMbly  lof-s  amirato. 

Aj/purtut  Expa^isiun  of  Mtrcury^  and  determination  of  tin:  Cubical  liJc^aHsioH  of 
Olmt$  vessels. — oy  help  of  the  foregoing  table  of  the  al isolate  expaatioB  of  meKmjf 
the  cubii^sil  <  x{itins-ton  of  glass  v^si-Im  mny  be  determitK-tl.  For  this  pnrpofK*  thp  neck  of 
the  vessel  i»  diawn  out  to  a  capillary  point ;  it  is  filled  with  mercurj,  care  being  taken 
to  CTclnde  all  moislnn  ornir ;  ezpMed  tuasessiirel^  to  the  teinperaUiw  0^  «nd  100*^,  and 
weighed  with  the  quantity  of  mncKUf  whidi  lllb  it  at  Mdi  Of  th«M  UmptnJtmg,  I«at 

tho  weight  of  thp  empty  glass  vessel  be  « tp, 

the  weight  of  the  vessel  mled  with  mercury  al  0°       .       .       .       .       —  W, 
the  weight  of  the  vossal  flllsd  with  morally  ot  100*^   .  »  H^', 

Iff  A  I'v  t!;e  Absolute  expnnfsion  of  noionij,  and  m  tho  cnbifiol  aspftttdonof  gfauM 
between     and  lUO** ;  then  wo  have 

'WlM^n  once  the  cubical  expansion  of  a  gluo  fosscl  is  known,  the  absohite  ^lyiMiAw 
of  any  liquid  can  Ijc  dcthiod,  in  thf*  riiannor  iiln  ady  exp!nin«'d  (p.  63),  from  its 
aj^MMBt  expansion  as  observed  in  this  vessel,  lience  a  problem  of  frequent  oceur> 
nneo  if  to  cbtennnw  tfas  csponaian  of  the  gloM  otmremiA  iliaped  liko  «  tomuMMter, 
and  provided  witli  a  divided  stem,  for  whit-h  thi  r*  lativo  capacities  r.f  the  bulb  and  of 
divisMO  of  the  stem  li^ve  been  provioual;^'  determined.  In  nich  a  casa,  it  ia  only 
neeeosMiy  to  fill  the  ap|  irutw  to  tomo  pm-ainilai'  point  of  the  aeale  widi  wdl-bofled 
mereury,  and  to  observe  the  apparent  volumes  of  thr  nu  nniry,  v  and  v,  at  0°  and  100°, 
expressed  in  divisions  of  the  scale :  the  expansion  of  the  glass  can  then  be  calculated. 
Fur  (p.  53)  the  apparent  volume  of  the  mercury  at  100°  is  equal  to  its  volxuue  at  0^ 
~  bj  the  asDmiat  oTite  nhwdttte  oi^uirion  betvoen  0<>  and  100« 


»'  (1  +  «)  -  t?  (1  +  A),  or  If  =  ^,  (1  .  A)  -  1. 

The  r^ppnrmt  rxpansipn  of  mcrcntr}'  in  gla>«  varies  with  the  kind  of  glass  i  mj  I'-ycd. 
bat  may  be  taken  on  an  average  —  0  0001645  tor  each  d«;gree  oentigrade.  This  value 
mmj  be  wd,  t>r  inetaiioe,  wHooitt  heiitatioii  ta  ealenkting  the  eoireeted  length  of  the 
p<jrfioii  of  th>  thrt-ad  of  riion:tiry  in  a  thermometer  which  is  not  exposf  1  to  the  tem- 
peratare  that  is  to  b«  measured.  (See  below,  Iktermnaiion  oJhoiJiing  Puin  ts. )  Between 
0^  and  IMP  the  apparent  Toifaino  <f  wmeeexj  ia  |^aM  iaatemm  ia  tho  proportioa  of 
1 :  1-01545,  while  the  real  volome  iacmaMt  in  llie  pioportMm  of  1 :  1*01816;  lieaoa  tho 
calneol  esjaanon  of  g^oM  is 

1*01646 


AvotiMr  iiae  is  Miieh  the  abioliite  oipamnoB  of  auwanr  nqviica  to  bo  taken  into 

agniHIHtt  ii  in  reducing  barometric  observations  to  0°  C.    (Baboubteb,  i.  512,  613.) 

Rrp/Tfl,w77  nf  nfffT  T.iqvid^.—Th.<i  absolute  expansion  of  any  liquid  can  now  be 
asc«;rt«iijfd  by  £Ilmg  with  it  a  small  glass  bottle,  wbost  eubical  expansion  has  been 
pteVMMuly  ascertain^  in  the  manner  already  described,  and  weighing  the  bottle  with 
the  quantify  of  liijuid  which  fillin  it  at  diflr.  rt  iif  l*  inperaturos.  But  a  more  rtpid 
method,  and  ther«ji"ore  one  more  trt'ipuntly  adnpti  d,  m  lo  observe  the  apparent  cxpau- 
■OBOf  tho  liquid  in  a  diMomtktf  an  instrument  shaped  just  like  a  common  mercurial- 
thf^rmotnotrr,  and  then  to  correct  thcjje  observations  for  the  prfviou'.ly  kno^vn  t  uliical 
ntTHineiftn  of  the  glaso.  In  this  way  veiy  numerous  determinatioos  have  been  made  by 
Itidore  Pi  err  o  (Ann.  Oh.  Fhys.  [3]  sr.  8M;  six.  198;  xx.  0;  xxL  880;  mi.  118; 
xxxiii.  199)  and  by  Ilermann  Kojip  (Pogp:.  Ann.  Ixxii.  1  and  223;  Ann.  f'h.  Pharm. 
xdv.  257  ;  xcv.  307  ;  xcrL  163  and  303  i  a  19).  Tho  principal  reeolta  of  thoeo  iuree' 
t^Licios  are  gives ' 
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Jixpantum  of  Water,  (Kopp.) 


Ttmpmtm*. 

Voliinip. 
(Volume  U  (P  =  1.) 

Densitv. 
(Density  M     =  1.) 

Voliinip. 
(Volume  at     =:  1.) 

Dniiity. 
(Deantjr  at  4°  s  1.) 

<fi 

1  00000 

1-000000 

1*00012 

0-999877 

1 

0-99995 

1-000058 

1-00007 

0-999930 

2 

0-99991 

1  000092 

1-00008 

0-999969 

3 

0-90989 

1-000115 

1-00001 

0-999992 

4 

0-99988 

1-000123 

1-00000 

1-000000 

0-99988 

1000117 

1-00001 

0-999994 

« 

0-90900 

1*000097 

1-00003 

0-999973 

7 

0-09094 

1-000062 

1-00006 

0999939 

8 

0-98999 

1-000014 

100011 

0-999890 

9 

1-00006 

0-999962 

1-OOOlT 

0-999829 

10 

100012 

0-999876 

1-00025 

0-999753 

n 

1-00021 

0-999785 

1-00034 

0-999664 

12 

1-00031 

0-999686 

1-00044 

0  999662 

13 

1-00043 

0-999572 

l-OOOoo 

0  999419 

14 

1-00056 

0-999445 

1-00008 

0  999322 

15 

I«00070 

0-999306 

1-00082 

0-999183 

1« 

1*00086 

0*909166 

1*00097 

0-999032 

17 

100101 

n-99S992 

1-00113 

0-998869 

18 

1-00118 

0-998817 

1*00131 

0-998695 

19 

1-00137 

0-998681 

1-00149 

0-998609 

20 

1  00 157 

0-998435 

1-00169 

0-998312 

21 

1-00178 

0-998228 

1-00190 

0*998104 

22 

1  00200 

0-998010 

1-00212 

0-997886 

» 

100223 

0-997780 

1-00235 

0-997657 

24 

11)0247 

0-997541 

1-00259 

0-997419 

26 

1-00271 

0-997293 

1-00284 

0-997170 

26 

1-00296 

0*997086 

1*00810 

0*996912 

27 

100319 

0-99G7R7 

1-00337 

28 

1  00347 

0-996489 

1-00365 

0-996367 

29 

1  00376 

0-996202 

1-00898 

0*996082 

30 

1  00 106 

0*996008 

1-00428 

0*096787 

r?5 

1-00670 

40 

1-00753 

46 

1*00964 

50 

1-01177 

55 

1*01410 

60 

1-01669 

C>5 

1-01930 

l-02'>'25 

i-u2.:»-ii 

80 

1-02858 

85 

1  03 189 

90 

1-03540 

1-0S900 

• 

100 

^  1-04299 

The  aumben  in  the  second  column  of  the  above  table,  compared  with  that  represent- 
iagdMtvliiMOf  tiM  MBwqfniititjQl  -waierat  0^,  giT«  the  IdlowaBg  fear  int^rpola- 


"Bi  twt  PTi  0°  and  25°  C. 

1 

-  0-UUU0(>1046  t  +  0  0000077 183     —  0*00000003734  t*. 

Between  2iP  and  5u<^. 

r- 

1 

»  0  000066416  (  -f  0*0000077685  ^  -  0*000000086408  ^. 

Bofcpewt  60^  and  76^. 

r« 

1 

-0-00006916I  +0*0000081849^4-0-0000000078848^. 

BetwMik  76^  and  100^. 

1 

-  0  00008646  t  +  0*0000081892  ^  4-  0  0000000034487 

It  will  be  spcn  that,  bctweon  (P  and  a  t^^mpcrfttnre  of  aT)ont  +  4°,  water  presont5»  the 
ezoeedingly  rare  phenomenon  of  a  substance  which  contracts  when  heated  and  expwnda 
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when  cooled,  eo  that  at  about  4°  it  is  more  denso  thun  at  any  other  temperatore. 
Aaeoeding  to  tlM  tat  of  the  above  formolie,  the  eiaet  tenip*^ratiire  at  which  wbIcv 
pofscssos  its  maximiiin  density  wouU  be  4*08°.  The  results  of  other  expenmontcrg 
indicate  in  general  very  nearly  the  mme  temperature  for  this  pt^t.  For  example, 
WOkMm  txad  H  •»  4-1°  Despreta  at  4^  PUyfair  and  Joule  at  t<9i^,  Htgen  at  8*87^ 
PrBakenh.  im  at  3  86^  Piacker  and  Geissler  at  3  8^  (nearly),  C.  v.  Nonmann  at  3-68<*. 
Ahhongb  the  meltizig  point  of  ice  (0'^  C.)  is  alao  the  point  at  vhich  water  froiaoi  under 
etdlBttj  I'liiitiiMiiiiniw,  H  may  by  special  preeinlioM  1m  Moled  nmA  lower  willMal 
btooming  s<:)lid  (p.  7i).  It  is  then  found  tnat  the  eapansion  whicli  takes  place  vrhen 
water  is  cooled  4^  to  0^,  continties  as  the  temperature  sinks  below  the  latter  tem- 
peiaiuiiii,  This  is  shown  in  the  following  table  by  Despretz  (Diiguia'a  TVai^  de  Phy^ 
sique,  iL  205.  Farii^  IMiX  whieh  giTcs  the  volumes  and  densities  of  water  for  each 
degree  from  —  9**  to  +  4",  compared  \vith  its  volumn  and  density  at  4°  as  unity.  The 
complete  tabl%  which  extends  from  -  9°  to  100°,  agrees  in  general  \&rj  clui»aly  with 
tiMft  lintAf  ^wn  KOfp ;  it  is  therefore  not  necessary  to  reproduce  w  iMrs  mtiMt 
til*  ptflMi  gmo  tOMiipOMdi  to  tiM  kit  two  oolnuw  oC  ILopp^a  toUe. 


Tcnpcra- 
totwti 

DsmMm. 

-90 

0-998871 

1     -  20 

1  000^077 

0-999692 

-8 

1-001S784 

<H»98628 

-  1 

1-0002188 

0-999786 

-  7 

1-0011354 

0998866 

0 

1-0001 269 

0-999873 

-6 

10009184 

0-999082 

+  I 

1-0000730 

0-999927 

1HKMM87 

s 

1-0000881 

0-M9988 

1-0005619 

0-999487 

3 

1  0000083 

0-999999 

*S 

10004222 

0-99e677 

4 

1-0000000 

Fv«ali«iili«!iii  flalintlMr.  fib.  Ctadi,  n.  a     18M,  61)  wIcnUtad  Ima  PSamTa 

oWrv-ations  the  following  empirical  formnlsB,  to  iU[|a.aii  tba  YObona  Of  vaiNt  att  1^, 
compared  with  its  Tolnma  at  0°  taken  as  unity : 

Between  -  13^  and  0°. 

1  -  0-00009417  t  +  0  000001449  C  -  0  0000006986 

It  is  not  neceamy  to  give  the  other  six  similar  formuls  which  he  calculated  for  other 
intervals  of  temperature  up  to  +  98^,  nor  to  rej^roduee  any  j^6it  of  the  table  which  he 
calculated  bj  meauB  o£  fhaaa,  aacoept  tfia  ibUovug  nmnbarB  stimdag  to  tampcntmea 

below  0^: 

Tempcraturea   — lfi»  — 10*  — 6*  0* 

Yobiiiiat  .  1*0087884      1*0016861      r0006818  11MX>0000. 

Tables  of  the  expiirsion  of  water  Iwtween  0°  and  100°  have  also  been  con.«tnicfed  liy 
Hagen  (see  Jahxesb^.  iib.  Chemie,  u. s.  w^  1866,  60),  Kremers  {ibid,  1861, 62),  and 
othns. 

Kopp^s  table  Anther  diowB  that  water  expands  more  and  more  rapidly  as  the  tam- 

p^ratare  n«es.  This  property  likewipe  is  found  to  remain  the  snmc  when,  by  iocreainng 
the  pressure  upon  it,  water  \»  kept  liquid  at  tenij  eratures  above  lOO**.  ThoA,  for 
cnBiple,  )iy  obserring  undt  r  the  microscope  the  apparent  expansion  of  water  m  thcr* 
mnmetcr-tubea,  Sorby  (Pliil.  M;ig.  [4j  xviii.  81)  obtaini-d  results  from  wludk  Im 
calculated  the  following  formula  for  ittt  expausiou  bctwe*  u  0°  and  200^: 

r-  0-9977  +  0-000123  t  +  0  00000330 

lAUk  ■ccoii'^^doid^^th^ft^  ^tj^  ba'caleobtad  tat  dia  aaaia  iatttral  al 

r=  0-997696  +  OOOOllOl  t  +  0-00000343  f. 

Mendel ejeff  also  (Zeitschr.  Cheni.  rhami.  isri,  33;  Ann.  Ch.  Fharm.  ens*  1) 
inTestigated  the  expulsion  of  water  abore  lOO'^  wit  h  the  following  results 


Demitiei. 
(Daidtj  of  water  at  A^rr  1.) 

Volumes. 
( Volttme  of  water  at  0°  =  1 0 

Volnnn««  catriilatcd  bjr 
Koftp't  formula. 

99-8«» 

0-96903 

1-0426 

10129 

131-0 

0-93079 

1-0722 

10716 

168'8 

0*80770 

M018 

1-1014 
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Tho  prcsenco  of  t«lioe  substances  in  sedation  in  water  rendors  its  rate  of  ezpaaMon 
mors  vnifenn,  both  below  and  atMyn*  100^.    [For  dotcnDtnalioBB  of  <lw  rate  of  expan- 

f^i'iii  of  aijueoua  solutions,  .sc*>  Kreiii(.'r.s  (Pogg.  Ann.  r.  r594  ;  J;ihri'i«lnT.  iib.  Chemie, 
u.  ^.  w.,  1857  [1]  44:  chlorides  of  potassionw  sodium,  iitjuum,  and  bahum. — Further, 
Fu^.  Ann.  ct.  360 ;  Jafareeber.  ISoB,  41 :  di^nid^  of  calcium,  cadmium,  strontium, 
zinc,  magsenum ;  bromides  of  potassium,  sodium,  lithium,  barium,  strontium. — ^FtellMr, 
Pogg.  Atitt.  rviii.  115;  .Tnhrrsbfr.  1859,  48:  Imjmidrs  of  .strontium,  calcium,  mapne- 
sium,  sine,  cadmium i  iodides  uf  pulassiuiu  and  sodium;  hydrochloric  acid. — Furtht;r, 
Pogg.  Ana.  exL  60;  Jahnaber.  WSO,  46:  iodides  of  lithium,  barium,  htmntium,  cal- 
cium, mBt»n*'?nnm,  zinc,  cadmium.  -Furtli.  r  P'MTfr.  Ann.  exlv.  41 ;  Jahrt  sl>or.  1861,  60: 
nitrates  and  sulphates  of  puta&i»ium,  iKKlium,  lithium;  aqufoosi  nitric  and  suiphuric 
adds),  O-erlfteh  (Jahnsber.  1859,  42-48:  cUoiidea  of  potaarium,  sodium,  liUiiiiim 
ammonium,  mapnesinm,  calcium,  barium,  nhmiinium ;  Kulphatf'.s  of  potassium  nnd 
sodium;  carbonates  of  potastium  and  sodium ;  tartaric  acid,  citric  add,  caiits-bugar), 
aad  Sorb  J  (loc,  nU,  t  dMoridw  of  poCMrinni  slid  eodiiiiii,  avlpliflita  of  sodium).] 

Thf  t<'nip<  r;iture  of  maximum  dmsity  of  aqucuii.s  (solutions  {i<  \  <\^r^:  i\\fix\  tlyit  of  pur>' 
water.  In  &ct,  with  solutions  of  many  substancesi  this  temperaturo  lies  lower  than  tho 
cfdiiMKv  HtMiiiigHpoSiit  of  tlw  MlntiMi,  ladii  general  (is  wiiH  n  tlin  ftewfni);  xiniiil) 
lower  tta  laigy  the  pwpoitigi  qf  wJiao  airtteg  coiUiiiwd  in  the  toltttMii. 


FoinU  o/MueiiMm  Dmii^  wd  Qm^tOioH  ^Jfutonu  SohOioM,  ^efprett.) 


flMllrtMDM, 

WdghtersBtetsoea 
Id  MIMSfMtsef  water. 

TaBfMi 

Mveof  nuxi- 

Fkeeeit  pelt  <f  tfa« 
solattea  wmm  dwiwa. 

Sea-water 

«  ■ 

37<* 

-  1-880 

CUorido  of  sodium 

12  3 

1-2 

-  0-8 

2  1  -9 

1-7 

—  1-4 

«t             «»     •  • 

370 

4-75 

-  21 

»»               »»     •  • 

74-1 

IGO 

-  4-3 

Ohlacide  of  filfiBiii 

6-2 

3-2 

>  0*9 

M               II      •  • 

12-3 

+ 

205 

—  o« 

•                 H     •  • 

24  7 

0*06 

-  1-0 

•1          »»    •  • 

87-0 

S'4 

-  8*0 

»i           »i    •  • 

74- 1 

10-4 

-  5-3 

Sulphate  of  potunom  . 

6-2 

2-9 

-  01 

M                        H     •  • 

1*9 

-0*8 

n                M   •  • 

84*7 

0*1 

~  0*65 

n                 It  •  • 

870 

2-8 

-  21 

»t                »»    ■  • 

741 

8^ 

-  41 

Bu^digto  of  iodiiiBi 

6-2 

+ 

2-6 

~  0-2 

It          II    •  • 

12-3 

+ 

M5 

-  0-4 

It          II    •  • 

24'7 

15 

-  0-7 

»•          »»    •  • 

370 

4-3 

-  1-8 

Carbonate  of  potassium . 

370 

3-95 

-  3  2 

II  •! 

74  1 

12-4 

-  2-25 

Oaibonato  of  eodiiim 

S71 

7-0 

-2  8tf 

741 

17-3 

-  2*8 

Sulphate  of  copper  . 

580 

0-6 

-1'8 

Potash  .... 

87*4 

-  2*1 

»»•••• 

74  1 

-4-8 

Alcohol 

741 

♦ 

8-8 

-  2*8 

Sulphuric  acid  • 

12-3 

+ 

0-6 

-  0-4 

?»«»•• 

24-7 

1-9 

-  11 

II                  M                  •  • 

370 

6-0 

-  1-3 

In  the  tables  which  follow,  Kopp  has  collected  together  tho  results  of  his  own  and 
Pu  rre'.s  d(  ti  nninatlon^i  of  tin-  expansion  of  nearly  ninety  other  liquids,  chiefly  organic. 
In  each  table,  ihtj  several  substancea  are  armngcd  in  the  order  of  iht-ir  boiling-points, 
b«>ginning  with  the  lowest.  Except  whore  the  contranr  is  stated,  the  Toltmo  €c  Mtfh 
liquid  at  0<*  0.  is  taken  «•  tho  naiti  with  whkh  iti  nmm  a(  InglMr  Xmperatiiw  ii 
compared. 

l!»blo  A  (Ann.  Ch.  Fbarm.  c.  21)  gires  the  eiqpaiiiioii  of  mtm  tthiagenoM  com- 
povndi  ftmn  the  delennuMitione  of  Kopp  and  Ficm. 
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TMb  B  {ihii.  xe?i  163)  give*  thtt  immwioii  of  ftntj^two  liqnUi,  eoirtritting  no 
olher  elements  than  carbon,  hydrogen,  and  oxygon,  iioc<jrtling  to  tho  exporimentri  i.f 
H*  Kagp'. — ^Table  0  (Md.  xcri.  804)  gives  the  expuuion  of  tliirtj*eight  oompouDdd 
<wiitiimiig  nlphiir,  iodine^  Imntse^  and  ddoraM^  Meoifiiig  to  Uw  wcgttdmta^  ot 
Xopp  ana  fianm. 


Kopp. 

PiKBRE. 

Kopp. 

•c 

Cysoide  of 
methjrl 
(acetoDU 
Uile). 

Nitrate  of 

,  etliyl. 

Sulf>hoer- 

;in.'ico  lit 
methvl. 

1  c>a«|}& 

Oil  of 
mustard. 

1 

Cjranldc  of 
phenj  t 

(bmxotti- 
Uitei. 

mm 

yifrobcn- 

•c. 

A 
w 

10 

20 
80 

10000 
10122 

102oO 

1  10000 

I  10117 
10244 

10098 
10200 
10306 

10000 
10107 

10210 

10000 
10083 
10167 

10000 
10093 
10186 

10000 
10084 

10168 

0 

10 

20 
80 

40 
60 
60 
TO 

10523 

10669 
10i>2i 

10517 

10661 
10810 

1 1/  -1  1  U 

looai 

10(3o3 
10781 

10434 
10546 
1066U 
10777 

10342 
10433 
10525 

XUOIV 

10373 

10467 
10662 

10340 
10128 
10618 

40 
50 
60 
70 

on 
ov 

90 

100 
110 

11161 

1U16 
11S70 

iUvvV 

11042 
11178 
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1 1853 
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12218 
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IVom  the  inspeetioQ  of  these  tables  it  will  be  stteu  that,  ua  a  general,  though  not 
wHvnnl,  nd«,  moM  mibiteaeei  expand  noit  rapidly  at  ordinary  temperaturt  s  v\  bote 
'boiling- points  are  lowest;  that  isomoric  compoiuKl-j  having  tho  name  boiling-point, 
«^>and  at  the  same  or  neidj  the  same  rate  («.  format«  uf  ethjl  and  acetate  of 
nethjrl,  C*H*0';  propionato  ct  and  bntjmito  of  laethyl,  0>IPO*;  bntrnte  of 
etljyl  and  valerate  of  methyl,  C*ir'0-) ;  that  the  rate  of  expansion  of  each  liquid 
increases  as  the  temperature  rises.  This  last  fact  becomes  still  more  apparent  oti 
eompunng  the  coefficients  of  expansion  at  different  temperatures  (for  a  table  of  the  trn» 
and  mean  coefficients  of  expaitnoii  of  the  liquids  examined  by  Pierre,  see  Oineliu'K 
Han^b.j<>k,  i.  226),  and  a  eoimev.ueneo  of  if  is  that,  when  the  volumes  of  different  UquiUa 
are  eoinpared  at  the  same  number  of  degreeti  below  tJieir  several  boiling-points,  tho 
votamftof  etdt  liquid  at  its  boiUa^^poiiit  being  taken  as  unity,  the  alterations  curre- 
ffponding  to  eqnai  intervals  of  temperature  are  found  to  be  often  much  more  unilbrm 
tlian  when  the  comparison  is  made  (as  in  the  tabka  which  foiluw )  for  tho  ssjne  absolute 
temperatnree.  (Tablee  of  Pierre's  results,  calculated  for  equal  dirtaiMt  ftOtt  tin 
boiHng-pH.nnts,  arc  given  in  Gmelin's  IlaiuVHtvk,  i.  227-230.) 

Otwerrations  of  the  enNUision  of  liquids  by  the  methods  already  described  are 
Hniledl  to  teBperatune  beW  flw  oidiiuiy  lioiling-points,  but  by  spedal  methods  cudk 
ohservafiuns  ean  be  extended  to  higher  teniperaturef",  and  it  is  then  foniid  thnt  tho 
ificreasiiig  rate  of  expansion  contiaoee  up  to  the  highest  poiati  at  which  determinations 
can  ba  mid^  m  tibot^  under  mdi  «iteaBiita&ce8,  liquai  nay  ej^aad  aa  rapidly  ta 
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EXPANSION  OF  SOUDS, 


07 


gases,  or  ercD  more  rapidly,  for  eqoal  increments  of  temperature.  Determinations  of 
tbm  «pan«on  of  water  :t\  n\c  100°,  hy  MendeUyefF,  have  already  been  pivpn  (p.  69); 

■*^'-t^i\\n-j  t;i^)l.'  fp.  G(j)  I'l'iit.iina  the  re^nlts  of  the  observations  of  Drion  (Ann. 


the  pr#»--iviiii;j  Tjirn,'  (  p, 
Ch.  PLys.  [3]  Iri.  5),  Audreeff  (ibid.  Ivi.  ol7),  and  Meudclujeff  {lot.  cit.)  on 
Mwne  other  liquids  at  tempoRttares  aim  tlx  ir  usual  boiling  points.  To  serve  ns  a 
F*an<Iar<I  «jf  oorapariwn,  the  expansion  of  air  ia  given  in  the  lu8t  column  of  the  table. 

Bxpaaslon  of  Soild«. — In  speaking  of  the  expansion  of  solid  bodies,  it  is  needful 
to  distinguish  betweea  Unmr  expansion,  or  the  increase  in  length  of  a  linoar  unit ; 
mp^JunoJ  eaqtaasion,  or  tbo  increase  in  the  area  of  ft  unit  of  '•urfa  and  cubical 
expansion,  nr  the  increase  in  bulk  of  ;i  unit  of  volume.  If  a  solid  body,  whose  1<  i  L'ih 
ia  A  lioi-«r  units,  expands,  when  hcafcd  from  0°  C.  to  I'',  so  as  to  measurw  A  +  a  .it  iLo 
b^^er  tampfiraturo,  a  portion  of  its  surface  cont^iining  A*  superfldal  units  at  the  lower 
t'^mp^^rHture  will  become  (A  +  ay  when  expan'T*  il,  and,  at  the  same  time,  the  voiame  jP 
xriil  become  (A  -t-  a)".    We  haye  therefore  {'>r  tho  increase  in  length,  or 

linear  ezpaosion,        A     a   —A   =  a;  (or  the 
•Bpevftd*!  o^annon,  (A+  a)*  —  A*  mm  %da  *  a* ;  for  the 
aaoktl  eoEpftssioD,     {4  ^     "  ^  'I*        *  ^* 

Bnt  since  n  h  .always  a  vory  small  frnctioTi  of  J,  is  also  a  very  BTnall  fraction 
of  a ;  hence  the  second  and  third  tcrmii  of  thone  expressions  may  be  omitted.  A  ccord- 
ingly, the  ex|manaai  of  A  Unear  units  may  be  ttlkm  as  a,  the  espansion  of  if'  supeHicial 

noibs  as  2.^(;,  ami  tlic  <  xpaiision  of ciiMoal  units  as  SA'^a.  T\i-'  r,:,JJ;,-i,,,f.<  -it' linear, 
mparficial,  and  cubioil  expansion,  or  the  ezpansicMi  of  one  vadt  of  each  kind,  vill 

a     2Aa      ^  a       ,  ZA*a      „  a 


that  19  to  say,  the  coefficient  of  iopeiEfldal  o^ansion  is  twice  as  greal^  and  tiie  McA- 
e&ect  of  cubical  expansion  three  time.*  as  crrprsf  as  the  coefficient  of  linear  expansion. 

When  a  hollow  vessel  ia  heiUed,  its  ca]jj.t.iLy  increases  to  exactly  the  same  extent  aa 
It-woold  do  if  filled  tba  subtitance  of  which  its  si  Us  are  composed;  thatui»*ita 
expansion  is  the  same  as  the  cuTiiral  expansion  of  :\  solid  nia«s  of  the  ^nmp  mfttprial 
atui  dimensions.  If  k  be  the  coefficient  of  cubical  expansion  of  anv  kind  ot  glass  lor 
a  fiM  of  tempetaton  of  1^  0^  a  veesel  made  of  this  glass  and  bavuig  the  capacity 
nt  0°  would  have  at  P  V:.c-  capni  ity  T',  =-  J',  fl  4  «  f).  SiiTiilar  considerations  are 
ai)|>licable  in  the  ease  of  a  glass  vessel  which  is  divided  into  parts  of  eqaal  capaeity  by 
a  scale  etched  upon  the  side,  when  the  space  comprised  between  two  cooseeatiTe  divi- 
sions  at  0^  is  tuTcpn  flu-  unit  of  cajiacify.  The  apj  arrnt  volnnir  T' ,  read  off  at 
would  t!i«  n  rorrt'^pond  to  thr  rt  al  vofnme  +  k  f  )  n't"(  rn d  to  tlif  unit  .tfloptod. 

Deter).: Did! i'/Ufi  of  Linmr  Kxi>an«ion. — The  linear  t^xprtHHion  law*  b^eii  measured  for 
tiw  ^at<-r  numl  or  c  f  sucli  substaacss  as  Can  be  oA>taaiied  in  the  form  of  rods  or  1>ars 
of  considerable  len^^th.  I'dr  thf  purpose  of  such  mr^iPurpTnont".  on**  ♦^nd  of  flu;  bar 
is  fixed  immovablv,  and  its  k-ogtU  is  measured,  by  riaauh  ul'  ijiicronu  iric  apparatus 
attad!isd  to  the  other  end,  at  two  known  tempf-ratures,  such  as  0°  and  100°  C,  which 
ran  be  Tiiainta)ii.  <l  r-nns-tant  MifTicit  ntly  long  to  makr  if  certain  iliat  they  havo  lu  .  ii 
attained  by  the  bar  throughout  its  whole  maas.  The  luUowing  table  ot  linear  expansions 
bstirssn  flP  and  100^  0.  u  fnm  Vn*»  JHcHonart/  of  ChemUtrfft  sd.  18$6,  pp.  271i 
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Zinc,  hammered  out  ^  indl  p«  ftol  ,   Smeaton    .       .       ,  ,  TOOSOIIOO 

Qiaw,  &oin  0*  to  100°     .      .      .   Duioiig  and  Petit  .  1 00086 130  yJU 

„    ftoBil00*to200<>.  .        „  „         .  .  100091827 

„    from  2000  to  30a«>.      .      .        „  .  .  1«0001«1114  gll. 

The  last  two  iimmnimmiinta  hy  an  aiz4hflnBC0Mtab 

Messrs.  Calvert,  Johnson,  and  Lowe  have  (^'  tonnincd  fh«>  linonr  expansion  of  a  oon- 
nderabie  number  of  metals  and  alloys  by  a  moditication  uf  the  method  above  deecrib^di 
teliw  detdaof  idiieh  m  m»l  leteto  th» original  paper  published  ia  the  Meehaniaf 

The  following  are  thft  linear  fipanaiona  of  aiini^  utala  befeWMn  9ft  and  lOO**  0. 

thus  determined: — 

Cadmiom  (pure)   000332 

Lead  (pure)   0*00301 

Tin  (pure)   0-00278 

Aluminitim  (commercial)  0*00222 

Zinc,  forged  (pure)  ODOISO 

Silver  (pure)    0  001 99 

Gold  (pure)   0  00138 

Kamvth  (pure)   <HM18S 

Wrought  m»   0  00119 

Cast  iron       .       .       .    "   0  00112 

Steel  (soft)   O  OOIOS 

Antimony  (pOBa)   0  00098 

~        (cKwrnmroM)   000068 


Fr- Til  the  preceding  table  it  will  bo  prm  that  the  coefficients  of  expansion  of  the  metals 
vary  with  thetr  physical  condition,  being  different  for  the  same  metal  according  as  it  has 
been  cart,  hammered  and  rolled,  hainened,  or  annealed.  As  a  generul  rule,  those 
operations  which  increase  the  denaily,  ajqpear  also  to  increase  the  rate  of  expansMM  \lf 
heat.  But  ev^-n  fnr  Piibstanres  in  apparently  the  same  condition,  different  observers 
have  found  verj*  une<^ual  amounts  of  expansion ;  thia  may  aiW,  in  the  case  of  com- 
pQttnd  substances,  such  as  glass,  brass,  or  steel,  from  a  want  of  uniformity  in  chemical 
comp'^  f-itir  n,  and  in  simple  bodies  from  nlight  difft^rences  of  physical  state.  Hence,  in  all 
cases  where  great  aceuracr  is  xeqnired  in  the  determination  of  the  linear  expansion,  as  in 
ndi  employed  for  penduBm  obamailona,  or  Ibrthe  mtiaaaif  mit  of  llw  hiiiiit  Kiwa  of 
turvey.*,  it  is  imjK>s8ihle  to  rely  upon  the  results  of  pivnous  determinatioiM  of  tlM 
ejqMUDsion  of  the  material  in  question ;  but  the  linear  expansion  of  each  iadiiMiMl  lod 
nrast  be  determined  by  a  special  experiment:  thSa  wfta donei,  ibr  fnrtanee^  Borda, 
with  each  of  the  fomt  platinum  measuring  rods  (each  two  toises,  or  twelve  French  feet 
l<  ni5  >.  which  were  employcil  in  tlin  iimamiTainiiint  ftf  thn  am  nf  m**'**^!*!*^  frrwn  which  the 
leuj'th  of  the  metre  was  deduced. 

Oopper  rods  Ptia  laid  npoa  the  platinum  rods,  and  both  were  firmly  fixed  together 
at  one  end;  the  copper  r»>d8  carried  a  divided  s^cale  at  the  other  end,  which  indicated 
directly  the  twen^- thousandth  part  of  their  length,  while  by  means  of  a  vernier 
Hacliw!  to  the  eonemmiding  end  of  the  filatinnm  rodo,  tentha  of  thtoe  dinakDOSk  or 
•A-Tixxi  the  onc-hundreath  part  of  a  French  line,  could  1x3  read  off.  In  this  wav,  the 
difference  in  the  expanmon  of  two  rods  of  the  same  length  but  different  materials  can 
bo  determined  with  great  aocnsaoyt  and  if  the  ooeAeient  of  ezpanaion  fi>r  the  material 
of  one  rod  is  known,  the  coefficient  of  that  of  the  othi  i  i  m  1  ,  i  lU  ulat*  il. 

If  both  rods  have  the  same  length,  />,  at  0**,  and  at  une  has  the  l(>ngth  L'  —  L 
(1  +  «/),  the  other  the  length  L"=^  L{\  +  at),  we  have  L  —  L" »  Lt(a  —  a).  But 
U—  L"  is  the  observed  difference  of  length  at  the  temperature  and  hence  if  cia 
hiown,  o'  is  rasily  calculated.  In  this  waj»  Doloi^  and  Petit  dedofed  tha  linaav  as- 
panaipn  of  copper  from  that  of  platinum. 

Bt «  tim  othar  band,  the  expansion  of  tho  material  of  two  loda  thns  united  it 

Inown,  and  can  bo  talct  n  a«  prr  jiorfional.  within  certain  limits  of  temperature,  to  the 
indications  of  the  mercurial  thermometer,  the  combination  of  the  two  rods  may  be 
efflplo>'e«I  as  a  metaHie  timmouolsr.  The  uiearoremenf  of  tempera  lures  in  thta  way 

If  specially  valuable  in  the  ease  of  stnu  1  n  1  meOHXires  of  length,  which  can  thns  1»o 
niacfe  to  iji']i<'nti»  their  own  temperature.  If,  for  instance,  the  two  rods  have  the  same 
length  at  0  ,  and  dilTer  at  lOQo  by  the  amount  i>,  and  at  1^  by  tho  amount  </,  tha  " 


pmstozv  iiijiven  by  the  equation  i « 


^  100. 
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Th«»"unequal  expansion  of  different  nu  tals  Ikis  hcon  tnkon  adfWtMSOf  Ibr  the  con- 
struction of  thermometen  of  luiother  kiud.  If  two  straight  stiipt  <?  diltecait  metuU 
an  fiwtcoed  togcthor  dirong^ioiit  tliflir  whole  length,  any  rariation  of  teoipemtiire  nraiit 

eaVM  the  compound  strip  to  hmd,  so  that  the  least  expanded  motul  will  he  on  thf  cou- 
OKVe  ride,  and  the  most  expanded  metal  on  the  convex  side  of  the  curve.  Bregnet's 
fbennomcter,  constructed  upon  this  principle,  is  made  from  a  oompouud  plate  of  platinum, 
gold,  und  silver,  soldered  t<^ether,  the  gold  in  tin  miildle.  Thisia  rolled  out  very  thin, 
and  cut  into  very  narrow  strips,  which  are  coiled  round  into  wpimls.  Tho  ihormomrter 
coasiiits  of  ttuch  a  spiral  sii.Hpendi'd  by  one  end  from  a  support,  and  carrying  a  needle 
nMdi  swings  round  a  divided  circle  at  the  other. 

8ni>po'jiii>i;  th«'  '^ilvt  r  to  bo  inside  of  th*-  spiral,  any  rise  of  temprrature  will  !■»'  indi- 
cated by  thf  iiutwisting  of  the  spirul,  and  a  fall  of  temperature  l>y  its  twisting  more 
tightly.  The  small  mass  of  this  instrument,  and  tlw  LoW  pacific  h*  at  uf  the  materials 
composing  it,  nm.se  if  to  indioate  chu^gw  of  tempentwe  Tcxyzapidlj,  and  to  be  afieeted 
by  veiy  small  quantities  of  heat. 

JMermbutHoiu  qf  OuNetd  Expansion.— When  the  coefficient  c/t  Khmt  expansion  of 
a  substance  Is  known,  its  euefBeient  of  ciibic;U  expansion  is  obtained  by  multiplying 
the  linear  coefficient  by  3,  as  already  explained  (p.  67).  The  cubical  expansion  can 
alw)  be  ascertained  by  direct  measurement,  Tlie  following  method  was  employ»>d 
by  Aftlon^  and  P<  tit  for  this  purpose:  Into  a  ^ass  tube,  18  millimetres  wi(l<-,  6 
di  (  iiwtri's  lunpr,  and  cloKt  d  at  one  end,  they  introduced  a  rod,  previously  woighi  d.  of 
a  metal  not  attacked  by  mercury.  Let  W  be  its  weight.  The  tube  was  tlun  drawn 
oat  »t  the  open  end  and  bent  m  in  /ff.  999,  after  whidi  it  iraa  filled  with  pur»  mer- 
cury, and  bailed 
out    to  remove 


^^^.^^^^^^  _  every  trace  of  air, 

'►--  '  •'^  ^^"^^  '  J  '  ^  z^-.*  i.A  y->X,  exactly  n«  in  fdling 


mercurial  ther- 
In  tills 

state  the  appara- 

'"'^'^S  'l^^^'^^  tna  was  placed  ho- 

^  r  rinontully,  and 

surrounded  with 

melting  ice,  the  point  dipping  below  the  surface  of  mercury  contained  in  a  small 
eapsole.  It  wee  tfans  flUed  with  mereoiy  at  0^.   The  eapsnle  wm  next  emptied, 

rrplacod  nnd.  r  the  point,  and  tlio  ni  paratus  allowed  again  to  assume  the  temperature 
of  the  atmosphere.^  Then,  by  weighing  together  the  tube  and  capsule,  and  deducting 
Aram  the  gross  weight  thsir  weight  before  the  introduction  of  the  mercury,  they  ob- 
tained the  weight,  W,  of  the  mercury  which  exactly  filled  at  0°  SO  much  o£fbe  capacity 
«f  the  tube  as  was  not  occupied  by  the  metal  rod.  The  experiment  was  complt  ted  by 
heating  the  instrument  in  an  oU  bath  to  a  high  temperature,  1\  and  weighing  the 
quantity  of  mercury  which  escaped  from  the  {x>int,  as  in  tim  dfltflmunatiOB  of  ntem* 
pcrature  l)y  means  of  the  weight -thermometer  (p.  18). 

If  and  J)^'  represent  the  deuaitit«  at  0°  of  mercury  and  of  the  metal;  A,  x,  and  «, 
the  coefficients  of  cubical  wipmiiioti  of  mercnxy,  of  the  metal,  aad  ctiSam  xmpittMj, 
IheirTolnmwatOO  wiUbereprewntedt^ 

WW*       .    iW  H'\ 

and  if  w  is  the  wdlg^t  of  mercury  whid  escapes  from  the  tube  between  O*'  and  the 

W«ght  of  nu  rcur)'  remaining  in  the  tube  at  the  latter  temperature  will  bo  IF—  w. 
Then  putting  the  volume  of  tliis  weight  of  mercury  at  the  temperature  together  with 
that  of  the  metal  rod  at  the  aaiue  temperature,  equal  to  the  capacity  of  the  tube  which 
containw  them,  we  haTe 

whence  ^      wD^      B^K^W     H'x       ^W-v^  ) 

It  is  of  oonrse  necessary  that  the  values  of  A  and  a  should  have  been  determined  by 
previons  experiments  in  the  way  already  described. 

Another,  to  wme  extent  similar,  method  of  measuring  tlio  cubical  expansion  of  solid 
bodies,  con.'^iKt.s  in  ilelermining  their  specific  gravities  at  various  temperatures,  the  bulJc 
of  a  given  weight  of  a  substance  being  imrersdy  as  ita  density. 

In  apj  lying  this  method,  the  weight  of  water  free  fr-mi  air  which  fills  a  pprrifie- 
gravity  bottle  at  various  temperatures  is  first  ascertaim^;  then,  the  weight  of  the 
bottle  if  determined  at  the  same  tempecatiirM  after  %  faKnm  w^glit  of  ^  snbstamm 
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ooder  examnmUm  hm  hmm  pot  iaio  it,  and  die  intewUces  fiUed  with  water.  Lt  t  fF 
I-  t  w.  ijlit  i,f  wat.  r  which  fills  the  botUe  at  the  temperature  /,  W  the  weight  ofiha 
johd  substance,  and  8  the  weiglit  of  w.it.  r  and  mVvl  substaufe  which  toget!i.  i-  till  fhe 
DOlfcai#*;  tkon  the  donidty  of  tiie  siilystaiict.  at      compaml  with  that  ol'  wate  r  at 

thv  ^me  temperature,  is  i>,  =a  ^  and  if  r,  represtmbi  Hie  bulk  which  a 

uBTt-roIuniL  of  water  measim  d  nt     amumes  at  t^,  the  doiwity  of  tho  tubstauM  Ct 

fe  nipar.dwithdi«»ofw«icratO%i«  ^ -i)^   LmUj,  if  tho  dMui^  i>;  of  tli*  nb- 

ctance  at  mm  otihor  teuperatan  r^,  ha*  bMB  datonlBad  in  tiM  Mme  m,  its  man 


Tabu  of  Co^l^cimU  of  CuUcal  ExjKumon  of  Soitds  /or  1°  CL 
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The  cnbical  expansion  of  a  considerable  number  of  crjnstallised  compounds  has  also 
bc(m  determined  bj  Joule  and  Playfair  (Ohem.  Soc  Qu.  J.  i.  121;  for  a  table 
of  the  xesulte,  see  also  Gmelin's  Handbook,  i.  234). 

From  the  determinations  piyen  at  fhc  beginning  of  this  table,  it  will  ho  pocn  that 
the  coeffidenta  of  eo^mnsiou  of  »jUd  bodit^  become  greater  as  the  temperature  tises ; 
but  ttat  the  ooefflcient  of  expansion  of  pUtinnm,  whidi  at  the  temperaturee  of  the 
experimenta  is  rery  far  from  the  point  nt  which  Aision  or  softening  occurs,  increa53cs 
mttch  leas  than  the  coefficients  of  expansion  of  the  more  fuaible  m^als,  copper  and  iron. 
Tile  rale  Ume  indietitod  Ium  been  faimA  to  be  vntted  Ja  other  «mm  alee,  ao  thtt  'with 
Kolitls.  iiH  well  tus  with  liquids,  the  coefficients  of  expansion  remain  Hcnsihly  constant  at 
temperatures  far  removed  Irom  those  at  which  change  of  state  ooears,  and  Ytixy  more  and 
more  rapidlj  as  theoe  letter  terapemtaiee  are  approached. 

The  expansion  of  amorphous  solids,  and  of  those  which  oyatdliM  in  the  regular 
f?5-stcin  (CuYSTAiLooRAPHT,  11.  121),  IS  tho  SAm^  fnr  aU  dimension?,  tiiiIws  whrn  thcj 
nTv  subjuct  U>  a  mechanical  strain  in  some*  partieuiar  direction.  A  fragment  of  such  a 
substance  Tanea  in  bnlkirith  Tniationa  of  teB^Mcatve^  but  leCaina  umji  ^  aaine 
shape. 

Crystals  not  belonfiing  to  the  regular  system  exhibit  when  heated  an  unequal  ex- 
poneioB  in  the  direeobn  of  tiieir  axie,  in  oonaeqaenee  of  wfaidi  the  magnitiide  of  Ibeip 

angles  luTonicH  altered  (Mi  t.sch  crli  eli,  Ft^.  Ann.  i.  12.');  x.  137).  In  rry-^tals  ho- 
longii^  to  the  tnmetric  system,  the  expansion  is  di^rcnt  in  the  direction  of  ail  three 
aatea;  in  anagonite^  on  nusing  the  tcmpeiatore  from  0^  to  100^,  the  inclination  of  the 
lateraJ  &cee  increases  by  2'  46",  and  that  of  the  t«rminal  faces  diminishes  by  5'  29" ; 
prp^'um  15,  according  to  Fresnol  (Bull.  Acs  Ro.  Mathem.  1S24.  lou  ;  also  Pofrfr.  Ann. 
ii-  lOJ),  nioiv  expanded  by  heat  in  Lhe  direetiun  of  the  iirincipaJ  axis  than  in  thitt  of 
the  lateral  axes.  In  crystals  belcmgjiig  to  the  heacagonal  system,  the  expansion  is  the 
aamoin  the  dirtctions  of  the  tliree  secondary  ax^s  ;  ]ni\  different  from  that  according 
to  the  principal  axis.  The  obUiee  angles  of  the  primitive  rhombohedron  of  calcspar 
<liininim  by  8^'  when  the  crystal  ia  heated  100*.  and  the  aente  ang^ee  ineroaac  by  the 
same  quant  Ily.  Hence  it  may  he  calculated  that  the  relative  expansion  of  the  principal 
axis  (rornpiircd  with  that  of  the  secondary  axes)  auiuunta  to  0  00342 ;  moreover  aince^ 
aocordi ng  to  Mltadieriidi and  Dnloo^  the  enbieal  expansion  of  calc^wr  between  0^  and 
100°  is  only  0-001961,  it  may  likewise  be  determined  that  calcspar,  when  thus  heat^ 
does  not  expand  in  the  direction  of  the  secondary  axe.«!,  hiit  contracts  by  0  00056.  and 
that  the  absolute  expansion  of  the  principal  axib  may  be  eslimutud  at  0  00286.  In  bitter- 
spar,  theobtase  angle  of  tlie  priniitivt;  rhombohedron  diminiahes  when  the  temporatnra 
is  raised  from  0°  to  100^  by  4'  6";  in  ferruginous  bitter-spar  by  3'  29";  iu  iron-spar 
containing  a  ooimderable  quantity  of  manganese,  by  3'  31"|  and  in  pure  iron-t^par  by 
2"  22".  Knee  now,  among  all  theee  mfnerali,  calcspar  farm  Uie  least,  and  ferruginooa 
bifter-«par  the  nio.s't  olituse  rhonihohedi'on,  it  fijlLiMS  that  the  expansion  in  the  direc- 
tion of  the  principal  axis  doea  not  increase  in  the  same  proportion  as  the  relfttive 
lei^h  of  the  axia  iteelf  diminfaltea  (Mitacberlieh). 

The  following  direct  determinations  of  the  linear  expansion  of  several  crystallised 
substances,  between  0°  and  lOO*^,  made  by  I' faff  (.Jahrcf-her.  1858,  7\  show  very 
duitiuctly  the  inequality  in  the  amounts  of  expaujsiou  in  Liie  direcLiuu  of  the  diiluivut 
aacM. 


Alouomctxic  Cryitala. 

Dimetxic  or  Hoxagooal  C  rj-staii. 

BxpaotkiQ. 

SolMtaaee. 

BapsniliiHi 

Frlucl|Ml  Asia 

Saeoodjry  Axat. 
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ooao847« 

'  Tin -stone 

0-000 ISGO 

0-0004526 

Iron-pyrites  . 

•0010084 
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•0009510 

/ireon  . 
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Lead'glance  . 

•0018594 

Boryl 

•0001721 

-0-0000132 

fluor-spar 

•0019504 

Corundum 

•0006876 

•0006551 

Qnaxta  . 

•0016147 

Tourmaline  . 

•oonof?no 

•0007732 

Caic-spar 

•0026261 

-0-0003105 

*KorB^  wiuxm  «<ib  (  -  )  la  the  Isit  tnMmu  Amum  c— neeMoa,  tmead  ef  eajMiifan. 


This  altevntion  «f  ahane  caused  bj  eluuige  of  temperature  ia  moet  eaai^  rendned 
evident  in  gypanm,  of  meh  aubataoee  twinniiTatala  often  oecnr,  haring  pretty  neailj' 
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fbe  fcrm  shown  637.  from  sodx  a  crystal,  a  portion  ab,  cdia  cut,  so  that  tho 
new  muUee§  are  penoMdiralair  to  1h» MifltM  egflombinaHon,  •in,  of  the  two  halvee of 
lliii  iijiiri  iiimI  tlin  liHui  ■  fl  in  jtimnnil  iimI  [i(tliiTiri(1    At  tha  tanqimiim  of  the  «tino- 


•piMn,  this  surfiice  then  constitutes  a  single,  unbnjkcn  piano ;  but  when  it  is  heated 
to  aboat  60°  or  80"*  C,  the  shape  of  tho  crystal  alters  in  the  manner  shuwu  iu  Ji^.  638, 
aad  now  parallel  mys  of  light  falling  on  the  two  halvM  from  a  distant  objeet  ara 
t^flcrtt'd  ill  (liffrn^nt  (liroctions,  so  that  two  distinct  OMfM  Of  tlMOl(jaet  maj  M  MMK 
sunuitaneuuiiiy  by  reflection  from  the  surface  a  b. 

Ona  or  two  aobd  bodiea  am  known  whidi,  at  least  viUuB  aetfain  limita  of  tonpeia- 
ttire,  form  exceptions  to  the  general  ruJ»*  of  expuinsion  bv  heat,  and  coutniot  as  their 
temperatore  is  raised,  lor  ezamnle,  the  alloy  of  2  pis.  bismuth,  X  pk  tin,  and  1  pt. 
kaicC  cspaads  whina  haatad  from  0^  to  44®  0. ;  when  itfll  Itethor  baiwed,  it  eontneli^ 
§o  that  at  56°  its  density  is  the  same  as  it  was  at  0°  and  at  60°  still  greater ;  beyond 
this  temperatoTC^  expanmon  again  takes  idaoe at  87*6°  the  alloy  has  once  more  tho 
aoM  dooaitjr aa  at  (r,  and  at  94^,  atvfauh  it  fraea,  tiia  aama as  at 44^.  (Er m  an,  Pogg. 
Ann.  ix-  557.    For  the  not  qnite  concordant  results  of  H.  Kopp,  see  below,  p.  78.) 

Again,  a  piece  of  rulcanised  caoutchonc,  which  is  stretched  by  a  weight  to  double  its 
length,  is  shortened  by  a  tenth  when  its  temperature  is  raised  60°  C,  and  Uie  shorten- 
ing effect  increases  i^id^  vith  tb«  itMtflliiiig  trdg^t  amplojad.  (J oulab  fteoi  Boj. 
Soc.  rin.  356.) 

Sdaiion  between  the  8pec^  Meats  o/JUauid  and  Solid  Bodies,  and  their  Co^fieimtujf 
Expmuiom  at  Hjferent  ttmperatum. — It  has  been  pointed  oat  abore  (p.  40),  fliat  tM 

specific  heat  of  any  substance  includes,  not  only  tlic  jiortion  of  heat  required 
to  cause  in  it  a  given  altcnition  of  temperature,  but  ahio  the  quantity  of  heat  whiflb 
is  expended  in  modifying  its  condition  of  molecular  equilibnom,  and  whose  moat 
ohrioui*  external  effect  is  an  alteration  of  the  volume  of  the  substance.  We  have  alao 
seen  (p.  44),  that  although  no  certain  data  exist  for  calculating  the  ratio  of  these  two 
parttf  of  the  total  specific  heat,  except  iu  the  case  of  gases,  it  is  nevertheless  probable 
that  the  former  part,  or  the  real  specific  heat  ct  a  tnbstance,  remains  the  sama  iw  all 
conditions.  Hence  variations  in  the  total  or  apparrnf  .fp^cffic  hrnt  must  l>o  supposed 
to  result  from  variations  in  the  amount  of  heat  ex[)ended  iu  overcoming  the  mulecular 
Ibcces.  In  sensiUy  perfect  gases,  the  consumption  of  heat  in  this  manner  is  the  t^amu 
at  all  tempersitures,  and  so  small  as  to  be  ncfrligible;  accordingly,  b"th  the  real  and 
apparent  specific  heats  of  gases  are  constunt  at  all  temperatures  (pp.  31  and  42).  Ou 
the  other  hand,  the  moleealar  dianges  which  accompany  alterations  of  tempentora  in 
liquid  and  solid  bodies  are  such  as  require  \\v  i  xpenditure  of  very  considerable  quan- 
tities of  heat  to  produce  them.  These  changes  doubtless  consist  in  alterations  of  the 
lahli  im  position  or  arraagemeat  of  tha  molawlei^  bet  of  idnt  nweiaa  kind  wa  hare  no 
aeana  of  uscertaininn-.  since  tho  olily  uieawnilila  portion  oc  the  total  eArt  ia  tha 
titeBiaUy  visible  change  of  Tolame. 
This  diange  of  tolimie  eamiot  be  taken  at  in  eveij  eaao  a  ttcasnra  of  the  aiBfl^ 

molecular  work  perfonned  by  the  heat  indept  ndenfly  of  causing  alteradon  of  tempera- 
ture ;  for,  as  we  have  seen  (p.  69),  the  communication  of  heat  to  wstsr  haknr  iP  G. 
causes  a  change  of  bulk  of  the  opposite  kind  to  &at  which  it  oecMiWiB  ahofe  that  tsm- 
peortnre;  but  we  may  nevertheless  probably  admit  without  great  error  that,  as  n 
general  nde,  the  proportion  of  the  total  qnantity  of  heat  requirea  to  raise  the  tempera- 
ture of  a  given  substance  1°,  which  is  consumed  in  producing  molectdar  changes,  is 
yinhil  at  thoaa  pdoti  of  ttia  thermometric  scale  Mt  which  the  greatest  amount  of 
e^BBsinn  accompanies  a  rise  of  temperature  of  1°,  and  is  least  at  those  ])ointe  at 
imdi  tlie  corresponding  expansion  is  least.  If  tliis  supposition  be  admit  tid,  it  accounts 
MtiafiMStorily  iior  tha&ct  that  boUl  thaapedfle  heats  of  solid  and  liquid  bodies  and  their 
aoiOciaiitacf  evpMonincMaii^aa  ara^ivithw    tam^psMtwra;  and  that  both 
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tbo<:o  prnpfTtirfl  vary  most  rapidly  in  fh<>  iiri^rhlKjurlioofl  of  thnsf  tomprraturps  at 
.    which  changrs  of  the  state  of  oggr^tion  occur  (Comp.  Vcrdct,  Expose  de  la  JMorm 
MioatUf^ede  fa  Ckalmr,  Pmm,  1869, nofee  G,  pp.l9Set  §eq.)  Oa  the  wtetinnii  beNm 

ohangos  of  volumf^  j •n-.tlncc-d  hy  pyfrmn]  forces  an<l  tho  (.•.>rrr-';p-indinp  fTolTition  or 
disaitpewaoce  of  hesitf  soc  below :  Bulations  of  Heat  to  Mechanical  £nerg/. 

8.  Changes  of  State  of  Aggregation  produeod  bp  Beat 

Tmiam  omM  — MflUKwitiiwii   When  tiie  tenpentmie  of  a  aoUd  body  ia  nisad 

OOntiniiDasly,  a  point  is  reachtnl  soon*  r  or  Liter  at  which  it  irn-lte,  or  exchanges 
the  solid  for  the  liquid  form ;  and  when  a  liquid  is  cooled,  a  point  is  in  like  manner 
attained  ul  which  it  solidifies.    "With  most  b<«iogeneou8  8ub«tance8,  the  passage  from 
the  one  state  to  the  other  takes  place  sniM*  aly  at  some  peitienlar  temperature ;  thus 
ice,  whrn  hcatrfl  from  a  lower  tempemttiro  to  0°  O.,  becomes  only  very  sli^'litly  softer 
or  less  solid,  while  it  moin  heat  still  is  imparted  to  it,  it  changes  at  once  into  perfectly 
VxfcaA  water.   This  temperature  fonne  a  definite  limit  below  which  we  have  eoUd  ice^ 
lUid  aV'Ove  which  we  li.ivi'  liijuul  wat.  r,  nnd  it  is  thrri  A'lv  cMlled  the  ineltinp  poitit  of 
ice.    Some  substances,  however,  pai^s  wlien  heatnl  from  the  solid  to  the  liquid  state 
without  showing  any  ddlmte  ineftiug  point;  t»  «sitniiple,  ^tum  and 
gradually  softer  and  «<*ft(  r  win  n  heated,  and  pass  l  y  imj  en  epf  ildc  j-^M^^ei  fnirn  the 
solid  to  the  liquid  condition.    iSuch  sulwtances  may  be  said  to  begin  to  melt  at  tho^ 
lowest  temperature  at  whidi  perceptible  softoniitt  occurs,  and  to  be  folly  melted  when' 
further  elevatieii  of  tempentOM  does  not  aiake  them  femiUj  vuNce  ihiid }  Int  no  pee* 
,  cise  temperatures  cnn  hf^  piven  as  their  melting  point?. 

.Subject  to  the  qualiHcatious  hereafter  stated,  the  f  oil. -wing  general  laws  may  be 
t^en  as  applicable  to  the  phenomena  of  Attioii  sad  solidification :» 

1*^.  Tile  .-f;i'''  "f  njrnTi'L'ntinn  of  rverr  KiiVtancp  is  alw.irs*  the  same  af  the  ^arno 
temperature :  when  its  temperature  is  raised,  it  melts  at  a  cerlain  fixed  point,  or  passes 
Urora  die  solid  to  the  liquid  state^  and  wlieai  its  teraperatnre  is  lowered,  it  si^difles,  or 
passes  from  the  liquid  to  the  solid  state,  at  a  ju  int  vliieh  is  also  fix-  *1.  ;in(l  is  tlie  samo 
ns  its  melting-points  (For  substances  which  melt  ^[xadually,  a  certain  fixed  intend 
must  bA  sttbetitiited  for  a  fixed  point  of  temperattrre  in  the  enunciation  of  t  his  rule.) 

2°.  Tile  commonicatton  of  heat  to  a  solid  bxiy  at  it  s  ixteltiug  point  causes  it  to  melt, 
1  at  dries  not  raiw  its  temperatnrc ;  po  :i!so  the  withdrawal  ci  h<";\t  from  a  liquid  at  its 
iict'ziDg  point  cauKCto  it  to  tfolidily,  but  does  not  lower  its  teinpenitur*'. 

3^.  As  a  general  rule,  a  sudden  change  <rf  TQlnme  (vsiiaJly  an  imoease)  aeeottpaidet 
the  passajre  from  the  solid  to  the  liquid  state. 

We  will  proceed  to  cuuflider  each  of  these  laws  and  the  ezoeplious  and  moditications 
to  whieh  they  are  snlQeet 

Melting  and  Fre>  n.t  Paints. — Though  the  temperature  at  which  the  passae^ 
from  the  foHd  fn  the  liquid  state  takes  place,  and  vice  versd,  is  »  ■  listiuit  ( ui:  r  fiie 
same  circuuist  .in  .  s)  for  each  substance,  the  melting  and  freezing  points  of  diHorent 
substances  Tin  within  very  wide  limits.  TbOB  snlplnmms  anhydride meiti  at  —  80^ 
(Mitelit  11.  L'f  /.  t^oArf.5Aer.  xxii.  69),  mercury  at  —  10°  Tn-ominn  at  —  T-^*'.  iee  at  0° 
l^iospiioruii  at  +  44^  tin  at  23d<^,  silver  at  1000°,  pktinum  at  2000°  (DoTille  and 
Debray).  (For  the  mdting  pouiti  of  parttealar  sttbataaesa,  see  4Im  articles  in  this 
Dictionary  ulu  n-  fliey  art-  respectively  described.) 

Th^  di^Q^nces  are  sufficient  to  justify  the  conclusion  that  even  those  stil  Kt.inrf»B 
which  hare  neter been  mm  to  melt,  would  do  so  at  a  sufficiently  high  temperuf  tir.\  mikI 
OOWVt  rsely  that  all  liquids,  even  such  as  h«v<'  never  yet  been  iroceo,  woud  foli  litV  if 
exposed  to  astill  more  inten-e  de;j:ree  <.f  cold,  ludei  d.  in  proportion  fls  new  nief  hods  <if 
producing  extreme  tempprat  urcs  liuvc  been  discoveitid,  the  numtwr  of  inftisibie  soiids 
and  non-solidifiable  liquids  gone  on  diminishintr  continually.  The  only  snbetancee 
which  eaii  lie  considered  n^ally  infusible  are  thnse  wliicli,  \vh<-n  fieaf.  d.  undergo  chemical 
alteration  before  their  melting  point  is  reached.  The  most  infusible  of  all  substance^ 
which  sore  diemieally  iaaltnable  bj  heat  is,  probably,  eavbon  in  the  Ibim  of  graphite, 
and  even  thi.«  bndy  was  found  by  Desprrtz  to  .st>fl,  n  \\h<  u  uposed  to  the  heat  produced 
by  the  electric  current  g<»ierated  by  600  Bunsen's  cell«  arranged  in  six  series  .>f  ion. 
On  the  other  hand,  abmlnte  alec^ol,  sulphide  of  carbon,  and  some  other  liquid*,  havo 
never  been  solidified,  but  at  the  temperature  produced  by  a  mixture  of  liqviid  iiitniM 
oxide,  solid  carbonic  rmhydride.  and  ether.  Desj'ret/!  found  that  ul  "salute  lUcohol  beCMM 
so  viscid  that  it  did  not  run  out  on  iurerting  the  vessel  that  contained  it. 

Xo  vevy  mtniy  ee^m,  it  happens  that  a  mixtnre  of  two  or  mors  snbetuees  melts  at  • 
lower  tenip'»r:it 'If  than  .  itliei-  of  i?**  components  takf^n  Fej.ar.itelv :  thn«  a  iriixture  of 
1  part  chlonde  of  sodium  with  2^  or  2|  parts  ice,  melts  at  about  —20'^;  mixtures  of 
faitj  aeids  melt  at  lower  tsumoatniea  tmm  the  pure  adds;  the  eaiboaatei  of  potasnmn 
and  oodimn  melt  mora  tiemj  whan  mivsd  thaii  either  mU  doM  ikne;  Booe'a  ftwlUs 
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alloy  of  2  pftrt.s  Msmnth,  1  pnrt  tin,  niul  1  part  laul,  melts  Lftwern  95^  nnd  ^>?^*':  an 
alloy  of  1  or  2  mrta  aulmiuiu  vvilli  2  parts  tin,  4  parts  kud,  aud  7  or  H  parts  bismuth, 
mplts  bctiraen  OS**  and  71^  (B.  Wooo);  fte. 

In  homnln^oi7<«  «;<  ru-s  of  aiiMlogoos  orgttiio  eompomcU^  the  melting  point  df  eaA 
terra  OBually  rises  with  its  atomic  weight. 

Undw  mrtieiilar  ciremnBtaBeeB  Hqmdfl  maybe  eoolad  bdoir  tlw  nHStiiif  point  of  the 
ooTTPsponainpr  solid  bof1_v,  Tvitbout  ^oll^ifyinfr.    This  o(:*(mrR  c^yif-ciallv  f1i>-y  aro 

cooled  Tcry  alowly,  and  are  at  the  same  time  protected  from  all  mechanical  disturbance. 
For  Inrtaace  «mt«r  at  peifeet  Testy  aodtn^  a  prenBUfo  aomovliat  greutwthan  that  of 
th«>  ntmospht  IV.  !iiiy  be  cooled  to  —  13^  wlfliout  fiv,  /.iij<r,  Imf  cciit.-u  t  with  a  solid  body 
or  the  slightest  agit«tioa  ia  then  usually  suihcient  to  cftose  solidification  to  commonoe. 
The  anudler  the  qtumtitf  of  Eqiiid  operated  upon,  die  lower  is  tfie  tempcmtare  to 
which  it  can  be  cooled,  and  the  greater  the  mechanical  disturbance  wliich  it  will  support 
without  fireezing.  Thus,  Foarnet  (Ann.  Ch.  Phys,  [31  xlvi.  203)  has  remurk*  d  the 
frequent  occurrence  of  mists  Ibrmed  by  particles  of  liquid  water  suspended  in  atnnv 
Bph<»ro  of  which  the  temperature  was  10, 12,  or  .  ven  13  i^roes  below  zero;  and  ><.i  l.y 
found  til  l!  in  p^l  iss  tubes  of  0*1  miiiisietre  in  diameter,  irotai  oooid  be  maintaitted  la 
the  liquid  .state  ud  low  as  —17**. 

s  >tiu'  remarkable  phenomena  of  tUi  Uad  have  bees  alao  obsenred  by  Biifoar 
(Aim.  Cli.  Phys.  [^]  Ixviii.  370)  in  the  case  of  liquids  cor>1rd  ■wnthont  contact  vinth  nny 
solid  body.  His  method  of  i  xpcrimonting  was  to  suijpmd  gluLuIeii  of  the  Liquid  under 
•saaiination  in  some  other  liquid  of  the  same  spedflc  gravity,  but  of  lower  freedng  point, 
and  in  wliich  it  was  insoluble.  Water  wns  examined  wLde  .nKspended  in  a  Tiiiitnri^  of 
chloroform  and  sweet  oil  of  almonds ;  sulphur  and  phosphorus  in  an  aqueous  solution  of 
chloride  of  sine ;  and  naphthalene  in  water,  hx  the  experimente  with  waller,  the  mherea 
of  tills  liquid  w'lieli  floated  in  the  mixture  of  rhloroforin  and  oil  were  very  niroly  seen 
to  freeze  at'0°;  in  general,  solidification  occnrred  between  ~  4*^  and  — 12^1  the  smalleet 
gloMfla^  as  a  rale,  rem«biing  liquid  to  a  lower  teuperatttre  than  the  laiger  onea,  some 
of  them  having  b^n  n  peatt  dly  seen  .still  li,|iud  at  — 18°  ur  —  20°.  Agitation  and  the 
cootaet  of  solid  bodies  appears  to  have  much  Ijws  effect  in  causiiag  the  solidification  vi 
Uqnids  eookd  ui  this  way  than  when  thcry  are  <m>led  to  the  asme  extent  in  glass  vensels. 
For  iniitanco,  Dufour  found  that  the  globules  of  water  in  his  experiments  often  did  not 
solidify  when  displaced  or  violently  deformed  by  a  glass  rod,  and  oven  that  crystals  of 
chloride  of  sodium,  sulphate  or  nitrate  of  potassium,  sugar,  &c.,  would  sometimes  fall 
AnMi^^fffaknh  of  water  5  millimetres  in  diameter,  and  cooled  to  at  least  without 
prodiTcing  »Tiy  rfT  r  t.   Contact  with  a  ftagment  of  ioe,  howeysr,  invaikbly  eanaed 

iuiiii.-diate  cenig-'Iatiou. 

By  uji.  rating  as  above  described,  Dufour  obtained  globules  of  Hulplmr  (ni-lting 
point  115*')  of  G  millimetres  diametfr  Ptil!  liquid  at  10°,  and  globules  of  O'd  millimetres 
diameter  remount  d  liquid  for  several  days  at  6°  or  10°.  Globules  of  phosphorus  of 
OonsideKible  size  were  cooled  to  20°,  and  globules  of  1  or  2  millimetres  diameter  to  O** 
without  solidifying.  QlobaloB  of  naphthalene  (mdting  point  79^)  wece  obtained  staU 
liquid  at  40°. 

When  a  liquid  sofidMee  after  hating;  been  thus  cooled  below  its  normal  freezing^ 

point,  the  solidification  takers  place  ver»'  r  ipidly,  and  is  accompanied  by  a  di<it  iiaige- 
ment  of  heat  often  sufficient  to  raise  its  temperature  {torn  the  point  at  which  soiid^- 
eatioD  begins  up  to  ifa  otdiBttry  freezing  point.         Is  well  seen  wfth  cr^vtalliisd 

byposulpliite  of  ^odi^nn  (S^^rO*,  5TT'0),  which  molt.s  in  its  filter  ef  ery«tallisalii.>n  at 
4d^,  bat  when  carefully  cooled  will  remain  liouid  for  a  long  time  at  the  temperature  of 
Uie  ataKMphere.  If  it  be  then  eanaed  to  SMfdtfv,  by  agitation,  or  by  throwing  in  • 
Hill  ill  fragment  of  tlic  nolid  aai^  A*  lesaltiQg  HM  cf  tempegatnre  ia  wmh  aff  to  bo 
distinctly  felt  by  the  hand. 

This  phenomenon  of  continued  liquidity,  though  seMom  obaerred  in  to  maiked  s 
degree  as  in  the  cases  above  mentioned,  occurs  so  frequently  to  a  less  extent,  that, 
when  the  tf^mperaturc  of  ti'nn.sition  from  the  solid  to  the  liquia  state  or  viee  versA  is  to 
be  used  as  a  mark  of  the  chemical  identibr  of  a  substance,  it  is  much  safer  to  deter^ 
milie  the  mehing  point  than  the  ftMab^  poiB^  far  thetemcK  tampcdMtvreis  not  svlgeH 
to  Tariatif^n*?  of  the  f^ame  \hic\. 

The  following  method  is  convenient  fur  taking  the  melting  points  of  snbiitancoei  in 
<**M8ff|  loTaatigationB.  Three  or  firar  f^jum  tabes  arc  drawn  out  till  their  sides 
become  v^Tj  thin  nnd  their  bore  nearly  capillarj,  and  into  cacli  is  intrNxbif'ed  a  small 
quantity  of  the  substance  to  be  ex^miined.  They  are  then  sealed  at  the  l)ottom  nud 
placed  in  a  beaker^glaas  eontaininff  water  (or,  tf  the  substance  melts  above  100°, 
j  ar.iffin  f)r  sulphuric  acid\  and  '■tauding  upon  a  small  s.iTubbjdh  by  mranf:  of  which  its 
temperatiue  can  be  slowly  raisc'd.  The  liquid  is  heated  until  the  substance  melts ; 
Ihctt  allowed  to  oool  slowly  to  the  point  aolidSflcatlon;  it  ia  then  again  wanned,  and 
thoMepezalaona  waiapeatsd,  tiie  tempentatea  of  liqiwAtctkm  and  aolidHLeatfon  being 
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noted  each  rime,  until  several  eloselj  conrordant  oli-'r-rrations  of  rach  liavo  be«B 
obtained,  the  means  of  which  are  the  meltiug  and  solidity iug  puiutd  required. 

Ii^umee  tfl^mmn  upm  MMlff  PeiMs.—Tlw  viiriations  which  occur  in  the  pres- 
•ure  of  the  atmosphore  are  without  pprecptible  effoct  in  altt  rinp  tlie  molting  points  of 
solids  or  tm^iug  points  of  lipoids,  but  greater  diiferenccs  of  pressure  are  found  to 
prodnoe  ft  Terj  seniifale  elftct  Thjui  mm  fint  obwrved  W  "Proi,  W.  Thomson,  who 
f.iund  that  pressures  of  8*1  and  IB  S  atmospheres  cansccf  a  lowrring  of  tho  melting 
point  of  ice  to  the  extent  of  0"059"^  and  0'129*reapectivclj.  These  r.-sidts,  ther^re, 
Tenfled  the  previous  theoretical  conclusions  of  ProC  J.Thomson,  accor«  I  i  ng  to  whidi  an 
increase  of  pressuff  amounting  to  n  atmospheres  must  lowtr  the  melting-point  of  ice 
by  »  n .  0  00750,— a  forrnnla  which  p'vos  0  061°  and  0  126^  as  the  diflferences  of 
melting  point  correspond iugtu  81  and  10  8  atmospheres  pressure.  JB^  a  still  greater 
pressure*  Kovsbo n  (Ann.  Oh.  fhya.  [31  Ivi.  252)  mseeeded  in  inaintftimng  wnter  in 
liquid  -st^ito  at  6  do<2T«'<'f'  bolowzcro,  and  by  a  pressure  rstimatrd  at  IH.OOO  atmosphere 
ho  caused  ice  to  melt  at  — 18^^.  Anak«ottfl  efiecta  have  been  observed  with  other  snb- 
fltaneet  hy  Bansen  (JahMsbeo*.  fibar  Obenii«,  n.  0.  1850,  48)  and  Hopkins  (ML 
1854,  48  Their  rcsaltij  are  given  on  the  following  page.  Bunst-n  consiaers  that  the 
observations  of  temperature  in  his  expeiimonta  were  correct  within  0-1°,  but  that 
there  mfty  be  an  error  of  one  or  two  atnu>sphtm  fai  tho  wtiwurton  of  the  pr^ures. 


Fretzing  and  MtUin^  Points  uruUr  increased  Pressure. 


Name  i>f 
SutwUtuce. 

Spt\-ina- 
ccU. 

Wax. 

Sulphur. 

Stesfln. 

SpflMMMtf.* 

Pnuure  in 
Atmo- 
•ffbsm. 

ileltiug  point. 

Preuur*  ii> 
Atmo* 
•pliCrti. 

Frroxing 
polol. 

Prettur*  in 

A  too* 

iphere*. 

Freriiog 
point. 

1 

620 
798 

61-10 

600 

80*2 

74-7 
80-2 

107-2° 

135-2 

liO'5 

67-20 
^68  3 
78-8 

1 
29 
96 

Ml 
156 

47.70 

48-  3 

49-  7 

50-  6 
509 

I 
85 
100 

46-3° 

48-  9 

49-  9 

Latent  Beat  of  Fluidity.^lt  has  been  pointed  oat  already  (p.  78)  that  the 

tpeciftc  heat.s  of  solid  l>odies  inerease  as  they  njiproaeh  thrir  mi  lting  j)<^inf.s,  and  this 
£ict  has  been  connected  with  the  incretae  of  the  coefficient  of  expansion  which 
generally  ooein  tuaiJtftneomiy.  In  order  to  raise  tlw  temperatnrB  of  n  solkl  bodj 
1  degree  in  the  neighbourhood  of  its  melting  point,  more  heat  is  ne*-ded  than  would 
suffice  to  cause  an  equal  rise  of  temperature  at  a  lower  part  of  the  thermometric  scale ; 
in  other  words,  of  a  given  quantity  of  heat  imparted  to  a  body  near  its  melting  point, 
ft  Iftlger  proportion  goes  to  produce  molecular  modifications  (expansion^  soltming,  &e,\ 
and  a  smaller  proportion  to  produce  rise  of  temperature,  than  is  the  ea^e  at  a  lower 
part  of  the  scale.  From  this  Doint  of  view,  it  becomes  quite  conceivable  that^  at  some 
partieuhir  tempsnitiire,  dspsnomg  on  the  nature  of  the  substance  under  consideration, 
the  whole  quantify  of  heat  communicatf  d  to  a  bo<ly  nn'ght  he  exp^-ndt-d  in  causing 
moleoilar  changes  (change  of  the  state  of  aggregation,  with  or  without  change  oc 
voliune,  so  tfaflt  its  elftot  in  prodneing  s  rise  of  teaperatnre  voidd  ho  imper* 
ceptihie.    This  is  exactly  what  take.s  place  during  tho  melting  of  solid  bodies. 

From  these  considerations  we  see  that  the  phenon^emm  indicated  in  the  second  law 
of  the  ptSMge  from  the  soUd  to  the  liquid  state  of  abrogation  (d.  74),  is  one  which 
attains  its  maximum  degree  of  development  at  the  point  of  aotmii  liquefaction,  but  is 
the  same  in  kind  n.^  what  oronrs  at  lower  tempemtnros.  We  see  also  that  the  fusion 
of  gla^jj  uiiii  other  bodies  wiiich  have  no  di-fmito  melting  point,  but  in  which  liquefao- 
tioo  occurs  gTadnsUj  snd  SXtends  orer  a  greater  or  lee^fl  interval  of  temperature,  doss 
not  differ  in  anj  essential  respect  from  the  sudd'  n  melting  of  icf  at  the  fixed  ttmppra- 
ture  of  0^  C.  In  the  case  of  glass,  a  certain  smiUl  proportion  of  the  total  quantity  of 
he«t  imparl  to  it  dnria^  its  liqQ^hetion,  is  expended  m  erasing  tlsvstioii  «f  tempera^ 
tnro;  in  tho  cascof  iee,  thin  pro|H:)rtion  is  so  sniftll  ftS  tO  be  impttOOptiUe  in  eompsziiOB 
with  that  whicli  goes  to  cause  liquc&ction. 

It  was  formerly  supped  that  the  temperature  of  a  body  mm  always  prraortional  to 
thr  ht-at  contained  in  it|  and  thsrefoie  that  heat  c»uld  not  Im  commnnicmted  to  a  Insdy 
without  raising  iu  tempenitnre.  The  cessation  of  the  rise  uf  tcmpemtnrc  during  the 
fusion  of  solids  was  first  ol>served  by  Black,  while  Prot'<;sM>r  of  Ciiemiatry  in  the 
University  of  Glasgow.  1 1  <>  asoeitelned  tibftti  daring  this  piocesa,  a  considerable  quan- 
tity of  hMty  diffiNMQt  tot  diflirat  aabstanee%  disaipeaia  so  fin  as  the  pndoetioo  of 
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Aermometric  efleeta  is  concerne<1— or,  as  ho  oxpressed  it,  becomefl  hitmt — and  that  an 
cqo&l  quantity  of  heat  appears  during  solidification.   According  to  modem  views,  the* 
expr«ssion  latent  (or  hidden)  heat  is  not  strictly  coReot^  for  the  effect  of  heat  impart^nl 
to  iM  «ft  file  mfllmi^iMMBl  i«  just  as  visible,  though  not  the  mmb,  m  tlu^  vrhich  it  pro- 

at  oth<»r  temperatMres.  Nwrfhi'lf.s.s,  the  pxprfssion  is  conT<»riI<  n*  tVim  th--  fact 
<rf  its  being  iiiiiveriaUj  recognised  and  empluji-d.  Tiio  latent  heal  ot  liuidityis, 
tikn,  Ike  quantity  of  heat  which  must  be  imparted  to  omo  gnunaie  of  a  solid  at  its 
m*»ltirp  point  in  order  to  melt  it  without  rai.'-injj;  its  foinpcratnrf,  or  which  must  bo 
withdrawn  from  a  liquid  at  ita  freoziBg  puiut,  in  ordur  to  r&iider  it  Bulid  without  lowering 
its  temperature. 

The  following  table  gives  the  melting  points  !in<l  L-t  lieats  of  fluidity,  cxprcf^fod 
in  ordinazv  limt-iuuUi  (gramme-d^^reet^;,  of  various  t>uUtanco%  ecoording  to  the 
datanuunfiMOf  Penon  (Ann.  Oh.  Phys.  [3]  xxfii  MO):— 


Latent  Heats  of  Fluidity. 


MaUtttf 

Latent 
Umi. 

M>hJLni 

Imtent 
H««t. 

Mercnqr  • 
Plioepliofill 
Lead  • 
SoLpiiiv  •      •  • 
lonne  .      *  . 
Bismuth  • 
Cadmima  « 

— 3»o 

44 

332 
116 
107 
270 
32p 

2-82  , 

do 

11-  7 

12-  6 

13-  6  1 

Tin       .      .  . 

Zinc 

Chloride  of  calcium } 
(CaO.  8HK))  i 
Nitrate  of  potassium 
Nitoite  of  aodinm  . 

236° 
1000 
4S8 

339 
8105 

14-25 

21*1 

SO'l 

40-7 

474 

630 

The  latent  heat  of  mter  wt»  ftvnd  by  Begnanlft  §3t&  hj  Aormrtaye  and  Desains  to 
be  "9**  C.  According  to  Person,  this  number  denotes  the  quantity  of  heat  required  to 
eon  vert  ice  at  0°  C.  into  water,  but  not  the  total  quantity  of  the  l;tt( nt  h.  at  in  the 
water,  inasmudi  sm  a  curtain  additional  portion  of  heat  is  rendered  Litont  as  the  twrn- 
pantme  of  the  ice  rises  from  •-9^  to  0°  (Ann.  Ch.  Phys.  [3]  xxx  73).  In  six  experi- 
m^^ntfl  on  tho  fusion  of  ice  previon^ilv  cooli  d  to  Ix  tw.'cn  —2'^  luid  -  21  ^  C,  th»'  laf.  nt 
heat  was  found  to  vary  between  7  9  9^  a  nil  SO  1  °,  the  mmu  qnantity  being  80°.  Beguault 
elea  iMiiid  grei^  yttam  for  the  later  t  hoat  of  water,  as  the  ice  had  becm  coded  to 
S  lower  tompr-ratare.    Am)rdiiig  to  IletiH,  the  true  latent  ht  :it  of  watr-r  is  SO-31''  0. 

It  is  interesting  to  compare  these  values  of  the  latent  heat  of  water  with  those  found 
hj  Bl»ek  is  1703  (Lietures  am  <!<  EbmmOt  of  Chemistry,  2  vole.  4te.  Bdinborgh, 
1803;  vol.  i.  pp.  120-127).  Tn  ono  fiperimr'nt,  tliis  philosopher  measnrinl  the  timo 
xe^pired  §ot  the  conversion  of  a  known  quantity  of  ice  at  32^  F.  into  water  at  40"  h\  in 
a  TOom  of  ivUdi  the  tempentare  MBMined  eooslently  47®  F.,  end  eompared  it  with 
ihf  timo  during  which  thr  t-  nij-w-ratiire  of  an  f  ^■clght  of  water  r*:>sp  und<  r  sinjilar 
circttmatJMKy.s,  from  33*^  F.  to  40*^  F.  He  thus  obtained  for  the  latent  heat  of  water 
lSb»  nmnber  IW  "F^  9qui  to  77*9°  O.  Ik  enother  eKperiumt,  he  loslted  110  portiof 
ice  at  32°  F.  by  immersing  it  in  135  purls  of  wat<  r  at  190'^  F.,  and  so  obtained  254 
parts  of  water  at  53^  F.  Hence,  taking  into  aooount  the  difilarent  speciHc  heats  of  the 
water  and  of  the  ghiss  in  wfaidi  it  Was  eontaued,  he  dedneed  the  number  143°  F., 
equal  to  79-44°  C. 

Thr  method  a<]optcd  by  Black  in  the  second  of  these  experiments  is  f^«scntially  tho 
same  aa  that  stiU  employed  for  the  determination  of  latent  heats  of  fluidity.  A  kuowu 
W&lf^dt  theeehetance  to  be  oxumincd  is  heated  to  a  known  tempornturo,  and  then 
iDimpr?w>d  in  th<»  wntcr  (or  other  liquid)  of  a  calorimeter,  the  tempfrnturf  of  wliich  is 
each  as  to  cans*  the  substance  to  melt  if  solid,  or,  if  liquid,  to  solidify;  and  when 
vniformity  of  tcmporatunj  is  <<etehMlhed  in  the  calorimeter,  this  temperature  is  deter- 
minf.d.  The  experiment  is  therefore  quite  similar  to  the  drtcrminatioii  of  thv  spe^Mfic 
heat  of  a  substance  by  the  method  of  mixtures ;  the  same  apparatus  may  be  used  and  the 
eeme  prBcanticoB  nqiiife  to  he  tekeii  in  the  tuo  cum  (see  pp.  26-99). 

In  meh  an  exp":»riment  let 

^  be  the  weight  of  water  in  the  calorimeter,  the  water-equivalents  of  the  caloh- 
ini4eraad  AennoBieter  supposed  ineliided;  * 

W,  the  weight  '  f  '^nV-'inoc  operated  np>on  ; 
t,  the  initial  temperature  of  the  calor^aeter ; 
i,  the  flml  tempemtiire  of  the  eekrimeter; 

T,  the  initial  temperature  of  the  gabltl&oe; 
C  its  melting  (or  ireezing)  point; 

the  specific  heat  of  the  subetanoe  in  the  eoUd  itete  between  the  temperatures 
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c,  ita  ^ocific  heat  in  tiie  liquid  state  botvcen  the  tompecaturoe  T  and  %  \  and 
X  iftt  latent  heat  of  fluidity. 

Suppose  that  the  f  xpt  rinu  nt  is  made  tipon  a  mrltrf!  substance  whit^h  pivcf:  out  hoat  to 
the  ciuorimetcr  and  solidifies  in  it:  then  it  is  plain  that  the  quantitj  of  heat  A  (0—0 
absorbed  by  the  tahniawter  ia  made  op  of  tiirM  parts — flntt  the  heat  lost  1^  the 

siiLstancc  in  cooling  from  it«  originil  temperature  to  its  freezing  point;  secondly, 
tho  \u-.\\  pivt  n  out  by  it  during  fiolidjfi<*aHon ;  thirdly,  tli*^  heat  which  it  Iosoh  while 
cooling  from  itii  fniesing  point  to  the  fxmi  leinperature  uf  tho  calorimeter.    That  i^ 

whence  L  -  A.  {e -f)^c{T-Z)- Cy^^e). 

The  mnnner  in  which  this  formula  will  require  to  be  medified,  in  order  that  it  may 
apply  to  the  case  of  a  soUd  substance  which  is  melted  in  the  calorimeter  by  absorbing  • 
luftt  ^om     naed  not  be  epeejaUj  p<anted  ool. 

Chnnijrs  of  Volvinc  accompanying  Fusion  and  S'^U^ificat ion. — The 
acccleratki  rate  of  expassioa  exhibited  by  most  eolids  as  they  4U)^roach  thoir 
melting  (x)ints,  is  in  most  eaeee  ftUowed  by  a  fbrtfaer  expansion  annng  the  aetoal 

pirocei<8  of  liquefaction,  so  that  the  molte<l  gubstanoe  occupies  a  greater  buHt  than  the 
polid  of  tho  same  tfrnpr-rnt-  re  from  wliifli  it  i3  formed.  This  phenomenon  has  hcpn 
parliriilarly  sludied  l<y  Kijpp  (Ajin.  Ch.  I'ii.irni.  xciii.  129),  whose  principal  results  are 
«a  follows : 

J'liusiihorus  (Hie  ye1]'j\r  modification  of  specific  gravity  rS2(i  at  10^),  rxpnnds 
uniformly  up  to  it«  melting  point  (^l**),  at  which  temp©r.Uure  its  rolume  is  l  ul?  of 
^ri&at  it  was  at  0^ ;  when  m^ted,  its  volume  at  the  name  temperatore  is  1*062  of  tiie 
volume  at  0^  TTi'iir-r>  100  vr,^-^.  solid  phosphonui  at  44*  heeome  108*4  Toll.  liquid 
phoephoros  at  the  sunn  temperature. 

Sulphur  (natrre  eiystals^  apeetfic  grsTity  2*060)  eoqMnda  imgnUtfy  near  its  melting 
point  (115«^).  Ita  volume  being  1  at  0°  is  1010  at  60°;  1  037  at  100^;  1  096  at 
115° ;  at  the  moment  of  Umokf  the  expansion  aoDKMUita  to  4  per  cent,  the  Toliune  then 
increasing  to  1150. 

Wax  (bleached  boes*-wax,  Fpi  cific  gravity  0*076  at  10*)  expands  very  rapidly  as  it 
approaehf^st  if^  melting  point  (64°),  but  only  0  1  percent,  more  at  the  moment  tvf  fvis'nn. 
If  the  volume  at  0°  is  1,  the  volume  at  60°  is  1-Ut>8 ;  at  60°  is  1128  ;  at  64°  is  1161, 
and  inersaaefl  by  fusion  to  1*166. 

Sf'uric  arid  (puro,  8pfrifif  jrrn ritj  nearly  I'O  at  10®)  expand?  loss  than  wax  before 
melting,  but  then  expuids  as  much  as  11*0  per  oent  The  Tolume  at  0°  being  1,  it  ii 
1'4S8  at  60(»;  l*05tf  at  OO^;  and  1*070  at  7(P,  at  irhidi  tempsntnie  the  acid  melts,  ita 
Tolnme  increasing  to  1*198. 

Roscs  ffrsihh  mrffi/  (2  pts.  bismntli,  1  pt.  tin.  and  1  pt.  load  ;  «:p<-'c;fie  prarity  8*906  at 
10")  uipiuidis  whcu  lioated  frr'iii  0°  to  .VJ  -,  in  t  lie  ratio  of  1  to  l'UU27  :  bat  contracts  wLrn 
fbitner  heated,  its  volume  at  82"^  Ix  ing  e<]nal  to  that  at  0°,  and  at  t*  ')^,  t  ijual  to  0  9947; 
in  melting,  between  OrP  and  OS  -,  it  expands  l)y  l  per  cent,  so  that  at  08°  its  volume 
is  equal  to  10101.  This  alloy,  therefore,  contracts  from  69°  up  to  its  melting  point. 

WicUer  pneenta  ntemaikaUe  exeeption  to  the  genenJ  rale,  and  expands  at  the  mo- 
ment of  fusion,  or  contracts  on  melting  by  ahont  10  per  rt  nt.  On.-  V(tlurn.>  of  ice  atO° 
gives  O'dOS  volume  of  water  at  the  same  temperature,  <a  I  voltunc  of  water  at  0°  ^raa 
1*103  Tolnme  of  ice.  Dnfimr  fimnd,  ae  the  mean  of  S4  expexaneata^  the  deaaitjjr  of 
ice  at  0°  equal  to  0-9176,  that  of  water  nt  tlieatmo  tempeestaM  heug  I.  Btttoow 
found  for  the  density  of  ice  the  r.nmbrp  O  lMS. 

Solid  hydratrd  salts,  on  the  contrary,  cxpaudat  the  momtnt  of  funion,  e.^.  chloride  of 
calcium  (CaCJ.3H*0),  by  9  6  pt  r  ( i nt :"  ordinary  pliosphate of  sodiiunCPKa^OMfiflPO) 
and  hypoTOlpTiito  of  sodium  {S-'Na-O'.oH'O)  raiMi  by  6*1  perrrnt. 

The  expansion  which  take8  place  in  water  at  the  moment  of  solidification  affords  an 
explanation  of  aeveral  important  phenomena.  In  the  first  plaoe,  it  enablse  ns  to  nadef^ 
rtand  ■vrhy  incrrast-'  of  pn  hsnt'o  should  ri  lard  the  frrrzinir  of  water,  instead  of 
litating  it,  as  it  does  that  of  most  other  liquids.  Siuce  the  tendeoq^  of  both  heat  and 
prowm^  is  to  duninuih  the  hoik  of  water  at  0^,  and  therelcae  to  ojqpoee  the  ehange  of 
volume  that  occurs  on  freezing,  it  is  easily  conceivable  that  the  one  influence  may  (at 
least  within  ?ertain  limits)  replace  the  other,  and  that  a  strong  pressure  applied  to 
water  at  or  below  0°  may  as  •  ffoctuully  prevent  its  solidification,  ns  tlie  communication 
of  boat  which  would  raise  its  temperaturp  nlx>ve  the  freezing  point.  In  the  case  of 
Bul»8tnnc<'.s  A\lir,-,>  voliun*'  in  tho  solid  staf.>  i.-*  I<"is  than  their  volumr-  in  the  liquid  state, 
pressure  atl.s  in  the  opposite  scuso  to  boat,  and  therefore  retards  liquefaction  and  pro- 
•      motes  solidification* 

Thi.s  sarno  phenomenon  is  the  cause  of  fli*'  }>owr'rfnl  mrrhanical  ofT-i-t^  whicli  occur 
when  water  freezes  in  a  confined  space.  The  bunting  of  water-pipes,  and  the  breaking 
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ofiugs  contaiQing  water,  durinc  frosty  weather,  are  umoDg  the  most  ^miUar  of  these 
cOMte ;  and  to  these  wmj  be  added  the  epMttiii^  ot  roeka  by  the  freeidag  of  «»ler  in 
their  lliBurf  3  nn<\  tho  swellinp:  up  of  mn:«--t  ;xrouiitl  tluritisr  iV.»st. 

Tine  force  with  which  water  expands  when  cooled,  aud  at  die  moBieot  of  becoming 
ieev  i>  strikiiiglj  Olvetoefeed  in  the  experimeote  made  by  M^or  WBIiame,  at  Quebec. 
Havinfi  fllrd  a  l"-in<  li  imn  ]>'ini1.-sh<  11  with  water,  ho  closed  tho  hole  left  for  intro- 
dueii^  the  fusee  by  driving  firmly  in  an  iron  plug  weiring  nearly  31bs.,  and  cxpo^^ed 
it  in  tfiia  state  to  the  froit  iUter  some  time,  the  iron  plug  was  forced  out  with 
a  loud  explosion  and  thrown  to  a  distance  of  416  feet,  ami  a  cylinder  of  ice,  8 
inches  long,  issued  from  the  opening.  In  another  experiment,  the  shrll  burst  before 
tho  plug  was  driven  out,  and  in  this  case  a  sheet  of  ice  spread  out  ull  round  by  tho 
CVaoL  If  we  take  into  considecatkm  the  experiments  of  W.  Thomson  and  Moiwaon 
already  reconlv  1  (p.  75),  it  seems  probaVli  that  some  of  the  water  mmt  harp  re- 
mained liquid  ill  tkese  experiments,  up  to  tin-  moment  when  the  resistance  was  over- 
come; that  it  then  issued  from  tlie  ohcll  in  tlii  liquid  states  hot  ai  a  toatpeiatnrebelinr 
0^,  and  thrref:>ri-  liistaiiUv  l«';:rin  to  '^oiidiiy  wlieit  the  pramama  lenaoved,  and  aa 
rttnined  the  shape  of  the  oritice  whence  it  issued. 

BtnavOt,  eaat  iron  and  antimooy  expand  like  water  on  beeomii^  eoUd. 

Solutin  "f  S"I {<?  JlnrHi  "  i?i  ir< ;  ^  r .  — Very  many  soli d  substances  are  capable 
of  dissolving  in  water,  and  thus  forming  with  it  a  uniform  mixed  liquid.  A.s  a  general 
rule,  the  solvent  power  of  water  increasee  with  its  temperature,  but  this  is  not  uni- 
fersally  tli  •  vnsr  ;  for  example,  chloride  of  sodium  has  very  nearly  the  same  solnbility 
in  cold  water  that  it  has  in  boiling  water;  lime-wntf>r  saturated  at  0^.  (vmtains  nearly 
twice  as  much  lime  as  cuu  be  dissolved  by  the  same  quiiatity  of  water  at  100^.  Several 
other  calcium-compounds  exhibit  similar  properties ;  thus  the  sulphate  is  more  soluble 
in  cold  than  in  boiling  wat.'r.  and  becomes  quiti  insfbiMt  in  Tratrr  K  tween  Un""  aci 
loU*^  (Coust6,  Ann.  Mia.  [o],  v.  143).  Sulphatti  of  sodium  mure  soluble  in  water 
at  3:i  than  at  other  temperatures,  higher  or  lower,  and  has  about  the  same  solubtlitj 
at  0°that  it  has  at  lOO'^.  From  the  experiments  of  Sulli^  an  (Urp.  T,ni.  Association, 
p.  292)  it  appears  that  the  solubility  of  mmy  salts  attains  a  nn^x'*nnm  at 
-  aome  partienlar  temperattne^  abore  whidi  it  dimumhee.  Hence,  perhaps,  the  naeoa 
why  the  solubility  of  most  solids  is  ronuiionly  ■^rpj  n^cl  fo  inrn  asi  coiitinuoii'.lv  ^s 
the  temperature  mee,  is  that  it  hae  been  doternuned  only  at  tempuuUires  below  llM)*^, 
and  that  the  poiate  of  waximnw  eolnbilil^  for  most  anbetaneee  ue  higher.  If  this  be 
HO.  th<. f  luMlity  of  su!|>liati_'  of  soiliiim, — and  of  tho  few  other  salts  (seUnato  of  sodium, 
sulphate  of  iron)  in  which  similar  properties  have  been  obsenred, — is  only  in  so  far 
anomalons  tiiat  ita  temnemtare  oi  maximum  aolubili  ty  is  lower  than  that  of  mo«t  other 
substances.  Water  which  is  saturated  at  a  given  tempetatnia  With  one  aobstaiiea  eatt 
usually  dissolve  an  additional  quantity  of  anotlier. 

The  liquefaction  of  solid  bodies  by  solution  in  liquids,  obeys  essentially  the  same  laws 
M  their  fiqufiM^ion  hj  the  direot  appKeation  ciif  heat.  It  is  facilitate <!  or  retarded  in 
the  same  way  by  great  variations  of  pressure,  and  is  attended  by  the  absorption  of  a 
eco^in  quantity  of  ht  at,  vvliich  is  evolved  again  when  the  dissolved  substance  separates 
from  i^ofutiun  in  the  solid  form;  usually  tSfo  the  volume  of  theeolntiott  di0inaltom 
the  comljinod  volumes  of  solid  sub-tance  and  water  nt  the  same  t*>mpemrnrc  ;  nnH, 
lastly,  solutions  present  the  j^ienomcnon  of  snpersatu  ration,  analogous  to  that  of  tho 
deferred  solidification  of  liqaali. 

.A«  ni'L'ht  be  expret''d  frnrn  tho  annTopj  with  tli*'  liijii'  farfion  of  solid  bcl:*-^  in 
general,  increaeed  pressure  favours  solution  in  cases  where,  as  is  usaal,  the  volume  of  the 
water  and  dianlved  aabsteaoe    hm  after  aotntion  than  the  Tolume  of  the  water  and 

fiii'i-tanfe  wlion  s  -jvirat<- ;  and  diminishes  thf  piiluVilitv  of  Ribstaucfs  w]io<*-  v.  ilunio 
when  dLBsolred  in  greater  than  their  Toltime  in  tho  solid  state,  together  with  that  of  the 
water.   (Comp.  Sorby,  Ptoe.  Boj.  Boo.  xxL  538. — abo^  Moller,  Jahimibar.  1862, 

pp  n  -13.). 

The  absorption  of  heat  which  occurs,  during  solution  is  taken  advantage  of  by  the 
dumist  for  the  artificial  production  of  low  temperatnrea.  The  ftUowiqg  table  gives 
a  few  of  the  most  frequently  usefid  freezing  mixtusn^  with  the  xedacttoa  of  tampem- 
tore  which  can  be  pnxluct  d  by  moans  of  eiich. 

In  order  to  obtain  tho  greatest  ix)ssiblo  effect  by  the  use  of  any  of  theae  mixtaree,  it  is 
necessary  to  use  a  ctmsidflrable  quantity  of  tho  materials  ^3  or  3  povnds  at  least);  other- 
wise the  whole  heat  required  for  the  liquefaction  is  furnished  by  the  cont-iining  vessel, 
and  the  whole  of  the  mixture  beoomes  liquid  before  its  temperature  has  been  mtu*h 
Tpduoed.  It  is  also  of  importance  that  tho  materials  should  be  mixed  as  intimately  as 
possible,  nthor  Tnnrr>  pow^  rfu]  fiv,>/iii<^  miztores^  depending  on  the  amploynei^of 
condensed  gases,  will  be  described  hereafter. 

From  a  table  already  giyan  (p.  60),  it  will  be  seen  that  water  containing  saline 
iofaatanoes  in  eolation  nenea  at  a  lower  temperatnve  than  pure  iratcr,  and  that  the 
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deiire«si<m  of  the  ftwsing  point  inermaM  tritii  tbe  qoMMtyot  nbatettM  in  tbliitunL 

This  latter  point  ia  prov«'<f  f^till  moro  dLstin.-tly  liy  tlio  nn>ro  root  nt  cxj'i>rlnieiit.s  of 
Rudorflf  (Phil.  Mag.  U]  xxiL  6&2X  from  which  it  ajpoeass  that  the  depression  ia  reiy 
nearly  in  exact  proportum  to  the  quantity  of  salt  dtMoIrad.  Hie  iso  wowi  Ibnui  from 
*  dillUe  aoliitioii  of  R  Mlt  jieUft  DMily  pan 


oTtlMllbttlM* 


^  Waf  ft  

^  Nitapatc  of  ammonium      .  . 

! Water  
Nitrate  of  potassium  .  . 
Cliloride  01  ammonium    .  . 

i Water  
Nitrate  of  ammonium     .  . 
C:irl)nn.itp  of  sodium 
I  Snow,  or  pounded  ice       .  . 
^Cliloride  of  sodium  . 
|8now,  or  pounded  ice 
'Crystallised  chloride  of  calcium 
\  Crystallised  Rul|}hate  of  eodinm 
I  Uydrodilone  acid  . 
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When  a  fcaiurated  solution  is  <x>uled,  the  excess  of  dissolved  substance,  beyond  that 
vllich  saturates  the  liquid  at  tlte  lower  temperature',  generullj  separates  out  in  the 
crystallint^  form;  8omet?m'«<,  bowcrcr,  cspf'C'ially  if  the  -jolutiou  is  (^(kiLvI  jilowly  and  is 
kept  at  perfect  rest^  a  condition  of  tinstable  equiiibnum  um^-  aritie,  like  that  of  liquids 
oowed  below  their  (nduwry  freenng  pointe  without  solidifying,  in  which  a  greater 
quantity  of  substanco  is  retaiiuxl  in  eolntion  than  the  liquid  would  be  capablt^  of 
diesolTing  if  it  were  put  in  contact  with  it  in  the  solid  form.  In  this  etate^  solutions 
are  said  to  be  superBataratod;  and  tho-eame  eattea  iie  in  genenl  miiBeient  to 
cause  the  se{>aratioo  of  the  eroosa  of  diMolred  aabatanoe^  a«  conao  the  aoliiitifliratioii  of 
ovor-oooled  iiqnida. 

If  an  aqveotu  aohitioB  of  anlt  ia  boiled  In  a  flask  of  which  the  neck  ia  drawn  out  to 

a  fine  point,  and  if  the  point  is  then  hi nncf  irally  sealed  when  all  the  air  has  been 
expelled,  the  solution  very  frequently  remains  supersaturated  when  cdld;  but  on 
breaking  the  point,  so  as  to  readmit  the  air,  even  if  tliis  is  done  without  shaking  tho 
aolntion  in  the  leairt;  or  allowing  the  ranallest  fragment  of  glass  to  fall  into  it  ,  crystalU- 
eation  in  most  cases  b<«pin«i.  If,  however,  the  air  that  enters  iho  flask  has  been 
previously  pa.«s.'d  through  a  rtd-hot  tube,  or  even  if  it  has  been  merely  filtered  through 
a  column  of  (^ot ton  wool,  crystallisation  doee not  take  plaoi*  (t'omp.  Loewel,  Jahreel>er. 
1862,  p.  369;  Schrode  r,  Ann.  Ch.  Pharm.  e\x.  45;  also  particidarly  Omelin's ,^'r»r/- 
book,  i.  9-11.).  The  most  prububle  explanation  of  (hi.-i  difFercnco  is  that  the  solid 
particles  of  soluble  matter  contained  in  the  unhoated  or  unfiltered  air,  disturb  the 
riolceular  <'qnili1»rium  of  tlh*  solution  I'V  dis.solvinj]^  in  it,  and  so  cause  cry.sitallisaf ion 
to  begin.  Thus  explanation  is  confirmed  by  the  Ikcl  tliat  a  supcr^iituraltxi  solution 
f^nently  doea  not  oxystalUse  if  stirred  with  a  glass  rc>d  or  platinum  wire  which  haa 
brrn  reonntly  heated  to  redness,  but  ciyalalliaoa  instantlj  if  tovcfaed  with  a  lod  that 
has  lain  long  exposed  to  the  air.  . 

^  pooling  supeMatarated  adntiona  batow  ifi,  thej  may  be  brooght  faito  sndi  a  eon- 
dition,  that  either  ice  or  tlir  dissi>lvf  d  salt  will  crystallise  out  ac-oordinir  f<>  fircumstancee. 
Thos  Kudorff  found  (/oc.  cU.  and  Pogg.  Ann.  cxvL  66)  that  a  small  fra^ont  of  ico^ 
thvown  into  a  etwmgly  cooled  solvtkm  of  anj^hate  of  copper,  biehronate  m  potassSun, 
or  ofliiT  ooloun-d  salts.  can««  d  a  crystallisation  of  Ico,  the  whole  of  (he  salt  remaining 
dissolved,  until  a  very  large  proportion  of  the  water  had  been  transformed  into  ice ; 
while  a  fragment  of  the  solid  mdt  thrown  in  eansed  the  salt  to  crystallise,  but  no  ice. 
Tho  cryHtais  of  ice  and  of  the  salts  used  in  these  experiments  were  easily  distinguiahp 
able  by  their  different  colours  and  spfolfic  grraviticp.*  Th<'so  results  are  quit*""  aiuilfvprona 
to  tho  simultaneous  separate  ciystaliis^t^ou  of  two  or  more  aAita  contaiued  iu  the  same 
■ofaition. 

Vaporisation  and  Condenaatloo* — W]ir«n  a  qna-ntify  of  water  or  alcohol  is  left: 
exposed  to  t£e  air,  it  eraduallj  disi^ypeais,  owing  to  its  trauafonnalion  into  a  transparent, 
inriaibleivpoar,  wfaiehdillbaea  into  Th»  fbnnatioa  of  vapour  at  tha 
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>«f  aBqnideoiMlitatiitTaporfttioa  It  teket  plus  mm  ttlin  rapidly 

■with  aU  liquids,  except  s«inn>  <,>f  thoso  which  ar»:>  eiisily  i1«  iM^mpmod  by  heat  when  their 
temperature  is  sufficiently  higli.  8ome  liquids,  such  as  water,  evaporate  at  all  tempe- 
ratures, but  this  is  not  the  case  with  all :  for  instance,  mercury  gives  off  no  sensible 
qaantity  of  vapour  at  —  lO*',  and  two  basins  may  be  plieed  onur  each  other,  under  an 
exhausteil  reoeivor,  at  tho  onliuary  teinp<?ratTirp,  one  eontnining  oil  of  vitriol  and  tlie 
other  a  solution  of  chluriUe  uf  barium,  without  tha  smallest  procipitate  being  fiurmedia 
tbe  latter.  Some  solid  bodies,  e.ff,  io^  iodine,  euofhnr,  ^rWo  off  vapoar  viUlont 
prc'viuiLslj  p:is.sin£r  into  tho  liciuid  state;  anJ  it  is  pmve<l  by  Itt'piault's  osporimon^s 
(aeon  benzene,  bromide  of  ethylene,  glacial  acicstiu  .icid,  chloride  of  cvonogen,  and 
tUanSB  of  MrlxNiX  that  anlMtaooei  wch  are  capable  of  enttSag  at  u«  iMM  tern* 
pt  nirurc  either  as  solids  (^r  Hqnids,  pKOdOM^  itt  both  ftifeci  oC  agglCgation»  mpom  of 
equal  teaaiaa  (aee  nest  paragraph  i 


Tension  of  Valour*. — Thr  ^nnnlitj  of  any  ^ven  liquid  which  can  r'Tsporste  in 
an  endoaed  space,  either  previously  vacuous  or  already  cootaininf^  a  ^iis  or  vapour,  is 
lottted,  and  depends  on  th>'  naturo  of  the  liquid,  ontilft  temperature,  and  OB  tha 
extent  of  tlie  eiicloMt'd  space.  WIk-u  the  liquid  is  in  oxcc??,  timt  is,  w  h^ii  :^ me  of  if 
renuum  ailer  the  formation  of  the  largest  quantity  of  vapour  that  isi  possible  under 
the  eirevnistaiiOM,  nwapontkm  eeases  mien  the  vapour  «t«rta  ft  ontain  pressure  upon 
th*-  f:i<les  of  the  containing  vcfb*  1.  Tlx-  laws  of  evaporation  thirefon",  most  easily 
arriTed  at  by  itvuisns^t,  ia  the  tot  instance^  the  phenomena  of  the  formation  of  vapour 
in  a  vnonnn,  in  mea  CM*  tiio  yureoMrtad  nj  tho  Taponr  itself  it  the  only  one  to 
which  the  eidm  of  tlHTOWd  no  osmooed. 

?oi«  iii.  a 
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If  a  glass  tubc»  cIoboJ  at  one  end,  about  a  yard  long  and  three-quartow  of  an  niell 
wide^  is  filled  with  mercury  and  inverted  in  a  basin  of  that  H qiiul,  as  shown  in^.  639, 
a  ViiciKni';  fpnco,  about  hIx  Iik-Iu's  in  Icairtli.  is  fornii'i!  at  the  top  of  tlu'  tubr.  On 
now  pasdug  up  a  drop  or  two  of  etlitr  or  alcohul  into  this  space,  the  lit^uid  will  imme- 
^tely  evaporate,  so  that  the  surface  of  the  mercury  and  of  the  tube  will  xemain  drj', 
but  the  mercury  column  will  1»<?  flopn  s-^i  il  liy  the  elastic  forco  of  the  vapour  which  hd9 
been  formed.  The  amount  of  this  eiasiic  force,  or  of  the  pressure  which  the  vajwur 
exerts  upon  the  lidee  of  tiie  tabe  and  upon  the  top  of  the  eolamn  of  mei'cury,  is  evi- 
dently measure*!  by  fh<'  difT^  roiv^*^  between  the  height  of  this  eolnmn  ami  that  of  the 
barometer  at  the  time  of  the  experiment.  On  transferring  the  tube  in  this  condition 
to  a  mercury-trough  pronded  with  a  deep  eylindried  well  (fig.  6i0\  and  depressing 
it  slightly,  the  space  occupied  by  the  vapour  abovt»  the  im  rLMiry  will  be  dimmished ; 
the  tension  of  the  vapour  will  therefore  inf^n^ase,  and  the  mercury  colama  AC  will  be 
titill  further  depressed.  But  on  continuliv'  to  diminish  in  this  way  the  Tolnme  of  the 
Tapoor,  a  point  will  toon  be  reached  at  which  part  of  it  retwms  to  the  liquid  stat«  and 
condenses  as  a  dew  upon  the  inpirle  of  fho  tube  and  on  the  mercury ;  and  if  the  height 
of  the  column  AC  be  measured,  s<joii  tlio  first  Lraci?  of  condensed  liquid  becomes 
TiBible,  it  will  be  firand  to  remain  the  saiuc  until  the  tube  has  been  depressed  so  fur 

tliat  the  whole  of  the  viiponr  has  U'fn  converted  into  liquid, 
antl  thtj  tube  becomtsit  tilled  wiih  im  rcury,  surmouutcJ  by  a 
drop  of  liquid  ether  or  alcohol.  The  pr«>irr«'i«j  of  the  experi- 
ment in  this  Btaix<}  will  hr  oasily  unilt  rstiHid  from  ^.'641, 
where  C  D  represents  the  tube  when  the  liquid  first  begins 
to  appear  in  uie  apaoe  above  the  meraaiy,  ami  AB  tlie  wrsl 
of  tlie  mercury  in  the  tube  aliovf  that  in  the  trotiirh.  As 
the  tube  is  depresBed  suocessi^'ely  to  the  ^sitions  C^  D,,  and 
Dq.  move  and  more  of  the  Tapottr  ie  bqucfiod,  hurt  toe  re- 
maining portion  oxerts  neither  more  nor  less  pressure  than 
the  quantity  wliich  existed  in  the  tube  at  the  instant  when 
liquefaction  llxit  began  to  take  plac#^ ;  and  hence  the  sur- 
face of  the  mercury  remains  immovably  at  the  level  All. 
Ai^ain,  if  flictiibe  is  raised  tip  ont  of  the  mercnr}',  t!io  fop  of 
the  mercury  column  will  still  remain  at  the  level  A  15,  until 
the  whole  of  the  liquid  hits  a^in  t  vaj>  mited  into  the  space 
t^^7^;^fc|._- :=;^:;  above  it,  but  tVom  this  point  it  will  begin  to  rific  liiLdwr  and 

 fe^i^^^irjg-    higher  as  the  tube  is  still  further  raised ;  if,  however,  when 

^  ^  attained  its  highest  position  (so  that  the  open 
ond  ia  only  just  covered  by  tlio  morcnrv*  in  the  fruuirh ),  an  additional  quantity  of 
ether  or  alcohol  is  puii&cd  up  into  it,  the  column  of  mercuiy  will  sink ;  and  if  the 
quantit^r  of  liquid  peaaed  «p  ia  move  than  oan  evapotate  in  the  noftioa  of  the  tube 
uDuccupied  hj  the  meteaxj,  the  luftea  of  the  lattar  will  aink  aflMn  to  tin  level  AB 
Oh.  641), 

These  experiments  prove  that  when  a  vapour  is  compressed,  its  temperatiure  remain- 
ing  always  the  same,  its  elastic  force  increases  up  to  a  certain  limit  which  it  cannot 
exeood.  the*  rffeef  of  any  further  e<>mpn»?<sion  being  to  change  it  to  a  liquid  ;  and  tliat 
when  a  vapour  i»  in  contact  with  any  jMirtion  of  the  corresponding  liquid,  in  a  space 
otherwiae  Taenona,  iti  elastic  fore<^  always  attains  this  limits  whatever  maybe  the 
relative  volumes  of  vapour  and  liquid.  In  this  oonditaoi^  ft  Tapow  IS  said  to  be  aatu- 
rated,  or  to  exert  its  maximum  tension. 

Maximum  Thuion, — ^The  maadmnm  tension  which  flie  vapoforaf  anyliqnidean  exert 
depends  u|inn  the  nature  of  thr  liquid,  and  uj*i'«n  Its  temperature. 

If  «re  pass  up  into  the  first  of  three  barometric  tubes,  like  that  represented  in 
/y.  d39,  a  small  qnantilj  of  ether,  into  the  second  some  aleoha],  and  into  the  third 
some  water,  takjn;2;  u  larirer  quantity  of  each  liquid  than  can  evaporate  completely 
within  the  tubci  the  mercury  column  will  be  depressed  to  a  different  level  in  ^ch, 
supposing  all  three  to  hare  the  same  temperature.  If,  for  instance,  the  temperature  is 
10°  C,  the  mercury  will  be  depressed  about  11^  inches  in  the  first  tabe»  nearij  1  indi 
an  the  ?cmnd  tnhp,  and  a  littlo  more  than  i  incn  in  the  third. 

If  the  three  1  ul  ics  ute  now  gradually  heat^Hl,  by  surrounding  them  with  warm  water  or 
otherwise,  more  vt;  our  will  befomud  from  the  liquidcontainedineadiof  them;  the  elastic 
force  or  t(  nsimi  .if  t  ach  A'apour  \s  ill  a 'cordinfily  iuerea^'f,  nnd  the  mercury  will  descend 
lower  and  lower  in  the  tui>e«  an  ihv  t^fiiqit'rature  rises.  At  about  35°,  the  tension  of 
the  ether-vapDur  win  have  become  equal  to  that  of  the  atmosphere,  and  henos  at  this 
tomj  r  ratnrr,  the  mercury  in  the  tube  containing  it  will  have  been  driven  down  so  us  to 
be  lit  tlii>  same  level  as  that  in  the  reservoir;  at  about  78  6^  the  same  will  be  the  case 
with  the  meveniy  in  the  aloohol-tobc;  and  at  about  100^  with  that  eonlaiaed  in  the 
water^lnbe. 
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When  a  sahiratcd  rapour  is  coo]c<3,  tlic  pressure  upon  it  remaining  unaltoml,  com- 
plete li;^UL<f:iL(i<>ri  taki-a  place,  jut>t  an  it  does  wlieo  the  pressure  is  increased  and  the 
t«mperatur<-  n-ni.-iins  th*^  same.  The  condition  of  aHniwtion,  or  maidniim  tiffiinfltl,  it 
t!i<-n'f  m>  :i  limiting  mixlirion,  beyond  which  m^ttpont  CMIIMitlMr  be OOOipmMed HOT 
c^lt:d  without  retoming  to  the  state  of  liquid. 

_  On       oilier  luuid»  vhen  •  Mtnmted  vaponr  not  in  eontaet  vtth  «a  motm  of 

liquid  is  heated,  it  ceases  to  ho  saturated  (unless  the  prf*«sTirc'  upon  it  is  incroa.'^fHl  at 
thie  MBM  tune  to  e  oom^mouding  ext^t).  Heooe,  when  a  further  quantity  of  liquid 
im  hfon^  in  eontaet  with  a  Tapoar  wrdoh  has  been  tixrm  bMtsd.  man  Ttpoor  ie 

f  >rfruxl  in  tli<-  siime  spupe,  until  saturation  is  again  prxlui't  il,  and  tJie  tension  increases 
at  the  same  time  till  it  xeaohee  the  maxiioqin  ten«ioo  coereiyondiag  to  the  hi^bor 
tmparature. 

]>utinction  between  Vapmf  and  49aMtw— ft  hM  been  alreiidj  stated,  thi^  when  the 

space  info  whic-Ii  :i  liquid  can  oraf^rMt**  j«<  inrmtwiHl  until  the  wliulc  qanntify  of  liquid 
has  betuma  vapour,  th^  tension  of  tiie  vapour  diminishen  with  unj  fiiriluT  increase 
of  vulume;  and  tl  u  ^  hen  a  Tspour,  not  in  eontaot  u it li  the  liquid  from  which  it  !■ 
fonn^d,  is  compresstHl,  its  tpnpion  inicrmpntH  until  liipict.u.'tion  Ini^iny.  In  i>n>portion 
as  a  vmpour  uiKlor  these  conditions  is  expanded,  its  tension  becomes  more  aiid  more 
aaariy  tn?euwly  propavtu»al  to  the  Tolnme  whieli  it  oeenpies ;  that  is,  ite  propertiee 
approach  more  and  more  nearly  t  *Iios.'  i»f  a  perfect  gas.  Similarly,  when  a  satunitcil 
rwiwmx^  not  in  contact  with  an  excess  of  liquid,  is  heated,  its  ehu»iio  force  increases, 
ana  it  ezpandi  if  the  pnewue  upon  it  ie  not  proportionally  augmented;  and  ai  the 
temp' -nit iiro  rises,  the  relation  between  the  tension  or  <  lastu;  force, of  the  vapour, 
its  volume,  v,  and  its  tempenitai^  ^  eomee  to  be  more  and  laoce  newij  eggwuod  by 
the  equation 

vUch,  as  we  hare  already  seen  (p.  45),  expresses  the  lelatioa  between  theee  three 

quantities  in  the  ca>«o  uf  a  perfi  ct  gas  (see  also  p.  50\ 

Hence  the  phyhical  properties  of  TUDOurs,  when  buffidently  expanded,  and  at  snffi- 
ri<  lit  ly  high  tempecatnree,  are  idcntieM  with  those  of  the  pmnanent 

From  thi.s  it  is  natural  to  oonolnd.-,  conversely,  that  the  sn-called  perraannnt  pases 
themselves  are  onlv  vapours  which,  at  ordiauy  (masures  and  temperatures,  are  very 
ftr  renoTcd  from  uieir  pointe  of  aatnxation,  and  that  Jaj  exposing  them  to  lover  tem- 
peratures and  inoroaslnfr  (he  pressure,  a  pcint  iniplit  ho  reached  for  eaeli  of  them,  at  which 
thepreerare  would  be  equal  to  the  maximum  teaaiou  which  it  was  caoable  of  exerting  at 
tibe  l«u|mature  of  the  expmment,  and  tfaerelbM^  that  any  ftuther  oimination  of  tem- 
perature or  increase  of  pressure  wotdd  cause  it  to  become  liquid.  This  conclusion  has 
been  actually  verifit  il  in  the  ea=o  of  many  piffs  formerly  rt'-pxrch-d  as  permanent,  the 
only  gases  which  have  hit  herto  rcjsijjtcd  ail  attejuptd  tu  licpiety  them  being  hydrogen, 
oxygen,  nitrogen,  nitrii'  oxide,  carbonic  oxide  and  marsh-gas.  (The  methods  em- 
ployed fur  the  liquefaction  of  ga^cs  will  ljt>  fiirthi-r  considered  in  OOUUectioa  with  the 
^ooessc-s  adopted  for  obtaining  gttul  reducliuiw  of  temperature,) 

Tmtitui  nf  Vnpunn  in  fH9mce  of  Permanent  Chun* — ^The  fkmiKer  tiet  of  the 
emp-nnition  of  water  in  the  open  air  afT^nd.^  suflfjf!<'nt  proof  that  the  presence  of  a  per- 
manent ga^  in  any  given  space  does  not  prevent  volatile  liquids  giving  off  vajpour  into 
the  nme  space.  By  meoenring  the  Tolnme  and  daetle  ftme  of  a  given  quantity  of  dry 
air,  or  other  ^:a^,  then  introducInL::  a  little  more  of  any  liipiid  than  can  completely 
evaporate  in  it,  and  wiien  equilibrium  has  bef»  rc-i'stitblished,  afnin  measuring  the 
volnne  and  ekitiefem  of  the  mixtue  of  gas  and  vapour,  the  tnunom  of  the  ktter  ean 
be  ascertained.  In  this  way  it  has  been  found  that,  when  the  liquid  exerts  no  solvent 
or  chemical  action  upon  the  gas,  the  combined  tension  of  gHs  and  vapour  is  nearly  eqmd  to 
the  separate  tension  of  the  gas,  increased  by  the  maximum  tension  whicli  tlie  vapour 
ie  eapahle  of  exerting  in  an  otherwise  vacuous  space  at  the  temperature  of  the  expsri- 
ment.  In  other  w<  rd-«,  the  vapour  given  off  by  a  liquid  at  any  temper.itnro  h«s  n-  ;<»•!v 
the  same  maximum  tension,  whether  it  is  formed  in  a  spact;  previously  vacuous  or  uilcd 
^ith  ;i  purmanwit  gas.  The  only  essential  difien>nce  between  the  evaporation  <rf  a 
liquid  in  n  Tacnnm.  and  its  evaporati<jn  in  a  gas,  in  that,  in  the  formrr  case,  the  vapour 
attains  the  condition  of  saturation  in  an  inappreciably  short  lime,  while  in  the  Is^er, 
thie  eooditioo  it  aoived  at  more  dowly.  Regnault'e  experimeotB  (HAnu  Acad. 
Sciences,  xxvi.)  provi  ,  however,  tliat  liquids  do  not  p've  ofrvap<turof  quite  so  fjrreaf  a 
teaeion  in  a  i|iace  occumed  by  a  pcmauent  gas^  ae  Uiey  do  iu  a  Tacaum,  and  that  the 
diftivuee  inenMune  as  the  temperature  rises. 

Boiiintf  Pmnt4.^EbuUition.—Yt*iiii  the  fficts  slutod  iu  tlie  la«t  |>aragrtiph,  it  follows 

that  tike  temperature  at  which  the  vapour  of  a  liquid  introdnoed  into  the  barometric 
Tamura  would  exert  sufficient  elastic  force  to  drive  the  mfroMrj'  down  to  the  bottom  of 
the  tobe,  eo  aa  to  make  it  stand  at  the  same  level  inside  and  outside,  is  also  the  tem^ 

o  2 


Digrtized  by  Google 


84 


HEAT. 


peratuiT  at  which  the  rapour  formed  on  heating  the  liquid  in  the  air  would  exert  an 
olAPtic  force  equal  to  the  utmoq^bflric  pressure.  As  already  stated,  the  first  of  these 
(•ff(«t8  is  produced  by  ether-vapotir  at  35°,  by  iilcoliol  at  78  5'',  and  by  water  at  100°; 
these  tuiup<jraturt>4»,  however,  are  thoiMi  at  which  the  Uquidi>  I'etipectiveljr  boil  when  heated 
in  the  open  air,  the  baMOMtar  beiii|f  at  its  average  height  Tlw  boiling  point  of  4 
liquid  i;;,  therefore,  the  temperatore  at  which  the  tonsion  of  its  vapour  becomes  equal  to 
Uiu  titmosphcric  pressure.  This  tempemUire  ia  evidently  not  absolutely  constant fiv  each 
liquid,  but  vwiM  more  or  Ibm  iritta  altendomi  of  the  pnmm  at  the  etmoepbem.  A 
liquid  ai  it-  ^  -iling  point  is  in  a  limiting  condition,  comparaltlo  to  tliat  of  a  saturated 
va^ttr;  any  diminution  of  presaure  or  increase  of  temperaturo  e^oally  causes  it  to 
poa  from  tiae  liquid  to  the  vaporooe  state.  The  two  eondttioiiB  aw  in  tut  oonter^ 
minous ;  and  the  temperature  at  which  a  liqxiid  produces  vapour  of  any  given  maid'- 
mum  tension,  is  also  the  temperature  at  which  the  liquid  would  boil  under  an  atmo- 
spheric pressure  equal  to  that  tension.  Hence  the  observation  of  the  pressures  under 
whidi  a  Kqvid  bous  at  fazimis  temperatures  oonstitiites  »  method  of  the 
maximum  ten«ion  of  its  vapour  at  those  temp»^ratnre«». 

The  phenumcuou  cf  ebullition,  which  prebeuts  iti»ulf  when  heat  is  applied  to  the 
lower  port  of  a  mass  of  liquid,  already  at  such  a  t«nperature  that  the  tensioo  of  its 
vapour  is  equal  t4)  flir  pressure  of  the  atmosphere,  results  from  tlie  transformation  of 
the  liquid  into  vapour  at  the  points  where  the  heat  is  applied,  and  the  escape  of  this 
■rafwar  in  the  farm  of  babbles  throoftfa  the  soperuienmbMit  Uanid. 

Tli.'    tenipf'ratuns   at  which  different  liquids  boil,  undor  tho  ordinan,-  atmo- 
spheric pressure,  vaiy  very  greatly,    Th(>y  will  be  found  given  (or  each  liquid  in  the 
artide  of  this  didtooiiiy  VMrsin  it  w  specially  deaeribed;  in  tho  lialkiving  table  a 
boiling  pointsaregiitwinofldartoiUnatntothoinBgBof  tampsmfcan  tfaioqgh  vhioh 
tiiej  occur. 


Llqittd. 

MUegP«iaC 

Prttuure  in  milllmeire* 
of  m^eitff  > 

Auikoiilr. 

Nitrous  oxide  . 

7fiO 

Regnault 

Carbonic  anhjdykle  * 

-78-2 

767-3 

It 

Ammonia  . 

-33-7 

749-8 

Bonsen 

Sulphurous  anhydride 

-10-6 

744 

Chloride  of  ethyl 

+  110 

768 

Pi** 

Oxide  of  ethylene 

13-6 

746-« 

"VVurta 

Aldehyde  .      .  . 

19-8 

7U 

Kopp 

Ether 

U«t 

7*i 

•♦ 

Sulphide  of  carbon 

47-9 

Picrro 

Meth^lic  alcohol 
Bromine  •      •  ■ 

61-0 

7M 

Dcli& 

68*0 

700 

Rerre 

AL'ohrl     •        •  ■ 

7R-4 

700 

Gay-Lussac 

Benzene  . 

80-4 

762 

Kopp 

Water  . 

KKN) 

760 

n 

Acetic  aeid      •  . 

116-9 

7oO 

•  II 

OyiiK^nr' 

177-5 

7tt 

Naphlhalcao 

216-8 

747  6 

FeOetisK 

Phosphorus  . 

290 

•  • 

Oil  of  vitriol  » 

326 

•  • 

Mercury    .  , 

360 

•  • 

Begnault 

Sulphur    .      •  . 

440 

•  • 

<  Dumas ;  Devillc 

1     and  Troost 

Cadnuom  • 

860 

•  • 

Devilie  and  Xxoost 

Zbo ,      .     .  . 

1040 

•  • 

•» 

Df  trrmijwii'oti  of  Tloilbiy  Toints. — Tlie  boilinp:  points  of  different  liquids  being  among 
their  most  characteristic  prooerties,  the  determination  of  them  becomes  a  very  frequent 
and  important  <yeration  fa  Aemteal  reaearelu  The  method  feeonmeiided  Inr  Kopp,  in 
wdor  to  ensure  as  much  aocunu-y  a.s  possible  in  thi-so  obson'ationi<,  is  as  follows :  — 

The  liquid  to  be  examined  is  placed  in  a  cylindrical  ^ass  vessel,  containing  a  few 
aerapsof  mdily  ignited  platfiram  mil,  the  diameter  of  whrai,  iHten  tlie  quantity  of  liquid 
is  .small,  lu-od  not  mtu'li  oxceeil  that  of  the  bulb  of  the  thermometer.  This  vesstu  is 
ohMcd  1^  a  cork,  through  the  centre  of  which  the  thermometer  is  inserted,  in  ^ich  a 
vay  iStaX  it  Mn  be  raised  or  lowered,  so  that  the  \mSa  may  dip  either  into  the  liquid  or 
ncielj  into  the  vnpow.  It»  gonaial^adfinfalo  togHt  thothcnBOi&etwth»  lattMr 
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jy^lioti,  pfncf",  as  will  bo  .vrrn  by  wlinf  follows,  the  temperature  of  tlio  liquid  moy, 
under  circunistuncos  wliieh  uot  iinfr(  (|ui'iitly  occur,  riae  Bomewhal  above  the  true 
boililig  point;  but  even  when  this  is  the  ca^e,  a  thermometer  in  the  vaponririll  thtm 
the  r«'nl  boilinfr  point  of  the  liquid :  under  nearly  allcircinnsfaiu-os,  t]ir  tliermomctrr  will 
eUnd  lower  in  the  vapour  than  it  docs  in  the  liquid,  if  this  is  a  mixture  of  two  or  more 
lM|tidi  difbtcnt  Boiling  pointe  iarteiid  «r  s  pore,  homo- 
prneons  gnbstance.     Through  n  j^i^fi- nd  hole  in  thf-  cork  is  f^,  M2. 

iutterted  li  elasa  tube,  open  at  both  ends,  and  bent  at  a  ngjUk  t 
angle,  as  nowa  in  jig.  642 ;  b^  eomecting  thic  tube  with  a  I 
condenser,  the  lo*«  of  tlu-  liquid  UM-d  for  th«^  experiment  can  ' 
be  nvreoted.  The  liquid  is  heated  either  by  applying  a 
mau  ftuM  to  tlw  outside  of  the  vessel,  or  by  means  of  a 
Wrttf  bath  or  sand-l  ath,  caro  bring  taken  that  the  sidM  of  the 
vefwl  above  the  liquid  do  not  gr-t  over-heat rd.  'I'lie  indications 
of  the  thermometer  urt»  obtterved  during  the  whole  timt!  that 
fbe  iiquid  ii  ^'^^  slowljr  boiled  «wsy,  until  only  a  small  mnii* 
tity  remains.  Tlie  tempcmtnw  thus  observrd  is  not,  how- 
ever, in  n>04st  cas**,  the  true  boiling  point  <^  the  hquid :  usually,  ^ , 
|Mit  of  the  mercury  eohmm  in  ue  thctnomctar  rises  aibove  j-  ^^^^"^^Ic/jJJ 
the-  cork,  and  is  therefore  exposed  to  a  lower  tempera  tare  than  ^^/^^^ 
that  of  the  boiling  liqvid ;  coose^ttentW,  the  upper  extremity 
of  the  eohnna  studs  tt  •  lower  point  thaa  it  woidd  do  If  tile 
theriiiomefer  were  comphtely  immersed  in  the  liquIJ.  .In 
order  to  hnd  the  correction  which  it  thus  becomes  necessary 
to  apply,  a  seeomd  tiiennometer  is  placed  so  that  its  bulb  is  in 
contact  with  the  stem  of  the  thermometer  inserted  into  the 
cork  of  the  boiling  vo^-sel,  and  is  half  way  between  the  top  of 
the  mercury  column  of  ihc  latter  tlierniometer  and  the  middle 
of  die  tonL  The  tempenitiire  indicated  by  tluo  seoond  Utomomcter  may  be  taken 
as  the  mean  tempenifurf  of  that  portion  of  thf  Tnermry  column  of  the  |>rincipal  fhrr- 
monu  ier  which  ib  not  heated  by  the  vapour  of  the  boiling  liquid.  Let  thus  temperature 
be  ^  ;  lot  the  uncorrected  boiUiig  pointy  direetbr  isdicatea  by  the  prineipal  thfrmometor, 
be  7^  ;  let  3' be  the  differ*  nce  between  Tand  the  point  of  the  scale  situated  at  the 
middle  of  the  cork,  that  is  to  say,  the  len^Mh,  expressed  in  degrees  of  the  scale,  of  that 
poitioa  of  the  mamw  odamB  of  the  princijial  Uiemometer  of  which  the  ineeit  tem- 
perature ifi  P  ;  hustly,  let  8  V-e  the  coefficient  of  apparent  expansion  of  niereuiy  in  the 
glass  of  which  the  thermometer  is  constructed,  The  ooneciion  to  be  a^flicd  to  the 
directly  oboorred  tcnpttotnre      is  then 

A»  alrea^  stated  (p.  B7),  S  naj  alwsjs  bo  taken,  in  calmlaring  the  valno  of  this 

expre«,«on,  as  =  0-O00154.5. 

The  table  which  follows  on  p.  86giTes  the  amounts  of  tiie  correction  in  question  for 
TviowTafaias  of  IVand  of  7*— &  The  amoimtB  eorrc  s]  onding  to  other  tralnes  of  these 
ftetors  can  be  easily  deduced  by  interpolation  from  the  numl  i  i-k  given  in  the  fable. 

This  table  sufficiently  shows  that  the  correct  ion  in  qu<i«tion  can  jievt  r  bt;  neglected  in 
aeenrute  experiments,  and  that  in  the  case  of  liquids  of  high  boiling  {K>int8,  its  vuluo 
may  become  vei^'  eomriderable.* 

Since  the  boiling  point  of  a  liqtiid  depends  on  the  pre«siire  to  which  the  liquid  is 
subjected,  another  correction  becomes  neceHt»«ry  in  order  to  reduce  determinaitout^ 
made  under  the  varying  pwasure  d  the  atrooephere,  to  the  toImo  which  would  be 
found  if  the  atmosphere  exerted  always  its  normal  prrjtpttre,  eqnal  to  that  of  760 
nuliimetree  of  mercury  at  0".  Strictly  speaking,  tlic  correct  ion  to  be  applied  to  tho 
iMiliqg  point  of  a  liqind  observed  nnder  an  atmospheric  pressure  difl^ng  by  a  giv«i 
amount  from  the  above  standard  pressure,  varies  with  the  nature  of  the  liquid  ;  since 
equal  alt«»tions  of  pressure  do  not  cause  precisely  equal  ehangee  in  the  boiling  points 
of  diiferejii  liqnids.  NernihelMa^  the  greatest  Tinations  whi^  over  oeeor  in  the 
presifure  of  the  atniosphere  are  relatively  so  small,  that  they  may,  without  any  appre- 
ciable error,  be  regarded  as  affecting  the  boiling  points  of  uU  liquids  equally:  to  the 
extent,  namely,  of  O'l^  for  a  variation  of  pressure  of  2*7  millimobas  of  mooajt  this 
number  being  dodvesd  iicoai  discet  dotonninationa  of  tho  boiling  point  of  wator  mider 
diff^rrnt  presisttpea. 

In  what  follows,  whenever  the  boihng  point  of  a  liquid  is  spoken  of  without  further 
cxpUoation,  it  is  to  bo  vodeialood  to  mean  tho  boiling  point  nndor  a  picssnio  equal  to 
that  of  760  millimetres  of  mercury  at  0°. 


*  ItU  o'  viou*  that  a  vmtMtf  •imikr  corrsrttoo  o«<ght  Id  be  i 
tn  which  anv  portlM  of  tiMMfcUfy  fai  the  Mm  ef  the  T 
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Circttmsiancfs  which  modify  the  Boilivg  Point. — Although,  when  a  Lquid  is  hcutrd 
hx  such  a  mannt-r  that  vapour  can  escape  freely  from  seme  part  of  its  Burface,  the 
Vipoor  M>  formed  Ims  a  tcn«ion  equal  to  the  pressure  upon  the  free  surface  of  the  liquid 

v<->n  a«s  t?ju  temperature  of  the  Intter  reaches  the  loilir.p'  jMiint.  rliis  tt TDj«frat!ir»> 
inav  lit  v(  nil-  li  s.s  bo  attained,  and  even  (wnsiderably  t-ittHUttl,  witUuut  the  foriuiitiuu 
of  a  tiut-c  <  t  vapour,  if  no  poitioB  of  the  mirfiKe  of  the  liquid  is  fri>ely  expoeed.  Thee>e 
contiitii  uh  can  be  realist  d  In*  ^i^^pondinn!;  the  liquid  to  be  esaauBed  in  a  aecoiid  Uqjoid 
of  equal  specific  grovi^,  but  higher  boding  poiiit. 

Tne  lASnranfliui  whieh  take  uaee  vader  these  eireniDBteBees  h«ve  been  paitienlBrly 
ftudifd  by  Pn  four  (Ann.  Ch.  Pbya.  [3]  Ixviii.  37R).  lii  ordi  r  to  t  x:iniino  fhem  in 
the  case  of  water,  ha  emttlugr^  a  nurture  in  the  requiaite  p£0(K>rtioo«  of  oil  of  clovea 
(pnTioQsly  heated  atone  to  about  IklO^)  and  linaecd  oil.  l!he  crater,  aliraify  healed 
to  80^  or  90*,  wfiH  dnij^jKil  pcntly  into  the  mixture  of  oila,  so  as  not  to  disturb  the 
film  which  coated  the  bottom  of  the  veescl,  and  the  tcn)perature  of  the  bath  was 
gradually  Rused,  Under  these  circumstanceB  the  ordinary  boiling  point  of  water,  lOu*^, 
vas  patMwd  without  the  occurrence  of  any  perceptible  change,  and  traces  of  ebullition 
prari  <  ly  l>r»raTi  to  show  thrmsiclvt  s  I.iIcjw  llO*"'  or  US'*.  Even  at  tlu  st-  ti  n;]!  raturcf, 
I'l  uiljuon  seldom  began  eittpt  wh»  ii  the  globuieg  of  water  came  in  cviitu*  I  uith  the 
sides  of  the  Tessel  or  with  the  thermometer.  A  burst  of  vapcar  then  occurred,  and  the 
pJol.iilf»,  more  or  Ioh  diiuiiilsln  d  in  fire,  waf;  ilrn  i  n  rapiilly  away,  liko  a  { :'h  liriU after 
touching  an  electrified  conductor.  These  contacts  were  of  counte  more  diiiicnit  to  avoid 
in  the  ease  of  hu^  than  of  amaU  ^obnles;  hence  the  latter  remained  liquid,  aa  a  mk, 

\>.'  ]iit;]irr  tfm  pom  turps  thiiii  flu-  fonntT. 

Ill  these  experiment^)  it  was  a  rare  exception  when  ebullition  occurred  between  100^ 
and  110^;  ray  eonimonly  globulen  10  nun.  in  diameter  reached  120°  or  190^,  and 
in  one  experiment  the  last  temperature  was  attained  by  a  globule  of  IS  mm.  dia- 
meter, and  therefore  containing  more  than  3  c.  c.  of  water.  Spheres  of  10  or  12 
mm.  diameter  often  reached  140°;  thoee  of  6  or  6  mm.  reached  166°;  and  others 
of  from  1  to  8  mm.  attained  175°  or  even  178**,  temperaturee  at  which  the  ehustic  force 
of  the  vapour  whiah  finma  at  the  fteaJy  espoaed  anz&ce  of  water  ia  between  6  and  9 
atmosphcrea. 

At  thcae  high  temperatur«ai  fhe  contact  of  a  solid  body  rery  generally  occasioned 
the  pudden  partial  or  completi-  T;ip<)rIsiiiion  of  the  globules,  arcornj  anied  by  a  hit'Hing 
buund  like  that  produced  on  immersing  red-hot  iron  in  water.  Ihia  invariably 
orewred  when  the  globalea  vera  tondied  with  piecpa  of  m>od  or  cbaHc,  abrade  of  cotton^ 

paf<'r,  1  uf  Vi(>\  ;ilw!iy8  on  contact  with  a  glass  rod  or  pictnllic  \\\v<\  the  difl'  n nct^ 
a^pt  ariiig  to  depend  on  the  porous  structure  of  the  former  bubstancca.  A  platinum 
wire  apjuiiied  to  k>8e,  to  some  extent,  by  frequent  usage,  the  power  of  faiwrifng  sudden 
vapori»ation. 

.Sudden  ebullition,  nmnimtinp  r v(ti  to  nn  f  xplosion,  if  tlie  temperature  was  above 
120°,  invariably  occurred  un  )jabt»iiig  the  dibcLarge  of  a  Leyden  jar  or  induction 
coil  Arongh  a  globvlai.  A  similar,  bnt  leaa  Tiolent,  effect  Mas  produced  by  the  passage 
of  a  weak  )ialY;nnV  ntrrrTit.  Tlirsc  rrstilts  are  attributed  by  Piifiair  Icfs  to  tlu'  contact 
of  tht*  gloLulfS  witii  the  conducting  Mirta,  than  to  the  di^•(  n^:^gt  nieut  ol  guis  at  tho 
extremities  of  the  latter. 

5^jtur.it(  d  iiijKpriis  soliitiVins  of  vnn'ous salts — for  examj  lo,  cliloiiilt  of  sodium,  sulphate 
of  copper,  nitrate  of  potassium,  &e.'->aJao  remained  liquid  at  temperatures  much  above 
their  boiUrg  points^  when  imnemd  in  melted  stearic  acid  resting  on  a  layer  of  melted 
holphur.  In  lil^e  ninniH  r.  uh  s  cif  clil'-iofomi  {\o\\'\\^  jioiiit  01^"),  t  ikL  (!  in  a 
solution  of  chltthde  of  zinc,  often  remained  liquid  up  to  97°  oi  98°  i  and  nlobulcs  of 
U4|vid  SDlphnrotia  anhydride  (boiling  point  — 10*6^)  could  be  heated  in  dihitea  anlphvTie 
acid  as  high  as  +  8*.  I&  all  these  cases,  the  same  causes  that  operated  in  the  case  of 
water,  sufficed  to  occaaion  tile  audden  complete  cr  partial  c<mTegreuA  of  the  overiieated 
globules  into  vapour. 

These  results  throw  importflnt  light  upon  the  aatnre  of  ebullition,  :*nJ  i-vcm  to 
indicate  tliaf  it  is  to  «nTne  extent  an  accidental  pheromrnnri.  In  order  to  understand 
them,  we  must  remember  that,  the  globules  being  turromidtd  on  all  sides  by  liquid, 
erapomtion  cannot  go <m  at  their  sioikce  in  tlie  ordinary  way.  They  are,  however,  in 
a  statf  of  tf-n?nr.n,  or  tmstable  equilibriiiTn.  Mitli  tliat  ii  vfry  .slight  caase  may  occasion 
the  imdden  formation  of  vapour  of  more  than  the  atmospheric  tension.  The  most 
dTeetnal  of  aaeh  causes  wodtd  obviouly  be  the  contact  of  a  minute  globule  of  air  or 
c'L«  1  ^-ns  :  tin's  ploVailc,  l-.uwtvt  r  ^mall,  would  be  a  space  into  which  vapour  could  \^^^ 
given  off,  and  this  vapour,  having  an  elastic  force  greater  than  the  pt'essuro  (that  of  the 
atnMM^here  md  the  uppir  layei-s  cf  the  liquid)  whereby  the  globide  waa|mTentedfiram 
expanding,  would  force  back  the  liquid  walls  of  the  bubble  of  gas,  suddenly  com  t  rf  ii.;:: 
it  into  a  birge  T;iibli]('  of  *fonni.  II«  nee  the  r.nfailing  efficacy,  in  causing  the  ebullition 
of  the  overheated  globulcb  of  liquid,  of  iLc  passage  of  an  electric  current  or  the  contact 
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of  poroQs  stiLstancp?,  finch  as  chalk,  wod,  pnp<»r,  wliioli  cilher  allow  aur  toe«»Ape 
from  ilicir  pores  when  immersed  in  the  heated  liquid,  or  euny  down  into  it  email 
globules  of  air  adboiag  to  thorn.  Thmb  ^bnles  aflbtd  spaoe  w  liie  commcncemmt  of 
the  formation  of  vaponr,  tnid  t hi?  process  being  once  b^nin,  the  ppaco  is  iii(TL;is<  d  by 
the  force  of  the  vapour  already  formed  within  it.  In  the  absence  of  any  such  space, 
the  liquid  globule  is  in  a  eondittcm  suMwwItat aaalaywn  to  ihatof  adrop  of  mdted  glass 
which  has  IxM-n  suddenly  coolod  I'n  wator  (Rujk-iI  s  (lro['s),  mid  which  fulls  to  p«;wdcr 
OA  zeceiving  the  amullest  scratch:  there  is  no  reason  wii^  the  lorauOioQ  of  vapour 
■hooM  begb  lit;  am  point  of  th«  mail  nillifrtiiaiii^  and  finwtlia  whole 

in  a  state  of  niolccular  t<  usion  until  somrtlnn>»  occurs  at  ^*om^•  partioxilar  point  to  weaken 
the  effect  of  the  forces  which  oppose  the  formation  of  vapour,  or  until  the  tension 
inereasoB  (in  consequence  of  rise  of  temperature)  to  such  &  degree  that  these  forces  are 
overoome  simultwaeotiftly  thMMghobt  the  whole  mass.  It  will  be  seeo  farther  on  that 
these  con«;idcr;ition8  exactly  afrr*>©  with  tlie  cxj-laiuif ion  which  the  medttiuotl  tiieoij 
of  heat  affordii  of  the  pus&ugt'  fruiu  thu  liquid  to  the  gas3COU8  istiile. 

Even  when  liquids  are  heated  in  open  Taiwlii,  the  occurrence  of  ebtillition,  or  the 
formation  of  vaponr  in  the  interior  of  the  mass,  appears  to  depend  on  lik<  uccidi  iita! 
causes.  Thus  the  influence  of  the  nature  of  the  vessel  when-in  a  hquid  is  coDt«ine<i 
has  been  long  recognised.  It  hue  been  obeerred,  tar  instance,  tiiat  water,  wfaidt  will 
boil  steadily  af  lOO*^  in  a  metallic  vessel,  may  nfVrn  be  heateil  to  in,5**  or  10f!°  without 
boiling,  in  a  ghiss  vessel  previously  washed  with  strong  sul]  hurtc  acid.  Under  these 
dRmnsbtooes,  ebalVtfon  grnienUj  takee  plaee  fnj  irregularly :  at  a  entain  tnnpera- 
tnre  a  sudden  burst  of \apour  occurs,  and  the  temperature  of  the  liquid  fall'*  at  the  same 
time  to  nearly  the  normal  1  <  ilin^  point;  the  liquid  then  remains  tranquil  for  a  time, 
until  the  temperature  huvitig  again  risen  oonstderably,  auother  burst  of  vapour  takea 
place,  and  so  on.  The  **biiinping"  of  heated  Uquid;;  whir  l)  results  from  this  inter- 
mittent foinintiun  of  vapour,  is  familiar  to  vvery  chemist.  It  niay  be  prevented  tosomo 
extent  by  putting  into  the  liquid  a  few  scraps  ufulHliiiuiu,  or  u  globiue  of  luercury  ;  a 
imall  piece  of  charcoal  is,  however,  much  more  efleettuJ.  than  eitfaer  of  these,  thou^^ttOi 
nlwn\%'  adini^siMe.  Tliis  irre^ruliir  e1'ullitii/n  occurs  much  more  freqiic  iitly  in  wme 
liquiUii  tlmn  others,  and  to  a  greater  exttstit  in  certain  glass  vessels  tliau  iu  others.  For 
instance,  methylie  aledhfll  (bSling  point  61^)  me^  show  a  differenee  in  its  temperatore 
of  ( Imllition  amountijirr.  ncrnrdlnp  to  TCrtpji.  to  5  or  6  dcfrrres.  dependinp  on  the  vessel 
in  which  it  is  ezamim^  When  &  liquid  is  boiling  steadily  in  a  glass  flask  or  retort^ 
it  nay  almost  atwaT*  be  noticed  that  the  bubble*  of  wponr  start  fram  one  or  two 
particular  points  of  the  surface  of  the  j_dnss,  indic;itingthe  existence  of  se.me  irregularity 
of  the  glass  at  those  points  favourable  to  thefonnation  of  Tapuur.  Another  illustration 
of  Hm  nec(%STt^  of  some  other  cani!«  than  mere  teroperatnre  ui  OKder  to  brii^  about  the 
ebnUition  of  hipiids,  isaffiilded  by  the  remarkaMe  ol  s.  rvntion  of  I¥off^<»r  Donny,  of 
Ghent,  that  water  thoron;rhly  deprived  of  air  and  sealed  up  in  a  rather  long  glass  tube 
quite  free  from  lur,  nmy  hv  iieuted  to  138°  at  one  end  of  the  tube  ^^-ithout  boiling,  and 
is  then  suddenly  and  violently  thrown  to  the  other  end  by  h  burst  of  •^•apour.  An 
additional  f  icf  of  the  s.  )ne  kind  may  sometimes  be  ol>serve<l  during  the  distill;ition  of 
liquids  under  the  ordinary  prcsstire.  The  tiTiter  has  occa.'*ionally  seen  a  liquid  distil 
very  rapidly,  thus  showing  that  vapour  was  being  tomrA  rapidly  at  the  aoiAoe,  although 
el nillition  could  not  be  maintained  by  the  tise  of  n  more  powerful  flame  thnn  that 
which  had  sufficed,  at  an  eudier  stage  of  the  ezperimcut,  to  boil  a  la]^*r  quantity  of 
the  Muna  l^vidL 

The  whole  of  these  nomena  eease  to  Ix'  uninte11i«.'i1ile  if.  with  'Diifour.  we  di.stin- 
gttish  between  the  boiling  point  of  a  liquid,  and  the  temperature  at  which  the  eht^ic 
fane  of  its  vapour  iM^comes  equal  to  the  pr^istire  of  the  atinut|ihiei«b  and  define  the 
boiling  point  as  the  lowest  temperature  nt  which  1 1  ullition  can  ooenr,  instead  of  aa  the 
J  temperature  at  which,  under  normal  conditions,  it  must  occur. 

Sjihtro'idal  State. —  When  a  drop  of  water  is  allowed  to  fall  upon  a  piece  of  iron,  the 
temperature  of  which  cousidernbly  exceeds  100",  it  retains  its  globular  form,  raOTvs 
nlxjut  rapidly  on  theffurfafv  of  the  iron  withmit  wrttlii;,'^  it.  and  evapomtes  with  com- 
paiiitive  hlowne^s.  As  the  iron  cools,  a  ijoinl  ij>  reaclii  d  at  wliidi  the  globule  of  water 
wets  it,  spreads  over  its  ffiirfiioe,  boils  and  quiekly  dis:  }  |  earn,  Tlie  condstioB  of  the 
globule  first  de^-(  rilifxl  has  le.ii  distinpii>h<xl  as  tln>  spheroidal  state.  Thi.'^ 
condition  can  be  assumed  all  volatile  liquids  when  they  come  in  contact  with  the 
snrfhoe  of  either  a  solid  or  a  uqnid  body  heated  oooiddefabTy  above  tiidr  boiHng  points. 
The  tempcrtiture  of  a  llijuid  In  the  s{die:^/j'd;d  state  i'-  avs  licli  iw  its  ordinary  boiling 
point,  notwithstanding  the  higher  temperature  of  the  sur&ce  on  which  it  zesta.  The 
absenee  of  eboOition  is  thendbrs  due  m  diis  cnie  to  soine  other  eanse  tlmn  that  widdi 
rroducestliejilH  noiiicnaof  deferred  ebullition  which  were  considered  in  the  last  paragraph. 
It  is  the  result  of  a  want  of  perfect  contact  between  the  liquid  and  the  heated  surface. 
Ma^j  expeiilDents  prove  Ihat  the  liquid  globide  rcs(.s  upon  a  sort  of  cushion  of  its  otto 
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rapouT,  prodaci  <1  by  the  heat  radiat/Mi  from  hA  surface  agiunsf  ifs  under  (Kde.  As 
fi^  as  this  vapour  eacapea  from  under  Uie  globule,  its  place  is  supplitni  by  a  fresh 
qiisntity  prc^ac^  in  the  same  Tt-ay,  so  fhat  the  ^ctnoile  is  otmstantJy  buoyed  up  by  it, 
and  nvrer  ecnnes  into  actual  contact  with  the  heated  surface.  If,  howerer,  the  tempe- 
ratnre  of  the  latt«r  vt  allowed  to  full,  tlu'  forniiiti<m  of  rupour  at  the  nnd.T  wirfuce  of 
the  globule  becomes  less  and  k'ss  rapiil,  uutil  at  liist  it  is  uot  supplied  fd^t  tmough  to 
fjiWWIt  tlM  globule  touching  the  hot  metal  or  liquid  on  which  it  restn :  as  soon  as 
contact  ocmtr^,  heat  is  ugkaijf  imparted  to  the  {^obnle^  it  enten  into  ebuUitioii,  nd 
qiuckly  boils  aw^, 

AeeMding  to  Bovtlgny's  camerimenti^  the  Io««et  temperature  at  iriiieh  ft  metaOio 
Teasel  will  can.'-r-  tht>  splKToidnl  <:tate  to  be  assumed  water  it  liS^;  fbr  aloohol  the 
kmeet  temperature  is  134^,  and  for  ether  61^. 

Bdlid  hodtee  whidi  eraporate  without  heeonb^  Kqnid  also  aarame  a  eooditlmi 

ftnalogriiis  to  tin-  hiplnToTdnl  t^fatc  of  li<pu.ls.  •w  hoa  thcv  aiv^  placed  upon  a  surface  whoso 
temperature  is  sufticientiy  high  to  vaporise  them  very  rapidly-  This  is  very  distinctly 
seen  <m  throwing  a  |Meee  at  eolid  (nrbonate  of  aaunooiam  into  a  red-hot  platinum 
craeifale,  aad  when  a  fra^ent  of  solid  ovrbonie  lahjdride  i«  placed  ttpon  aiqr  good 
conducHnff  !«urface  at  the  ordinary  temperature. 

Ilffect  of  Substances  m  SUulion  on  the  BoUing  Pomt  of  Liquids, — Liquids  holding 
aoBd  bodies  in  solntioa  boil  generally  at  higher  tenparatures  than  thfy  do  in  the 
part*  Ftate.  Tims  ••ea-water,  containinjx  on  nn  nreraf^  al«)tit  1^  5  p«>r  cent,  of  saline 
matter,  boils  at  about  103°.  On  the  other  Irnnd,  the  boiling  point  of  water  is  lowered 
bj  mixing  it  with  alcohol,  and  that  of  aloohol  by  mixing  it  witli  ether ;  the  b(min|r 
j-'jiut  of  a  mixture  l«  Ing  always  intermediafo  lu  twoen  thi*  boilliinf  points  of  its  cmiu- 
posents.  The  effect  of  c«Its  in  raising  the  boiling  point  of  water  may  he  cunnidered 
alao  eoodiiK  nndor  tfaia  rale.  following  table  givea  the  boiling  points  of 
lona  of  ioreral  atUi^  aeoofding  to . 


VVfijjht  of 

Salt. 

•Mil  di*- 

Kdlvt  (1  in 

:  1  ■    ,     ,  [  - 

Bnitln; 
Point. 

ut  w.U(-r. 

Ac<-f  at«- of  jiof;is>iiuni  . 

798-2 

169° 

l^itrate  of  calcium 

362-2 

161 

Oaibonaite  <ii  potaarimn 

205-0 

135 

Acetate  of  sodium 

209<» 

124-4 

Nitrate  of  sodium 

•J  2 1-8 

121 

Chloride  of  struntium  . 

117-5 

117-8 

Nitrate  of  potassium  . 

335-1 

115-9 

Chloride  of  ammonium 

88-9 

114-2 

Halt. 


Tartraf*'  uf  j:H)taf<sIuni  . 
Chlorate  of  potassium  . 
Chloride  of  sodium 
Phosphate  of  sodium ) 
(dried)  i 
Carbonate  of  sodium  . 
Chloride  of  baiinm 


WH«ht  of 

tolvi  d  Id 
liiOpMru 
ofwator. 


296-2 
61-6 
41-2 

112-6 

48-6 
60-1 


Bolllni 
Point. 


114-7° 

104-2 

108-4 

106-6 

104-6 
104'4 


(For  Legrsnd's  detenninatioDB  of  the  boiling  points  of  weohsr  so|tttioii«  of  theoe  and 
some  other  salts,  and  for  the  similar  e^Mfimsnts  of  Qriflths  and  Faraday,  see  Omdln*a 

Mtndbook,  L  269,  270.) 

V«y  contradictory  opinions  huA-e  been  maintained  by  different  observers  with  n  pird 
to  the  temperature  of  the  vapour  which  issues  from  lioiling  saline  solutions.  It  has 
been  "fiifi,  on  the  one  hand,  to  bo  the  same  as  that  of  pure  water  boiling  undor  the 
mmo  j>rt«»ure;  mid,  on  the  other  hand,  lo  be  equal  to  thai  of  the  highest  stratum  of 
the  sohition.  Aocwding  to  the  recent  experiments  of  Magnat  (Pogg;  Ann.  czii«  408), 
tlie  latt.  r  statement  ap|.M*ar<<  to  Ix^  Tifnnst  ilio  truth.  Thcsf«  expfrhiioiits  provi-  dt- 
fiaivrly  that  the  vapour  of  boding  solutipus  is  hotter  than  that  of  pure  water,  and  that 
its  tmnpetrntwre  rnea  as  the  solutions  beeome  more  eoncentrsted,  and  therpfope  botl  at 
higher  tr-mp'r-ntttirrs ;  nc\ nth' b-ss,  tho  vapour  w>is  always  fwnd  n  liftlr  c.iltl.  r  tlian 
the  mass  of  the  boiling  solution,  and  the  difference  was  greater  at  high  temperatures 
than  it  was  at  low  onca. 

BdatienM  hriwem  ike  JBoiUtuf  Point  o/tub&tameet  tmdthdr  Ckmieal  Composition.— 

Mnny  nttpmpts  havf  bren  made  to  tr;!cr<  somn  ronrtrrtion  between  the  lKM*Iiti;r  p'Miita  of 
different  liquids  and  their  chemical  composition.  The  most  extensive  and  iiupurtant 
series  of  obeerrationa  that  hare  been  niade  upon  this  point  are  dne  to  Kopp  (Aon. 
Ch.  Ph.mn.  xovi.  1,  SrJO  ;  xcviii.  2G7,  SHT  ;  riiil.  Trans.  1860,  257).  The  principal 
coDcluaions  dedncible  froni  these  invt  sti^tions  are  as  follows: — 

1.  Audogons  eompounds,  presenting  the  Mine  diflbreuoe  of  eompoinHon,  very 
c^ut  nily  differ  by  the  same  amount  in  their  boiling  pointM,  or  the  interval  I  t  iw. .  n  their 
bcoling  pouits  is  [nopoiitional  to  their  diflfemice  of  composition.   A  compound  ooa- 
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taining  x  C  more  or  ksa  tlmn  another  of  analogous  function,  gcnmily  boils  at  a 
temperBtnre  «  k  20  degrees  higher  or  lower  tluin  the  latter,  ud  if  it  contains  x  H  nun 
or  fees  it  commonly  Lfil'-  ;if  .<  >  6  dfgrcrv  lowt  r  or  hiplicr.  A  f  urt'cular  iii(<tunc<-  of 
the  application  uf  this  rule  is  to  hoiuologous  compouutia:  in  the  houologouti  acida 
OH^O*  (AcuM,  i.  60\  tad  in  the  camtponding  aleoholi  aad  cotDpound  etben»  tha 
addition  of  CII-  to  the  formula  of  acompoDiid  vaiecs  its  boiling  pdnt  on  an  atctnga  hy 
19°,  agreeing  with  the  above  rttlfi. 

2.  An  add,  OHK)«  boila  aft  a  temperatQr«  4CP  higher  than  the  alcohol,  O'H***0 
(Alcohols,  i.  97),  the  oxidation  of  winch  may  give  rihe  to  the  acid. 

A  rnmponT^n  ether  (Etusbs,  ii.  512),  (>H*"0',  boils  at  a  temperatiwa  82^  lover 
thun  the  acid,  C  ii*"0',  ifiomeric  with  it. 

If  va  Start  from  the  boiling  point  of  ethyl-alcohol,  ••78°,  these  tbn  t  r*  P^itiona 
enable  ua  to  calmlnte  the  boiling  point«  of  a  lai^e  number  of  orpmii'  MiWances, 
alcohols,  acids,  aiitl  coui|>vuud  ethers,  ^ep^c^clItcd  by  the  above  general  formuJa!.  Tie 
following  tablM  aerve  to  show  bow  tu  the  boiling  points  tbiiB  eslenlatrd  corrci^poEd 
with  thoae  adaallj  obserfod. 


Vam». 


I  Calcu- 
!  Inted 
Boillug  I 
Ml*  ' 


Otaamd  BoOlat  T^oint* 


MetbjUc  alcohol 

Sthylic  alcohol 

Tritylic  alcobol 
Tetiylie  akoliol 

Amjlie  akohd 

Hexylic  alcohol 
Ueptylic  alcobol 
Cetyiic  alcohol 


CH«0 
C»H»0 

c«n'«o 


69° 

78 

97 
116 

185 

154 
173 
844 


Uv.UiL,  CU  ;  IMilfci.  60-5'^;  Ku]  p.  65°;  Pierre, 
.  j66°;  iJumas  and  Peligot,  ti<i  u^. 

J  Dumns  and  Bouliay,  76'' ;  Gay-Luasac^  PicRie» 

j  Kopp,  Delffs,  Andrews,  78°. 
j  Chancel,  96° 
I  Wurtz,  109° 

'  5 Pasteur,  127°— 129°;  Cahours,  liene^  Kopu 
JDeUft,  13S»;  Itieekhnr,  18^. 
I   Fn2.t.  148°— 151". 
SUideler,  177°— 177-5°. 
Fano  and  8ilbennaan»  868^? 


Naiae. 


C«ku 
Itoiling 


BoOlni  Fobc. 


Fonnio  acid  . 
Acetic  acid  . 

Propionic  acid 

BoHytk  acid  . 

Valerie  add  • 

C^pioleadd . 

Q2nant  hylic  acid 
rriprvlic  acid . 
Pelar^onic  add 


cn*o» 

I 


C^H'-O-i 

C'lPn)  ' 


99° 
118 

137 

156 

175 

194 

•Jl? 
232 
251 


Liebig,  99°;  Bineau,  Fu%Te  and  Silbermann, 
lOO";  Kopp.  105°. 

Delflfe,  116°;  Kopp,  11?=;  Sibillc-Auger, 
119°;  Dumas,  120°  } 
Dumas,  Z^l:i!:i^uti,  and  J>blaiie^  about  140^;  I 
T/tiii|.ti(ht,  Kopp,  142°. 
Kopp,  Deifla,  156°;  l^ierre,  163^;  Pclouie 
ana  G^lis,  about  164^. 
Dtinia.s       f^fiis,  Ti-  IfTs.  175°:  Kopp,  176° 
Brazier  and  (iobsleth,  Wurtz,  198°;  Fehling, 
20t<»— 209« 
SlHdtler,  218° 

Fehlinp,  236° ;  Perrot,  238° 
Perrot,  225°;  Cahours,  260°. 


In  other  groups  of  compounds,  a  diffm  nce  of  CH'  in  the  composition  of  analogous 
substances  corresponds  frequently  to  a  nearly  conttant  diflerencc  of  lK>ihnp  point :  but 
this  difference  i^ometimiv  amounts  to  more  than  19  degrees,  and  scnnetimes  to  lesa. 
For  instance,  in  the  setica  of  b jdioewbons  C"H  hcmolog(Wawith  benzene,  OH*  a 
diffi  nnee  of  CH'  in  compo**ifioTi  corr»'^pon(^»  to  an  average  difrereu^T  of  about  24°  in 
boiling  point;  in  the  ^erieg  of  alcoLol-iadiclcs  (or  hydrides)  C*H  homologous 
witb  etbyl,  C*H'",  (or  manh-gas^  CH*)  the  differenn'  of  boiling  |>oint  conwponding  to 
the  same  diffmiec  of  composition,  is  ah^o  nearly  24°;  in  tin'  m  iI.  s  of  acelonea 
C"H-K),  it  is  al>out  22^.  On  the  othev  band,  the  difference  of  boiling  point,  corre- 
i^tondiiiK  to  a  difference  of  CEP  m  oompoation,  ia  leas  tbaa  18^  in  tba  anbydiidro 
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Calcu- 
lateil 
Bolting 

Point 

Fonaate  of  flMti^l  . 

AccUte  of  methyl  .  ) 
FomHteof  ethj-l  .  ( 

66 

A««tate  of  ethyl  .  . 

74 

Bntyraff  of  methyl  \ 
Acetate  of  tntjl    .  1 
Foraoftteof  tetovl  .  | 
Pkosumatoofatlijl  } 

C«H*0» 

98 

Valerate  of  methyl.  ) 
But}TRf«of  ithyl  .  I 
Acetate  of  tetryl   ,  | 
iformato  of  aiqyl  •  j 

C«H'»0» 

112 

Valerate  of  ethyl  .  ] 
Batvrate  of  trityl  .  I 
Acetati"  of  amyl    .  ) 

Caproate  of  ethyl  .  ) 
PropioMterfamyl  \ 
B'  'ymtc  of  amyl  .  . 
Valerate  of  amyl  .  | 
Aeettteofeapryl  . 
r»*largonate  of  ethyl 
Caproate  of  amyl  .  ) 
Laiuostearate  of  ethyl 

(?H»«0« 

C»H»0«| 

C''H«0- 

m 

169 
138 

207 
264 

BoUlsgPofait. 


Kopp,  Andrem,  330 ;  Liebig,  3<r— 38°. 
f  Andrews,  55^;  Eomv  M^;  DuttU  and 

J    P^ligot,  68°. 

]  Liebig,  Delflfe,  63°;  Kupp,  55^  ;  L<-\H{r,  , 
(  66°. 

I  Dnm :i.s  aod  Bonllaj,  fiarac^ £oj^ DoUb, 


Favre  and  SnbemuuiD,  JMttk,  98';  Mjo^T), 

95^;  Pi.^rro.  lOS^ 
Berthelot,  about  90*'. 
Wurti,  about  lOO®. 

Kopp.  980—960;  Limpridit  and  Udar* 

lOlo. 
/Kopp,  1140— llfto. 

I  IVlouze,  llOOj  DcUB^  1180;  Kodq.  118^; 
i     Pierre,  IIQO. 
jWurtz,  114° 

'  Delffa,  lU'';  Kopp,  about  116°. 
Dcm>>,  138;  Ot((),Ko[ipbBcart]Mlo^  18«°— 

Berthelot^  about  130°. 

C.hours,  126°;  Kopp,  Delfls,  1830, 
iLi  rd).  120°;  Fehling,  162^. 
}  WrightiiOB,  about  166^* 

iKopp.  188i  IJakrd,  about  196° 
(Baehaiwr,  191 -"1920;  Bonis,  193° 
jCahours,  216°— 218 ;  DelflSn  8840, 

i  Brazier  and  Gosslrth,  21 1°. 
Goigey,  264°;  Belffs,  209^^. 


OH*»-^0»,  homolopous  witli  !if>f  tic  anhydride,  C'H'O'  (namely,  about  12-6°);  in  the 
ethers  of  the  at  ids  C"!!  "-♦O*,  homologoiu  with  oxalic  acid,  C'H'O*  (namely,  about 
14° ) ;  also  in  tlit-  carbonates,  sulphocyanates  andboratcHof  the  alcohol-radiclesC"!!*"*'. 

Tiu  ^i'  mvlta  seem  to  thow  that,  as  a  rule,  the  greater  the  quantity  of  oxygen  con- 
fa  iru>d  in  any  prries  of  corapoundi*,  the  sroallor  ia  the  efiact  on  the  boiling  point  ot  a 
diAen-m»  of  comijosition  amounting  to  CH*. 

la  the  chlorides,  bcomides  and  i^idee  of  the  aloohol-radiolM  OB^****,  a  dUlemicein 
cnmpontion  of  CH*  causes  a  (h'fforence  in  1-oilinj;  point  of  from  21  to  ^1  dt|ri'«  <-^  ;  in 
the  corresponding  sulphides  and  (KUpb/drates  (men»ptanii)  the  difitxcoce  also  cu]uader> 
aiblj  easeaeda  190. 

Meaturtmtni  of  the  Ten»ion  ^  Vap"  u  rs. — The  Tarious  methoda  that  hate 

hffm  eTnp!oTr<rfnr  mpa.'nmng  the  maximum  tension  of  vapoiir««  at  difTi  n  nt  trmppratures, 
depend  upon  principles  already  explained.  We  have  here  to  describe  briefly  the 
ABBuer  in  which  these  principM  wwe  pvt  Ib  praetiee^  and  to  state  the  moat  irapratant 

Wamlts  oT.tn irsr-fl. 

The  tension  of  raponrs  at  temperatures  below  the  ordinaiy  boiling  points  of  the 
eomsponding  liquids,  and  theivlbre  at  pieasui'fa  lesa  than  that  of  tiie  atmoRphem,  hare 

been  meti.'-un'<l  by  determining  the  depression  of  the  mercury  column  of  a  l  inoineter 
produced  by  fiio  saturated  rapours  at  known  temperatures.  Fig.  643  represents  the 
apparatus  employed  by  Begnault  {ligation  des  Expirienrrs,  &c.  p.  489)  in  his  prin- 
cipal series  of  experimeute  made  by  this  method.  Thi  1:  l  i  1  ulw  s.  vapour  !  >  1>o 
examinrd  i«  contnined  in  a  small  bulb  almost  coraplcti  ly  tilled  ly  it.  and  hemjotically 
sealed  without  any  trace  of  air.  This  bulb  is  introduct-d  into  a  gl'i>'^  globe,  the  neck 
of  vhidl  li  then  drawn  out,  bent  at  a  right  angle,  and  cemented  into  a  narrow  T-tube  of 
ropff^r,  the  other  branches-  of  Tvln'cli  c<nnrminif nto.  one  of  them  through  a  drying  tube 
containing  pumice-t'tone  and  sulphuric  acid,  with  an  air-pump,  the  other,  by  a  capilUry 
tahs^  witA  the  top  of  n  ipide  glaaa  tnbe  open  below  and  dippii^  into  mercury.  Tbia 
last  tnhe  ftnoa  the  bamnetar,  the  depnasioaa  of  which  are  obaerted;  its  npper  paiC 
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is  iuBidp  a  metal  water-bath,  one  fecfo  of  irbich  is  formed  by  a  sheet  of  plate  glassy  and 
in.iiliieh  am  alto  oootaiaed  the  up^xr  part  of  aa  ocdinarj  harooMter,  to  aerre  aa  a 

standard  of  comparison,  and  tlic  plass  globe 
^K>keii  of  above;  thi^,  m  shown  in  the  liguro, 
rests  on  a  metal  ring  carried  by  a  sapport 
rising  from  tiia  \KAtam  of  tiie  bath.  Fre- 
viouH  to  b<>ginninp  the  experimeots,  the  in- 
i»idu  of  the  glass  globe  and  of  the  tubes  com- 
Biiinieating  with  it  is  rendered  absolutely  dir 

  by  rejH'Htrdly  pninpinjr  out  tlio  air,  and  v  u  h 

'     1 1         [J:  l'   |!  IH  time  allowing  it  to  be  filled  again  by  air  dru-d 

If]  V         J  I   |]  \  hy  paabg;  through  the  snlphiirie  acid  diriag 

II    li  tubo.    Till  n,  by  brinfiiiiL' I'icce  of  hot  char- 

coal near  the  outside  of  the  globe,  the  bulb 
eontalniiiS^tlM  lirfbid  ia  burst,  and  ihe  experi- 
ments are  proceeded  with  by  obsenin^  sinuil- 
taneuusly  the  temperature  of  the  bath  in  which 
the  globe  is  immersed,  and  the  difforence  in 
height  of  tJia  two  bavoHMten. 

The  same  apparatus,  slightly  modified, 
servoil  for  the  determination  of  the  tenaion 
of  vajMiurs  in  presence  of  air  or  other  gases. 

For  tlir  .! r(rr:iiination  of  the  tension  of 
the  vapour  of  water  at  higher  temoeratures, 
Begnanlt  {ibid,  p.  616)  employee  the  ap> 
paratua  repppfsented  in  •'^'1,  an  npjniratns 
which  enabled  him  to  meat>ure  the  pressure 
Tuder  which  water  boiled  at  wiooa  tempe- 
ratures (see  I'  ^'V}.  The  apparatus  consists 
of  a  copper  retort,  containing  the  water  to 
be  experimented  upon,  and  communieating, 
through  a  tube  surrounded  by  cold  water 
(whereby  the  steam  produced  is  condensed  and  whence  it  fontinii;illy  flows  back  aa 
watei-  into  the  retort),  with  a  copper  |^obe  of  24  litrea  capacity.  This  globe  is  con- 
nected with  a  naaoinffltf  which  hkUeitea  the  pcemre  inaida  the  whole  appazatea,  and 


also  with  a  brunch  tube  by  i  m  , ms  of  which  air  can  l>e  withdmwm  from  or  forced  into 
the  apparatus,  so  as  to  bring  iLt-  pressure  to  the  n-quircd  amount.  The  tempemfiire 
of  the  Doiling  water  in  the  retort  is  indicated  by  four  thermometers,  two  of  which  dap 
into  the  water,  and  two  into  the  ateanu  In  order  to  int^*eiitanj  alteration  in  tha  ttftf 
cities  of  the  bulbs  of  the  thermometers,  resulting  from  the  pressure  of  the  ^-apour  upon 
them,  thev  arc  enclomi  in  iron  tubes,  dobcd  at  the  bottom  and  containing  mercuryt 
Ihia  lulo«ing  table  giwa  the  leaolta  obtained  at  iuterrala  of  Are  depecf  betwtMn 
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TENSION  OF  VAPOU&S.  9a 

—  SS^taA     280^.  (FortaUMlif  the  tensi<msofwatflr^v^w«tMAd«gm 

Grade  between  tliese  limlti:,  and  at  each  tenth  of  n  degreti  between  —10'*  nd  +M* 
and  botwe^n  85'^  and  101°,  see  Regnaalt,  ioe.  eit.  pp.  G24-C33.) 


_  1 

Tctnion, 

Ti'iision.       [j  T^nMattBS. 

mUUroeUt!*.  j 

Ten  lion, 
miUitii«tr««. 

j  _'^"0 

0-320 

650 

117-478  1 

145° 

3125-55 

ao 

0-386  . 

60 

148-791 

160 

3681-23 

25 

0^06 

66 

186*046 

166 

4088-66 

'  20 

0-927 

70 

2 33  093 

160 

4651-62 

16 

1-400  1 

76 

288-617 

166 

6274-64 

10 

2-092  1 

80 

864-648 

170 

6061-66 

6 

3113  ' 

86 

■133-OU 

175 

6717-43 

0 

4-600 

90 

525450 

180 

7546-39 

+  6 

6534  1 

95 

633-778 

185 

84.53-23 

10 

9- 16,5 

100 

7t"0-(H}0 

190 

94t2-7() 

16 

12099 

105 

'joG-no 

195 

105 19-63 

20 

17-31)1 

110 

1U75-370 

200 

11688-96 

26 

23-5o0  ' 

115 

1269-410 

206 

12966-86 

SO 

31-648 

120 

itni-2so 

210 

14324-80 

41-827 

126 

1743-880 

216 

16801-33 

40 

64*006 

180 

9080-280 

820 

17890-88 

46 

71-391 

135 

23 .13  730 

325 

19097-04 

60 

91982 

140 

2717-630 

380 

30926-40 

Determinations  of  the  tension  of  watc>r- vapour  up  to  111®  degrees  ha?e  also  been 
made  by  Magnus  (Poeg.  Ann.  bci.  225)  by  a  method  es^r»ntfally  gtmilar  to  iho  first 
of  those  above  described  Hb  results  agree  closely  with  tho^e  of  Keguault.  (For  the 
olilardetHninations  of  the  pressure  of  steam  at  Vg^  UiBipeHltw«i  bj  AMgoand 
Dnlong,  sre  Gnu'lin's  Handhrxik,  I.  262.) 

The  ibllowiug  table,  by  Fair  bairn  and  Tate  (Phil.  Trans.  1860,  p.  220),  gives  the 
tenparatarM  it  whioh  water  is  completely  oonrerted  iato  latnited  itoMB  vadflv 
yarirm?  prr5v^rc>«;,  to^r-flior  with  thevotunif  or.stf>am  firm "d  nudlt  timt  oitCllllilltMIMWO 
compared  with  that  of  the  water  from  which  it  is  produced. 


IS-mmt,  Dea^peratturSf  and  Volttau  ^  Saturated  SUam. 


TsBpe 

Vol(iin«. 

TUirralictt. 

Centlfrnd*. 

5-35 

135  9 

136-77<=' 

68-200 

8275-3 

8-62 

219-9 

155-33 

68-61 

5333-5 

9-46 

340H> 

159-36 

70-76 

4920  2 

12-47 

816-7 

170-92 

7718 

S722-6 

12-61 

320-2 

171-48 

77-49 

3715-1 

18-68 

U6-0 

174-93 

79^ 

8488-1 

16-01 

40R-6 

182-30 

83-49 

8061-0 

18-86 

466-3 

188-30 

86-83 

2623-4 

23-88 

681-3 

198-78 

93-66 

3149*6 

63-61 

1361-7 

242-90 

117-10 

943-1 

65-52 

1410-1 

244-82 

118-23 

908-0 

66-89 

1419-6 

346-33 

118-46 

893*6 

66-84 

1697-7 

255  50 

12116 

769-4 

70-30 

1936-4 

263-14 

128-41 

648-2 

81*68 

3070-8 

367-21 

180-67 

686*8 

64'30 

2138-9 

269-20 

131-77 

C0.V7 

93-38 

2342*6 

274-76 

134-86 

684-4 

90  08 

2287-9 

273-30 

13105 

643  2 

99-60 

2529-8 

279-42 

137-45 

515-0 

104-54 

2655  2 

282-58 

13'J-21 

497-2 

112-78 

28646 

287  25 

141-80 

458-3 

122-25 

3106-1 

292-63 

14474 

433-1 

114-25 

3901*0 

388-36 

143-86 

449-0 
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The  following,'  talilos  oontain  the  rosults  of  some  of  Regnanlt's  expcn'mcntp  on  the 
t«usion  of  the  vapours  of  seT«ral  other  li^uidti.    (Mim.  Acad.  tk;ieacea,  xxvL 

Thukn  ^  Vapenrt, 


Tentpcratiirc. 

Alcohol. 

Etlier. 

Sulphide  of 

V**  >       '1 1  • 

Chloioform. 

Bensene. 

on  Of 

'ttimeBtlno. 

mm, 

MM* 

mm. 

Tum* 

mm. 

mm 

-  20 

8-8 

67-5 

43-5 

4-9 

10 

6-6 

1133 

81-0 

•  • 

13-4 

U 

12'8 

183-3 

1320 

•  • 

26-6 

21 

+  10 

94-8 

SM*4 

S08-0 

46-6 

2*9 

20 

44-5 

433-3 

301  8 

160-5 

76-3 

4-4 

40 

133-6 

909-6 

6170 

366-2 

1823 

10-8 

eo 

8dO-S 

1728*5 

1163-7 

761 -0 

888*6 

86*ff 

80 

<S12  S 

3021-4 

2033-8 

1404-6 

756-6 

61-3 

100 

16949 

4960-8 

3329-d 

2426-5 

1352-3 

131-1 

120 

3219-7 

7702-2 

5145-4 

3916-2 

2256-3 

267-2 

140 

5637-0 

•  • 

7M6*9 

6965-8 

3o37-<' 

464-0 

72.)S-7 

•  • 

7226-6 

4336-7 

605-2 

T 


Tension  qf  Vapours — continued. 


Uqoaflad  OMM. 

Terop«Tn- 

Siilphiirnut 
anhjrdridv. 

Solph|dric 

acid. 

Temp**. 

Tention. 

Tempera- 
tor*. 

Teiulon. 

•0. 

MM. 

•C 

-78-2 

•  • 

240-0 

441*4 

0 

0-0200 

120 

1-534 

40 

628-6 

10 

•0268 

160 

4-266 

30 

287*6 

876-6 

2808-6 

20 

•0872 

180 

11*00 

20 

479-5 

1397-7 

1273-0 

30 

200 

19-90 

10 

762-5 

2149-5 

ftitl.VO 

40 

•(J7G7 

-250 

7 '>-7o 

0 

11651 

3162-9 

7709-3 

60 

•1120 

300 

+  10 

1719-5 

4612-2 

10896-3 

60 

•1643 

350 

663-2 

20 

24620 

6467  0 

14151-6 

70 

-2110 

400 

1, 587-9 

30 

3431-8 

8832-2 

18036-3 

80 

-3628 

460 

3384-3 

40 

48702 

11778-4 

22682*6 

90 

-6142 

600 

6620*2 

60 

6220-0 

•  • 

27814-8 

100 

-7456  > 

620 

8264*9 

It  Vim  supposed  by  Dalton  that  the  tension  of  the  vapours  of  all  Squids  is  the  same 
at  temperatures  equully  distant  from  their  respective  boiling  pmntfl.  The  above  tablet 
show  tnat  this  rule  is  not  strictly  tnie,  bat  ia  nearly  so  in  most  cases  for  fsntill  intcr>-Hls 
of  temj)erature  above  or  below  tlie  boilinj?  points:  hcncf.  in  nrdrr  to  correct  boiling 
point  observations  for  the  variatiouf?  of  atiuospkcric  presjjui-i',  it  may  be  assumed 
^thoat  sensible  error  that  a  difference  of  pressure  equal  to  2-7  millimetres  of  mercury 
causes  a  diffi<r<nicn  in  the  boiling  points  of  all  liqiud^  equal  to  that  vhich  it  pxodafiea 
in  the  case  oi  water, — namely,  01^  C.  (sjw  p.  86.) 

Tension  of  the.  Vapours  of  Mixai  Liquid^i  and  of  Saline  5<!>/M</o?f,v.  — Krgnault's 
experiments  on  the  tension  of  the  vapour  of  mixed  li^piids  prove  that :  (1)  when  two 
liijuids  fxn't  no  .solvi^nt  action  upon  f;u'h  other,  aswa^and  j^xlphid'-  of  carbon,  iR-nter 
and  bickiorid*  of  carlxm  (CCl*),  or  water  and  bemmSy  the  tensrion  of  the  \-aponr  which 
nsee  from  a  mixture  of  them  ia  vetj  neailj  equal  to  toe  sum  of  the  tenakma  of  the  two 
separate  liquids  at  tlu'  s.-imr"  tprnpr-rutun- ;  (2) -vrith  wafer  and  othor,  ■vrhlcli  dij-sulve 
each  other  to  some  extent^  but  not  in  ail  proportions,  tho  tension  oi  thti  vapour  of  the 
mixture  ta  much  len  flum  the  snm  of  tenrfona  of  the  separate  liquids,  being  aearoelj 
«]nal  to  that  of  etht  r  <.nl\  ;  (3)  wlion  tlif 'two  liquids  dissolve  raeh  other  in  all  pro- 
portion^ ae  ether  and  sulphide  of  carbon,  benzene  and  alcohol,  water  and  alcohol,  the 
tensioii  cf  the  vapour  oi  the  mixed  liquid  is  intermediate  between  the  tensions  of  Uie 
scpanite  liquids. 

The  tension  of  the  rnponr  of  ^  t^'n-'  ^  .luliniis  lias  heon  nxamiiie.l  l>y  "Rr  rrnnult  and 
by  "W  ulluer  (JaIa-iM»ber.  16da,  i2-i7  ;  IbtiO,  47-49).    lit-guauit's  ex|>mmt!iiLsi  were 
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nude  by  means  of  the  upparutus  represeatod  in  Ji</.  o(3,  p.  92;  WiilLndr  employed 
a  diiferentlj  smnged  ftfifanitaa,  bat  om  whieh  depcaded  on  essentiallj  Che  samo 

principles.  It  results  from  the^o  invosfi?2;;itl>»;is  t'l  it  thr  triniu:!  of  the  vajKiUi*  of  a 
aolatioa  i»  hm  tiuM  itmb  of  th«  Tapour  of  pure  water  at  the  same  l&mpentarev  aadthat 
ia  the  earn  ot  effloresoeat  salt*  Ma  of  siilts  that  we  pemsneiit  in  the  air,  the  dimtnn- 
tion  of  the  t-  u-.!  m  of  tho  vapour  omitted  by  the  .solution  is  exactly  proportion^  to  the 
mfity  of  s  lit  ilia<K>lved  in  a  constant  weight  of  wator,  bnt  in  th*'  cme  of  duUqucwcont 
;.ait3  ii  l-i  [)ro]t'jrtional  to  the  quantity  of  hydrated  salt  dissolved  :  e.  for  a  solution 
of  potash,  t  )  tlio  quantity  of  KH0.2H'0 ;  for  ;i  solution  of  soda,  to  th-*  qumti-yof 
NaHO.UB'O  ;  for  ;i  'solntinn  of  chloride  of  t\iUnnm,  to  th»-  qnantity  of  C;i('l.;iH*0. 
The  absolute  amount  of  diminution  of  tension  depends  on  the  teutpiirature,  and  becomes 
givmtar  h»  the  temperature  riaea. 

T'  ttsii'ti  of  Va^tiut.r.<  la  an  uni-re^hf  hfrtf-^tf  .^pare.  — Tn  eiw'L)H.»il  spnc*"",  thf>  tnmpO" 
lature  of  which  is  different  at  diiicrunt  parts,  the  vapour  of  a  liquid  cam  assume  a  state 
«f  atatieid  eqailihrivm  only  when  ita  tenalcm  ia  equal  to  the  nuudmmn  tenaion  corro- 
sponding  tu  th'^  ivmpcMMttirp  of  tho  ooldcst  put  of  f?if  space.  If  the  vapour  lias,  to 
bogiii  with,  a  greater  teusion  than  this,  Uquefiictioa  will  take  place  in  tha  ooldost  par^, 
ainee  tha  proaanre  ia  greater  tiuui  tliat  whidi  the  Tapoar  ean  support  at  Uie  tenperatnre 
of  this  part,  and  will  continue  until  the  tension  thxoughout  the  whole  space  is  rcnluced 
to  the  point  already  stated.  It  is  upon  this  principle  that  the  prooeai  ot  diatiUatioB, 
and  the  action  of  the  condenser  of  the  steam  engine,  dep<-nd. 

Complete  Vap  Hsation  of  Liquids  under  great  pnuutefi. — When  the  tempaxatora  of 
:!  Hqiiid  is  raised  suflBeiently  hi^h,  vaporisation  occurs  tin  l.  r  the  highest  pre?»«nro  to 
which  the  substance  can  bo  subjected.  Alcohol,  ether,  or  ruck-oil,  enclosed  in  a  tuXm 
af  atron^  glass  or  iron,  is  oompletdj  oonTerted  into  vaponr  only  when  the  space  not 
f.>rrnpir<!  l>y  tli.'  liqiiul  is  sonunrhat  jTrrafor  than  the  volume  of  the  liquid  itself.  With 
rock-oil  the  empty  space  may  be  somewhat  smaller  than  with  alcohol,  and  with  ether 
atill  leaa.  Aleobol  'viieD  thaa  heated  aoqiurea  inereaaed  mobility,  expanda  to  twice  ita 
original  volume,  and  is  then  sufllonly  mivf  rtpd  into  vapour.  Thi.^  i  liatiL'*'  takes  place 
at  'i07<'  GL  (404-6°  Fah.),  when  the  alcohol  oocupiea  juat  half  the  volume  of  the  tube ; 
if  the  babe  ia  more  than  half  filled  with  aloohd,  it  bonrta  when  heated  A  glaaa  tnba 
oae-third  filli-d  with  water  becomes  opaque  when  heaUxl,  and  ll^lr^ts  after  a  few 
seconds.  If  this  chemical  action  of  the  water  on  the  glass  be  dimini.->h<  d  hy  the  addi- 
tion of  a  little  carbonate  of  soda,  the  tnwsparency  of  the  glass  will  ba  much  less 
impaifed ;  and  if  the  apace  occupied  by  the  water  be  \  of  the  whole  tube,  the  liquid  will 
In"  (vjnvprted  into  vapour  at  about  tlio  temperature  nf  malting  zinc  (Cagniard  de  la 
Tour). — If  liquid  carbouic  anhydride  sealed  in  a  glass  tube  occupies  ^  of  the  volume  of 
tfaa  tabe  at  0^,  it  neither  increases  nor  dimmiahaa  is  bulk  when  heated,  becanae  the 
increase  of  volume  produced  by  heating  is  just  corapeti^at* d  by  tlie  tliiuiiiulion  caused 
by  vaporisation.  !£  it  oocapiea  ^  of  the  apace  at  O*',  its  \-oltune  diminishes  when  it  ia 
beated,  and  xnenaav  wfaen  it  ia  eooled.  beeanae  the  loaa  by  em^poratioo  prepoaidflntea 
o\  <  r  th.:»  expansion.  If  if  take.^t  up  |  of  llu-  spare,  it-i  volnrnf  increases  by  heat  and 
contracta  by  cold,  as  in  a  thennometer ;  but  at  4-  30°  (S6"  ifah.)  the  whole  ia  converted 
into  vaiwitr.  The  gas,  wfaieh  at  O^oeeopiea  (liei^Mae  alnrvvtheUqidd  eaitodea^^ 
would,  if  condensed,  yield  ^  of  its  volume  of  liquid  acid;  and  that  wliicli  is  produced 
nt  +  30^  would  give  4  (f  ?  umelin)  of  ita  vohmie  of  lipoid  carbonie  anhydade  at  0°. 
(Thilorier.) 

When  chlonda  of  ethyl  was  heated  in  a  very  thick  sealed  tube,  the  upper  •surface  ceaaed 
to  bo  distinctly  marked  at  aVnut  170^,  and  was  replaced  Ia-  an  ill  delined  (i.'l  ulousrono 
possessing  no  reflectin|j^  power ;  as  the  temperatuis^  thi^  zone  increasi>d  in  width  in 
both  directioaa,  becoming  at  the  sane  toe  more  and  more  transpamit  After  a  time, 
the  liquid  was  entirely  converted  into  vapour,  au'l  the  tuhe  heenrno  quite  tr;in«fpnrent 
and  apparently  empty.  A^  the  temperature  tVll,  the  same  phenomena  were  reproduced 
in  th*  oiip.>»ite  order  (Brion,  Ann.  Ch.  IMiys.  [3]  Ivi.  33).  8hniliurappearane<^  wvre 
ob8er\  >  dou  heating  ethr-r  in  a  s  alod  tube  to  about  190°.  Aeoonliiii;  t>> '  Driou,  the 
temperature  at  whieh  ethor  is  completely  mponscd,  in  a  space  nearly  three  times  , 
its  original  Tolnmc,  is  190*5^.  The  pnciae  temperatvrea  obaerved  in  tiiaae  ezparimemta 
are,  howe%'er,  of  no  real  significance,  onless  they  are  nccompaiiie  1  by  aoeiUCate  detenni* 
nations  of  the  corresponding  real  volumes  of  the  liquid  and  vapour. 

It  has  been  simibirly  observed  by  Andrews  that  when  liquid  earboois anhydride  waa 
gradually  heated  to  31°  the  surface  of  demarOBtion  between  the  liqidd  and  gas  became 
fainter,  lost  its  currature,  ntid  at  last  disappeared.  Tlip  »i>Heo  wii."  theu  oecupicd  1>y  a 
homogoneons  fluid,  which  exhibited,  when  tJio  pressui-e  was  suddenly  iliminislied,  or 
the  temperature  slightly  Uywerad,  a  peculiar  appearance  of  moving  or  tliekerin^  stria/ 
throughout  its  ent irp  ma.«s.  At  tempenitnrrs  above  3P  no  appan^nt  liqiiefnetiMU  of 
carbonic  anhydride  or  separation  into  two  distinct  forms  of  matter  could  be  otteci«d, 
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of  300  <»  4CM)  atmospheres  waa  ai>idieiL  IHtfOOf  oodds  gava 

similar  results.  (Andrews,  in  MiUoi's  Chemical  Physics,  ea  1863,  pp,  328,  329.) 

Latent  Heat  of  Vaporisation. — WhtMi  heat  is  impiuted  to  a  Tolatrle  liquid,  its 
effect  is,  at  masx.  temperatures,  twofold.  Part  uf  it  p^os  to  increft«o  the  temperature  of 
tlia  liqiddt  and  pait  to  aaoaa  iraporiaafeion.  i^ut  when  a  liquid  in  ^ >oiling  under  coMtaat 
pressure,  however  much  heat  i«?  C(jt!in!nfncjU*<l  to  it,  the  whole  of  it  is  ahsorlxd  in  pro- 
ducing the  second  of  these  effectsi  vuiy.  CouTcrsely,  whea  heat  is  withdrawn  from  a 
aatarated  vapour,  under  a  pressure  wmdiia  imanhmied  oonataii^  thairapoiir  ia  ehangedl 
int<)  a  liqui<l.  \rithout  filtt-nition  of  t«<mp{rature.  The  eonsninptlon  of  heat  in  T!i}K>risa- 
tion,  without  the  production  of  a  corresponding  alavation  of  temperature^  and  its  evolu- 
tioB  during  oondfloaatioB,  wuMeoapanied  by  a  aomapoo^iig  fiul  of  tempemlure,  wete 
first  oliservfd  Ly  Black.  Thcso  pluiiumona  were  descrihi'd  Ly  liini  hy  sayinir  tlmt 
during  the  former  process,  a  certain  quantity  of  sensible  heat  became  latent,  and  that 
this  IsPtent  heat  became  sensible  again  during  condensation.  The  quantity  of  heat  that 
Brast  be  gnwa  to  *  liquid  to  convert  it  into  vapour,  or  which  must  be  withdrawn  from 
a  vapour  to  convert  it  into  ItqinM,  without  eauang  ehiAge  <tf  tempentma^  ia  iliU  wgsktn. 
of  as  the  latent  heat  of  vaporisation. 

The  determinatioo  of  this  qneotitjr  b  made  by  detenntoiBg  tbe  q^cific  heat  of  the 
suhstanco  for  un  interviil  of  tcmperattirc'  within  wliieh  it  pftsses  from  the  liquid  to  the 
vaporous  state,  or  vice  versd^  and  is  therefore  in  pindplo  similar  to  the  determination 
of  the  latent  heat  of  fluidity  (p.  77).  Tlie  following  taMe  gives  tbe  number  of  viute  of 
hfat  which  must  bo  irajjnrtod  to  a  unit  of  weight  of  various  liquids  at  tluir  re.spectiv.! 
boiling  points,  in  order  to  convert  them  into  vapours  at  the  same  temperatures.  The 
lettoni  f8  in  the  fluid  aad  sixth  oolmmui  denote  fliat  the  dststmiiaabons  were  made 
by  Favro  and  Silbormann  (Ann.  Chim.  Phjs.  [3]  xxxvii.  464-470);  iho  Irtter  A 
denotes  detenniaationa  by  Aadraws  (Qiaxn.  Soe.  0«.  J.  i.  27);  and  Eg,  by 
Begnault. 


1 

UmK  of 

Vapew. 

ObMrtwt. 

1  Sutittnoce. 

H«at  of 

Vapear- 

ObtefTert. 

Water  . 

fi36-77 

FS 

1  Valerianic  acid 

103  a2 

FS 

f#     •      •  • 

535-90 

A 

Bntyrio  acid  . 

114-67 

H 

»i      •      »  • 

636-67 

Aeetttto  of  ethyl  . 

105-80 

l< 

Bromine  . 

46-60 

A 

n  w 

02-68 

A 

IMehkride  of  phoe- ) 

51-42 

Aeelale  of  methvl  . 

110*20 

n 

phonis  J 

Sulphide  of  car-  t 

V 

Format  0  of  i  t!ijl  . 

105-30 

n 

,  Formate  of  methyl 
1  Iodide  of  ethyl  . 

11710 

II 

Imh   •      •  I 

Tetrachloride  of  tin 

*• 

46-87 

n 

3-0.53 

Iodide  of  methyl  . 

46-07 

n 

Aleohol . 

208  d2 

Oxalate  of  ethyl  . 

72-72 

»• 

He&Tlie'deohiil  \ 

202-40 

A 

But^Tuie  of  methyl 

87-38 

FS 

263-86 

FS 

Ethal  . 

58-44 

n 

263-70 

A 

Oil  of  turpentine  . 

68-73 

»« 

Amyiic  alcohol 

121-37 

FS 

Terebene  . 

67-21 

t* 

Ether  . 

91-11 

It 

Oil  of  lemons 

70-02 

n 

,,      .      .  . 

90  IJ 

A 

Hydrocarbons  from 

Amyiic  ether . 

69-40 

FS 

amyiic  alcohtd : 

Acetic  add  . 

101-91 

M 

ia).  (B.P.205O) 

mi 

M 

FonueMid  • 

ff 

mi 

W 

The  following  formula  n^iment  in  like  manner  the  results  of  Kegnault's  deter- 
minations (Hint.  Aoad.  Sdeness^  zxri  881)  of  Uie  total  heato  of  vaporisation  of  several 
othtt  aobetaiieai  at  Tsriou  teinpontaMe; 


Sulphide 

Ether: 
Benzene: 
OhloraAmii 

Pert'lilorido 
Acftoiie : 


X««  00-0    O-14O01       0*0004123  ^. 

X  =  94-0  +  0-1.500  t  -  0-0005565 


A  -  109-0  -t-  0-2143  t 
X-  67-0  +  0-mff  1 

(Od^:  X  -   62-0  +  01463  t 
A  -  140-5  -h  0-3604  t 


-  U-0001316  ^. 

-  0  0001 72  f'. 

-  0-<>00ijl6  f^. 


The  following  table  ^xsv^  the  total  heats  of  vapori.sation  of  some  additional  liquids 
at  the  temperatures  ai  which  they  boil  uuder  the  ordinary  atmospheric  pressure 
(•5mIL  018)  • 
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Boiling 
Mat. 

Total 
Heat  of 
VaporiMt. 

1  SolMtnca. 

I 

Boiling 
Point. 

Tout 
Heat  of 
Vaporiia- 
tion. 

Alcohol       .  , 
Amylic  aleoool  . 

( >il  of  It'iuoiia 

Oil  of  turpentine  . 

Ohkridflofetlni  1 

! 

78-26<> 
182 
174-80 

159-16 

12*50 
71 

265-52 
211-78 
160-49 

1391 5 
194-87 
97-70 
58-95 

^  Bromine  . 

Chloride  of  tin 

Chloride  of  arsenic  . 

Trichloride  of  phos- ) 
.     phorua       .  | 

60° 
114 

133 

73-80 
74 

50-96 
46-84 
69-74 

67-24 

164-49 

lUgnsult  finds,  u  the  remaSt  of  dlveet  vxpmAmaOa  (Md.  908),  ■*tlMit  the  total  heat 

of  raporivation  of  a  liquid  in  a  current  of  gas  is  equal  to  that  wliich  the  same  liquid  ab- 
Horbe  when  it  boils  in  an  atmosphere  formed  In-  its  own  vapour,  and  exerting  an  elastie 
ftifeo  §(pal  to  IhatMhiaUy  acquired  by  the  viqK^ur  of  fha  Uqf6d  in  the  enmnt  of  gMi" 
Tha  htart  iMat  of  raporisation  Taries  with  the  tempezatare  at  vhich  the  vapour  is 
iRMod;  mora  heat  is  for  instanco  required  to  conTert  a  giren  quantity  of  water  at 
60*  into  Ti^KRir  of  the  same  t«roperaturo  than  to  produce  the  Bamu  chungc  in  water  at 
lOO*'.  It  was  supposed  by  Watt  tnat  tiyt  latent  heat  of  vaporisation  diminished  exactly 
at  the  same  rate  as  the  sensible  heat  increased,  bo  that  the  sum  of  the  two  rrmriincd 
eonstant  at  all  temperatures.  But  Kegnault  {Krlation  des  Expenmag,  «S:c., 
686—728;  also  Works  of  the  Cavenduk  Society,  vol.  L  p.  394)  has  shown  that 
this  is  not  the  case.  He  finds  that  tlie  total  quantity  of  heat  X  (exprej*s(Kl  in  Jieat-units) 
which  a  unit  of  weight  of  saturated  aqueous  vajpour  contains  at  the  temperature  C, 
oeaeds  the  aaooBt  oooisiiMd  in  the  MiiM  vfljpft  of  trat«  at  0®  Ij  t^ 

If  from  this  wo  mibfnirt  the  quantity  of  beat  which  a  unit  of  weight  of  water  at  I* 
contains,  bejrond  that  which  is  contained  in  the  same  weiobt  of  water  at  0<^  (see  B>g- 
aaalf  B  detenniBalioiiB  of  the  Rpecifle  heat  of  water  at  dimrent  temperatures,  p.  34), 
we  shall  obtain  the  latent  he  at  L  of  tlic  vajuiur  of  wat.-r  al  th.«  temperature  <°.  The 
amines  of  X  and  L  ior  Tahous  temperatures  are  given  in  the  next  talole^  together  with 
iMliiMMl  oqnEMNd    slUiBietTCS  and  atmo^eree. 


Lat$Hi  Beat qf  Water-Vapowr. 


TMmIob. 

L. 

o«>a 

60 

100 

160 
200 
«0 

4-60 
91-98 
760-00 
3681-23 
11688-96 
10996^ 

t 

0-  006 

1-  121 
11NH> 
471S 

16-680 
S7-6I6 

606-6 
621-7 
687*0 
662-2 
667-6 
676-6 

606*6 
•71-6 
686*6 

600-7 
464-3 
441*0 

C'  ?J  jyrtiduod  }ty  Vaporisation.  Uqid faction  of  Ga.irg, — Whrii  llic  rvnporation  of 
a  liquid  is  hastened  by  reducing  the  pressure  upon  it  and  eontinuuliy  removing  the 
Taponr  whkil  ftmns,  or  by  wgpniiwg  •  large  surface  and  ra^idfy  iMewingr  the  «tmf>- 
t-phfre  in  contact  with  it,  the  consequent  absorption  of  h>\it  is  8uch,  in  the  case  of  the  ' 
more  volatile  liquids,  as  to  produce  a  very  considerable  fall  of  toniperaturc  Water, 
iir  inaleiiee^  may  heftoaen  by  placing  it  under  the  exhatisted  receiver  of  an  air*pvmp 
near  a  vessel  of  strong  sulpriuric  aeul  (Leslie).  The  rapid  volatilisation  of  more 
▼(datile  liquids  produces  still  more  striking  results,  and  in  fact  constitutes  the  most 
eflbetaal  ncMie  jmown  of  {wodncing  extremely  low  temperatures. 

By  causing  a  rapid  stream  of  dn-  air  from  the  belli lus  of  :i  cbiss-blowers'  lamp  to 
babble  bj  several  tubes  at  once  through  about  200  grammes  of  ether,  Loir  and  D  r  i  o n 
(BdL  Soe  OUsi.  VwA$,  i  184 ;  Steaoe  d«  SS  J«S,  1860)  succeeded  in  rednemg  the 
tempeniture  of  the  liquid  to  —34°  in  4  or  5  minutes,  and  maintaining  this  tcroperaturo 
WB17  near^  constant  for  at  least  16  or  20  minntes.  At  this  temperature  considerable 
qfsatitiae  «f  ct/anogen  ean  be  eondeaesd  it  the  etmospherie  preesam.  The  eondense- 
tion  of  this  gas  begins  ujidt  r  tb(''-(>  circumstances  at  alx)ut  —22°:  by  blfiwins:^  f,'i  ntly 
on  the  sor&oe  of  the  condensed  liquid  with  a  common  pair  of  btiUows  it  is  immediately 
leaand  to  eolidii^.  ^  dHlIar  neoMk  tviphurtm  awlfirfih  !•  easily  liquefied. 
Chloritu  does  Mi  ccadMyii  ante  the  eoaunon  muaiBia  al  —84^,  bat  Igr  aaiag  liqvid 
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sulphurous  anhydrido  in  pla<^e  of  ethor,  a  temperature  of  —  60°  can  be  produce<l,  and 
tbiM  ifl  amply  sufiBeimt  for  the  liquefaction  of  both  chlorine  and  ammonia.  I^sl^,  by 
ertporntinp  liquid  ammonia  (whifli  l>oils  in  the  air  at  —  35-7*)in  an  <»xhau8tod  receiTcr 
over  sulphuric  acid,  they  attained  the  temperature  of  about  —87°,  at  which  point  tho 
■inmonis  solidiaed,  •ad  mrbenis  «i4ydWa»  eondwwud  to  a  liq[sid  at  tliAeanmoiiateo- 
iphcric  pressure. 

An  apparatoB  for  the  liquefaction  of  ammonia,  to  be  used  for  refrigenition,  has  been 
daaoibea  hj  BegasvU  (Mte.  Acad.  Sciences,  xxri.  609),  and  a  very  simple  coo- 
tzhnuicc  for  the  same  pnrpojse  was  exhibited  by  Carr^  at  the  Int-mational  Exhibitioili 
In  Loudon  in  1862.  (Fur  a  description  and  tignxo  of  the  la&t  apjMiratiui,  se«  ililler'a 
Carai<0«fPI$«to,  «d.  1863,  p.  298,  footnote.) 

Several  gases  can  Ito  liquefit  d  V)y  increased  pressnro  alone,  xrithout  reducing;  their 
tamperalure  beluw  that  of  tlit<  atino»L>here.  The  neceeaaxy  pressure  can  often  be 
fi*tf~^  bj  •rolnag  the  gas  in  an  enclosed  spaee  (m  ia  a  waled  glaas  tube) ;  undor 
thCM  circumf-tanees,  the  i  lactic  force  eontiuues  to  increase  ntifil  the  point  of  maximum 
trasion  is  rca<'he<l,  and  then  Iiqueiuction  occurs.  In  this  wu^',  oiirbonic  anliydiide  may 
be  liquefied  by  its  own  pressure  whoa  it  is  evolved  from  Mid  earbonate  of  sodium  and 
diluted  sulpliuric  acid  in  a  6tr.'>np  wronpht  iron  bottle  connected  with  a  wrought  iron 
receiver.  Wlien  the  liquid  carbonic  auhydridc  thus  produced  is  allowed  to  escape  in  a 
flno  ■treom  into  tho  air,  port  of  It  io  iauaediately  vaporised,  and  the  consequent  absorp- 
tion of  heat  is  sufficient  to  cause  the  remainder  to  condense  to  a  white,  cr}-5talIino 
solid,  like  snow.  The  principle  of  this  method  was  first  put  in  practice  by  Faraday 
in  experimenta  on  the  small  scale ;  an  l^fwntUI  la  which  cunsidorablo  quantities  of 
liquid  carbonic  oahijdndo  oould  bo  tlnu  pRpoMd  mm  fint  domed  and  eonetziietcd  by 
Thilorier. 

The  prosHure  neoeOMiy  for  the  HqmiMtion  of  piscft  may  aleo  bo  pcoduced  bj  com* 
pressing  thcni  hy  means  of  ft  foice-pomp,  M  in  JNottorer'o  ■{^ozatiu  for  the  ]iq[ae- 

faction  of  nitrous  oxide. 

]^  tiw  •fafMnotion  of  gases,  condensed  by  any  of  the  proaeaaca  above  indicated,  the 
lowest  temperitnrc^  yet  attained  ran  be  j>roduced,  the  greatest  degree  of  cold  hitherto 
recorded  being  —140°,  the  temp«raturi',  acconling  to  Nattcrer,  of  a  mixture  of  iiq^uid 
nitrons  ozidoaad  bisulphide  of  carlx>n  evaporating  in  vacuo. 

Still  more  powerftil  means  of  liquefaction  than  those  already  menti.ined,  were  em- 
ployed by  Faraday  in  his  later  experiments  on  this  subject  (Phil.  Trans.  l«-4o,  p,  170), 
and  be  thereby  aoeceedod  in  reducing  to  the  liquid  atate  all  known  gaaea,  with  the 
exci'pfion  of  oxygen,  hydrogen,  nitrofrcn,  nitric  oxide,  carbonic  oxide,  and  marsh-ga.«i, 

—  and  in  solidityiug  tlie  greater  number  of  tht»m.  The  method  adopted  was  to  subject 
the  gases  to  the  joint  action  of  powerful  mechanical  pressure  and  eatieano  eold.  The 
first  oVjcct  wa.s  attained  by  the  successive  action  of  two  air-pumps,  the  first  having  a 
piston  one  inch  in  diameter,  the  second  only  half  an  inch.  The  first  produced  a 
preasmv  of  about  20  atmosobntt,  the  aeoond  iaeMaaed  it  to  upwards  or  M.  The 
tid>eg  into  which  the  gas  thus  condensed  wms  made  to  paes  were  of  green  bottle* 
glaas,  from  |  to  }  of  an  inch  in  external  dtam«*ter,  and  had  a  curvature  in  one  portion 
of  their  length  adapted  for  immersion  ia  a  frening  mistnrSk  The  mixtnre  emjidoyed 
Oonsisted  of  solid  earl>inic  anhydride  and  ether.    The  cold  produce  d  by  it  anionnted  to 

—  76*6°  in  the  o]h  n  air.  and  to  — 110°  ander  the  exhausted  receiver  of  the  air-pump. 
Many  gases,  when  sulgeeted  to  Chia  OEtrame  dogree  of  oold,  trara  UqneAed  without 

the  Ti-se  of  the  condensing  apparatus :  this  was  tlie  case  inth  chlotSBS^  cyanogen,  am- 
monia, sulphuretted  hydroeeu,  arseniuretted  hydrn^en,  hydriodie  aod,  hydrobromic 
acid,  carbonic  anhydrids^  euylene,  nitrous  oaride^  and  oodde  of  chlorine^  Fhioride  of 
silicon  lisjuefied  at  a  pressure  of  9  atmosjihcres.  The  following  were  solidified  when 
subjected  to  the  action  of  the  carbonic  anhydride  bath  t;t  vacuo:  hydriodie  acid,  hydrobro- 
nJe  add,  aolphiirona  anhydride,  sulphuretted  hydrogen,  earixmie  anhydride^  oxide  of 
cidorine,  cyanogen,  ammonia,  and  nitrous  oxide.  The  following  gases  did  not  solidify, 
.  even  at  the  lowest  temperature  that  could  be  obtained :  ethylene,  fluoride  of  siUcon, 
flnoridoof  bofon,phosphoietted  hydrogen,  hydrodilorie  add,  and  araenhuetted  hydrogen. 
The  six  grsMi  s  mentioned  at  the  commencement  of  the  preceding  paragraph  showed  no 
signs  of  liquefaction  when  cooled  by  the  carbonic  anhydride  bath  in  vacuo:  hydrogen 
and  oxygen  at  97  atmoapherea,  nitrogen  and  nitxio  oxide  at  50,  oailMsie  okxm  at  40, 

and  marsh-gas  at  32  afiiiospheres. 

Andrews  has  since  succeeded  in  exposing  these  gases  to  still  neater  pressures,  bot 
without  ptododDg  liquefaction,  altho^  a  oath  of  ether  and  soud  eaxbonio  anhydride 
was  used  ;  air  was  reduced  to  ^  of  its  bulk,  oxygen  to  hylrogcn  to  j}^^  carbonic 
oxide  to  and  nitric  oxide  to  of  its  original  volume.  Hydrogen  ana  carbonic 
OKida  depirted  leia  teem.  Boyle' skir  than  oxygen  and  nitrio  flodae. 

Distillation.  —  One  of  the  processes  most  froqueatlyiaiarCed  tobj the  chemist 
for  the  pnipoao  of  aepamting  difCeceatattbataaooa  ia  to  o^oaa  die  miztnra  ^'^Hni^ 
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thf>m  tn  a  temperature  at  which  the  constitaent  it  is  vi8h<Kl  to  is  lato  riso^s  ih*rfi 
while  tiio  others  remain  still  solid  or  liquid.    The  ordinjiry  mdhodi,  of  perfolC--. 
this  operation  of  distillation,  and  the  apparatus  commonly  employed  are/w^ 
ftmiliar  to  cvorj  chemist  for  it  to  be  nm»ssary  tu  (li'scrilM>  them  here  in  detail. 
a  full  description  of  the  process  and  the  moJificatious  that  become  desirable  in  parti- 
e«tar  fsMs,  the  reader  is  referred  to  A  Handbook  of  Ckmttti  Jfaw^wifafibw,  >^ 


C.  arrrillo  WniiHrns,  Wlon.  1S57,  pp.  202-24t.) 

When  ih&  liauid  eubraittisd  to  distillation  is  a  mixluri;  uf  two  or  more  substances  of 
nneqaal  volalia^,  the  vapour  former!  w  hm  ebullition  begins  generally  contains  a 
lander  peropntair'*  f^f  ih''  moet  rolatile  ojnstituent  than  the  liqtiid  rfjuaininc  in  \]\f 
retort.  He^ooe,  the  composition  of  the  liquid  alters  as  the  clkstillation  continues,  and  its 
lioilug  fointxises  accordingly.  On  the  other  band,  if  the  boiling  pojaftoit  a  liqirid 
rrmain?  constant  durinfr  distillation,  it  is  usually  an  indication  that  its  comp^^sition  i-? 
ajQalt4ir«id  by  the  pruceis«,  and  therefore  that  tiie  composition  of  the  diecillate  altso 
eontinues  the  same  throughout,  th^  bofling  point  of  ft  nqnd  bMones  therefore  a  very 
ue*'fTil  indication  of  the  nriiform  or  varyinpr  natuTP  of  tho  products  of  its  distillaf  ion, 
and  hy  coUeoting  aoart  the  portions  which  pasti  ovar  at  diff^nt  temperatures,  a 
mixture  of  dUftuoit  mi«icb  WKfVhm  b«  to  a  great  extent  resolrod  into  iHeoaatituMito. 
It  seldom  happens,  hawprrr,  except  with  fi  mixture  of  two  liquids  whose  boilin^r  points 
are  very  distant  firom  each  other,  that  a  single  ojperation  of  this  kind  gives  either  con* 
■lilaMitnafllite  of  parity.  ThkiasapMialfythoeMevliinllMdiotillttljoBisperfon^ 
in  a  rrtnrt  or  oth»:r  vessel  which  allows  the  vapour  to  pa?rf»  to  tho  oond*  n^or  iiliiiot 
iznmediately  after  its  formation.  Under  these  circumstances,  tbe  distillate  obtained  at 
any  period  of  fhe  operation  is  afanoife  MnUeal  Id  cuuipoaition  wHh  the  rvptmt  ttat  « 
ri^in^  from  thf  liqiiifl.  and  thorofi.rc  contains  a  certain  pnantity  of  «'Vf  ry  con^^ifii.  nt  of 
the  liquid  that  produces  vapour  of  senaible  tension  at  the  temperature  at  which  ebulli- 
is  going  on.   "Bam,  m  order  to  effect  any  great  miount  of  sefMMratkw  in  Una 


manner,  the  distillato  niu«;t  be  collected  in  separate  fractions,  each  of  them  corTe«pi">nding 
to  a  definita  iutarral  of  temperature ;  each  fraction  must  then  be  fractionally  distilled 


hf  MU;  n  HbB  •no*  wvf  u  tho  oriiiiifil  liquid,  fko  ptodneli  wUeh  . 

thi-  ^m«  temperattircH  on  the  second  distillation  of  tho  first  fractions  l>eln_-  ^  ll  cfcd 
tog^iwgi  a&d  this  process  most  be  repi  iited  as  long  as  any  fiuther  aeparatioA  into 

Fiff.  646. 


diatiiiet  constitoenta  can  be  e&cted.  These  numerous  rc-difiUIlafci<»is  nay  often  be 
mMtnhfy  evrteSed  bynring;  inalmd of  •  T«lorl»  a  ibak  fitted  with  »  ntlicririd* 

branched  tnl>e,  of  the  form  thovrn  m  ,fiq.  515.  The  thermometer  is  inserted  into  the 
upright  limb  of  the  brandied  tul>e,  and  is  so  adjusted  in  the  cork  or  piece  of  india*rubber 
MMvideh  hoUsitinito  phicc,  that  tibo  top  of  lli*  Mb  ii  jut  Mow  Iho  opening  oi- 
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tjie  side  branch  bj  which  the  vapour  passes  to  tiie  coudonscr.^  In  an  oDparatoa  thnfl 
arnu^ged,  the  vapour  rising  from  the  uqnid  com«s  in  oontaot  iKtli  a  iMiuriderabla  snxftce 

of  glasu  cooled  by  contaot  wifli  tlu-  air,  IxToro  it  is  able  to  leave  the  distilling  vessel:  tho 
o^M^uenoe  ia  tha^  in  pro|>ortiou  ah  it  rises  a^ve  the  surface  of  the  boiliug  liquid,  it 
more  and  move  eonipU  t*  ly  freadftom  tia  leia  volatile  cooatihieBta;  abd  than^ 
I>oiir  wliioli  ultirnatvly  reaches  the  oocdensor,  at  any  f«tago  of  the  openition,  is  identical 
vith  the  most  volatile  portions  tiiat  would  be  obtained  b^  the  repeated  fractional  distil* 
btioo  of  ^«  liquid  reawting  from  the  eomplete  cnpdanaatom  of  the  vapour  flnsling  in  the 
flask  at  tho  time.  In  fact,  one  distillation  made  in  thia  way  is  equivalent  to  several  made 
in  a  retort ;  nevertheless,  thia  method  is  not  always  applicable,  aince  the  temperature  of 
*.  the  boiling  liquid  reqiilrea  to  he  ahravs  oonfladenbly  high^thui  tibat  of  tiie  liquid  wfaidh 
is  actually  distilling,  otherwise  the  wnolo  of  the  vapour  would  bo  condensed  before  reach- 
ingthe  exit  tube— and  this  would  fometimea  cause  chemical  altemtion  of  the  subetanoe. 

Thb  composition  of  the  distillate  whieh  a  liquid  yields  at  anjperiod  of  Its  distillation 
'  does  not  depend  solely  upon  the  tension  of  thr^  vajiours  of  its  several  con.>^titUi  uts  at  the 
temperature  of  ebullition ;  it  is  greatly  influenced  also  by  their  relative  proportiona, 
and  by  the  densities  of  their  vapours.  In  distilling  a  ^latilo  liquid  eontaining  a  small 
qnantatj  of  a  less  volatile  one  (for  instance,  benzene  containing  a  little  water),  it  may 
Tory  often  be  notic<>d  that  the  whole  of  the  less  volatile  constituent  is  containeid  in  the 
first  few  drops  of  the  distillate.  This  is  because  the  latter  substance  produces  vapour 
of  whatever  tension  OQReBponds  to  the  t^-mperature  of  ebullition  of  the  mass  of  tho 
liquid,  just  a.s  a  larpw  quantity  of  it  would  do  ;  this  vapour  difiiises  itself  through  that 
uf  the  more  volatile  constituent  and  ia  carried  forward  with  it  into  the  condenser;  a 
further  quantity  of  tho  loss  volatile  vapour  is  then  formed,  and  the  nrocess  continilM 
thus  until  tho  whole  of  tho  less  volatile  liquid  has  been  volatilised,  although  the  tem- 
pera tun>  may  not  have  approached  within  many  degrees  of  it«  boiling  point. 

The  influence  of  the  vapour^densities  of  the  several  constitnenta  a  mixed  liquid, 
ppop  the  rapidity  with  wluch  they  respectively  distil,  has  been  specially  pointed  out  by 
w  anklyn  (ProcEoy.  Sue.  xii.  and  by  Berth  clot  (Conipt.  rtuJ.  Ivii.  130).  X»eav- 
ing  out  of  consideration  the  influence  of  the  adhesion  of  the  ingredients  for  each  other, 
tho  quantify  of  each  ingredient  which  distils  may  be  found  by  rnultiplying  its  tension 
at  the  boiling  puinl  of  the  mixture  by  its  vapour-density,  ilfttco,  the  Hqnid  whoso 
vapour  has  the  nigfaest  tensiottiriD.  not  necessarily  distil  the  quickest:  idiat  tho  other 
liquids  want  in  tension,  they  mny  make  up  by  tho  ^ater  density  of  the  vnponrs  which 
they  give  off.  Wanklyn  gives  the  following  expenmcnt  in  illustration  of  this  efiect: 
18  grms.  of  methylic  tucohol — ^boiling  ^int  60°,  vapour-density  11 07 — was  mixed  witii 
17  grms.  of  iodide  of  ethyl — ^boihng  point  72°  vapour-density  6  3^7 — and  the  mixture 
was  distilled  until  rather  more  than  one-third  had  passed  over.  The  distillate  (14'7 
grms.)  consisted  of  6  0  grms.  of  methjEe  alcohol  and  8*7  gnns.  of  iodide  of  ethyl, 
showing  that  the  leas  volatile  cnnstitnent,  owing  to  its  {greater  density  of  vapour,  had 
distilled  most  quickly.  Wiitju  Uio  vapour-densities  and  f(  nsions  ore  invtrsoly  propor- 
tional, the  mixture  must  distil  over  unchanged.  This  influence  of  vapour-density  goes 
•  »  great  way  to  explain  why  homologous  bomes  arc  so  diffieult  to  separate  by  fractional 
di^itiUatiuu.  Tho  more  complex  tho  formula  the  higher  tho  boiling  point,  but  ali>o  tho 
higher  the  vapour-density,  and  therefore  the  gnater  the  valoe  of  the  va^OOK  It  also 
explains  why  oils,  &c.  distil  so  readily  in  steam ;  fnr  nqueoii5  vaponr  if  one  of  tho 
lightest^  while  nily  vapours  are  generally  heavy.   (Wankly  u,  he,  cit.) 

The  action  of  t  he  snn  npon  Uie  water  at  the  surface  of  the  earth  euaeg  a  natmnt 
process  of  distillation  upon  an  ennrmnu'?  pealo  to  be  always  going  on.  The  water 
«vaporated  from  the  earth's  surface  riseti  in  the  atmosphere  as  vapour,  and  bting  afler- 
vrams  deprived  of  Itelkeat  of  vaponaation— partly  by  radiation  into  space,  and  part  ly  by 
contact  with  mountain  summits,  or  with  the  cold  air  existing  at  high  elevations  — 
zotttzns  to  the  earth  in  the  various  forms  of  dew,  mist^  rain,  snow,  bail,  &c.  In  thia 
way  an  inmense  quantity  of  water  ia  being  eontinaally  lifted  team  the  sea-levd,  a 
large  profnirtion  of  which  doi-j  not  fall  again  directly  into  the  sea,  but,  being  deposited 
on  tdevated  portions  of  the  land,  become  the  inexhaustible  source  whence  streams  and 
rivers  are  sttpplied.  The  watenr  vapour  wUeh  reaohea  the  higher  and  eolder  rsgiona 
of  the  atmosj>liore,  is  there  condensed  into  snow.  This,  as  it  falls  again  towards  the 
earth,  returns  to  the  conditbn  of  water,  if  the  air  through  which  it  passes  is  sufficiently 
warm  to  liquefy  it ;  tml  pert  of  it  readiMi  the  earth  vnmelted,  and  that  wlaih  £wa 
upon  regions  whose  mean  temperature  is  below  zero,  accumulates  to  form  the  enormous 
masses  of  ico  known  as  glaciers.  Now  it  is  universally  admitted  by  geolofloets  that, 
at  an  epodi  hf  no  means  (geologically)  remote,  eiteneive  f^ttuekam  edmed  vniero  nme 

have  been  known  witliln  historic  times,  and  (hat  glav-iers  which  still  exist  had  fJien  a 
veijr  much  greater  extent  In  order  to  account  fur  the  former  existence  of  so  much 
laigsr  a  quan  ti  ty  of  lee  «t  the  nuAMe  of  the  earUi  than  that  whidi  ia  now  to  bo  Ibwd, 
it  Juf  oma  heen  m^poaed  that,  at  the  period  when  thia  oeeursdi  the  owaa  tn^cm- 
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ture  of  the  earth  was  cousidcraldy  lowoi"  than  at  prt-aont.  But,  as  Tyndall  has  pointed 
oat  {Heat  eongidertd  as  a  Male  of  Mvtion,  pp.  192,  198),  ©Ten  admitting  midl  to 
hav<'  1'<  on  the  caso,  tho  oliscrvod  result  would  not  hav.-  frillowed.  If  onM  is  necessary 
to  ct'iiil.  rise  the  vjyxjur  of  water  into  ice,  heat  is  no  1*  84s  needed  for  the  fi»t  producUon 
of  th<  .  ;i[Mnir.  Hence  the  oonditioB  ef  the  earth  which  ia  in  naUty  indicated  bj  the 
va-xt  tlt'vt'lopmeut  of  glaciers  in  former  ages,  is  one  in  which  the  proeesH  of  distillatioa 
went  on  more  rapidly.  These  considerations  have  been  recentlv  carried  further  \iy 
Frankland.  He  has  ahown,  by  the  comparison  of  vell-MtidMulied  data,  that  tbe 
lici'jht  of  the  line  of  i>erj)^-tnal  snow  nbovc  tlie  sea-Ierel  at  different  parts  of  the  earth, 
dej^ud%  not  only  upon  the  temperature^  but  also  upon  the  amount  of  atmospheric  pre> 
etpitatioQ  wUch  take*  piaea;  aad  he  eoaetadea,  team  Tyndtit*  eapwimeute  on  the 
al)sorption  and  mdiation  of  heat  by  aqneou.s  vuiiour  ( pee  R atiiatiov  of  Hkat),  that 
the  condensation  of  the  rapour  contained  in  the  atmosphere  takes  phioe  chie^  by  the 
dliect  MdialioB  of  ite  heat  of  Tsporiaatioii  into  epaee.  If  tiiiB  eoiMhaioii  ia  eofxeef^ 
condensation  must  havf  o<^eum-lwith  nrarly  equal  readiness  at  all  stngos  of  the  earth's 
hiatoiy,  and  all  that  was  therefore  uco-^ir^wy  to  cause  a  greater  atmospheiio  predpit^ 
tioB  fa  past  tionea,  was  a  more  m)>id  .HU|>ply  of  aqueona  Tapear.  Haneo^  tMMwri^ng  te 
Fraiiklanil.  the  glacial  ejxjeh  of  tlu^  geologists  is  an  indication  of  a  highCV  IMail tempe* 
ruture  of  the  euih'a  suxfiice  in  former  ages,  and  not  of  a  lower  tempanEtoTCb  The 
riiiBatologteat  copditicpa  of  thie  epoch  heeonaidara  to  hacfe  been  anecesaaiy  euxiseijDeDee 
t  f  tl.r-  continuous  cooling  of  the  earth's  crust  from  the  high  temp-ratur©  whidi  it  is 
admitted  to  have  had  at  a  atill  earlier  era  U>  thai  which  it  has  at  present.  In  the 
agea  alhided  to^  the  tannpentoM  of  the  aaith  la  suppoaed  to  hare  been  audi  that 
;i  :;ri  at  prirt  of  the  waters  of  our  present  ocean  nmst  have  existed  as  vapjur ;  and  not- 
withstanding that  rapid  condensation  of  this  vapour  must  hare  occurred,  the  sur&ce  of 
the  earth  was  too  hot  to  allow  the  precipitated  water  to  accumulate  as  ice.  But  as  the 
cooling  progressed,  the  temperature  of  the  land  would  fall  more  quicklv  than  that  of 
the  ocean  ;  hence  a  period  would  arrive  when  the  former  would  be  eo  rar  cooled  that 
iee  could  accumulate  upon  it,  while  the  temperature  of  the  water  still  remained  such 
that  nraporation,  and  consequently  condensation,  went  on  much  more  mpidly  ihaa  at 
Mtaaent.  It  is  during  this  period  tliat,  according  to  Frankland,  the  glacial  <  pooh  oocurred. 
Its  cessation  he  attributes  to  tho  fhrther  action  of  the  same  cause  an  that  which  pnxluced 
it;  namely,  to  the  progreseiye  cooling  of  the  earth,  which  has  now  armed  at  such  % 
point  that  evaporation  no  lonper  takes  place  with  sufficient  rapidity  to  supply  tho 
materials  required  for  tin*  foniiatiun  uf  the  enormous  glaciers  of  former  ages.  It  is 
impoasiV'lo  to  discuss  here  tlie  canaa  of  tibe  temer  high  temperature  of  the  earth's  sur- 
face, indicated  by  the  tropical  fauna  and  flora  which  preceded  tho  glacial  epoch,  and, 
a«x)nling  to  I'rankland,  by  the  glacial  epoch  itself;  but  it  has  been  proved  by 
Thomson  tiiat,lbr  ages  \aD%  antenot  to  either  of  the  periods  referred  to,  the  internal 
heat  of  the  earth  can  have  pnidn'^*  d  no  gonsihlo  effect  tipon  the  climat*  of  the  surface. 

Just  as  in  the  process  of  di-siillaiiou,  Jis  carried  on  in  the  lalx>rator)',  there  is  a  ti-ans- 
imee  «f  heat  from  the  retort  to  ttie  oondanMP,  and  consequently  a  constant  tendency 
to  the  approximation  of  their  tcniperatnrc? :  so  one  of  the  effects  of  the  great  natural 
process  of  distilktion  is  tho  partial  equalisation  of  the  temperature  of  different  parts  of 
tho  earth's  surface,  and  of  the  diflhwt  strata  of  the  atmosphere. 

Various  inKtniments  and  prooeese*!,  mostly  depcndinrr  on  prineiph  s  a Ircaily  explained 
in  this  article,  have  been  proj)»jw^  for  measuring  the  quantity  of  aqueous  vapour  exist* 
ing  in  the  air  at  any  giv.  n  time.  Aftili  dMfltlptioil  of  all  the  BUMt  impoitant  of  then 
will  be  found  in  the  article  HYonoHBTsn. 

SvBUXATiox. — When,  during  the  distillation  of  a  volatile  substance,  the  temperature 
of  the  leeeiyer  is  kept  so  low  that  the  rapoor  wUeh  enters  it  passes  at  onoe  into  the 
solid  rtatc,  without  previous  liquefaction,  the  process  is  called  sublimation,  and  the 
peodnet  a  sublimate.  This  process  is  often  resorted  to  for  the  purification  of  sub- 
itiaeao  wUdi  ToktSiaa  lapidfy  at  tempentmea  bdow  fheir  melting  pointa. 

niiamea  off  MjrilMA  Mniotare. — Some  solid  substances  are  capable  of  existing 
under  two  or  more  forms  distinguished  from  t  nrli  other  by  differences  of  specific  gravity, 
hartlness,  crj-stallino  form,  fusibility,  optical  and  electrical  properties,  &c.  C'arlK)n, 
fm  instance,'  exists  as  diamond,  graphite,  and  charcoal,  as  well  as  in  other  secondary 
moditieatioas ;  pho^iphoms  ncrnrs  either  as  an  easily  fn'^iM''.  transluoenty  yellowish, 
ciTStalline  substance,  or  an  a  much  less  fiisible,  opaque,  auiori»hou3  body  of  a  brick-n  d 
eomr;  and  so  for  many  other  substances,  simple  and  compound.  It  thus  often 
h.tppens  that  the  different  modifications  of  \hr  «ame  substance  differ  more  in  their 
phyncal  properties,  than  other  substances  do  wliidi  are  chemically  distinct ;  and  tho 
paMMgn  nom  one  modiflcatiaii  to  another,  tiioofi^  not amoooting too diange  of  staleof 
agCT'"<ration.  may  be  considered  as  a  phenomenon  of  the  snme  class  as  such  changes. 
Accordingly,  it  has  been  found,  in  all  ctu»es  in  which  this  point  has  been  investigated, 
Hil  111  II  iiimti  nf  II  iiilMtinljrftoiiii  one  modiaeation  to  anoUMr,  ia  attsnded  eHh^^ 
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with  development  or  with  abeoi^liun  of  heat.  The  cxpt^-riinouts  which  hare  hetn  nuidtt 
OB  ihil  falgeet  ara  aoi  vnamnna  enough  to  anaUe  any  general  concluaiona  to  be  drawn 
from  them  with  great  certainty,  hut  they  appear  to  imlicat*^  that  dt  vt  hjpnicnt  of  heat 
onially  attends  Uie  paaiage  £n>m  a  vitreoua  or  amorphou^t  condition  to  a  crystalline 
eon^raon,  and  oooMqcent]^  that  thaopporito  diaiige  ia  accompanied  byafaaoxption  of  heal 
The  foUowing  are  examples  of  transformations  of  the  kind  under  consideration: — 
1.  If  meltod  HUK&r  be  allowed  to  cool  to  about  38°  and  then,  while  it  ia  atill  aoft  and 
■fiadd,  be  rapidly  and  freqoentlj  extMided  and  doiible4  i^  till  at  laat  it  eooaiili  of 

thread.'^,  ;i.s  in  ilrawn  siitjar,  th.  ti  injM  r.iture  of  the  mass  quickly  rises  so  as  to  become 
inaopportable  to  the  hand.  Aiter  tim  liberation  of  heat,  the  sugar  on  agiiin  coohng, 
ia  no  longer  a  glass,  bnt  eonaialia  of  minnte  cfjatalHiM  gndoa  and  haa  a  arly  laatrr. 
Thaaanie  change  may  occur  in  a  jjradiial  manner,  as  when  a  clear  stick  of  l>arl<  y-suj^r 
ImflfHyn  white  and  opaiiae  in  the  atmouphure  (draham,  Klvm^nU  of  (JKenUitrv^  2nd 
ed.  L  4ff). — Whra  tiia  ioft  vitieoiia  aolphur,  obtained  by  pouring  sulphur  melted  at 
•  180°  or  200°  into  cold  watOE^  it  gradually  heated  in  an  air-batli  of  wLich  tlir  ti  mp«Ta- 
ture  is  about  98°,  the  tampaiatttre  of  the  solphniv  as  soon  as  it  reuchua  93°,  rises 
suddenlr  to  110°,  and  it  tlien  paaaea  immediate^  into  the  hard  crystalline  atata  iHiidi 
it  would  have  assum.  d  gradually  at  the  ordinary  trmpeniture  { K epn a u  1 1,  AWL  Clu 
Phys.  [3]  L  205).  The  prismatic  oystals  of  sulphur  obtained  bjr  fusion  ha>f«  baaii 
long  known  to  pass  gradually  into  octahedral  ajwaltt,  Tha  sama  dbange  takca  plaea 
much  more  quickly  when  the  crystals  are  agitrtad,  or  when  tlu  y  are  j.nf  in  Contact 
with  sulphide  of  carboa^  even  if  this  liqdd  ia  airea<^  saturated  with  anl^nv. 
Mitacherlieh  Ibimd  that  tiie  rapid  tranaofittatuHi  of  pnsmafSe  into  octahedral  aol- 
phur which  occurs  under  the.m.  circumstances  was  attend  mI  1  y  the  evolution  of  a 
quantity  of  heat  sufficient  to  raise  the  temperature  of  the  sulphur  emploved  by  12'^,  or 
which,  taking  into  aoooant  the  sm  cifle  heat  of  sulphur,  amonnted  to  8*27  units  of  heat 
per  £(rammo  of  sulphur  {ibid.  ilvi.  121).  Favre,  who  has  cstimatiti  by  an  indirect 
process  ( Jahresber.  1853,  p.  29)  the  heat  evolved  in  the  tnasfonnation  of  one  variety 
of  solphur  into  another,  finds  that  the  quantity  of  heat  liberated,  when  ono  eqniTalent 
(16  parts)  <rf  ordinary  sulphur  is  converted  into  the  mo<lIficnfioa  insoluble  in  sulphido 
of  carbon,  amounts  to  3102  \inita,  and  that  the  otrnTeiaion  into  the  same  modification 
of  one  equivalent  of  soft  vitreous  sulphur,  evolvM  8804  miti  of  heab— 8.  Selenium, 
when  completely  melted  and  then  rapidly  cooled,  constitutes  a  blade  mass  with  a 
brilliant  surface  and  a  fracture  exactly  resembling  that  of  obsidian  or  of  black  glass. 
When  this  ia  heated  very  gradually,  a  sudden  rise  of  temperature  to  200°  or  280**  takes 
place  as  soon  as  the  thermometer  arrives  at  96°  or  97"^.  The  selenium  is  afterwards  of 
a  bluish  prey  colour,  and  has  a  distinctly  metallic  lustre.  Its  fracture,  instead  of  being 
vitreous,  now  sIiowm  a  tine  granular  structxure  like  that  of  grey  cast  iron.  The  heat 
ovolved  in  the  tran-fonnation  is  estimated  by  Regnault  as  sufficient  to  raise  the  tem« 
poratnre  of  the  s«lenium  operated  upon  by  more:  than  200  degrees  (Ann,  Ch.  Phys, 
[8"]  xlvi.  290). — 4.  According  toFavre  {It/c.  cit.\  28,246  units  of  heat  are  evolved  when 
one  ••tjuivalent  (81  parts)  of  common  phosphoms  is  converted  into  red  phosphorus.-* 
6.  The  transformation  of  1  grm.  of  arragonite  into  calc-spar  corresponds  to  thn  evolution 
of  12*9  units  of  heat  (Favre  and  Silbermann,  Ann.  Ch.  Phys,  [31  xxxviL  436). — 
8.  Many  amorphous  minerals  and  artificially  prepared  metnllie  oxiaea  baoome  tern* 
porarily  incandenoent  when  gently  heat*  *!,  an>l  are  then  found  to  have  become  cn,'«italline 
without  having  undergone  any  alteration  in  weight.  Gadoliuito  (sihcate  of  yttrium) 
cu^ibito  this  behaviour  in  a  remarkable  degree.  (For  tether  flnnplea  of  amliywia 
Aanges,  M, (tnit  lin's  Haiidltook,  i.  101-107.)  • 

Tlie  exi!<tence  of  ozone  seems  to  prove  that  the  same  chemical  substance  may  cxi^t 
even  in  the  gaseous  state,  in  more  than  one  modification,  and  analogy  renders  it  pro- 
bable  that,  when  such  is  the  case,  the  transf  jrmation  of  one  modification  into  the  other 
is  attended  by  calorinietric  phenomena.  Sulphiu-- vapour  at  temperatures  only  slightly 
above  tiie  boiling  point  of  sulphnr,  and  at  800*^  and  iqpwardi^  ia  an  instance  of  another 
kind  of  difflreiice  in  the  properties  of  one  and  the  same  gaseous  substance,  which  im- 
doubtedly  depends  oii  the  quantity  of  heat  present  in  it,  altiiough  the  heat  needed  to 
duHD^  m  ana  Biodiilflatioin  into  Uia  otfur  hM  not  been  maa 

4. — Relations  of  Heat  to  Chemical  Jffiaif  t/. 

Whatever  may  be  the  real  nature  of  that  property  of  matter  called  chemical 
af  f  i  n  i  t  y,  by  vixtoe  of  which  mntoal  aiterationa  ot  eompoaition  occur  wfien  elienieally 

dissimilar  bodies  are  brought  together  under  appropriate  conditions,  one  most  im- 
portant fact  is  dearlv  established  with  regard  to  it ;  namely,  that  its  manifestations 
are  always  accompamed  by  the  prodnetiOB  or  annihilation  of  heat.  Chnago  of  compo> 
aition,  or  chemical  action,  and  heat  are  mutually  eon vrfible :  n  given  amount  of 
chemical  action  will  give  rise  to  a  certain  definite  amount  of  heat,  which  quantity  of 
hMftmnat  bedireettyoK  indiveeti|y  ai^endodtinocdev  tonwMoruidotlMolMnical 
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a<HioTi  that  hm  prodacod  it.  The  production  of  heat  by  choniioal  actinn.  and  th« 
definite  quantitative  relation  between  the  amount  of  heat  evoived  and  the  quantity  of 
diMuical  aetion  which  takes  phice,  are  roughly  tndicntt-d  by  1h»  ftwto  «f  our  moil 
fimiliar  ezpmence ;  thus,  for  instance,  the  only  pnictioally  import  int  mi  tlio<l  of  pro- 
ducing heat  artificially  cunaiuts  in  changing  the  elemeJitii  uf  wood  and  coal,  together 
'with  ateoflpherie  oxygen,  into  eaihonie  anhydrida  and  mtiBtt  tad  amr  om  knows  thift 
the  heat  ^v!lich•c:ln  l>e  t!ius  ol^tained  frOB  »  giviB  qWBti^  of  0(m1  limfUd  and is  •! 
approximately  always  the  same. 
The  aconrate  meaaimiiieBt  at  tha  quuAHj  of  haal  prodneed  by  a  giren  amount  of 
chf  inic.il  action  is  u  problem  of  very  great  diffuMilf  y  ;  cliii  fly  l>ecause  chemical  changes 
very  seldom  take  place  alone,  bat  are  almost  always  accompaoiod  by  physical  chaogea 
iuwdtu^  IteUier  adoriaialrle  «Aeta,  cadi  of  vUcu  reqnirea  to  bo  aeenrataiy  maaaared 
asd  allow h1  for,  before  tlio  eff<  ct  due  to  the  chemical  action  can  be  rightly  estimated. 
Una  tta  ultimate  result  comes,  in  most  cases^  to  be  deduced  £rom  a  great  number  of 
ind^pradnt  veaanranantB,  aadi  of  whidi  ii  lUbIa  to  a  oeilaiii  anomt  of  anw.  Ift  it 

therefore  not  snrpriHirK  that  the  n^siilts  of  udoiiB  cxpcriraentH  jihoiiltl  differ  to  a  com- 
paratirely  grput  extent,  and  that  some  unoHtaiBty  ahould  still  exist  as  to  the  exact 
tfUKutitj  oi  haaft  ooBoipondiQg  to  avtn  tbo  ainplMrt  6M6a  of  diainioal  actum. 

Mat  •Polwed  In  rapid  OaaalnuMloiia. — The  reaotjonaia  which  the  evolution  of 
heat  is  most  strikingly  evident,  are  of  course  those  which  are  accompanied  by  visilile  incan- 
dt^encc  or  combustion  ;  and,  accordingly,  the  earliest  experiineiits  on  the  heat  of  chemi- 
cal action  had  roinance  solely  to  the  beat  disengaged  in  rapid  comlnistions.  LaToisier 
and  Lapl ace  were  the  f^r^l  invest igatore  of  thi'»  suljcct.  Tln  ir  experiments,  made 
about  1780,  connisted  in  appertaining  the  quantity  of  ice  which  could  be  melted  by 
bofBtng  in  a  current  of  air  known  weights  of  the  substaaoea  axamiiiad.  In  1814^ 
Count  Rumford  made  experiments  of  a J^imilar  kind  bynieansof  a  water-cnlorimeter. 
His  chief  object  vraa  to  ascertain  the  relative  calorific  values  of  the  principal  combustible 
anbstances  in  actual  use  as  fuel,  and  from  flda  point  of  view  his  TCioUa  stall  potaeoa 
considerable  value,  although  they  cannot  lay  claim  to  scientific  acnirary.  In  order  to 
counteract  the  influence  of  the  air  and  other  external  olgecta  upon  the  temperature  of 
Ma  calorinwCcr,  or  at  laaat  to  ladvea  that  inflnenea  to  m  nammnm,  Ramrord  began 
cadi  axpetfanent  when  the  water  of  the  calorimeter  was  as  much  colder  than  the  sur- 
roim£ng  air,  as  (he  had  found  by  preliminary  trials)  it  would  be  hotter  at  the  end  of  the 
experiment   In  this  way,  the  calorimeter  gained  hast  from  the  air  dvfatt  flie  flnfc 


xaetlj  tqjul  quantity  during  tba  iNoiid 


half  of  each  operation,  and  lost  an  almost 
bal^  80  that  the  total  efiect  was  almost  no- 
thniji^  TUa  aitMce,  employed  Ibr  the  ink 
timabyliiinifnrd,  has  been  a  l'j  t.  din  nearly 
tnmj  snbee^uent  inTeatigaliou  relating  to 
oaloifaMliy*  The  exparimento  of  Bmnbrd 
were  followed  by  tliose  of  C  rawford,  Dal- 
ton,  and  Clement  De.sormes,  and  more 
itwmtly  by  the  inTcatlgabona  of  D  esprets 

aad  Dulong.  The  researcln  s  rf  th<'  last 
named  phyaicsBt  were  left  uulinitihed  at  his 
death,  bat  tiia  ramlto  obteined  appear  to 
havr  }ifen  much  more  aecunite  than  thos.^ 
of  his  predooeawia.  The  most  exact  and 
oompnoenaire  Mocanlica  Uthnto  made 
into  this  subject  are,  however,  those  of 
Fuvre  and  Silbermann  (Ann.  Ch.  Phys. 
L3]  xxnr.  U7:  saivL«;3aocfii.406X  and 
Andrawf  end.  Xiig.r«l  miL  S81  and 

426>. 

Th»  calorimeter  employed  by  Farre  and 

Silbt  rniann  in  tlnir  experiments  on  c  .m- 
boation  in  oxygen  gaa^  and  in  other  actiona 
tHMreby  large  quantitiea  of  heat  were  ge- 
amsted,  is  r-  ]  resented  in  section  in  ff/.  516, 
the  oeale  of  which  ia  one-fifth  of  that  of  the 
Mtnal  ipparataa.  The  calorimeter,  pro- 
pai^OO  called,  is  the  cylindrical  vessel  C  C  C, 
made  of  copper  plated  externally  with  silver 
and  brightly  polished,  and  doeed  by  a  cover 
of  the  same  material.  This  is  surrounded 
bjr  a  second  Tosael,  h  b,  also  of  silvered  copper,  but  having  the  pohshed  burface  insul^ 
thespaee  between  C  and  6  being  filled  wiu  iwan'sdown ;  ontaide  this  again  k  %  tUid 
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vessel,  eoc,  to  the  bottom  of  whieh  b  is  firmly  connected  bv  screw-bolts.  The  annular 
space  wldca  separates  this  veflsel  from  b  contains  water,  the  temperature  of  wbieli  is 
indicated  by  the  thermometer  and  which  servos  to  neutralise  the  effect  of  accidental 
'mifttions  of  the  temperature  of  the  atmosphere.  The  chamber  in  which  the  oombus- 
tkma  take  place  is  made  of  gilt  copper-pbte,  and  is  represented  by  A.  When  the 
coinbu.'^iians  are  to  be  made  in  oxygen,  the  gas,  previously  purified,  enters  this  chamber 
by  the  tube  d ;  the  products  of  combustion  escape,  if  ^^eons,  by  the  vortical  tube  «,  and 
pass  from  thence  into  the  serpentine  8,  where  Uiey  up  their  heat  to  the  water  of 
the  eaiorimeler,  and  then  finally  leave  the  apparatus  by  t  he  upper  part  of  the  tube  8 ; 
when  no  gaseous  products  are  formed,  the  (.'itrcmity  uf  thi?'  tube  is  c3o.sf<l.  If  the 
substance  to  be  burned  is  a  gas,  it  enters  the  combuistiou-cUambitr  by  a  jet  connected 
with  the  tube  0 ;  solid  bodies  are  attached  to  ft  no  platinum- wires,  suspended  from  the 
eoTor  B,  which  cloyca  the  coml>ti8tion-chanilu:'r  ;  liquid-s  rire  bnrned  in  small  capsules, 
ur  in  Limps  witii  iUibc^stos  uicks ;  charcoal  in  placud  in  a  sort  of  sieve,  tlirough  the 
openings  of  which  the  oxygen  has  aooets  to  it.  The  progress  of  tiis  combustion  can  be 
watched  in  t!!.>  mirror  m  throtigh  a  window  in  the  tube  ^low  composed  of  a  triple  disc 
of  glaati,  uiuDi,  and  quartz.  The  temperature  of  the  water  in  the  calorimeter  is  kept 
uniform  thioaghout  by  moans  of  the  agitator  aaa,  wfaiidi  is  moved  bf  ipoeialmf  ohanism. 
Tn  :dl  ra«!f»s  whi  re  it  was  prarticable  to  do  Favre  and  Silbermann  deduoed  Uie 
qUHiitiiy  uf  iiubbtanoe  bunied  from  tii^  weight  of  the  products  of  coujbui>tion. 

The  ^puatus  employed  by  Andrews  was  of  muoh  simpler  construction.  When  tho 
M]bstanet  ti  to  be  eomlilned  were  in  the  ga«>f»ons  Ktate,  and  the  products  of  combustion 
wure  albo  gaseous,  the  two  gasea  were  mixed  in  the  proper  proportions,  as  iu  a  cudiome- 
trie  experiment,  and  introduced  into  a  vMsel  of  thin  sheet  copper,  of  about  24  cubio 
inches  capacity.  This  vessel  was  closed  by  a  screw,  through  \>-iiii  h  jiiiiwed  a  silver  wire, 
insulated  from  it  by  a  cork,  and  connected  by  a  thin  platinum  wire  within  the  Tessel 
to  a  second  silver  wire  soldered  to  the  serew  iteelf.  By  passing  ft  Ttdtaio  cnneot 
thrnnph  th«'  I'lafinntn  wire  fur  an  in<;fjiuf,  it  could  be  heated  to  redness  and  the  [r;i'^' oils 
mixture  exploded.  The  copper  vessel  was  introduced  into  a  loi^r  vessel,  which  was 
fllled  up  with  iratar:  this  was  euspeoded  In  aeyliato loorided wHhsinovaUo  «o>v«r, 
and  tlir  whole  wag  enclosed  in  an  outer  cylindrical  vt^scl,  arrangi-d  ^o  a."  to  admit  of 
its  being  made  to  rotate  upon  its  i^orter  axis.  The  apparatus  having  been  mounted, 
was  eanaed  to  rotate,  so  as  to  faring  every  pait  to  a  vaamtm  imtaol  tempftaton^  wlueh 
was  carefiilly  read  f-ff  by  a  very  sensitive  thermometer.  The  thermometer  was  then 
withdrawn ;  the  gu»ei)  exploded;  the  outer  vessel  of  water  closed  by  a  cork ;  and  the 
apparatus  caused  to  rotate  tor  thirty-flvo  seeonds.  Tbs  tfaarmomoter  was  thsn  again 
introdnced  and  the  rise  of  temjn  rafare  ascertained;  after  which  the  ap]>aratus  was 
made  to  rotate  a  third  time  for  thirty-five  seconds,  and  the  temperatore  again  observed, 
in  order  to  aseeirlain  the  cooling  efftet  of  the  atmoflpheN  vpon  the  airpaintM  during 

the  time  that  the  experiment  lasted:  it  IMS  ftfUfid  tilk  tfak  eflbol  ioldoni  ezOOedod  ^ 

of  the  total  quantity  to  be  meamrrd. 
When  sohd  bodies  w«ire  hitmed  in  oxygen,  the  comhostkm  was  ^feeted  in  a  copper 

vessel,  of  ul  'onf  250  cubic  inches  in  capacity,  which  was  filled  with  oxygen  ;  a  known 
weight  of  the  comlmstible  was  placed  in  a  small  platinum  dish,  and  when  all  was  ready, 
it  was  fired  by  means  of  a  Toltaic  cnmnt  sent  through  a  very  fine  platinum  wim  The 
vessel  in  which  the  combustions  took  place  was  immersed  in  a  large  cylinder  containing 
a  known  (quantity  of  water,  and  Mirrounded  by  an  outer  vessel  of  tin-plate,  to  prevent 
radiarion.  Hie  copper  teasel  oould  be  moved  up  and  down  in  the  water  by  means  of  a 
1<  vrr.  Particular  exjvdieiits  were  sometimes  required  to  insure  ignition:  thus,  iu 
burning  zinc-filings  and  other  metals  in  oxygen,  a  small  fragment  of  phosphorus  (from 
1  to  8  nuUigranunes)  was  employed  to  kindle  the  metal ;  the  weight  of^t  he  phosphorus 
being  known,  the  heaf  evolved  by  it  could  be  calculated  and  deducted  from  the  total 
amount  produced.  Some  of  these  experiments  lasted  a  quarter  of  an  hour  and  upwards, 
so  that  the  correction  for  the  cooling  effect  of  the  air  became  of  considerable  importmice. 

'^^'}len  the  combustions  were  made  in  chlorine,  the  substance  to  be  bnmaairas  en- 
closed in  a  thin  glass  bxUb,  which  wns  broken  by  apltation  at'd  r  beinp:  immerfwl  in  the 
gas ;  in  these  experiments  it  was  not  necessary  to  apply  heat  to  cuMim  the  conibufttioa 
to  begin.  The  chlorine  itself  was  turaallj  oontaued  m  a  g^asa  TSfligl,  filled  with  it  by 
(liBplacement  ;  in  the  experiments  on  pohissinm,  n  bmps  vessel  was  Ti.«ed,  perfectly  dry 
ehlorin*>  having  no  action  on  brui<s.  Au  excess  of  thu  metal  was  always  used,  so  us  to 
insure  the  comj^eto  absoiptioii  of  the  chlorine,  and  the  quantity  of  the  latter  substance 
»>nsumcd  was,  in  most  eases,  ascertained  by  weijrhiri;^'  the  quantity  of  water  whidi 
rushed  into  the  vessel  after  the  experiment  on  opening  it  under  water. 

The  following  table  gives  the  quantities  of  heat,  ecqnessed  in  heat-vaita  (gmn  ni 
degrees),  evolved  in  the  combustion  of  varion^  elementary  Kubstnncea  in  oxjpen,  referrtid 
Q)  t<j  1  grm.  of  each  element  burned,  (2;  to  1  grm.  of  oxygen  constuued,  (3)  to  1  atom 
(iMpiuauad  in  gnna.)  of  the  aevwal  eiUrosiitoL 
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5»ur j;.--Atnlr»''w»*  det^iriJiliiationj  ha»e  been  r^^calculattMl  iro.n  tli»>  original  •*MM-rim«utaJ  namber«« 
minx  ihc  atomic  weighU  tod  ipecific  fnriti«*  of  guM  adopted  in  ttiis  J)i  ;  i  ir\,  and  ihmefon  the 
Mwbeiihai^Uw^boy^^^^^io^^  ^|recii«^  wuh  tbote  cuuuaued  lu  iit9§ui»nl  table  of 


Thi-  foITo'n-ing  resnlts  hKf  iMn  obtiiiied  tf  tb»  eooglcto 
ogidiagd  sulistaaoM: 


>  ^^^^^^^ 

Uniti  of  heat  pvotv(>d 

\>J  I  grm. 

In  formRtion  or  1  mole- 
cal«  ofclHM^tliBatc 

Cuboms  onridit  • 

Stannons  oxide  . 
Cii{troQ«  oxide  . 

CO- 
CcuO 

(2403 
{2431 

619 
866 

67284 
68064 

693S1 

18304  1 

Fayre  &  Bilb«nnanii. 
t» 

Tbm  snbetanoes  enumerated  in  tliis  table  eontein  eotaetly  half  atnnteh  oxvg<en  as 
the  cninploU'ly  oxidised  prodtict.«,  ftiul  on  eompnrinfT  the  amonnt  of  heat  evolved  in  tho 
formation  of  one  molecule  of  stannic  or  cupric  oxido  from  the  corresponding  lower 
ooddt^  viA  the  (quantity  produced  when  anolecnle  of  the  same  prodtMst  is  form<>d  by  the 
comp!ctf<  oxidation  of  tho  tiif  tnl  in  ono  oprration  (sec  pn>\ioufl  table),  xro  find  that  tho 
combination  of  the  second  half  of  the  oxygen  contained  in  these  bodies  CTolres  sensibly 
half  as  much  as  the  combjaaitioii  of  the  nbole  quantity.  In  the  ftnnation  of  eubonM 
aiihydrifh',  howevor,  the  second  half  of  tho  oxytrm  appr  nrs  to  di^velopo  more  than  twn- 
thirds  of  the  total  amoont  of  heat;  but  this  result  is  probably  due,  in  part  at  leastj  to 
fhe  Act  ihnt  vhen  enebon  it  honied  into  entbonic  anhydride,  a  oonridianfale  Imt 
Hfiktio^m  quantity  of  hc.it  is  ixpend.-d  in  conve  rting  the  RuVid  carhon  into  pas,  and 
thus  escapes  measnremeot ;  while,  in  carbonic  oxide^  the  carbon  akeadr  exists  in  the 
gaseoM  ftaip,  and  therefore  no  portion  the  heet  evolved  in  the  eomhiutiott  of  fhia 
sul  'itrincp,  is  similarly  t•xp<^nd(■a  in  producing  a  chnnp^e  of  Pthto. 

It  seems  probable  also,  that  a  similar  explanation  may  be  given  of  the  inequalities 
in  the  ^(imtjlieB  of  heOit  piodooDd  by  the  eonhnetion  oi  diflbrent  verieliee  of  pvfe  oar> 
V<<xi  and  uf  pulphiir,  — that  is  to  say,  t!i!it  a  portion  of  thr  hoat  |r<  nrrat^a  hy  (lie 
comhostloa  of  d'«T"<^"<*  and  graphite  goes  to  assimilate  their  molecular  condition  to 
ttiat  of  wood'duuraoel,  and  fhit  there  le  an  analogous  caqMnditnre  of  heat  in  the  eom- 
bustion  of  native  sulphur:  indfcfd,  wifli  n  ji^rd  to  the  latter  case,  it  is  proved  hy  dir«>ct 
eqwrioMnte  (see  jx,  102),  that  the  opposite  change  to  that  stt|>po»ed  to  take  place  hare 
«f  cteentlr  m^tca  ■o^bnr  into  the  mbw  mowgalsar  condition  m  aatiTe  tolplrar  b 
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In  like  manner,  the  heat  eTolved  in  oombuations  xaaj  bx  6ome  cases  be  in  excess  of 
that  due  to  th»  strieCly  oheraicd  action  wfaidi  talcw  puce:  ^bm,  wbm  the  prodnat  of 

coinlm^fioii  is  solid,  part  of  the  heat  must  he  asicrilxHl  to  the  solMifkuition  of  the  oxygen 
absorbed,  ^ff^^^t  the  heat  of  combustion  of  h^'diogen,  as  igf.ym  abov«^  iodndes  the 
latent  beat  of  Taporfsstion  of  tlie  wtttr  tmied.  In  Andrews*  experimetttB  the 
teraperalure  of  t!it  oaloriiiuf'  r  was  alxHit  20°  C. :  at  this  tcmjxTaf  arc  thr  latnif  liraf 
of  vaporit^on  of  9  grnxsL  of  water  (the  mtandly  fixrmud  fiTun  1  isjm.  or  atom  of 
hydrogen)  may  bo  taken  as  «  5600 ;  and  dsdootu^  tiinquatitity  from  3.i,381,  we  Iwvo 
28,381  as  tlu-  numlirr  of  units  of  heat  evolved i)y  thr  chemical  combination  of  1  ^rm. 
hydrogen  and  8  grms.  oxygen,  acooidiiiig  to  theee  exDetiments.  favre  and  Silbermauu 
do  not  giTe  the  teimMnUan  of  their  calorimeter,  mit  {nbhahfy  the  aane  oomciion 
may  bo  applied  to  their  experiments  without  imich  error:  they  then  giT*  1^462— 
£600  =  28,962  as  the  tme  heat  of  combustion  of  1  grm.  of  hydrogen. 

The  experiments  which  haw  been  made  on  the  heat  of  combustion  of  definite 
compounds,  othtf  than  the  three  already  mentioned,  relate  almost  eschuuTBly  to  bodies 
composed  of  carbon  and  hydrogen,  or  of  carbon,  hydrogen,  and  oxygen.  The  results 
obt  aiued  by  Favre  and  Silbemianu  and  Andrews  are  coutaincd  in  t  he  foUowiug  table. 
The  numhi  rs  hera  given  represent  the  total  heat  produced,  and  UiandTore  indttdo  that 
dur  [i)  the  cun<len5i;it}nii  of  th^  vapour  of  water  formed  in  the  experiments. 

Mauy  of  these  uimil  ers  uiust  be  regarded  as  approximations  only  (uud  8ometim(« 
as  not  very  close  approximations)  to  the  truth.  The  chief  oanaes  of  unoertaiuty  with 
retrsrd  to  them,  bc*<!i!c'H  the  difficult ios  inherent  in  the  experimrntal  dct<:-rmii!ations 
thwiow'lvcs,  are  the  diil'ereut  calorimetxic  properties  of  the  suUttanoee  examined — ■ 
different  (  s,  tluit  is,  in  regard  to  specific  and  latent  heats-  -and,  in  aOMM  eases,  their 
admittedly  doubtt\iI  purity.  Honoi'  it  is  impossible  to  trace  any  pxact  correspondence 
bt'tvreen  the  composition  of  the  Lodiis  experimented  upou,  and  the  amount  of  heat 
which  they  evolve  upon  combustion.  A  few  general  conclusions  are,  howoTSr,  indicated 
with  suffici.  lit  deameas  to  make  it  worth  while  to  dwell  upon  them  briefly. 

In  the  £r»t  place  it  appears  that  the  heat  of  t  onil>ustion  of  a  compound  is  in  general 
less  tlian  the  heat  of  oombustion  of  its  elcmi  nts.  This  rule  is  verified  in  the  case 
of  all  thi}  livdrnrarbofis  given  in  the  table,  with  the  exception  of  olefiant  gas,  who'-e 
heat  of  coQibui>tiou  is  almost  exactlpr  the  same  as  that  of  its  constituents,  according  to 
Favre  and  Silbermann*a  determinations,  and  somewhat  greater,  according  to  Andrews. 
When  a  hydrocarbon  is  burned  into  carbonic  anhydride  and  water,  the  o!i(  niical  chanc:© 
which  takes  place  consisto,  not  merely  in  the  union  of  carbon  and  hjpdrogcu  with  oxygen, 
but  also  in  tineir  separation  from  their  previoiu  stste  of  eombuudion  with  oadi  other. 
Nlw.  it  is  an  almost  sclf-erident  projKi>itinn,  and  ono  wliich  ha?  moreover  received 
direct  experimental  confirmation,  that  whatever  may  be  tlie  calorimetric  efiect  of  ai^ 
given  dieraieal  du»gi^  tiie  eakciouCrio  tiBket  of  its  reversal  Is  aqnal  and  opposite. 
Tlenee.  if  wo  f^uppose  the  oomltination  of  carlwn  and  hvdrojren — ^to  form  marsh-rn'?, 
for  example — to  be  accompanied,  bj  evolution  of  heat,  we  must  suppose  that  their 
sepantion  is  attended  by  tiie  dMs^ipeanBeo  of  an  equal  quantity  of  heat.  The  heat 
plmnoed  by  the  couihu-stion  of  one  molecuh-  of  mansh-^as,  CIV,  I.s  therePire  less  than 
the  quantity  due  lo  the  combustion  of  one  atom  of  (gaiM^ous)  carbon  and  four  atoms  of 
hydrogen,  by  the  quantity  of  heat  sbsoilied  when  time  atoms  separate  from  oomUna- 
tion  with  each  other.  Assuming  (for  w.iiit  of  n)^>re  cirfain  dat;i)  that  tho  heat  of 
combustion  of  on  atom  of  aaseoos  carbon  is  twice  that  of  a  molecolc  of  earl^onic  oxide, 
wehaT^lbrthoheatofeo^lDurtionof  04>H*(inT0tmdni^  4^  f4  x  34,460) 

=  272,440;  but  the  heal  of  conihusf  ion  of  CH*  is  200,000,  which  --ive^  'i"':,  1  lO-'JOO.OOO 
■■  68,440 as  the  number  of  units  of  heatprodnoed  by  the  combination  of  1  atom  of  carbon 
with  4  atoms  of  hydrogen,  or  absoAod  when  these  atoms  separata  In  like  manner, 

we  have,  for  the  heat  of  combustion  of  C  +  H«,  (2  x  134,600)  +  (4  x  34,460) «  407,040 
tuiits ;  and  deducting  from  this  the  heat  of  combustion  of  olefiant  gas,  we  have 
407,000—832,000  =»  76,000  for  the  calorimetric  effect  due  to  the  separation  of  the  atoms 
of  a  molecule  of  olefiant  gas  from  each  otli  r.  The  difference  between  63.400  (the  heat 
of  formation  of  CH*)  and  76,000  (the  heat  of  formation  of  C^*),  namely  11,600,  may 
perhaps  be  taken  as  representing  the  calorimetric  effect  of  the  combination  or  separa- 
tion of  the  two  atoms  of  OSihon  contained  in  olefiant  gas.  The  frot  that  the  heat  of 
combtistion  nf  oh  fianf  gas,  as  found  by  direct  exp^'rimpnt,  is  very  n»'arly  equal  t.)  flie 
sum  of  the  heats  of  its  constituents,  when  the  heat  of  aii  at  >m  of  carbon  is  t.ik>  n  at 
OiK.Mit^  units,  the  quantity  deduced  from  the  combustion  of  wood-charcoal,  pml  ahly 
indicates  that  the  heat  of  Trtpor)>:if ion  required  to  chanp'^  the  pliysieal  condition  of 
two  atoms  of  carbuQ  from  that  of  wood -charcoal  to  that  which  it  lia.s  in  t)ie  form  of 
olefiant  gas,  is  nearly  the  ?  unc  ay  the  lieat  required  lo  separate  the  atoms  of  a  moleeola 
of  olefiaiit  :>  fn  tn  «  aeh  other.  That  t!io  ]|.  at  of  vaporisation  of  carbon  is  very  con- 
siderable is  further  indicated  by  the  great  dificrcnce,  already  allttdod  to,  between  the 
saloriflA  cillMt  cf  tho  fifM  and  sslmnd  stoma  cf  oi^p^ 
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•  Mmt  <(f  Ombuttion  0/  Compounds  in  Ori/fjni. 
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It  viii  be  ondMrstood  that  tht>  longing  calculations  nrc  given,  rather  fur  tho  tjako 
^Mi^ittantion      tlM  aaoflM^  of  ttUDg  Mooost  of  aIT  tlie  ohanflieik  vlwthar 
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cihemical  or  physical,  wMeh  Meompuiy  a  given  chemical  reaction,  vrhen  we  are  dia- 

cnssinu;  tlie  quuntity  of  hput  prrwincpd  by  ii,  tiian  bccatiso  the  results  arriv«>d  at  are 
Bopposed  to  be  numerically  aocurate.  ludeed  it  in  by  no  means  probable  that  tiiase 
4N0idl4  ten,  at  beat^  anything  nuxre  than  roughlj  •{qpiroximative ;  for,  to  mention  no 
otljer  source  of  tincertainty,  thp  assnmption  that  ttc  have  made,  that  the  heat  produced 
by  the  complete  conilnihtiou  of  oarbou  in  twice  &h  proat  as  that  erolved  by  the  combus- 
wm  of  tha  Muiio  quantity  of  carbon  in  the  form  of  ear]<omc  oxide,  is  most  likely  not 
strictly  true.  Fur  it  has  been  pointHl  out  byButlorow  tliat  the  four  units  of 
oombiniug  capacity  (Cu^-usjucation,  i.  1010  <^  .sfj.)  itosseascd  by  one  atom  of  carbon 
aniiot  exactly  equivalent  to  each  other  in  chemical  function,  and  Erlenmeyer  has 
sucjjf^tod,  with  great  probability,  that  the  dilTorence  botwofn  them  is  duo  to  differences 
in  the  strength  of  the  chemical  aflinity  with  which  each  unit  enters  into  combination 
(•06  wfapwaoM  in  tha  axtiele  ForaOLa;  iL  704).  If  tMa  be  to,  th«  oombination  of 
an  atom  of  carbon  wnth  one  atom  of  oxyg.'n  mu?t  evolve  more  heat  than  the  OOfBllliiliatUMli 
of  the  product  so  formed  (carbonic  oxide)  with  a  second  atom  of  oa^gen. 

The  mnnlNmi  in  d>«  tibvn  table  show  that  the  heat  evolvad  bj  tlie  tcmhu/don  of 
wiual  weifrjits  of  the  hydrocarbons  (CH')",  homoloj^ous  with  oleflant  pas,  diminishes  ;m 
their  molectUar  woi^ta  increaae.  But  it  is  not  easy  to  say  how  far  this  rt^ult  may  bo 
diia  to  aoddental  eanaea  (the  mnabeni  g^^ran  an  dedaoed  flom  a  single  experimenlv 
except  in  the  case  of  olcfiaut  gas,  for  which  Favro  and  Silbermann  obtainetl  xcry  con- 
cordant retnUt  an  two  ejmenments),  or  to  the  influence  of  the  physical  properties  of 
tiie  snlMtaBeeL  Itnay  m  vematkedtiiattlMiaonMiiQini^^ 

turpentine,  and  terebene,  aho  gav«  diAOMlt  qW>Btiti«i  ot  bM^  aUlHai|^  flwir 
molecular  woigiUs  aro  the  aomo.* 

Tha  acids  nomol(^ou8  with  aeetio  acid  may  be  regarded,  empurically,  as  formed 
by  the  combination  of  the  hydrocarbons  (CH*)"  with  oxygen;  that  is,  they  may  bo 
conaidarpd  as  ftroducta  of  the  partial  combustion  of  the  hydrocarbons.  Hence^  we 
duMiId  eipeet  eadi  add  to  give  out,  -wbm  bamed,  leas  heat  man  the  bydrocariMm  con- 
taining the  same  quantity  of  carbon  and  Iiydrogon,  and  this  in  shown  by  the  numl  x  rs  in 
the  above  table,  to  be  really  the  case,  the  difference  betwe<eu  the  heat  of  combustion  of 
an  acid  and  that  of  a  given  hydrocarbon  being  greater  in  proportion  as  the  acid  is  more 
oxidised.  Thus,  starting  from  amyleno,  C*H'*,  and  comparing  with  it  quantities  of 
vuleric,  butyric,  and  acetic  acids  which  contain  the  same  qnantii^  of  carbon  and 
hydrogen,  we  have  the  following  numbers : 

*1  noleeiile  amylene,        C*H'*  «  7a  pmdnoM  804400  iiiiita«f  heat 

1  „  valeric  acid,  C»H'»0»=C»H'«+0» -102,  „  6MS00  » 
14  ^  butyricacid,liC*HH>» -C*H'«  +  OH-iio,  „  «31800  » 
3}     „      acslieaeid,  4^H«0* -0»H>*+0> -IfiO,     „      6U760  » 

Compared  in  this  way,  the  difference  in  composition  between  amylene  and  valenc 
acid,  namely  O*,  is  four  times  as  great  as  that  between  valeric  acid  and  butyric  acid, 
and  the  corresponding  diffbrences  in  the  heats  of  combustion  of  these  substances  are 
exactly  almcMst  in  the  same  proportion  :  but  this  close  agreement  is,  probably,  in  groat 
part  accidental :  for  the  heat  of  combustion  of  aoetio  add  is  decidedly  gzeater  than 
what  might  be  calculated  in  the  same  way. 

Thft  tiible  further  sliows  that  isomeric  substances  byno  means  always  give  out  eqoal 
qnantitie.s  of  heat  when  burned.  For  instance,  acetic  acid,  C*H*0^  produces  con- 
tidexably  leaa  heal  than  its  isomer,  formate  of  methyl ;  butyric  acid,  C'H'O'',  less  than  its 
isomer,  acetate  of  ethyl ;  valeric  acid,  OH'^O*,  less  than  its  isomer,  butyrat  e  of  methyl. 
That  differences  of  this  kind  would  be  found  to  exist,  mi^ht  have  been  deduced,  with 
considerable  probability,  ii<om  tlic  differences  in  the  chenucal  constitution  of  the  acids 
and  of  the  iaomerio  ethera :  for,  of  the  fonr  equivalents  of  oxygen  contained  in  these 
compoiindji,  one  mmt  be  regarded  as  combined  with  hydrogen,  and  the  other  throe  with 
carbon  in  the  acids;  whereas,  in  tlie  ethers,  all  four  equivabnfs  of  oxygen  are  com- 
bined with  carbon.  Hence,  the  differences  between  the  heat*<  of  combustion  of  the 
acids  C''II^O*  and  those  of  the  isomeric  eth.-rs  may  bo  ascribed,  at  lea^t  in  part,  to 
the  ditference  between  the  heat  of  combuatiou  of  an  equivalent  uf  carbon  and  that  of 
an  equivalent  of  hydiogen;  bat  oonaidsvationB,  such  as  have  been  already  alluded  to^ 
make  it  impossible  to  assign  any  exact  numeric;il  vahic  to  this  difTerence. 

But,  according  to  the  experiments  hitherto  made,  not  only  do  the  acids  differ  from 

the  isomerie  ethen,  in  the  quantity  of  heat  which  tiiey  produce  when  buned,  bnt  tiie 

ethers  differ  from  each  other:  for  instanee,  acetate  of  methyl  produces  more  heat  than 

its  ifcomer  formate  of  ethyl ;  valerate  of  methyl,  more  than  its  isomer  butyrate  of 

ethyl ;  ac  tate  of  amy),  more  than  its  isomev  Talerate  of  ethyL  It  is  not  eaaj  to  aoggest 

nny  eliemical  reason  for  the  oxi=;tcncc  of  such  differcncesi  as  these;  nor  even  tO  disoOTSr 

auy  f  nipirical  r<jl*itioiis  of  a  jjoneral  kind  among  tho  experimental  results. 

«  Farro  and  Siitwmiaon  a<ngu  to  oil  oriMaow  halt  the  Molwalar  weight  of  eB  er  tarMBlbMW  bat 
witlMMa  givlai  mi  mien  for  ao  iloraf. 
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{Fot  the  methods  of  calcakting  the  heating  powers  of  different  kinds  of  fuel,  and 
the  teaaperatnre  produced  bj  its  ocnnbustion,  for  practical  purposes,  see  the  article 
Pt-BL,  ii-  722  et 

C^mbujttions  in  Calorine,  and  direct  combination  of  Chhrins^  Bromine,  and  Iodine. — 
Tim  ioQomaa  taUe  giTes  the  quantities  cd  heat  erolTed  by  the  direct  union  of  Tanoua 


Subttance. 

Product. 

UuiU  of  ileal  evolved 

Observer. 

r'aosphonis  . 

PotasBuun 
Iran  • 

Zinc  • 
Tm  . 

Copper  . 
Antixnony 

HCl 

ZnCl 
SuCl* 
AiCl« 

CuH 
8bCl« 
? 

$34087 
1 88788 

8422(?) 

2655 

174« 

1529 

1079 

994 

961 

707 
f 

678 
670 

607 
2943 
921 
1427 
897 
704 
8.39 
860 
833 

34087 
28783 

21548 
104476 
82695 

506.58 
31722 
24993 
30494 
30491 
39181 

Ahria. 

FiiTM  and  fiflbanaanii. 

» 

w 

»» 

N 
IS 
M 
(t 

The  heat  avoind  by  the  direct  qomhi  of  bromine  and  iodine  with  zinc  and  iron  has 
alao  bfen  detprmined  Ijy  Andrews  (Trans.  Il<»v.  Irish  Acad.  xix.  quoted  in  Miller's 
CAtmicui  l-hg»ic9,  p.  341) :  the  r«d»ultti  obtaiued  are  giron  in  the  next  tabic : 


Uniti  of  heat  evolved 

bjr  1  grm.  of 

by  1  grm.  of  bro- 
BiiM  or  iodioc. 

by  \  at.  of  bromine 
or  todlM. 

Zuw 

ZnBv  1 

JB'fWMMM. 

1M8 

SI 

1  40610 

boa 

Ml*  1 

1377 

8888S 

Ziae  . 

• 

1  &il 

1  819 

1  H* 

1  36617 

llMI 

7^ 

46S 

1 

1  8046 

Beat  produced  lij  naettoM  in  tite  Wet  Way. — Of  the  various  reai^oiiB  in 
the  w«t  way,  whidi  have  htm  atodied  ealoitntliioaltj,  il  will  ba  moat  eouTenieiit  to 

consider  first  those  which  take  jiarc  l'Lt«o«D  vatw  and  other  bdiaik  alnea  aodi 
actions  intervene  in  nanj  other  cases  also. 

Dilution  of  Actdt  with  Water. — ^Ttie  heat  prodvefld  hj  the  dflatioii  of  atraiif  aefds, 
especially  sidphnric  acid,  has  hoen  the  ."^ul  jcot  of  many  invt'.stigaf  iotis,  (lie  most  aoiMiral  r 
of  which  are  probably  those  of  Favreaud  Bilberman  n,  Thomson  (Pogg.  Ann. 
Ixxxriii.  349 ;  zc  201 ;  Jahresber.  1868.  p.  30) ;  and  Favro  and  QlMillard  (Coinpc 
i«nd.LllMji  WegitvbdcfVft  ftwoftiioxaaaltaofateiiiiad. 

Sulphuric  acid,  SO*W  -  98. 

Thomsen  detsnnined  the  quantity  of  heat  evclTed  by  the  mixture  of  strong  sulphuric 
add,  and  of  tiia  same  prevtously  diluted  wiUi  diflbrait  quantities  of  water,  with  an 
excess  of  water — that  is,  with  so  mm  h  that  any  fiirthrr  qnanfify  did  not  increase  the 

amoiUlt  of  he.it  <^V"Ux-d.    lie  fecund  that  the  a^ditiou  of  an  iiXCi'fH  of  water 

to  98  iscxDs.  (  =  1  molecule)  SO*H'        erolTed  17,248  units  of  heats, 
to  116  „  '90^ JPG      „      10,848  „ 

to  152  »        sn«n'.3ino  „      cim  „ 

to  ItiS  „  S0»il-.6H«0     „  4480 

Favre  has  dt  tfrmiiuxl.  in  conjnnction  with  Silbcrmann  and  with  Quoillard,  the 
quantity  of  heat  produced  by  the  snccessire  ad^tions  of  known  quantitiea  of  "Mitcir 
to  ftioBg  aidflinxic  add.  JkA  Mta  of  aEparimcnta  wwa  made  witii  thaittonadal 
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edarincter  dreadjr  d«Mfib«d,  and  reprniented  in  Jig.  Ml»  pi  88.  W«  |h»  bflN  Um 


(j  iinntitle« 

1 

ToUl 

Heat  erol  red 

Tofsil 

of  wat»;r 

Ht-.it  I'volfoii  on  c.Trli 

•luantlty  of 

Total  B«M 

of  water 

OD  mch  tuc- 

qtinniitf  of 

Total  HwA 

•Qaru  MIC^ 

WiitUTi 

mid  f>  i\  ictt^_ 

cetiiv* 

addition  of 

added. 

MolMiilat. 

Mrilcinilm 

Moleculet. 

walir. 

940-881 

1 

88.5-92 

6875-88 

1 

7.'>4-48 

6 

14416-38 

1711-08, 

1 

691-84 

7 

15008  22 

3888-20i 

1 

46.5'36 

8 

15478-58 

1 

6512^0 

1 

8813-80 

4 

10G3C6 

12 

16537-24 

1 8180-80 

4 

48302 

16 

17020*26 

1 

1888*10 

4 

323-46 

20  ■ 

17343-73 

1 

3844-00 

8 

9788-80 

4 

141-58 

24 

17?^*?l-30 

A 

1009-40 

1 1814-88 

4 

86-96 

28 

17471-26 

806*13 

4 

68-06 

88 

17836-88 

1 

*      ft  • 

3 

4 

43-28 

36 

17570-GO 

1 

•      •  • 

1179-00 

4 

12776-60 

4 

32-08 

40 

17611-68 

A  little  beat  waa  ittll  productd  bf  the  addition  of  the  sixtieth  molmile  of  water. 

These  ntunbcrs  show  lliat  a  given  ^nantity  of  water  added  to  sulphuric  acid  evolves 
the  same  quantity  of  beat,  whether  it  be  addod  ull  at  once,  or  in  Buccessive  small 
mitioiii^  «ad  thit  fhe  heat  tvliuh  »  given  quantitj  of  wat«r  pmdiiDM  h,  aoeardiqg^» 
Urn  in  pawportfon  aa  the  ainoiait  jwiwiii^y  added  is  grotee. 

2W/nc  Add,  NO»H  =  63. 

Tho  fi^Ilowitig  t;iT-lo  j^ivc?  the  results  of  Thomson's  expfrimenta  on  th**  h*»at  evolved 
on  adding  an  excess  ui'  water  to  oitrio  acid,  eith^  undiluted  or  already  coutaining  a 
o«rtain  quaiitilj.of  water.  The  nnmlMm  nllBr,  «•  nmwl,  to  moteewlw  pn^ottioM  of 
add  and  water  expressed  in  grammes : — 

NO*H  mixed  with  excess  of  water  evolved  7560  tmitf  of  beat* 

(NO"H  +  0-421  H»0)  mixed  with  excess  of  water  evolved  5680 


(NO«H  +  H^O) 

(NO"H  +  1-5  H«0) 

(NO»H  +  1-69  H»0) 

(NO»H  +  2  ]1'0) 

(NO'H  +  2  5  IPO) 

(NO«H  +  3  5  U^) 

<NO«E  -¥  4*8  HH)) 


I* 


ft 

n 
II 
» 

(I 


n 

•I 

»» 

»» 

I 

» 


n 
ti 
11 
n 
11 

M 

n 


4U88 
3760 
3464 
2712 
2184 
1392 
988 


9* 

n 
II 
I* 
t* 
II 
•f 
It 


If 

M 
II 
•I 
W 
•I 
If 
» 


It  vrin  ho  oTisonod  tliat  tho  h<  ;tt  whi(^h  can  he  oTitaiiied  hy  tho  addition  of  watrr  to 
nitric  acid  diminishea  aa  the  quantity  of  water  olroadj  present  in  the  add  is  greater, 
Imt  tint  (he  ^wiiiiimtfMi  takes  place,  at  first,  mvdt  Issi  rapidly  tlan     tka  aata  Of 

Acetic  Acid,  C^H^O^  =  60. 

The  following  results  are  those  of  Pavio  and  Qoaillard:  we  give  them  in  order  to 
can  attentioo  to      ahaoiptioa  of  heat  (indiaated  by  the  mhitu  aign  u  the  second 

column)  produced  by  the  first  qtiantiti*  s  of  is-ater  added : 


QoMttMnof 


Hrat  evolved  ob  each 


11*0 

-  72-22 

1 

II 

-  88-18 

■ 

It 

-  17-66 

■ 

»l 

-  11-99 

»l 

.  ■ 

■ 

II 

-  16-65 

11 

-  8-22^ 

■ 

I* 

«  » 

w 

•  * 

-  136-00 


1 

^  - 188-16 
j-  84-87 

-  88-18 

-  8-88 


Total  quan- 
tity or  wa««r 


Qiumtitiet  of 
watar  added 


U«0 


\ 

1 


n 

i> 
II 


It 


Heat  evolved 
tton  of  Witaf* 


Total  quan- 
UtrofwaMr 


3-51 
8'97 
11-28 
23-45 
27-47 
82-47 
54  73 
87-72 
40-84 


2 

2* 

3 

4 

5 

7* 

10 

15 
80 


H-() 


«* 
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Xho«e  numbers  plainly  show  tho  EimuIUintH>iis  occurrence  of  two  diBtin<^  a^ytioni— 
one  of  them  attended  with  absorption  of  beat,  the  othw  vitli  iti  prodaetun.  Tb» 
former  action  pwvails  at  first,  but  graduallv  diininishes  n««  Tnor*»  nnd  more  wat^r  is 
added,  oatil,  on  tiie  addition  of  tho  fourth  holf-moleculo,  im  til.  ct  becomes  less  than 
that  of  tlM  wooiid,  and  a  nmaW  evolution  of  heat  tak«a  ftlafie.  From  tliis  point,  until 
biftween  fivp  and  s?>ven-rinil-a-lialf  moiconli'.s  of  water  harn  hoon  adslcd,  tho  calorific'  vfTrct 
of  a  given  quantity  of  water  continually  iH€rcaj>i4  (^coulrary  to  what  takes  place  with 
fldplmrie  tad  nitric*  addf^  riioiriiigthat  the  heat-absorbing  action  still  takes  place, 
bat  to  n  less  and  less  ext«nt>  untO.  ma»  thuk  An  molecttlea  of  water  have  beon  addod 
to  each  molecule  of  acetic  acid. 

When  soeoMBTe  quantities  of  alcohd,  op  to  ten  moleeiilefl,  are  added  to  ae«tio  add, 
each  adflition  rnuaes  absorption  of  heat;  but  the  nuraeriral  ]'i"^nits'  cli  .irly  Iinlit  -it.'.  in 
thia  case  also,  the  sinialtatti^oua  occuotinoa  of  disUuci  phenomena.  Jf'avre  obtained  tho 
ftOomgnaolla: 

Molecules  of  alcohol  sucecasiTely  \ 
added  to  1  mokcala  of  aoetiej-    1       1       1        1        2        S  3 
acid  ) 

TJmbt  oi  hMt  lAtotM  «n  the\ 
a  lit  i  n  d  aaeh  siu!oeMiTo[»I*01   0-91   7'»  USB   Zl'M   41*47  «4-6a 

Abeoiption  of  boat  idso  ficequmitiy  oecors  on  tho  dilution  of  saline  solutionis  a 
pbeiioiBMMtt  vith  regard  to  iHuc^i  ii«mera«e  qoantitattTO  d«feeminati«iui  have  boes 

T:i:nle  l/V  Favre.  It  is  pnjT'able  tliat  in  tliosw  cases,  a  cliange  takes  place  more  or  less 
analogDus  to  the  liqueloction  of  a  solid  bj  solution :  acetic  acid,  or  a  aalt  dJaaolTed  in 
a  ■Mdl  qaaatiCj  of  vater,  may  bo  eonoeived  of  aa  boing  imperfectly  liquefied,  oo  that 
further  liqut-'faofion,  aooompanied  by  the  disappear! nc<'  uf  a  crrtain  qiiaiitlly  of  heat, 
takes  place  on  the  addition  of  more  water.  Viewed  in  this  wiij^,  these  phenomena 
appear  to  booanpaniUe  with  the  gmdoal  melting,  which,  as  wa  bare  seen  (pp.  74  and  76), 
takes  place  in  some  solids  under  the  direct  action  <  f  1;<  at. 

Eeaoiiou  of  Adds  and  Bases  in  vrescnce  of  toater. — It  will  be  easily  understood  that 
thetheraaal  eflbets  which  may  result  from  the  reaction  of  diAmot  aabelaDeeaiipoii  eaeh 
other  in  presence  of  water,  are  even  more  complicated  than  any  of  those  which  hare  yet 
been  considered,  and  therefore  that  the  calonmetric  study  of  these  reactions  is  subject 
to  still  more  numerous  causes  of  error  than  that  of  the  foregoing  processes.  In  addi- 
tion to  tho  ditK  reiit  specific  heats  of  the  rtmgents  and  products,  and  to  the  dififarent 
quantities  of  beat  absorbed  by  them  in  dissolving,  or  given  out  by  them  in  combining 
with  water,  the  conversion  of  soluble  substances  into  insoluble  ones,  as  a  consequence 
of  t^  chemical  actioOy  iv  tho  inverse  change  of  insoluble  into  soluble  bodies,  are 
among  the  sceondarr  eausoa  to  which  part  of  the  ealorimetric  eflTect  may  be  due  in 
these  rast  s.  Tho  groat^^r  number  of  these  disturbiijg  causes  may  be  got  rid  of,  or  at 
least  vi  r .  much  lacfcc*  d  in  am  utit.  by  effecting  the  reactions  in  the  presence  of  com- 
paratively Urvif'  quantities  of  watrr,  but  then  the  difflooUjof  aocontalf  moaiiiriiig  the 
total  qiuintity  of  heat  pnxiuced  becoinea  greater. 

The  fbJlowxiig  taUe  gtvaa  the  number  of  amta  of  heat  erohed*  aceoiduig  to  Fafie 


OiidA  of 

EquiTsIeatt. 

Units  wf  HmI  «volT«d  with  Varioos  AcMt : 

SatplMirle. 

HjdMdilofio* 

Acetic. 

Potassium 

47 

16083 

16610 

15666 

18978 

Sodiun 

31 

16810 

15283 

16128 

Ammofiiiim 

26 

11000 

13676 

13636 

12^49 

Barium 

76-6 

15360 

16306 

13863 

Gikiam  . 

28 

16943 

14675 

Magnesium 

20 

14440 

12840 

13220 

12270 

Manganese 

36-5 

12075 

10860 

11236 

9963 

2im . 

40-5 

10455 

8323 

88('7 

7720 

Ciidrnium  . 

64 

10240 

8116 

8109 

7646 

Copper  , 

C9-7 

7720 

6400 

6416 

5364 

Nickel  . 

.^7-7 

11932 

10150 

10112 

9245 

Cobalt 

;!7-7 

11780 

9966 

10374 

.  9272 

Lead. 

;  lU-7 

•  • 

9240 

•  • 

7168 

Silfer 

lie 

•  a 

6206 

•Mi  SiUMcnmn'a  azpanaBentel  in  the  tirtniftmatirti  tif  niirfnilimt  nyantitH  "—^Aim 
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ni€<tallic  protoxides  into  neutral  salts,  the  reaction  taking  place  in  all  cases  in  prcseneo 
of  a  large  quantttj  of  water,  and  the  products  bein(>  all  soluble : 

Tlie  lu-nt  evolvc-d  hj  pqniralcnf  quaiititioi  of  potash  and  .sod.i  respectively,  in  fbna* 
iiig  ueuLrai  mdtb  with  the  fullowiug  additional  ucidit,  in  «huwu  in  the  next  table : 


Mdi,             1  PMuh. 

Soda. 

Ms. 

Hydrobromic  acid  . 
Hydriodic  acid 

Met  a  phosphoric  } 
acid     .       .  { 

Pfiophoiidioiie  acid 

nioephono  add 
Formic  acid 

15510 
15698 

16168 

177GG 
•  • 

15159 
16097 

16407 

16666 

Valeric  acid  . 

Citric  acid 
j  Oxalic  acid  . 

Tartiuric  ucid  . 

Carbonic  acid 
'  nydrosnilphnric  } 
•     ucid  ... 

13658 

13420 

18878 
6477 

1S600 

1317S 

137.V2 

•  * 

6660 

KtBBurmit  detemunatioiis  of  a  similar  kind  hare  also  bean  nude  hy  Andretrs 

(Trans.  Roy  Tr:  h  Academy,  xix.;  B<^p.  Brit.  AsHorial.  1819,  p.  G9  ;  f->  o  aho  Milh-r's 
Cimmcal  p.  862).   The  following  is  the  most  important  of  the  conclusions  at 

whidi  h»  aashodt'-*  An  eqniTalent  of  the 

produces  nearlp  tho  eanio  quantity  of  heat ;  but  nn  eqahralent  of  Hw  same  ju-iM  corn- 
Dined  with  different  ba8<^  i^odooei  different  amoanf  of  iMUt,"  It  is,  however, 
wMieel J  needlbt  to  peint  ovrt^  diat  woA.  •  dlAnoM  m  is  liere  implied  behreea  the 

chemical  behaviour  of  arids  and  bases  dof  ?  not  rrally  exist  in  iiafure,  and  that  its  ap- 
peorioig  to  be  indicated  by  the  experiments  in  question,  could  only  result  from  the  aeci- 
dent  of  the  Ymmmb  eoEanifiied  lepteeenting  a  grater  rsage  of  varying  efaemieel  energy 

than  the  aeids. 

The  resalta  obteaned  on  bringingtogeChex  an  alkali  and  an  acid  in  various  propor- 
tbnetfe  of  eooridenhle  fntereet  Thej  ihow  dearly  that>  at  leaat  in  tiie  ease  of  the 

most  dii^tinctly  oharacteri^'eij  acMs,  ehomieal  action  fakes  place  only  lietween  dcfiiiitc 
at<Hmc  proportions  of  add  and  alludL  The  numbersgiven  below  represent  the  numl"  r 
of  unita  of  heat  evolved  hj  one  eqoivalent  of  potMdi  or  soda  (the  quantity  containing 
89  pis.  potaMimn,  or  98  pte.  aodiam)  whan  aetod  on  hgr  vmying  funtiliea  of  add. 

1  equivalent  potash 
with  1  equivalent  sulphuric  acid  gave  16608  units  of  heat, 
i»  2       „  „         „    „    16609    n  „ 

«  I      „       aoetio     H    n   i''^35    „  „ 

2  ,,  „     „    13S23  „     (Favro  aud  Silhermann), 

The  results  of  Thomsea's  experiments  (Jahresbo^  1844,  p.  30)  with  snlphuno  aeid 
and  potash  and  aodn  ana  at  fliUotwt: 

Bpifalanteof  add 

HeateTOlved|^;f;\j^ 


5424 

4908 


I 

10666 

ysso 


1 

16368 

16368 


16^0 


3 

1.5521 
16248 


4 

16816 


It  irill  be  seen  that  the  evolution  of  heat  incr^ea  sensiblj  in  the  same  proportion  as 
the  quantity  of  add  ased,  up  to  one  eqnivalent,  hot  that  beyond  this  point  no  ftniher 
increase  in  the  amount  of  h^at  evolvod  acconipanii  s  the  aTiernentaf i«ju  of  tlie  quantify 
of  acid.  Hence  it  appears  tlutt  ucid  sulphates  of  potassium  and  sodium  are  not  formed 
in  preeenee  of  a  lai^ge  quantity  of  watcar,  a  ooneiQdon  vhidi  agraea  with  Favi«  and 
Bilbermann's  observation,  thai  t)ie  evolution  of  heat  whieli  takes  place  on  adding  one 
equivalent  of  base  to  a  dilute  solution  of  acid  sulphate  or  sulphite  of  potassium,  is  the 
Bsaie  as  if  the  seeond  eqaivaloit  of  add  eonta&ied  in  the  sut  w«re  employed  in  fhe 
free  state.  By  C'X{)erimenta  un  tlie  luat  evolved  on  adiKii;;  tfuccesslve  quantifies  of 
Other  acids — such  as  boric,  silicic,  phosphoric — ^to  one  equivalent  of  soda  or  potash, 
Thomsen  found  tiiot  the  heat  prodoeed  was  at  dxit  neaiiy  in  proportion  totfie  quantity 
of  acid  added,  but  that,  as  th.  latter  was  xnoreased,  the  evolution  of  heat  increaaed 
also,  though  in  a  continually  slower  rati  >. 

Evolution  of  Heat  in  the  formation  >  f  Aquemu  fhlvHons.—VThtm  a  gas  dissolves  in 
water,  the  heat  duo  to  the  eheuiieal  action  is  auL^mentt-d  l>y  fliat  due  to  the  physical 
phenomenon  of  the  liquefaction  of  tho  ms ;  so  aLto^  when  a  solid  body  is  dis^red  in 
water,  the  total  thermal  eflbct  observsdis  dne  in  part  to  the  diemical  action  taking 
place  between  the  water  and  the  solid,  and  in  part  to  the  liquefaction  of  the  substance 
oiasolred.  In  tho  former  case,  the  ehemieal  and  phytiical  parts  of  the  phenomenon  • 
both  cause  evolution  of  he«t :  in  Oie  hUter  ease,  the  physical  clmnee  occasions  disap- 
pearance of  heat ;  and  if  thia  ofT'  et  is  greater  than  that  dur  lo  the  (Siemical  action,  the 
nlfcimate  nsnh  of  tiM  oomBin«(V^prooesa  ia  the  prodoction  of  odU^  and  it  is  this  wfaidi 
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ic  mo6t  nwiallj  observed.  The  following  tablos  contain  the  ret«ultfl  of  Pavra  and 
BOfecnaamrs  flspenme&ta^  Cttlenliited  tat  enie  gramme  nf  gan  or  «olid  ««lt  diataln^d* 


SohtHon  of  Owf^s  in  Wafer. 


Sfmauiot  Om, 

,  Uiilta  of  heat 
•velred. 

1            N«a««C  Om. 

1 

UuiU  uf  beaa 
evolv«d. 

1  Hydrochloric  acid 

1  Hydrobroniic  acid  . 

j  Ily.Iri' ./i-liL'  .'icid   .         .  , 

235-6 
1477 

Sulphurouii  acid 
Ammoius  .... 

120  4 
614*8 

SUutitm  of  Salts  tfi  Water. 


i  - 

1 

UattaoThMt 

wMORMo. 

1 

1 

1 

UitltseriMBt 

MHORML  1 

5ttl|wiate  of  pntti^^'^nim 

So  3 

>urato  or  soilmni 

4o-.> 

49  1 

M  aiumooium 

00  y 

• 

I  1  ' 

II  1  1 

i(  adcumiL 

J7  1 

ff        calciiim  • 

_  I  / 

strontimft  , 

41  2 

ff        banum   .  . 

n±'  1 

ff     l^^ad  ... 

1  <  .Q 

ft  smo 

14  e 

rilw .  • 

91  1 

1  Forrou?'  siilphato 

121 

Phr>sp]i;ih<  of  so<liniTi  . 

.52-3 

Unuiic  sulphate . 

'  Pyru^iiosphato  of  uudiiuu  . 
I  Osadia  acid 

21  9 

Poteasio-ISsRoas  snlphato  . 

21*« 

670 

Solpbate  of  alnmiiiiiini  and 

Oxalato  of  potassium  . 

3y-7 

potasaiiua  , 

231 

Acid  oxidate  of  |x)ta8-'»imn  . 

G21 

Sulphate  of  alraninitrai  and 

Tartrate  of  potassium 

17-3 

ammonium 

190 

„      fiodiuni  . 

2o-2 

Acid  stilphfite  of  potassium. 

2.rG  1 

Tart  iric  aoid 

19-8 

Uhloride  uf  putas&ium 

51-9  1 

Tarinite  of  ixttassium  and 

„  sodium 

1     godium  .... 

40-9 

,  ammonium 

60I 

Acflate  of  so'l'ura 

281 

„         calcium  . 

loo 

„        calcium  . 

3d 

169  ; 

„       lead  . 

14-8 

„        strontium . 

24-9  i 

Acid  acetate  of  p  t  isdmn  . 

19-3 

aioc  (anhydrous) 

+  92-2  1 

Carbonate  of  sodium  . 

e2-7 

FcfRDOSclLkinda  ( anbydroui^ ) 

-I-58-8  1 

Acid  eartNMiata  of  potaa* 

Cupric  chloride  (anhydrous) 

+  73-7  : 

'■lum  .... 

61*0 

Biomide  of  potasnom 

37-8  1 

.Sulphide     uf  pgUtnium 

Iodid«  cf  pottiriiiik  . 

39*3 

(anhjdnms)  . 

4-96  9 

Nitnto  of  potMiiinB  • 

KoTS — The  lign  pltu  (-f )  denotrc  evolution  of  hrat. 

The  fore^iug  table  incl«d<^  numbers  relating  to  the  ftolubility  of  some  salts  which  are, 
in  reality,  Ktligg  qpdtc  insoluble  or  very  slightly  soluble  in  water.  Theso  nunib«  rs  are 
cWn.'-  il  fn'm  n  mmparison  of  those  which  represent  the  heat  of  formation  of  thesf  -m!i^ 
wilL  ihc  uuiiibv-rs  expressing  the  heat  evolved  by  the  same  bases  with  other  Hcitls. 
The  heat  of  formation  of  salts  which  are  insoluble,  and  therefore  .separate  ont  iu  tlio 
(•olid  forni.  »'<ii;i]ly  <»<':>nsifi«^T:-tV.l_v  ^'n-nr-r  than  {][<■  liral  ^f  formation  r.f  '-i^lriMc  '••ills 
of  the  same  hascn  and  acids,  and  it  is  this  excess  which  in  the  above  tal>ie  is  given  as 
tiw  hmi  abMobed  on  MliitiMi  hj  saoih  aalto  as  sulphate  of  barinai^  ndpbato  of  ttioii- 
tium,  &e. 

Cold  i>rodaced  by  CHiemlca]  l>ecoxnpoaltlon« — The  proposition  that  the 
thermal  effect  of  the  reversal  of  a  sdveu  chemical  aetiun  is  equal  aud  opposite  to  the 
thermal  eflbet  of  that  action  itMll^  naa  already  been  referred  to  (p.  106)  tut  one  wliich 

iiii^l.T  \vl(h  j^TL.'it  prul).iM]t1  y  bo  ns>inn(  vl  as  tnt.  .  A  direct  consrqiv  tii'r  cif  this 
ptoposition  is  that  ihe  separation  of  any  two  bodies  is  attended  with  the  absorpttou  (f  a 
fuaOify  of  heat  equal  to  tint  tpMel  4»  emhed  in  their  etmbimtiion.   The  truth  of  this 

deduction  has  been  experimentally  rstablislud  in  various  cases  by  W  i  T'hi!.  Mag. 

[4]  ii.^368 ;  iv.  370) ;  Joule  (ihid.  iii.  481)andFavreandSilbermann,  by  comperini^ 
the  b<»t  evolved  in  the  electrolysis  of  dilute  snljihuric  add,  or  solutions  of  metaUm 
eahs,  with  that  which  ia  developed  in  a  thtii  metallic  wire  by  a  cmyjcnt  of  tlu'  samo 
strength  ;  and  hv  comparison  of  the  heat  evolved  in  procejisi'!*  of  4|^iiuitiou  accom- 
panied by  simuitaueoui*  decompositions,  with  that  evolved  when  the  same  combination 
oet>(ir8  between  Ibae  elMttentia. 
Vol.111.  1  ^  ^ 
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Id  lih*  eapyunciita  of  Woods*  s  Toltaio  eunmit  ww  lint  nuiclo  to  pui  thmifh  a 

ves8p!  eonf.unini^  dilute  sulphuric  acid,  and  tho  qTinntity  of  ^T;l'^  rv.ilv.-i  in  a  givfn  time 
was  determiaed,  and  alao  this  simultAueoua  rise  of  tempcralure,  the  atiength  of  the  i 
camnt  being  mMsiifed  at  die  flame  time  bj  the  tangent-oompaes  (n.  460).  The 
electroljrtic  <vll  was  tlicn  removed,  and  a  thin  platinum  wire  introduced  between  the 
poIe«,  of  such  a  length  as  to  prodaoe  a  lesiatance  equal  to  that  of  the  electrolyte.  The 
quantity  of  heat  erolTed  in  rain  wire  wae  then  determined,  and  found  to  exceed  that 
which  was  previously  evolved  in  the  electrolytic  <«11,  by  a  quantity  equal  to  that  which 
would  be  evolved  by  the  combinatioa  of  too  asygnt.  and  hydrogen  sot  free  by  the 
current  in  the  previous  experiment. 

Joule  made  nmOar  experiments  on  the  decomposition  of  diluto  sulphuric  acid^  aol- 
phatf  of  popprr.  and  sulphate  of  zine:  and.  re'nirdinn;  the  dilV.  i  .  ih  P  in  the  quant  ity 
of  hcnt  cvulvcU  when  the  current  traversed  a  circuit  completely  uiuUillic,  and  when  tlie 
metallic  circuit  was  broken  by  the  interposition  of  an  electrolyte,  as  the  heat  abeoAed 
by  tlio  si'piinition  of  tlx-  i  Ifnicnts  nf  thf^  t -It'i -truly te,  he  obtainetl  nuinbor«  which  aErr-  '' 
very  fairly  with  those  found  by  other  experimenters  for  the  heat  evolved  in  the  union 
of  the  fame  dementa,  aa  shown  in  the  nllowing  table,  vhich  giTes  the  qoanttties  of 
hi'M  <'Volv<'d  nr  absorbed  in  the  oxidation  OT  raduction  of  1  g;nunme  of  each  metaJ, 
according  to  various  experimenters. 


Joule. 

Dulong. 

Andrews. 

Favrc  «nd 
SUtennaan. 

Graasi. 

Woods. 

Copper  . 

1  Hydrogen  . 

594 
1185 
33553 

1297 
3i587 

000 
1315 
33808 

655 
1277 
34462 

•  * 

34666 

611 
1807 

The  proportion  in  question  has  also  been  confirmed  by  experhneuts  of  another  kind. 

Thus,  for  instaiK  i',  liy  (li'tcrinining  the  heat  i  volvt  d  wficti  difTlTent  metals  were  dia- 
solved  in  water  or  dilute  acid,  Woods  found  that  it  was  less  tlian  that  which  wonM  be 
produced  by  the  direct  oxidation  of  the  same  metals,  by  a  quantity  equal  to  that  wliicli 
would  be  obtained  bj  bnining  the  hydrogeia  set  free,  or  which  was  expended  in  decora- 
posing  the  water  or  acid;  and  tlif  refore  that,  when  tliis  latter  quantify  wa.'^  added  to 
nis  results,  they  agreed  with  tiie  uamU'rs  given  by  experiments  of  direct  oxidation. 
The  qvaiititios  of  heat  evolved  by  1  gramme  of  the  several  metahl,  n^en  augmented  by 
that  coRoqNmding  to  the  deoomposition  of  the  water  or  aod,  wsm  as  IbUows ^ 


Heat  bj  tolution  or 
1  gmmine. 

- 

lUtaL 

Heat  bjr  ■oltition  of 

SodSnm  . 

Tin 

595 

Pnfaf<8iaOl  . 

1745 

j  Lead 

256 

Zinc 

1307 

1  Mercurj' 

118 

Inxa 

1204 

1  Silver  . 

96 

Coppcv  •  • 

611 

Bismnlh 

96-6 

Indirwt  methodM  qf  dettanniniiig  Heat  o  f  T  /?/ ^^/w .7^/.  n.— Assuming  the  truth  of  the 
propoeiHon  that  in  the  decomposition  of  a  eompouud  as  much  heat  is  absorlxni  as  is 
liberated  in  its  formation,  it  is  nbvioiia»  ftom  the  foregoing  exnmi>I.  H.  t h  it  tli.-  cAlori- 
metric  effect  of  a  given  chemical  change  can  be  calculated  if  the  (  f!<  ( of  all  tho<?r> 
which  occur  simultaneously  with  it  arc  known.  Upon  tliii»  prindpie,  which  is  merely 
that  adopted  by  Woods  in  the  espertments  deeorib^  in  the  last  pwagraph,  Farr©  and 
Silbermann  have  made  a  very  exten?:ire  c-  rie>  of  dfternnn;itions  of  t!ie  qnaiif iti<  «  of 
heat  evolved  in  reactions  which  could  not  have  been  easily  investigated  directly.  Their 
eKperimente  wen  nuuie  with  the  merevvini  calorimeter,  and  the  heat  dae  to  %  given 
prncrs5«  was  in  some  cji'jos  dtdneed  from  two  distinct  reaefions.  Thus,  tlie  1k;U  of 
formation  of  oxide  of  zinc  was  deduced  (I)  from  the  solution  of  metallic  zinc  in  dilute 
aiilphvrie  aeid,  («)  ftom  the  sehition  of  sine  in  dilnte  hydrodiloric  odd.  For  the  pur- 
posrs  f>f  ealcnl  itloii,  tlie  forfuer  r-  action  was  considered  as  consisting  in  the  formation 
of  oxide  of  ainc,  with  simrdtaneous  decomposition  of  wiler,  Zn'  +  H'O  =  Zn*0  +  TT^ 
and  in  the  snbseqnrat  fonnation  of  sulphate  of^inc  by  tlie  aetioii  of  tliis  oxide  ou  the 
dilutr  Mdplnu  ie  acid,  Zn»0  +  H'SO*  *.  H»0  +  Zn'SO*.  The  heat  absorbed  by  the 
calOTimeter  during  the  solution  of  1  gramme  of  zinc  was  567*9  gramme-degrees:  this, 
according  to  thj^fej  oeition,  represented  the  heat  of  oxidation  of  tlie  zinc  +  the  heat 
of  forni;ili  M  of  'mq.iiate  of  zinc  from  anhydrous  oxide  aud  dilute  sulphuric  acid -the 
heat  absorbed  by  the  deooi^poaitian  of  water.   Calling  the  heat  of  osidntkm  of  one 
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gramme  of  zinc  x,  and  calculatingr,  from  thn  diri  ct  drti  rminatioiM  pmfiooatf  SMOfdad!^ 
the  caloiimetxic  effects  of  the  other  processes,  we  have 

Similarly,  when  1  gramme  of  zinc  was  dissolred  in  dilute  hydrochlorie  meoA,  603-8  unit;! 
of  heat  WPTi'  al>?unHHl  by  flic  oalonTnofer,  iin<!  tlie  followiog  aqaalioa  VM  obtlllMd  to 
represent  the  heat  of  oxidiUiou  of  that  weight  of  zinc : 

«    —    603-8        +        1060-4       —        274  3  1289  9; 

Heat  •b>orb«J  Heat  atxorbed        Heat  cmlvcd  by 

by  caloitiBettr.        by  deoompotlUoa       Kction  oT  dllut<>' 

of  iraHr«  hjiiriK  hlurii-  Jifid  on 

oxidii  of  aiac. 

m  vmelt  which  agrees  almost  exactly  with  the  foregoing. 

This  number  having  beto  obtained,  the  heat  of  oxidation  of  metAllic  copper  could  be 

d('f!u(^t>d  in  a  simtlnr  mnnnfr  fruni  the  qnnntity  of  heat  set  fr*  o  w  h<  n  a  known  weight 
of  /.ine  was  dir, solved  in  u  solution  of  sulpliate  of  copper.  In  tlus  way  the  number  684 
mt<  found  for  the  heat  of  oxidation  of  1  gramme  of  copper, 

Tlie  following  table  gives  the  heats  of  cocibination  iiri>ii4>  <>(jniva'(  nt  of  sovrrnl  mrtals 
with  one  equivalent  of  Tarious  metalloids,  deduced  from  experiments  of  tliis  kind: — 


f 

HetaU. 

TJnits  of  hc.it 

ovdUcJ  by  f'oiiitiitiing  with 

8  gramme* 
oay|sn* 

3A-&  gramnse* 
1  OlMriM* 

127  grammei 
UmHm. 

1  16  gnunmei 

Hydropea 

34402 

23763 

-3606 

2741 

Potiiamul 

76288* 

100960 

90188 

77868 

46688 

Sodhun  , 

73610* 

94847 

Zino 

42461 

60296 

•  « 

•  ■ 

20940 

Imi      »      •  • 

87888 

49661 

*  « 

•  • 

17768 

1  Copper  . 

i  1  ^ad     ■      •  • 

21886 

2!)524 

9188 

27676 

44730 

32802 

29206 

9666 

8ilTvr    .      •  • 

6118 

84800 

86618 

18661 

6624 

Talcing  till-  heat  dcvelopod  in  the  fonnaflon  of  any  L'^r.-n  enmpmind  as  a  niensure  of 
tlie  energy  of  the  affinity  of  its  constituentSy  a  certain  detlniteness  and  predsioa  of 
meaiting  are  given  to  max  terms  as  itrong  tsoA  W9n%  ftctive  and  inert,  whid^  «« 
often  used  in  reference  to  chemical  rii^ronts  in  rather  avngue  sense;  and  on  comparing 
the  numbers  representing  the  heats  of  formation  of  Tarious  compounds,  they  will  b« 
found  to  bear  out  in  a  general  way  the  manner  in  which  such  terms  are  commonly 
applied.  The  results  recorded  in  the  above  table,  for  instance,  serve  to  explain 
tain  facts  which  have  often  been  quoted  as  anomalous  an  l  opr>n^.Ml  to  fhe  commonly 
received  idea  that  the  affinities  of  chlorine  are  stronger  ihan  tliuse  of  broaiLae  or 
kidiiiek  and  the  affinities  of  bromine  stronger  than  those  of  iodint .  The  facts  referred 
to  arr  mch  a.«  these:  the  olpt^ervation  of  Fehlingthat  in  the  fractional  pre  i]':f:ifion 
of  a  solution  containing  both  chloridus  and  bromides  with  uitrute  of  silver,  ihc  whole 
of  the  teomine  is  contained  in  the  first  povtions  of  the  precipitate;  fhe  Bfanilar  obseiv 
vation  of  Field  (Clieni.  Soe.  Qii.  .T.  x.  2f?4\  and  the  deconipo-^Ition  of  ohloride  of 
silver  when  biooght  in  contact  with  an  aqueous  solution  of  bromide  or  iodide  of 
potnninm,  deeeriMd  hj  the  same  diemlst ;  and  pai^cnlBrly  the  violent  deoompoettion 
of  chloride  of  silver,  attended  wiHi  (volntion  of  heal,  whieli  takes  place,  as  observed 
IqrDeville  (Ann.  Ch.  Phann.  ci.  198),  when  aqueous  hydriodie  acid  is  poured  ujmju  it. 

The  precipitation  of  bromide  or  iodide  of  silver,  to  the  exclusion  of  the  chloride,  in 
cases  of  fractional  precipitation  with  nitrate  of  silver,  and  the  conversion  of  chloride 
of  silver  int'»  1>rf»mide  or  iodide  by  rontaot  with  an  aqueous  solution  of  iod.ide  of 
potassium,  may  he  considered  as  essentially  the  same  phenomenon.  When  the  latter 
transformation  is  expressed  bj  all  cqvatioQ,  the  8nbst;inr<  s  wlix^'  formuls  app<  ar  in 
the  left-h?ind  ni<  nihrr  of  the  rfjiiatinn  are  thr««e  which  siiller  drL-ompositioii ;  wliilo 
those  which  are  formed  appear  on  the  right-hand  side  ;  and  ou  comparing  the  eulori- 
nK>tric  valtkea  of  the  several  terms,  making  due  aDowanee  for  their  state  of  sohition  or 
ntherwiiir,  wc  find  (hat  the  mm  of  tht-  calorimetric  valnr-s  on  the  left-hand  side  of  the 
equation  is  less  than  the  sum  of  the  calorimetxic  valaes  of  the  substances  on  the  right- 
hand  ;  fhna  radieating  that,  although  the  eonvcnrion  ct  dhJofide  of  rilver  into  bromide 
or  iodide  l-y  simple  uhstitution  would  ho  affciuh  d  willi  absorption  of  lit-at,  the  com- 
bined effect  of  all  the  actions  which  take  place  in  the  expedments  under  consideration 
ft  to  catue  an  evolotKm  of  hMt. 


*  Tb««e  mtmbflTS  repreMot  the  fonnation  of  atii(<<>ut  loluliona  of  potaili  and  aodas  all  ib«  rcU  r«£er 

l2 
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Thuii  Wi)  Utive 

AgCl  +  KBr  •» 
Ctlaametrie  values  84800  86678 


AgBr  +  KCl 
26618  97091 


Sons:  120478  123709 

tlitt^bxfi:  heat «volT«dia  the ZMction  ^  122709— 1S0478  =  2231  ^raaune'dcgreei. 

AgCl  +  KI     m      Agl  +  KCl 

Calurimetric  valuea  34800    72479^  18651  97091^ 

Suras:  107279  115742 

thercforo:  heat  evolved  in  tlio  reactioa  —  115742  —  107279  -=  8463  gramme-dogrces. 
Smilarlj,  for  dko  feaetioii  of  aqueous  l^ydriodio  sod  <m  chloride  of  bUtw,  we  hsve: 

AgCl  +  HI  Agl  +  HCl 

Gabrimetxio  Tsbies  84800   16004  18661  40198 

Suns:  ^49804    "  68648 

theivfore:  heat  ovolvodtn  the  reaction  =  68843  -  49804  -»  9039  gramme-degrees. 

Til-  bf>nt  cvoIv(Ki  in  a  oonsidcntVilf  niimbrr  of  pmoeasen  of  oxidation  has  been  in- 
dirtvlly  dettriuiiicd  by  Favro  (J.  Pharm.  Cbim.  [3|  xxiv.  241,  311,  412;  Jahre&ber. 
1853,  pp.  22  ft  fcq.\  for  tlw  tnu^t  part  by  effectiiiff  the  oaddatioos  in  proMPee  of  water 
in  till'  iiuTfurlal  faloriiTh'tiT,  hy  iiimns  of  hypochlorons  !ici<l.  whose  hr-at  of  formation, 
oalcuiatod  for  one  equivalent  ot  chlorine,  he  found  bj  preliminAry  experiments  to  bo 
—  7870  unite. 

F<.)r  tin.'  details  of  tMs  inveatigation  wo  must  refer  to  the  original  papore  :  the  most 
important  results  obtained  are  as  follows,  calcolated  alwajs  fof  one  equivalent  of  the 
dement  operated  up<Hi. 


HMt  wiolTad. 


Batto. 


Yellow  phosphorus 
Veilow  phospborus 

»  M 
»»  »» 

Axaenio 

M  • 
»»  • 

Phosphorus  . 

Arsenic  * 

Nitrogen 

Nitrie  oxide  . 

Nitrons  acid  . 

£5ulphurous  add 

Sulphur    (portion  of' 
flow  LT.H  of  yulphur  in- 
soluble in  sulphide  of 
carbon)  . 

Plastic  sulphur 

Sulplrar  (prrnpifAtf-fl  1 
f]x»m  hvpotiuiphite  of, 
sodiom)  .      .  j 


Aqtipons  pho^phorie  acid  . 

Phosphoric  anhj'dride 
Phosphonms  sod 
Hypophosphocous  aeid  • 

Arsenic  acid 

Solid  opaque  arscuious  acid 
DissolTed  opaqueanenious 

acid 
Pentachloridti  . 
Trichloride 
Tricbl'iitle      .  , 
Nitrous  oxide  .  ♦ 
Nitrio  aeid  * 

•I      If       •  • 
Sulphuric  acid  . 


Sulphur 

Sulphur 
Seleninm 


OxJie 
Garhtm 


Chlorine 


Siilplinmns  acid  (Favre  > 
and  :Siibermaun)  .  ) 
Hyposulphuious  add 
St  li'iiiiiiis  anid         »  * 
iSeienic  acid     .  • 
Csrbonie  anhydride  . 
Carbonic  oxide  (FaTreand| 
Silbermann)  .       .  \ 
Oxalic  anhydride 
Cjirbonie  anhydride(F;uTc ) 
and  J^ilbr-rmann)   ,  \ 
Chloric  auhydride  . 


200478 

isi2r5n 

19049U 
140894 

48302 
110787 
75368 

716'jO 

100373 
94804 
71883 

-8724 
20666 
27269 
27839 

64110 

87211 

63407 

8937S 

20288 

23206 
36360 
80140 

14838 

33410 

48480 

-66234 


4*86 


2i»l 

l-64\ 

1.  ' 


1-49 
1. 


8-82^  1-71 
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It  is  obvioiis  that,  even  supposing  the  principle  upon  which  thcac  indirect  dcter- 
wiiMtioM  ax*  mad*  to  be  quite  ooraect,  aiM  all  the  iBterfntn^  emnreietaiiccM  to  hare 

been  taken  info  account,  the  results  arrived  at  cannof  l.<  of  tl).  -arm  vli  (^^r c  r.f  afi-um-^y 
an  those  obtaiocd  by  more  direct  methods:  tot  the  totAl  unoirtaixity  attadiing  to  id\ 
^b^t  independent  data  from  wtSdi  thej  are  dedtioed  vOI  be  aecvnnuated  upon  thorn. 
Moreover,  although  a  comparison  of  the  heat  of  chemical  action,  as  determined  directly, 
with  that  deduced  indirectly,  generally  shows,  in  the  simple  cajses  in  which  it  is  possible 
to  institute  such  a  comparison,  a  degree  of  agreement  which  may  be  taken  as  a  con- 
lirma^n  of  the  correcba^s  of  the  prindpHea  wherabj  the  calcnlated  reenlt  if  araired 
at,  and  as  proving  that,  at  least  in  these  caKos,  no  modifying  circum8t«ii<»o  of  nny  preat 
importance  has  been  overlooked  in  the  calcuhuion,  still  it  cannot  be  considered  as  proved 
"by  existing  experiments  that  the  cold  of  deoomposition  is  tftoojiiis  eqnal  to  the  heat  of 
cciiuWnation.  On  t!u>  othur  hand,  it  seems  prohal'I.',  on  p-'noml  gtoiukIh,  thaf  ilie 
calorimetric  ^xct  of  a  given  chemical  process  is  not  an  ul>i>oiut<:ly  constant  quanti^, 
tat  that  it  is  to  some  cactent  dependmit  on  aecompanying  physical  cooditums.  In 
particular,  it  frems  likely  that  it  rnnst  varv  moi>"'  vr  h:<s  w  ith  ih-  tcmpemfure  at  which 
the  chemical  action  takes  place,  and  therefore— to  take  a  particular  example — that  the 
heat  eoohrd  hy  the  eomhmation  of  meFeuy  with  oxygen,  at  a  comparativvfy  loir  tmi* 
peraturi',  is  not  »'(jual  to  the  heat  absnrfi'  /l  by  the  decomposition  of  oxide  '^>f'mercui7  it 
a  higher  temperature.  The  equality  of  these  two  quantities  of  heat  would  involve  also 
the  equality  of  the  specific  heat  of  oxide  of  mercury  with  the  sum  of  the  specific  heats 
of  its  elmeoti ;  otherwiM^  the  qvaatity  of  heat  needed  to  raise  the  temperature  of  « 
piven  qTjiirrtity  of  mercury  and  oxygen  from  the  ordinary  temperature  to  a  tcmporatur^ 
above  tiiat  at  which  oxide  of  mercury  is  decomposed,  would  be  different,  if  Uiu  two 
sobstance^  remained  uncombined  during  the  process,  from  what  it  would  hv  if  thej 
first  enter  •'<1  into  poinliination  aiul  aflri'wards-  separated  again;  and  since  the  final  con- 
dition of  tiie  mercury  and  oxygen  would  bo  the  same  m  each  case,  the  difference 
between  the  quantitiee  «f  heat  would  have  disappeared  inthoot  prodnetng  any  apparent 
eff'.-rt.  In  till'  jtartirular  ca.se  that  lias  been  taken  as  an  i-xaruple,  it  is  [-.ssiMc  that 
the  specific  heats  of  the  dcmcntacy  bodies  are  tO|p>ther  equal  to  the  specific  heat  of  the 
eompoond,  or  that  the  difftmnee  ma^  be  eonqwnaated  bj  the  diifctenoe  in  the  latent 
heats  of  va|  urisation  of  oxygen  at  the  temperature  of  combination  and  at  that  of  de- 
composilion.  But,  although  this  may  be  the  case,  experimental  proof  that  it  is  so  is 
sC3I  wanting ;  and  even  if  it  w«te  af^rded  here,  or  for  any  other  paitictdar  substance, 
there  wouhl  still  not  be  sufficient  wamini  for  asHuming  as  a  gonendlv  establisli-  il  taot 
that  the  cold  of  decomp^ition  is  equal  to  the  heat  of  combination,  independently  of  tho 
conditions  under  which  tlie*!«  processes  respectively  occur.  In  connection  with  theso 
eonsidcrations,  it  is  perhaj  ^  worth  while  to  draw  attention  to  th«  t  <<  t  that  the  heat  of 
combustion  of  hydrogfii,  (ii-duced  by  Joule  from  the  electrolysis  of  \vat<  r  at  i  hf  ordinary 
temperature,  is  decioediy  less  than  that  found  by  other  experiment  us  whu  ii<.  termined 
<finetty  the  heat  of  combustion  at  a  high  tcntj  ><  i  atore  (see  p.  114).  These  experiments 
arr  perhaps  not  suffii-iontly  compnrahh-  in  otlior  rt^spects  to  ju<tifV  us  in  attat-hiuj; 
much  importance  to  this  result;  but,  taking  it  as  it  stands,  it  is  in  harmony  with  the 
Act  that  the  speeifie  hmt  of  water- vapour  is  less  than  the  smn  of  the  speemo  beats  of 

its  ron.&'titii.'nf 

The  laws  bj  which  Thomson  considers  that  the  development  of  heat  in  chemical 
action  is  gowmed,  appear  to  invohe  Tiews  rfmilar  to  those  above  ezpbined.  The 

fundanu  ntal  propositions  assumed  by  him  are  as  follows : — The  intensity  of  the 
ehimical  energy  of  the  same  body  nt  n  constant  temperature  is  unchangeable ;  the 
whole  quantity  of  heat  developed  in  a  ^iv.  n  chemical  action  is  a  measure  of  the  cbemioal 
rmxgy  therein  exerted,  and  is  proportional  to  thedififcreuce  I*  tun  n  tbft  total rhemioal 
eneray  of  the  reageuts  and  the  total  chemical  energy  of  the  products. 

Jieat  produced  by  Chemical  Df composition. — There  are  a  few  phenomena  which  are, 
at  least  apparently,  exceptions  to  the  general  rule  that  heat  is  evolved  in  combination 
nrj<l  aVsorbt  d  in  deconij-ohition.  Tt  \vm  found,  for  inptance.  by  Fuvrf  and  Silbrrmann, 
that  charetMd  evolves  mure  heat  by  burning  in  nitrous  oxide  than  by  l>m  ning  in  puro 
oxygen.  The  excess  of  heat  in  this  case  could  only  be  due  to  lu  at  ivoK^-d  in  the 
dri-oii) position  of  the  nitrous  oxide,  and  direct  experiments  proved  that  this  (h-rompo- 
sition  was  attended  with  evolution  of  heat.  They  found  fiirtlier  that  Ijt-at  is  pru<.luced 
in  the  deeompoehlon  of  peroxide  of  hydrogen  by  platinum,  and  from  the  experiments 
of  Farr.-,  itln-atly  rrcorded,  it  appears  tliat  hoat  i.s  a!is.,rbiMl  in  the  oxidation  of  chlnrine 
to  hypochlorouB  or  to  chloric  acid,  Perhaps  these  and  similar  phenomena  may  bo 
brought  into  harmonjr  with  tiie  gmersl  rale,  by  taking  into  eonsideraljon  the  erolntlon 
'■f  ln-at  du.-'  to  the  cornl'inaticn  'jf  two  '-ijnilar  atoms  to  form  a  niuh'rulr',  fiiiil  thi> 
corresponding  absorption  of  heat  due  to  the  separation  of  the  atosas  constituting  a 
iBoiarwleof  an  dementary  body. 

Theinflomea  of       tempentnie  in  inomoting  cbcmical  action— as^  fm  instance 
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betwMn  o^gen  and  hydrogen,  whidb  combine  when  heated,  but  am  without  Mtioa  on 

earli  other  in  the  oul<1— isnot  an  r'Xr<  jtlion  of  the  kinil  lirre  rcfrrr.  il  tu.  Tt  is  mther  a 
thermometho  than  a  calori  metric  phenomenon ;  hi|^  temperature  being  a  favourable 
eonditioB  far  ebataal  aetiaii  In  thcoe  eases,  bat  in  no  way  ita  caiue.  At  Toy  low 
temperittures  clumical  action  appeal's  in  all  cases  to  be  rmich  refanlcd :  as  one  illus- 
tration, ij^may  be  mentioned  that  when  liquefied  animoai«i  cooled  to  abr)nt  ia 
poured  upon  eooeeaotrated  sulphnrio  add,  the  two  I^nida  form  aapoitte  layers,  a&d  for 
some  time  no  action  takes  place  between  them  (Loir  and  Bri  on).  Phosphorus  and 
iodine,  which  combine  enfTfrptipnlly  and  witli  vivid  eoml>ti:^$i«:)ti  at  common  temperatures, 
uiuy  bu  shaken  together  in  a  luU?  cooled  by  a  freusiug  niLxtui*e,  without  exerting  the 
■Iqjhteat  tctioik  on  oadi  otfaar. 

5.  Relations  of  Heat  to  FJcctr  icity. 

Xlectxlcitj'  produced  by  Heat.  Pt/ro-thvtriciii/  lUmlu^d  in  Crt^itah. — To  what 
has  been  already  said  on  this  subject  in  the  article  ELRcriucmr  (ii.  411)  we  have  only 
to  add  the  results  arrived  at  \>j  Gautrain  (Ann.  Ch.  Phys.  [8]  Ivii.  6)  in  ref^^rerce  to 
the  pjro-electricity  of  tourmalines.  Ue  Unds  that  this  phenomenon  obeys  the  following 
Uwa (1.)  When  any  number  oS  tonnnaUiMs  aie  naitvd  their  |kh«o  of  the  aamo 
name,  thr-y  form  a  Ixittcn-  whi.  h  produces,  uruh  r  any  ^iren  rirrnmstances,  a  quantity 
of  electricity  exactly  equal  to  the  sum  of  the  quantities  which  the  sereral  tourmaliuea 
would  pracmoe  aeprntdy  under  the  auae  eixcuBataoeea. 

(2.)  \Vli(  n  several  j'risnis  <.if  equal  section  are  superposed,  thf  quantity  of  electricity 
developed  by  the  combination  is  merely  e^oal  to  that  which  would  be  fonuahed,  under 
the  Mone  oonditiooa,  by  any  one  of  the  |numf  taken  aeparatdy. 

(8.)  The  quantity  of  electricity  produced  by  a  prism  of  toanoillhie  it  pruportiflMl  to 
its  sectional  area,  and  is  independent  of  its  length. 

(4.)  The  quantity  of  electricity  which  a  tourmaline  derelopcs  when  its  temjpcrature 
is  lowered  a  given  number  of  d^gren^ »  independant  of  the  length  of  time  in  irinch 

the  coolInCT  is  pffi'Cted. 

(  5.  )  When  a  tourmaline  is  heated  a  given  number  of  dcsreea,  the  Quantity  of  elec- 
trieity  developed  is  preeiadythe  same  ae  that  n4iidi  woiud  be  paodoeed  if  it  were 
cooled  to  an  eqnnl  extent. 

Gaugiiiu  finds  that  the  development  of  electricity,  consequent  on  the  alteration  of 
the  temperatore  of  a  tourmaline,  is  very  much  more  marked  if  one  pole  of  the  crystal 
is  plae.  d  in  eleetlio  ooumnnieatnnwith  the  earth,  than  when  theetyatal  ia  oompletelj 
insulated. 

Hurmo-BeetrkUy. — When  two  bars  of  diaaininai'  netale  aM  aoldered  togfther  at 

each  end,  a  continuous  current  of  electricity  circulates  through  the  circuit  formed  by 
them,  aa  long  ae  the  two  aokleniig  points  are  at  different  temperatures,  the  direction  of 
tiie  cvnent  being  rerewed  aeeor&ig  aa  one  ot  the  other  of  toese  points  is  the  hotter. 

The  ehnitro-motive  force  (ELi  crifiaTY,  ii.  4M)  developed  at  each  soldering  point  ia 
directly  in  proportion  to  its  absolute  tempomtnre  (p.  52  ).  and  thorefore,  sinrr  the  electro- 
motive force  developed  at  one  end  is  coulrary  to  that  develoj  ed  at  tlie  other,  the  re- 
sultant electro-notiTe  force  of  the  whole  circuit  is  proportional  to  th«>  ditFerence between 
the  tempcraturea  of  the  aoldcxing  points.  (ClanaiuSb  Ihomaon.)  (See  further, 
ii.  412,  413.) 

WmM  yfod— ndliy  Wnemelly* — ^Tbe  laws  regulating  the  dewlopment  of  beet 

Ty  the  sudden  disch.'triL'e  of  frictional  eh-ctrii-ity,  or  el.<  Trielty  of  hi^h  teii.sii>n.  have 
already  been  treated  of  in  the  article  Elsctbicitt  (ii.  396),  and  in  the  same  article 
(p.  470)  it  has  been  dwwn  that  the  heat  prodneed  by  a  continuous  current  of  electricity 
is  the  exact  equivalent  of  the  chemical  action  whereby  the  current  is  generated.  In 
the  application  of  this  rule,  the  total  chemical  action  throughout  the  circuit  must  be 
taken  into  account,  electrolytic  decomposition  being  counted  positive  or  negative  accord- 
ing its  the  direction  of  the  current  which  WOttld  be  generated  by  it*  were  it  to  tidce 
place  independently  of  the  batt<'ry.  is  tlie  snme  as  that  of  the  battery  or  the  fontmry. 
As  further  explained  in  the  article  referred  to,  the  heat  developed  by  an  electric  current 
ia  xdated  to  tne  inten.<!ity  of  the  corrent  and  to  tiie  reaiatanee  of  the  eiroait  in  the 
nauur  aaifteMfld  Igr  the  Cnimuhi : 

n      PR  {a) 

where  H  represents  the  heat,  1  the  intensity  of  the  ourent,  and  B  the  reaiatance. 
Pntciqg  Stat  the  <iieetro>niotiv« itas^  we  hnTo^  by  Ohm*a  ftnnnln  (iL  459): 

and  therefore  the  i^?e  equation  {a)  may  be  written : 

H  ^  W  (6) 
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From  tliii>  it  follows  that,  bj  aiminiwhing  the  resistance  of  ihe  circuit,  the  *  l»?ctro- motive 
temxciniiiiiiDg  the  same,  the  total  heat,  B,  can  be  augmented  indefinitely,  the  ntm- 
sity,  and  th<''r».  f«.>r<'  nlso  the  chtmir'nl  articin  in  llic  li;itt»  rv,  iiion';i--iu^  in  pro].oiTit>n 
to  the  duninutioD  of  reaietanee.  £ut  in  anj  single  portion  of  the  circuit,  whose  resist' 
■anitr.tiM  dcfvekfMit of  kwt  ivfll  attaai  •mMrimwn  awagitieakrfhwof r. 

Hie  liMt  pndnc«d  in  tiiia  part  will  in  feet  Tm  il  »  iV  »  ^f^rf^^  ^ 

which  laat  rxpres^ion  rrin  lu  s  a  maximum  when  /?— r,  R  being  the  const atit  resistance 
of  the  renudnder  of  the  oircMiit,  including  the  battery.  Bence^  in  ord(.T  that  as  lai^a 
■propf>rtion  n<«  poesibic  of  tlie  wliolc  lu-at  uf  tlic  circuit  may  he  frrnemttil  in  the  conduct- 
ing «irt ,  aud  as  sxaall  a  proportion  as  possible  in  the  batterv,  the  internal  resistance, 
H,  of  the  battery  nwt  be  equal  to  theMiMlaiwe^  of  the  nnnBclsr  of  the  eireuit.  Aadt 
bince  thv  ht  atin^  powf^r  of  thr  i  nrr<  nt  r<  cfuts  its  total  cnrrfrv,  It  fullows  that  the 
suae  proportion  between  the  internal  and  exteroal  raaifltnnce  of  the  circuit  i''  the  roo^t 
•idvurtageoui  that  ean  Iw  adopted  foot  amnnp  the  onrcnt  to  pvodsee  ehaugt  ^<  of  any 
other  kind  oTitside  the  T-attt  rv. 

Thenoal  phenomena  of  a  particular  kind  occur  when  aa  electric  cuzxent.  instead  of 
traTCfUBi^  ft  boiMOftWKiciii  eoiidiieloiF,  puoee  ftmii  one  wiTiatBiife  to  aaoflwr.  Then,  in 

addition  to  the  development  of  heat  corresponding  to  the  resistance  of  the  conductor, 
a4?cording  to  the  laws  stated  in  the  last  paragraph,  a  further  development  or  absorption 
of  heat  takes  place,  depending  upon  the  direction  of  the  current.  If  the  current  cnwses 
the  point  of  junctioii  €£f  two  dissimilar  portioiw  of  the  circuit,  in  the  same  direction  as 
the  thermo-electric  cnnrnt  which  would  be  generated  by  th«-  a{>plicationof  hent  to  this 
potnt,  then  the  heat  developed  there  is  less  then  correspoiid»  to  the  resistance  of  that 
portion  of  the  circuit,  or,  in  other  words,  beat  is  afaeotwd ;  if  the  emrent  pasSM  the 
pninr  of  jrinetion  in  tlie  oj^pooite  diKctifla^  the  haot  gaoflmted  io  move  than  whateor- 
reeponds  to  the  resistance. 

With  a  junction  formed  of  the  tame  two  metals,  the  derelopment  or  absorption  of 
Ti-at  t!ia>  oorasiont-.l  is  prop-rirtional  to  thi'  iiif»  nsity  of  tlir  current  1»y  whic-li  thejuuc- 
ticrn  is  traversed.  With  oumbinatioaus  of  diliereut  metals,  the  extent  to  which  thia 
PimoBlCllOQ  o<touw  ToiiM  with  the  notftiont  of  IJm  motala  in  the  thermo>eloetrio 
aeries  (ii.  412),  being gmtMt ibr  tboM  ooakbinationo  which  gire  the  novt  intoiiM 
thenno-eleetric  currents. 

6.  Relations  of  Heat  to  Mechanical  Energy. 

In  pr«»<v^<'.inpj  parts  of  this  article,  we  have  seen  thnt  increase  of  volume  and  of  elastic 
f  uret  iixc  ainuu^  the  most  universal  of  the  effects  of  heat.  In  this  way  heat  is  constantly 
producing  motion,  and  when  thie  motion  is  concentrated  in  a  given  solid  body,  and  a 
i!>  finit*'  (Tin  ctioiu  is  pven  to  it,  as  in  tli.'  st<  am-rnpine,  heat  becomes  by  far  the  roost 
impijriiiut  .irtitieial  source  of  uifcliuiiiail  power  tliat  we  possess.  Conversely,  innumc* 
nible£imiliar  facte  tamely  us  with  illustrations  of  the  production  of  heat  at  the  espCMe 
of  mechanical  j)ower.  Thus,  iu  all  machines  tlicn-  is  a  ct-rfain  loss  of  power,  the 
work  performed  by  the  maciiine  never  representing  the  full  mechanical  equivalent  of 
tile  power  needed  to  drive  it  That  portioB  of  the  meduurieal  mtrf^  mipfiM  to  the 
ni.Lrfiinc  uhioh  is  wast.d,  fh  far  ns  the  performance  of  uscf^il  work  is  concerned,  is 
(.  \t  «  ridfd  iu  uvercoming  the  passive  zeaistanees  by  which  the  motion  of  the  machine  ie 
( !  i^v-j^ed ;  such,  for  tnetanee,  ae  ftietioB  between  eontigaoae  eoHhece  not  morinf  with 

the  saint-  vi-liK-itv.  or  the  ri^i^litv  of  straps  or  conls  usnl  (<>  tran'^niif  nuivmu  nt  fnitn 
one  part  to  another.  But,  whenever  motiou  is  produced  in  opposiiiou  to  Irietiou,  or  a 
rigid  body  is  forcibly  bent,  heat  is  generated ;  the  ttechtaieal  energy  expended  in  pro- 
ducing these  effects  is  lost  to  the  puri>oses  of  the  machine,  but  the  heat  evolved  is  its 
representative.  Percussion  is  another  means  by  which  mechanical  power  can  be  de- 
stroyed and  heat  generated  in  its  stead.  These  and  similar  facts  have  long  aUnetod 
the  attention  of  pliiiosophers,  and  great  importanoo  has  been  attached  to  them  in  re- 
f^-TcncT  to  most  of  tiic  theories  that  h-Ar"  '  -  -  n  snp^estcd  from  time  to  time  to  explain 
the  mtlure  of  beat  aud  the  effects  wLicii  u  i-rolucrs.  The  fuUowiug  is  a  quotation 
ftom  Black's  Lectures  m  Gkmklry  (vol  i.  y\K  31,  32),  and  relates  to  Baoon*i 
investi^af  i(>ii<»  into  the  nature  of  heat  contained  in  his  treatise  Ik /"rina  Culidtr — 

"The  only  conclusion,  huwever,  that  he"  (Lord  Verulam)  "is  able  to  draw  from  the 
wliole  tit  Uo  ftet^  is  a  very  genenl  one^  tis.  that  heat  is  motion. 

'•niis  conclusion  is  founded  chiefly  on  the  considt  rntion  of  several  means  by  \rhieh 
heat  is  prodnoed,  or  made  to  anpear,  in  bodies;  as  the  percussion  of  iron,  the  Action 
of  eoKd  Dodioa,  tbo  edHeioB  of  flmt  mid  eteoL 

"The  first  of  tlit  sc  examph  s  is  a  practice  to  which  I  huVsmiths  bare  sometimes 
rewur^e  for  kindling  a  fire ;  they  take  a  rod  of  soft  iron,  half  an  ineh  or  less  in  thick- 
htyiii^  the  end  of  it  upon  their  anvO,  thej  tam  and  etxiko  that  end  very 
ydcMf  on  it»  diflhiwt  rtdei^  with  Baait  Mowe  of  >  hanunff,  It^aoon  beeomea 
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red  liot;  and  can  be  emplojed  to  kindle  durniq^  or  wood,  or  oChep  wry  combtuitible 

matter. 

"The  Iwat  producible  hy  ih  sfroug  frictiou  of  solid  bodies,  occurs  often  in  sonie 
pazta  of  hesTy  madliioeiy,  wben  |  n  |  or  eaxe  ia  not  taken  to  di'miniah  that  friction  m 
much  as  j  ossil'l*  .  l  y  t'u'  intc-rposition  of  lubricating  substances ;  as  in  the  axIi  s  <>{ 
wheek  that  ure  h&i\y  themselves,  or  heariljr  loaded.  Thick  forests  are  said  to  huTc 
talcen  fire  sometimMi,  hy  the  fricHon  of  btttoehca  againat  one  aaotiier  fai  atonnT  weatiber. 
And  suvnp^eB,  in  diffi-ront  pai  !<  of  tiic  v  orl  l,  hftTe  leooniaa  to  the  Aiction  of  pieoeaof 
wood  fur  kindling  thoir  fires.    «    *    *  * 

"  The  third  exanplc  above  adduced  in  the  collision  of  flint  aad  steel,  is  universally 
known. 

"In  all  tliese  exani]  ]•  >.  heat  is  producr.l  or  made  to  spp^nr  suddenly,  in  bodies 
which  have  not  received  it  in  the  usual  way  of  comniunicat  ioii  from  others,  and  the  only 
cause  of  ita  pirodiicftion  ia  •  mechanical  foroe  or  impulse,  or  mechanical  violence." 

From  these  and  many  other  sin i Hit  phenoniPTin.  it  i<  uLuinlnntly  cl«  ar  that,  l*v  the 
expenditure  of  heat,  mechanical  vork  can  btj  eflccted,  and  that  lieut  can  be  jproduced  by 
the  rxpendittire  of  work.  BiemiBsing,  therefore,  for  the  prneent,  all  oonaiderationa  as 
to  the  ultiinntr  nntnr*^  of  af .  we  may  say  that  h^at  and  work  aro  mutttally  ronvertible, 
ttuU  we  hare  in  this  section  to  consider  tho  conditions  which  regulate  the  trousformation 
of  one  of  thcee  foma  of  energy  into  the  other. 

Wotlt  prodnoed  1>y  Heat. — The  measure  of  the  WDik  done  by  heat,  when  it 
causcH  »"tp:iTi«'ion.  i«  nbTioTiFly  tho  prr»fl»ict  f)f  the  resistance  overcome  into  the  space 
throu-ii  wliirh  the  expariisiun  takes  place;  that  is,  if  r  denote  the  resistance,  and  f  and  i/' 
t;  nit  ti  an  1  HoalTdnmes  of  the  oodjiriiidi  undeEgoea  flBpaDfioo,  the  work  done  by 
the  heat  will  be  repreaented  by 

A  Bs  r{v'  —  »). 

Ill  r^ttmating  the  resistance  by  which  the  expansion  of  a  given  body  is  opposed,  it  is 
ne  ifu!  t o  take  into  account,  not  only  the  external  pressure  upon  its  surf  i.  r,  l-u^  il-u, 
jis  has  been  nln^ady  pointed  inn  (pp.  40  mid  73),  the  njcli  i'uliir  fvriV'^  wlnrii  t- [nl  lo 
maintain  unaltered  the  relative  positions  of  ita  ultimate  particles,  'i  Jie  work,  A,  per- 
formed by  heat  when  it  causes  expansion,  nrast  therefore  be  considered  aa  made  up  of 
the  inttrnal  worl,  I" 'f'^iTned  in  op?  < -if  i  n  fa  intonial  molecular  forces,  and  the 
extirnal  ti'ork,       ex|»t  iiiJed  in  overcoming  external  pressure.    In  solid  and  liquid 

bodies  the  ratio,  — ,  of  the  internal  to  the  cxtenial  work  is  veiy  considerable,  but  in  a 

perfect  gas,  the  rt-siManrf  to  ,  xj'r,n«)on  arising  from  the  mutnnl  atf riftio'is  of  the 
molecules  is  insensible,  an^l  (In  r.  ti  it  also  the  expiiiJiturt)  ol  work  iu  u\ '  n  citiiing  this 

n-sistance  is  insensible :  hence,  in  this  casr  ™  =<  0,  or  0^  But  since  it  is  tho 

external  work  only  which  is  available  for  the  production  of  external  effects,  the  con- 
sideration of  the  transfornHition  of  heat  into  mechanical  energj-  is  much  simpler  in  the 
Case  of  piihe.s  than  in  that  of  liquid  or  sctlid  Ixxlios ;  it  is  fiuther  ntttch  the  ju' 
important  pnieticully.  for  although  the  hen*  r!n]ilfiy.  rl  in  the  performance  of  ijili  in  d 
work  ujxjn  Njlid*  or  liquids  is  not  necessaily  l«?at  ukiiuatiiy,  it  l^^  for  the  time  at 
least,  totally  unaTsilable.  We  may  perhaps  compare  the  trun.sformation  of  heat  into 
wiirk  M  ith  tlx  rrTnTiKTci  il  trm  -f  TTnnf  n  of  labour  into  wealth  :  then,  a  perff  1 1  ^ns 
wiU  ri  pres^ent  a  medtuiu  ol  ti  iini>i'.>jiiia;iou  comparable  with  an  industrial  process  which 
require  s  no  previous  ex]ienditure  on  the  part  of  the  wosknian  to  enable  him  to  exdungo 
his  labour  fv  r  T^-.tges ;  wliile  a  solid  or  liqiii  l  will  r<  prrF(  nt  a  medium  "f  ti'.ai-furni:i' inn 
comparable  \»-ith  a  process  which  can  only  be  carried  out  by  the  previous  inv<.*tmeut 
of  a  oonaiderable  capital  The  o^ital  thna  '*annk''  may  be  reuiaed  again  at  sono 
ftiture  tini<\  1  it  re]>resents  a  certain  qvaotity  of  labooT,  whieh,  Ibr  the  tiuo  being* 
cannot  be  transformed  into  wealth. 

In  order  that  work  may  be  continnonsly  pexfonned  by  hcftt,  it  ia  not  oura^  that  s 
portion  of  air  or  other  gas  should  be  expanded  once  for  all  in  a  cylinder  clo«e<l  by  a 
piston,  or  in  any  othi-r  sinular  apparatus.  It  is  tme  that  motion  would  be  thus  pro- 
duced, antl  that  tliis  might  be  the  full  equivalent  of  the  heat  expended,  but  the  proeew 
would  soon  come  to  an  end.  Practically,  the  extent  to  which  n  ^as  can  be  expande<l 
so  ns  to  province  iDAtHm.  is  very  limited,  bct!i  ]  y  ihe  •^'zc  rf  tin  a]  [  aratus  that  can  be 
used  and  by  the  ii  ntperaluitis  that  are  att*uiiabl.>.  In  onle.r  Llml  the  process  may  be 
continuous,  the  action  of  the  machine,  by  means  of  which  the  transfcvmation  is  effected, 
nui>t  be  periodic:  after  a  eirtnin  cycle  of  chanpes,  all  i*-^  [virts  must  rettirn  to  the  same 
relative  jKjfiitions  mid  condition  as  they  had  at  first,  and  the  air  or  gas  must  return  to 
its  ori;jinal  pr<  ssuf*  and  temperature.  Such  a  cycle  might  evidently  l»e  repeated  inde- 
finitely, iind  if  any  tran'^r  'T:i;ifi./:i  i  f  h,  ;if  into  work  were  eft«tf<  .l  l  y  it.  tli.'  f^anif" 
amount  of  transforuuition  would  take  phico  each  time  tho  cycle  was  completed.  At 
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jttges  50  and  51,  wo  saw  that  in  the  passage  of  a  ga^i  throudi  a  succesiuOQ  of  ooodi- 
tioiii,  with  re«iMA  to  tompenttiiM,  iptfrnme,  ud  Tohmu^'iAidi  can  be  imwnted 

graphically  by  a  rectnnrrlc,  an.!  an-  such  thiif  fh<> 
final  state  of  the  gas  is  the  same  as  it«  stake  at  the  '^^«  ^7. 

beginning  of  the  proeen^  a  oertara  quantity  of  beat  is 
exp  ii<lf.-d.  wh'u-h  is  i'r(.{Mirti'>nal  in  .-imonnt  to  the 
area  of  the  rectangle  repreaenting  the  siuMweeioii  of 
Aangw;  b«t  it  wran  not  then  expbined  wbat  be- 
conirs  (,f  the  Iieat  thus  expended. 

JBetuming  to  the  consideration  of  this  case,  and 
Bifai^  the  mane  notation  as  before,  it  is  plain  that, 
rliirln^'  the  passage  of  the  gas  from  the  stliteA  to  the 
«ate  H,  through  tht  inf.  rnirvTtnIo  stagps  pppr»>i«entfd 
by  the  lines  AX),  Dii,  a  (j^uiimity  of  work  is  performed, 
vmchiaMfmaaiitod,  in  kikgraauBe-flMtoM^ 

an.l  that  while  the  gas  returns  from  the  condition  Tl 
to  the  condition  A,  along  13  C A,  there  ia  eqiended  a 

qaanti^  of  work  xepreaented  by  v        »  -y 

and,  AoMftn^  dniiiig  the  whole  cjde  JU)BGA»  a  quantity  of  wo^ 
cqnaL  to 

A  -  A'  =  (y  -  p)  (t/  -  V). 
Bat)  by  the  last  equation  on  page  51,  the  amount  of  heat  ^?^p«iide<l  at  the  same  time  ia 

«  -  ^  -  ^  ^  *^  •  *^><^' - -  •>  J 

thenAMN^  between  the  heat  expended  and  the  wodc  produced,  then;  cju«t«  a  rektiou 
hj  the  e^VBtion 

Q-V-^^l^--^  .... 

If  we  assume  that  the  difference  between  the  speeifie  ht  at  under  constant  pretssiire  and 
the  Bpecific  heat  at  constant  volume  is  constant  for  each  gas,  and  is  invcreely  propor- 
tiooai  to  ita  denai^  (a  lelatum  which  ia  implied  in  aquation  {a),  p.  42)^  the  eoeffi* 

CMot  ci{A  —  jr)iM  ttSm  coEpseMioD  if  cowtoat;  w«  thcceiice  icfcceent  it  bj  ^' 
and  WBfta  eqaatioB  (4i)thnfl: 

Tliiit  i«  to  Fay,  tlic  hrat  rxpciH!.  .!  is  {a'0{>or{i.  iii.'il  to  the-  %rork  pTfnrnuNl,  and  fvVv  ?v  r.<v?  ; 
60  that  for  each  kilogranune-dtigrec  uf  heat  expended,  a  quantity  of  work  is  peiformed 
equal  to  E  kilograxnme'metree. 
The  value  of  Jl  can  he  deduced  from  oqnatioii  (n)  tij  intfododng  the  maMiical 

vafaMO  of  the  con'^!;nits,  natm  ly  : 

M  -  lU,daa  kUogr.,         a  »  0  00366dp         J)  ^  I  293  kiiogr. 
0^74)        aad  0  -  0-168  (p.  i'Z). 

Tbtm  Kdnes  giTo  ni : 

£-428; 

tint  is  to  Far,  whrn  heat  h  transformod  into  work,  every  kiloprnrnme-ilt^^oi-  of  h<-at, 
(lUOO  of  the  heat-onits  hitherto  em{>loyod  in  this  article)  consumed  g<!nenites  423 
kilegramaMnneCm  of  work;  or,  more  g'-nerally,  the  heat  needed  to  laiae  tlMterapcn- 
tun-  of  any  given  weight  of  water  from  0^  to  1^  C,  is  equivalent  to  tlie  auiuunt  of 
mechanical  enogy  re^uied  to  niee  423  times  the  game  weight  of  water  through  one 
metre  flrom  the  auiftce  of  the  earth  ■ 

The  ratio  £'i8  therefore  called  the  mechanical  equivalent  of  the  unit  of  heat^ 
and  it.«  renproral  is,  as  we  shall  see,  the  thermal  oquival'  iit  of  the  unit  of  work. 

Iliiit  thi:  ri  lation  between  the  heat  expended  and  the  work  generated  is  necessarily 
eOBstant,  what  vt  r  tiie  proi^^  may  be  by  which  one  it  tZMiaformed  into  the  other, 
Ti^x\]i>  from  t]ii>  following  considerations.  If  by  one  process  a  unit  of  heat  could  bo 
made  iA>  perform  E  units  of  work,  and  by  auutlier  j  i-oeess  £  +  e  uuita  of  work  could 
be  generated  by  the  same  quantity  of  heat,  a  portion  of  the  medmnieal  oneigy  produced 
in  ttda  oeeood  pcoeeia  miffit  be  eipended  in  lemnng  the  ihs^  to  aa  to  zai^^ 
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onsnMil  quantity  of  liMt :  fhns  :  ,  .  <  mbining  the  two  procewi^  tlw  Ibttb  hikngwoAcfiL 

baocwards,  each  tiriit  cf  heat  expfnd*  <1  wnula  reproduce  itself  and  e  units  of  work  iu 
additiov  ;  there  would  thus  be  generation  of  mechunical  energy  without  anj  coiregpond- 
ing  annihilation  of  any  other  form  of  enerpy.  (The  principle  here  implied,  that  ii 
given  quantity  of  work  is  capable  of  gtrisg  rise  to  as  rout  h  ii<>at  as  is  needed  fur  it<^ 
own  production,  reeoke  frcaa.  the  abore  cqoAtiw  (sj^  bnt  it  will  be  fknChn  ooiAidend 
in  what  follows.) 

Kevertlieh's^,  ii^  consequence  of  Uie  tiiiSfmdebWdeftotoof  allezpffirimentalproceiBiei 
thf'  vahif»?'  <jf  L"  (li  (liifible  by  ilitTi  rent  method'^  are  not  exactly  rqual,  l.itt  tlic  agree- 
ment between  them  is  ^uite  sulHcieut  to  establish  the  fuudumcuiHi  principle  of  the 
Mel  eonsteney  of  tlie  mation  be  tween  hcet  and  ynxk.  A  table  giving  tb»  xeenitt  ni 
the  moi<t  iniportnnt  determinations  of  this  Ifttioirill  befimid  Airlihereii  wder  the 
head  Heat  produced  by  Work. 

tJnder  all  eircumataaeee,  the  quantity  of  beat  vlueh  sraat  be  eniploy<>d  in  older  to 
fffc  (  t  the  traii^foniuif idii  of  a  <:iv.'ii  amount  of  it  into  work  considerably  exceeds  the 
quantity  tnuuifonsed.  in  the  example  above  com^idered,  the  total  quantity  of  heat 
imparted  to  tbe  gae  wae  Q ;  but  of  the  work,  A,  generated  by  this  amoout  of  heut 
during  the  passage  of  the  gas  from  the  state  A  t  >  the  state  B,  a  ccftVA  poition,  A\ 
wn??  employed,  during  the  return  of  the  gas  to  its  initial  state,  in  regenerating  ihe 
qiiautily  of  heat  Q.  The  useful  work  per£c>nued  was,  therefore,  A  —  A',  and  the  quan- 
tity of  h(  at  t  nnsfonned  wae  Q—^,  ud  the  tatio  of  this  to  the  tot>l  heat  employed, 

cf  the  ragine  m  whidk  it  takes  place  aa  a  sonree  of  medumieal  power.   The  naxmmm 

rsduv  w\i\i-h  this  fraction  is  capable  t>f  atfalnii)-:,  il  ■] .  nil«.  <,n  the  range  of  temperature 
passed  through  by  the  fluid  which  is  the  medium  of  tiaoalormation.  This  can  be  most 
easily  demonstrated  in  a  case  where  the  changes  of  the  Totnme  of  the  gas  take  place  at 
constant  temperatures ;  thut  is,  where  it  is  kept  at  one  temperatmv  during  the  whole 
process  of  expanpion  and  at  anotbi  r  during  the  whole  process  of  contract i''>n. 

These  conditioui  ure  approximately  realised  practically  in  the  air-engiu  •  iu rented 
by  the  Be?.  Kobert  Stirling,  in  1816.  This  engine  oonsists  isst  utially  of  two  cylinders; 
«  Inrfnr  one  to  which  the  luat  U  aj>i>!ie«l,  wliieh  we  maycall,  f  r  ili^tinetion,  the  henting 
cylinder,  and  a  smaller  one,  which  may  be  cidied  the  workiug  t^  liuder,  wherein  tho 
tranfbnnation  of  heat  into  work  taken  place.  The  bottom  of  the  working  cylinder  is 
conticrfptl  1  V  a  pipe  witlmut  a  valve  witli  tli''  ti>}>  of  tlie  lu  alin^  e_\liinler.  Wifliin  the 
heating  cylinder  is  a  plunger,  composed  of  non-conducting  materials,  wbieh  uccupieit 
nearlyban  its  length,  «id  betwMH  it  and  the  sidee  of  the  cylinder  ave  passages  by 
which  tlu  air  eaii  pa-s  frum  one  end  to  the  other  wli en  the  ]>hin^'eri<i  rais*^dor  lowered. 
In  tho  working  cylinder  is  a  piston  which  fits  it  air-tight ;  this  piston  and  the  plunger 
of  the  other  cylinder  are  both  attached  by  coiini*oting  rods  to  eninks  fixed  to  the  same 
axle,  but  making  an  angle  of  ninety  degr.  s  with  each  other.  The  heating  cylinder 
is  fl..'^.  1  at  tlie  t' i\  au  l  tho  rod  from  which  the  plunger  hangs  passes  through  an 
air-ti^lit  j,i  ulliiig  hvx  ;  the  working  cylinder  is  open  at  the  top.  Hi  at  is  applied  to  the 
bottum  of  the  heating  cylinder,  and  the  upper  part  is  kept  cool. 

Tile  arti,,ii  of  the  en^'ne  w  i\n  follows:  Suppose  the  pluii'ier  to  l<e  at  the  top  of  %© 
heating  cylinder,  and  consequently,  the  piiiton  in  the  working  i  vliixler  iu  the  middle  of 
its  stroke  ;  then,  if  heat  is  applied  to  the  bottom  of  the  heatini:  cylinder,  tbeair  eOD- 
fniiied  ilit  re  I'elow  tlie  plunp'T  "vriH  be  e^cpanded,  an<I  will  press  fhr  jiiston  npwnr^s : 
but  the  motion  of  the  piston  being  communicated  through  the  axlo  to  the  plunger,  the 
latter  wiU  descend,  and  displaciag  the  heated  air  tnm  the  bottom  of  the  beating 
evlin*ler,  drive  it  into  the  cixil  sj'aCf  at  (lie  top.  The  ela^tie  furee  of  the  air  beinp  tliiis 
'f'raip?f^h**d;  the  piston  will  be  Ibrced  down  by  the  pressure  of  t  lie  air  upon  its  uppor 
enrftce ;  die  plunger  now  rvtnming  to  the  top  of  the  heating  cylinder,  the  air  will  1m 
driven  to  the  bottom,  where  it  v  ill  1"  again  heated,  ami  the  piston  will  be  again  forced 
up  by  its  expansion.  Thus  by  the  alternate  hefUing  and  oooling  of  the  same  qiiantilj 
of  air,  the  motion  of  the  engine  is  kept  up. 

In  consequence  of  the  manner  in  which  the  piston  and  plunger  are  respectively  con- 
nected with  the  axle,  each  attains  its  ina:Timiim  velocity  while  the  other  is  at  re^^t.  so 
that  the  action  of  the  engine  during  one  revolution  may  be  considered  as  essentially 
made  vp  of  four  periods:  in  tiia  first,  the  tempeiaturc  of  the  air  is  raised,  its  volume 
remaininj;^  the  snme,  and  eonsequently  its  prr«;*!iire  increasing;  in  tho  second,  the  air 
expatidii,  performing  work,  but  so  much  beat  is  imparted  to  it  during  the  napansion, 
that  its  temperature  remains  constant ;  in  the  third  period,  the  tempemtnve  of  the  air 
is  refluci-il  tu  wliat  if  \va>  at  trie  b.  u^iiiin'iiir  tb-'  flr^t  period,  its  volume  being  unaltered, 
and  therefore  its  elastic  furee  being  diminished ;  and  in  the  fourth,  it  is  compressed  to 
ita  ociginal  toIudc^  tibe  heat  generated  by  the  <»)mprcssion  bring  withdrawn,  to  that 
the  avr'  tmthm'tt  the  aame  tempenitare  thHwmfawt  the  whola  pneeM.  Theae  Ibiir 
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Oceratioaa^  eonstitutisg  togetKer  one  cycle  in  the  action  of  tbft  engilie,  aujr  bs 
Kpre«<enfed  by  a  dinirmm  nuchas     648^  where  the  abadasa  O  A  reppeaenta  tbo  Tohund 
e^of  a  umtoi  weight  uf  uirattheiiu-  ' 
 ' — » and  theordtnate  'S?.  W8L 


AM  represents  the  corresponrJing 
pKssorc  The  air  is  first  heated, 
vithoot  auugie  of  vuliuae,  frms  the 

tcmprrature  to  tlio  fC'in|H'rafnre 
t^i  during  thi«  opemtiuu,  iu  eiaatic 
mce  fnrmewwi  to  p^,  represented 
In  1  he  diagram  Lytlie  onliiuifi' A  P; 
mi  to  effect  this  change  a  quaBtity 
of  hetf  eqfnal  to  o  (^j  —  ^o)  mmt he 
japarted  to  it,  0  being  the  specific 
heat  of  air  at  a  constant  Tolume; 
but  as  no  expuu&iou  takm  place,  no 
wtA  is  performed  Neat»  the  air 
expands  from  the  yolome  Vq  to  th>> 
Tohime  Tj,  reMesented  by  the 
aibaeisj»  O  B.  Snoe  tho  teupera- 
tTim  of  the  air  i>  kt-pt  rnn«;tant  wliilo  it  t-xpaiids,  the  pressure  vmnr^  invrr'f'ly  t!ir> 
Toiume,  a  relation  rtpresented  by  the  hyperbolic  arc  P  Q,  ao  that  the  tinal  pressure  of 
the  cspeiided  air  is  represent  bf  the  ordinate  B  Q.  During  tibia  operation,  external 
work  i?  I'crformnl.  wluL-li  is  oljviously  proji<jrtinnal  to  the  ar>-a  A  P  Q  B,  onntaiiHxl 
between  the  arc  F  Q,  the  axis  of  absciaaie,  imd  the  two  ordinate^  A  i'  and  B  Q.  Bat 
in  order  to  pcovent  tho  ecxdtng  of  the  gaa  daring  ita  expanaion,  a  quantity  of  heat,  q, 
mwi  given  to  it,  of  which  the  mechanical  equivali  nt  is  exactly  the  (xt*Tnal  woni 
which  this  area  represents.  In  the  third  operation,  the  air  is  cooled  to  it^  initial  tem- 
perature Iq,  its  volume  remaining  unaltered,  and  therefore  no  work  being  gf  ncrated  or 
eaqpsnded.  The  nresama  it  thus  reduced  from  U  Q  to  BN,  aad  •  qpumtity  of  heat 
requires  to  be  withdrawn  eqnal  to  r  (/,  —  /„).  Lastly,  the  air  is  compressed,  whik  kept 
at  the  constant  temperatarc,  f^,  to  its  original  vohmie  Vq.  To  eflfcct  this,  work  must  be 
eapended  and  beet  mnst  be  remoTed  from  tlie  air.  The  rebvtion  between  volume  and 
pn'-«!«iin:'  Ix  iiitj;  rrprt'^ented  bv  the  hyperbolic  arc  NM,  the  work  needed  f.'r  tht»  com- 
pression ot  the  air  is  represented  by  the  area  A  M  B^  and  is  precisely  the  mechanieai 
•qvTalant  of  the  qnaatitf  of  he«t,  q',  which  moat  be  withdiwwB  fnm  the  air  in  oider 
to  maintain  its  f  emperatnro  ri>ii'-lant  during  the  prnpr«<s. 

Aooocdingly.  during  the  first  two  operations,  the  air  zeceiTsa  a  quantity  of  heat 
cqoal  to  €  {fi-^c,}  +  9,  and  deveknea  a  qnsatityof  eatemal  work  geometrieallj 
represented  by  the  surfaoe  APQB.  In  the  two  following  operations  f|j.  loses  a 
quantity  of  heat  equal  to  c  -  <o)  +  q,  and  there  is  ej^pended  a  quantity  of  work 
geometrically  represented  by  the  sin^itee  AMNB.  The  ultimate  naelVd  npeilditaM  of 
heat  is,  theret>>r«s  '/  —  '/.  and  the  amilable  quantity  of  work  generated  is  represented 
by  the  area  iMPQN,  orthe  ditTerence  between  APQB  and  AMNB.  Tho  total  ex- 
penditure of  heat,  during  the  complete  cycle  of  optrutioiis,  is  ij  ;  the  quantity  (/  given 
ont  by  the  air  during  its  canqawaaion  at  the  temperature  cannot  in  any  way  be 
made  avaiiablo  for  tlie  maintenance  of  the  action  of  tlie  macliine,  and  may  therefore  be 
considered  as  eutirtly  lo»t.  The  qtuintity  uf  heat  c(/i— ^o)>  "^bich  the  air  gives 
oat  vbett  eooled  from  the  tempenitiire  to  the  tempmatrae  may,  on  the  000- 
trary,  he  ompli.yed  to  lieat  another  quantity  from  f„  to  t^.  nnd,  tlierefore,  do.  s  not 
laake  part  of  the  ultimate  expenditure.  The  reason  why  this  portion  of  heat  can  be 
leeowwwdt  while  the  qnantity  q'  cannot,  is,  thai  it  ia  heat  of  a  hif^w  tempentwa^ 
whereas  f/,  bein^  heat  of  the  t<  miHrature  is  nsr-lops  for  henfin;:  any  body  to  a 
tMnpatature  higher  than  to-   The  lado  of  the  usefol  expenditure  of  heat  to  the  total 

q-q' 


The  values  of  the  quantities  0  and  q  can  be  found  as  follows : — representing  tho 
""^f^r*^'  eqnhnleniof  heat  bj4  we  ham,  aa  m  eonaeqiieiioe  of  the  ab0T»  diacmieion, 

Bi   »    am£APQB^    tatABsf   m  amf-AlOB^ 

r^\PQB^-  nnrt.  AHNB  ^ 
surface  APUH 

But  TQ  and  ^TN,  "ncr  r^nc-h.  nn  rirc  of  a  rectangular  hyp»  rl)ola  o*"  v.b'  di  the  lines  of 
noTolwiie  and  ao  pressure,  UY  and  OX,  are  the  asymptotes,  it  folbws  that  the  sui&ce 
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APOBiatotbenEfaoeAMNB  M  AP  to  AM.  TherafioM^  XZj'  .  4? 

AM 

.   ft  ~  f'..  Biitj>a  and  ji» aw  thgfBWpnw  cxwrted  ty  fli»  ame  mw  of 

under  tie  some  volume,  Vq,  at  tlia  two  tempezatoMa  ii  and     t  eonaeqnenUj, 

(by  equatiou  b,  p.  46),  and — 

Fa     «  +  <D 

g  -  f    ^        -  pi   ^    (g  4-  <,)  -  (g  »  <,)    ^    Ti  - 

nnd  r„  representing  the  abs<dnte  taoftntvana  (see  p.  62)  ooneepciiduig  to  the 

ccjQtigrade  t«mperatur«ifl     and  t^. 
A  abdlar  in'vcatipptioii  of  any  othar  eogiDa  in  whleh  mA  u  ftnerated  bj  the 

expenditure  of  heat  in  causing  tin  altemat*-  expansion  and  contnicf  ion  of  n  jras,  would 
lead  to  the  «une  enrewion  for  its  maximum  effideucgr ;  hence,  in  ereiy  air-engine, 
whatever  ita  node  of  action,  provided  no  best  ia  apent  mtileflBly  io  eanaing  changes  of 
temperature.  iIk-  TAt'\o  of  the  useful  i  xjx  nditure  of  h«  :it  to  tho  fofal  expenditure  is 
equal  to  the  diilerence  of  the  absolute  temperatures  between  which  the  eogine  woriw, 
divided  by  the  highest  of  theae  temjperatures. 

The  agreeinaiit  of  thia  tiieotetieat  deduction  with  tlie  results  of  practical  experience^ 
iaoneoftbe  most  conclusive  arpiuments  rhit  can  be  brtn^lif  fonvai-d  in  favour  of  the 
Tiair  which  regards  heat  as  a  mode  of  i  nt  iyy  convertible  mtu  uicchuiucal  viivr^y,  and  in 
oppoaitkm  to  the  older  view,  acct  rdini;  to  wbieii  heat  is  regarded  as  an  indtstnietible 
entity,  and  the  prodiKtion  of  niochanical  energy  by  it,  as  di  pending  upon  its  trans- 
ference from  a  hotter  to  a  colder  body.  Acc^mling  to  this  latter  tlieory,  the  efficiency 
of  an  air-engine  ought  to  be  mwA  grMter  than  that  of  a  ateam-engine, — a  eoadnaum 
which  li.is  not.  however,  liitlii  rto  been  confirmed  in  pmctioc.  Taking  a  sj^ecial 
example,  the  quantity  of  heat  transformed  into  vodc,  compared  with  the  total  heat 
sap^hed  to  ft  ateam-eDgine,  might  be  ealcidated  upon  thia  tnecny,  aa  ibUowa: — Let  tiie 
i  njxmc  1*1  sii.|)pOBed  to  1  !•  workt  1  at  a  jirt  ssiirf  of  5  atmosph.  rt  s,  and  consequently  at 
the  tcmpezuUue  162^.  £aoh  Juiooramme  of  saturated  ateam  supplied  to  the  (^linder 
at  thia  temperature  reqairea  tat  ita  fbniia1ie&,  aeeording  to  Beowulf  a  experiment* 
(p.  97),  6o3  kilogramme-degxees  of  heat,  mintis  the  heat  contained  in  the  water  with 
which  the  boiler  i?*  fpd.  If  wo  suppose  the  engine  to  be  worked  exp.insivt  ly.  dwwn  to 
the  preb&uic  ol  the  atmosphere,  and  that  the  steam  remains  saturated  <huiiig  the 
expansion,  it  will  escape  into  tho  atmosphere  with  the  temperature  lon^.  and  when 
cooled  again  to  the  tempprrsttire  t,  of  the  water  snppliod  to  tlie  boilor,  i  nch  kiloprammo 
will  give  out.  637  — <  kilogramme-degrece  of  lieut :  under  these  couJitious,  therefore, 
ih»  ateam  only  kees.  during  its  e^qiaiisoii  in  the  engine^  (66S  —  ^^—(637  —  I)  * 
degreps-  of  heat  out  <if  flic  whole  quantity  mtitaini'd  in  it.  If  t,  the  initial  tcmperntnre 
of  the  water,  be  10*^,  for  example,  643  kilogramme-degrees  of  heat  will  have  been 
required  to  generate  eaeh  Idlofmnnme  of  ateioBt  *&d  the  fraction      or  not  quite  ^^j, 

will  ri'jiri'si'iif  th.'  i>ro}'ortioii  of  the  total  lu>at  whioli  ha^;  b.'-r-n  ronvrrt.'d  into  niffhaaicil 
encivy.  Tlie  value  of  this  faction  may  be  increased  somewhat  by  adding  a  con  h user 
to  toe  engine,  so  aa  to  obtain  a  greater  range  of  expanaioo.  fhr  example,  the 
temperatnr.'  of  the  (.•onil-  n'-cr  is  40°,  and  the  st.ajn  expands  in  the  cylinder  until  its 
tension  is  the  same  as  that  in  the  condenser,  or  66  millimetres,  conditions  which  arc 
never  quite  attained  in  practice,  the  quantity  of  heat  given  up  to  the  condenser  by 
each  kuogramme  of  steam  will  be  619  —  40  =  oT'J  kil<  gramme-degrees;  and  if  thr 
boiler  is  fed  with  the  corjdi  nsi  d  wati-r  at  the  tempt  ratnrf  40°,  the  formation  of  thia 
quautity  of  steam  will  have  required  663  —  40  =  (jl'-i  kiiogramme-di7:ri»es.  In  this 
oaae,  therefore,  613  —  579  ■>  84  parte  of  heat  will  be  OOOTarted  into  work  out  of 
erery  (»13  parts  impart  rd  to  the  boiler:  accordingly^^  or  my  naazly  ^  wiU  be  the 
fraction  representing  tha  elfieien<^  of  the  engine. 

This  calenlation  (borrowed  ftem  BegnaiiU,  M^m.  Acad.  Scieneei^  zx?i.  introd. 
pp.  V.  v'\.\  it  will  be  ol  scrvt-d.  pnppo^,  s  tliat  jdl  the  heat  wliioh  is  not  rof^nined  in  the 
condenser,  or  contained  in  the  steam  which  escapes  into  the  atmosphere,  haa  been 
oonrerted  into  troric :  nevarthdeaa,  the  effldeney  m  Ae  engine  eoanea  out  mndi  beknr 
what  is  actually  aftaint  d  in  pracficr.  By  tan  ful  i-.xix'nnicnts.  on  large  engines,  of 
i\gwarda  of  100  ][iocse-power,  in  which  the  loss  of  heat  by  radiation  and  conduction,  or 
other  acd denial  causes,  was  estimated  and  allowed  for,  as  aoeuratelv  m  possible, 
'  H  i  ^  found  that  tho  difference  between  the  quantity  of  heat  supplied  to  the  boiler,  and 
that  absorbed  by  the  condenser,  amounted  to  between  p-,and  i,  on  an  avoragp  toal  out 
|,  of  tb»  former  qtiantity.  Practically,  therefore,  the  steam  engine  is  betweeu  twice 
and  three  timen  as  ( iriri( nt  a  iHaehine  as  would  appear  from  the  above  calenlatioo. 

The  key  to  this  coniradiL'tion  lii-fw<  t  ii  lluxjry  ana  ]Tact;ci>,  li>  ?;  in  :i  false  a^fumption 
that  has  been  made  iu  the  eaicuiaition.    It  was  assumed  that,  when  saturated  steam 
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expandH  in  tho  cylinder  of  a  steam-engine,  it  remains  in  the  state  of  saturated  steam, 
and  the  heat  contained  in  it  was  estimated,  in  accordance  with  this  supposition,  from 
Kognault's  determinations  of  tho  total  heut  of  saturated  steam  at  various  tcmpe- 
I  Mtttres.  In  fact,  however,  antlimted  steam,  if  it  performs  external  work  while  expand- 

in?,  ---tiff;!'^  p.irtial  condensation  at  .the  ftiin.-  tiuv-,  .uiil  f!ir  l.iN  nt  In  ;it  i>f  r;i|:H-r".-rition 
I  ot  liii;  :»t«;&m  wMch  condenses  becomes  available  lor  tho  proUuctiou  ui  work  iii  tiie 

i  cjfiadBB,  It  k  not  thenlbre  saturated  steam  vfaich  escapes  from  the  eylindar  of  as 

engine  workinsr  nndf»r  the  conditions  we  hare  pnppn«f^d,  but  a  mixture  of  st^^r^m  sind 
watec,  containing  a  quantity  of  haat,  less  than  the  total  heat  of  vaporisation  of  aa 
tqtai.  wei^t  of  aatnisted  stettm  at  the  mum  traipentiiiie  by  the  latent  heat  of  ynr- 
porisatiuu  of  tlif  pn  >{><->rtIon  of  water  present.  The  necessity  of  fhis  i-ondensation  was 
dodoced  by  Kankinc  in  1819,  and  soon  aftenrards  Clausius,  &3  a oeoousary  oon- 
■e^MOtt  of  the  exMlefiee  of  the  meehauieal  eqmTaleat  of  hMt,  tad  shown  to  be  the 
principal  caus<»  of  the  accuiuulnti  ui  of  water  in  uiyackf  tnl  ^t.  cun-t  Yliiuli  rs,  ^vliieh  had 
ioDg  been  known  aa  a  practice  inconvenience  in  the  working  of  steam  expansivelj^. 
Hm  benefieial  eSbct  of  employing  superheated  steam,  and  of  eodoaing  the  Under  in 
a  steam-jacket,  is  that  the  steam  can  then  expand,  performing  external  worfc,  without 
undergoing  liquefaction.  The  condensation  of  nqnoons  vapour,  vrhcn  if  does  work  on 
expandinsr,  is  distinctly  seen  in  the  formation  (tf  a  mist  under  un  air-pump  receiver, 
containing:  nmist  air,  when  the  piston  of  the  pump  is  raised. 

The  fact  that  a  mri'ii  l.  rabli'  part  of  the  heat  supplied  to  a  stoani-T  oncr  is  consumed 
iu  converting  the  water  into  steam,  is  not  therefore  a  rea^u  why  au  air-engine,  in 
wbieh  no  portion  of  heat  ia  aimilaiiy  ('x;R'n«i>Hl  in  causing  a  change  of  state,  should  be 
Tnorc  cffifirnt  thnn  a  steam-engine;  and  tin-  invisti|^;ition  of  tlitM^onlitton.^  under  which 
wurk  is  generated  in  the  steam^ngine  leads  to  the  general  result,  that  the  efficiency  of 
aaj  heatHni(i:ine  ia  Independent  of  the  nature  of  tiie  Md  whkii  ia  the  medinm  of 
tmnafonuation  of  h'  at  info  work,  and  wlueli  may  air,  steam,  or  any  o(!i.  i-  vai>our  or  • 
gas;  but  that,  supposing  the  reception  of  heat  to  take  place  wholly  at  one  temperature, 
nd  the  rgeetion  of  heat  whoDy  at  wolih«r,  the  heat  tnnribnaed  into  meidianieal 
energy,  is  to  the  whole  h*'at  ri  reived  by  tJi«  fluid,  as  the  range  of  temperature  is  to  tho 
absolute  temperature  at  which  heat  is  received,  and  that,  between  given  limits  of  tem- 
perature, the  maximum  efficieuCTris  attainedwhen  the  reception  and  rejection  of  heat  takes 
.  place,  in  the  manner  just  sbited,  at  the  highest  and  lowest  tvinpf^ratures  respectively. 

Tht'  most  conclusive  confirmation  of  this  rf  sulf  i.s  that  wht'ti  If  is  ap]4ied  to  tho 
cjiicuiiiiiou  of  the  mechanical  cquivalt  nt  uf  lieat  from  lliru'^  >  xpcrimcuLS  on  large 
rti«m-«  n^'iiKs  alri  adv  rt  f.rr»d  t),  tin  tnean  numberfoundis  413,  which  differs  by  only  2^ 
per  rr-ur.  from  t  hat  dodueed  at  the  b^ginniigcf  this  aeetion  Uraan  the  thenaodTiuunie 
propertit;£>  of  air. 

Snat  protfnoetf  ^  WMu^Tn  the  Intiodndion  to  this  artide  (p.  16),  it  is 

pointed  otii  as  a  general  &ct  that  heat  may  ho  i:<  ii<-rati  d  by  rcveri^^in^'  any  of  its  •  fT  ets. 
A  process  by  which  heat  is  mi^e  to  generate  work  may,  therefore,  by  rcversail,  become 
a  y^OfC&m  for  the  conversion  of  work  mto  heat.  But,  as  mentioned  at  the  place  quoted, 
Biediaitiiad  en»gy  ma^  be  towsfcnrm^  into  heat  by  non-reversible  processes,  such  as 
its  expendittun  in  friction  or  percussion.  There  are  also  indircot  methoos  of  transforming 
work  into  heat  which  cannot  be  reversed,  step  by  step ;  for  instance,  mechanical  enoi^, 
a^l  toj^'ivemotiontoa  magneto-electrie  machine,  can  b<'  caused  to  generate  eleetxia^, 
and  tliis  cltv'tricity,  if  not  expended  in  effi-cting  chemical  changes  or  in  reproducing  me- 
dmnicai  energy,  takes  the  form  of  heat  in  traversing  the  inducting  wire,  although  by 
applying  heat  to  the  homogeoeooe  oondneCor,  elefltcieityeodd  not  be  regenerated.  This, 
therefore,  i.s:  an  indirert,  non-rfVersiLle.  process  of  transformation.  But  it  is  found  that 
whether  the  process  by  which  mechanical  energy,  or  work,  is  converted  into  heat  is 
dheet  or  inra«et,  mfvniUe  or  non-Tev«nihle,^e  quantity  of  heat  gwierated  1^  a 
<.Tv.n  qnanflty  <>f  mechanical  rn«-rL'y  <'.v|)endcd  is,  within  the  Ilinifs  of  c.\|>crlinrntii1 
eccor,  always  the  same,  and,  within  similar  limits,  the  same  an  the  quantity  of  heat  ro- 
qmrei  to  rfgeooralc  the  original  quantity  of  meduuuoal  energy. 

The  simplest  mode  of  transforming  work  into  heat,  is  perhaps  the  compnssiun  of  a 
gaa,  by  which  means-,  as  in  the  familiar  experiment  of  the  fire-syringe,  a  temperature 
sufficiently  high  to  inflame  easily  combustible  substances  can  be  produced  without 
difflen^f.  TIm  ganeration  of  heat  in  this  manner  can  be  made  a  continuous  process,  by 
altemately  compresssing  the  gas  at  n  hi^h  tfrapfraturc  and  allowing  it  to  expand  at  a 
lam  temperature.  The  reversal  of  the  four  upcraiiuus  reprcist  nti-d  by  the  diagram,^. 
9t7t  p>  121,  voeld  oonstitute  .«iich  a  process,  and  by  the  application  of  reasoninL'  sue  h 
ns  thnt  prori on '«'ly  employed  in  flir  considcni ion  (if  this  cose,  it  is  ovidt  iit  tliiit  tlie 
wurk  which  it  would  bo  necessaiy  to  expend,  in  order  to  efiect  this  reversal,  would  bo 
rspMented  hyA'^JP,  and  that  the  heat  gsnefated  tlieiehj  wmild  he 

Q  ^  Q'  ^  ^.  (  A  -  ^Oi  •  • 

bfring  as  before,  tho  mechaoical  equivalent  of  h(^* 
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The  expenditure  of  mechanical  energy  in  compressing  li<^uid  and  solid  bodies  is  also 
«ltfiided  widi  tbe  piodactioii  of  liMt  Acocndingto  TnomaoBf  thetheimAleffiwi  of 
con^w ton       m  «aqMMM«d     tiie  IbmniU : 


where  6  is  the  effect  in  quesfion,  t  the  absoluto  temperature,  a  the  coefficient  of  expan- 
sion by  heat,  p  the  pressure,  E  the  mechanical  equivalnnt  of  h(>at,  ami  r  the  spiciflt^ 
heat  of  the  iubstance.  This  formula  has  been  veriflod  by  J  o  u  1  e  (I'roc.  Koy.  Soc  ix. 
496)  by  ecperimeiit-s  on  water  :ind  upon  oil,  the  temperatuns  vun  ii^g  in  the  first  case 
between  r2°  C.  and  4(i  i^  aiul  the  pres«nirps  betwppn  15  61  and  25-34  atmospheres; 
in  the  experiments  on  oil  the  t«;mperaturt"  wai;  always  about  17*  and  the  pressures  wero 
Yiried  fimm  7'92  atmosphenM  to  25;34.  In  the  experiniMitB  od  water  at  1*2°  pressure 
caused  a  lowering  of  tpmpemtnre  instead  of  a  rise,  a?  in  fhf  nthrr  fTpcrinirnts,  a 
result  which  agrees  with  tiie  fact  that  waU^r  contracts  by  heat  at  this  temperature, 
ffimikrly,  triien  weights  are  laid  upon  metalUe  piUars,  heat  is  evolved,  and  is  abeos^ied 
when  thry  Are  removed,  the  quantity  rvolvi  d  or  absurlircl  inerrasinp;  with  tliL'  weights 
employed  (Joule,  ibid.  viiL  561).  Conversely,  the  stretching  of  mctalUc  wires  causes 
heat  to  disappear.  J onle  Ibnnd  (iHd.  viii.  S56)  tiiat  an  iroQ  wire,  ^  indi  in  diameter 
was  cooled  '  dogrrpf!  C.  wlu  n  stretched  hy  ;i  weight  of  77o  lb.  Similar  results  were 
obtained  with  cast  iron,  hard  steel,  copper,  and  lead.  The  thermal  effects  were  in  all 
oasee  found  to  be  almoit  idniticsl  with  those  deduced  from  Professor  Thomson's 
theoretical  iuvest^jation,  the  putionkr  fiMinuU  ^pUcable  to  the  ease  in  queation  being 

Q  H        iriuM  <2ia  the  hMfcabeocbedin  «wixttOoeJbotIonft  and  tite  other  agrmbohi 

.    have  the  same  sigidfloationsM  above.  Vnleaaisedinduprnbbei!;  whidi,iri)ienstret(!bed. 

confraff.s  by  heat  (p.  "3).  bncame  hottrr  wlnni  the  strefchini^  wci^dit  wa.s  applit-d,  and 
colder  when  it  was  removed.  Similar  results  have  been  obtained  by  Edl  u  n  d,  (Ann. 
Oh.  Phys.  [3]  bar.  S45).  whose  CKperimeots  lead  to  tiie  following  general  coneIuRiona:» 

1,  When  a  metal  is  str- 1 -  hcd,  without  exceeding  its  limits  of  elasticity,  •  ooolil^ 
effi.'Ct  is  produced  proportional  to  the  mechanical  force  employed  to  stretch  it. 

2.  If  the  metal  afterwards  return  to  the  original  volume,  performing  in  so  doing  a 
quantity  of  external  work  equal  to  that  expended  in  stretdiiqgiti  itishMted  to  the  same 
extent  as  that  liy  which  it  was  previously  cooled,  and  consequently  pTr>j>ortion:d  to  tJie 
mechaniail  force  by  which  the  metal  was  kept  in  the  stretched  state  btforc  mutractiug. 

S.  If  on  the  other  hand,  the  metal  resum<  .s  it  s  original  bulk  irithout  perfcmittg 
external  work,  it  in  movf  stronirly  hoatod  than  in  the  previous  ca?p.  nnd  tin-  diffi-renee 
between  the  two  heating  eii'ects  is  proportional  to  the  external  work  performed,  in  the 
one  ease,  by  the  metal  onriD^  its  contraction. 

4.  From  tho.^r'  threv  principles,  il  fi»llo\v.s  that  ■wlicn  a  Tnefal  passed  fmm  the  volume 
l\  to  the  volume  K^,  without  exceeding  {he  limits  of  perfect  elasticity,  tbo  accompany- 
iog  cdorilte  eflbct  doaa  not  depend  solely  upon  tbn  initial  and  final  Tolnmes,  but  also 
upon  the  manner  in  which  the  cntize  change  takee  plaOBi 

Experimental  r)i^Trn!vtr?ATTov  or  titr  Miicttaxica-l  Eqcivalbxt  or  TTtat. — It  is 
obvious  th^  any  of  the  processes  whcrebv  work  is  transformed  into  heat,  or  beat  into 
woric  may  serve  for  the  dptermination  or  the  nnmoieal  ratio  eztsting  between  the  nnit 
of  work  and  the  unit  of  heat,  provided  the  process  !-  sueh  a.s  to  admit  of  the  accurate 
measarement  of  the  work  or  heat  expended  and  of  the  heat  or  work  produced.  The 
eadKest  sttempt  to  aaeextain  the  -vuhie  of  this  :nitio  tppears  to  have  been  made  by 
Count  Rum  ford.  His  experiments  described  in  his  essay,  entitled  An  ^Erprri  mental 
Inquirt/  concerning  the  Source  of  the  Heat  which  w  excited  hy  Friction  (read  before  the 
Royal  Society,  January  25,  1798,  and  published  in  the  Phil  Trans.,  also  in  "  Essays, 
Pomhal,  Economical,  and  Philosapkieal,  by  Benjamin  Count  of  Rwinfird,"  8  vofe.  8vo, 
Lond,  1798-1802,  voL  ii.  p.  -inOX  were  made  Viy'profsinfr  a  blunt  steel  borer  against  the 
bottom  of  a  cavity  made  in  a  brass  cylinder  whicii  was  eamstd  to  rtivolve,  while  the 
borer  was  kept  stmonaiy.  CSonsidering  the  state  of  opinion  at  the  time  as  to  the  fro- 
bal'le  nntnrr  of  heat,  thesf'  experiments,  and  espocially  tlie  eonelu'-ions  dratm  from 
them  by  their  author,  are  very  remarkable^  but  it  is  only  of  late  vears  that  they  have 
attnveted  the  attention  wfaieh  Ihey  deserve.  In  the  nrast  oomplete  ezperhnent,  the 
bra.es  eylindi-r  was  placed  in^iide  a  wooden  box  containing  1877  lb.  avoirdiipol'^  of 
water;  the  temperature  of  the  water  at  the  bcgiiming  of  the  ezporiment  was  60^  F., 
and  vas  fotmd  to  rise  continnously  when  the  cinder  was  set  in  motion,  until  iit  the 
end  of  2\  honrs  tlir  wati  r  boib  1,  Rmnfurd  states  the  results  of  tliis  experiment  in  a 
tabular  form,  taking  account  of  the  weights  and  speeiiic  heats  of  the  brass  cvUnder  and 
steel  borer,  and  gives  the  total  qnantitY  of  hei^  produced,  exclusire  of  ue  amount 
ncenmulated  in  the  wooden  bo]^  and  of  that  whidi  was  lost  by  tndiation,  aa  mfBcient 
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to  raise  the  temperature  of  26*58  lb.  of  water  180  degrees  Fahrenheit,  or  from  the 
tnmng  to  the  lioiling  point;  ho  then  quotas  eaqxtimeate     Or^wford  and  by  hioi- 

adf.  from  which  ho  coticludes  "th;it  the  quantity  of  li(  .\t  proiluced  equably,  or  in  A 
a  aontinnal  stream  (if  1  may  ose  that  expreasioai  hv  the  friction  of  the  biont  staal 
tecr  agatnakths  bottom  of  tiia  hollow  metallic  eymuLer,  in  the  experiment  under  eon- 

sideration,  was  great'  V  than  that  produccil  I'quably  in  the  couil-ustion  of  w/?j«  wax 
candleg,  each  |  of  an  inoh  in  dismeter,  all  boziung  together,  or  at  the  same  time,  with 
clear  bright  flames." 

The  two  paraiirraplM  which  frlhnr tins  are  especially  remarkable,  at  thaj  show  thaA 
Buniford  di^tin -tiy  saw  the  mnrro  d  this  heat  in  tlw  meehaninal  unifgy  whieh  was 

ex.p«>nded'  uuriug  its  pnxluotion  : — 

**  As  the  madiinery'  nsed  in  this  eqMriment  could  easily  be  esnried  moid  by  the 
forco  of  one  horse  (though,  to  render  the  work  lighter,  two  fiorsen  were  actually 
employed  in  doing  it ),  these  computations  show  further  how  laive  a  quantity  of  heat 
mi^jbt  be  pndnBad,  by  proper  masTiaiiif  iil  coutrivuDoa,  uercl^  uy  the  stvn^gth  of  n 
horso,  without  Are,  light,  rombustion,  or  chemical  decomp)Osition  ;  aady  IB  eaiS  Of 
necessity,  the  heat  thus  produced  might  be  used  in  cooking  rictuals. 

Bat  no  eircanstaness  can  be  imagined,  in  wbi<ii  this  inethod  of  pocnriog  heat 
would  not  be  dituidrantagouus  ;  fiir  more  heat  aig^  be  obtained  bj  nslng  the  fodder, 
neceesanr  for  tlie  support  of  a  horse,  as  fuel." 

Afterb  ringing  forward  arguments  and  direct  experiments  to  prove  that  the  evolution 
of  heat  cannot  hare  been  due  to  an  alteration  in  the  capacity  for  heat  of  the  particle! 
of  mf'ta!  dotached  fnini  the  larger  solid  masses  by  the  friction,  and  that  it  cannot  liave 
been  furnished  by  the  air,  nor  by  the  water,  nor  by  the  piocfrf  of  raetul  by  which  the 
ejUnder  and  borer  w. re  supported,  he  says: — "It  appears  to  me  to  be  extn'mely 
diffirult.if  not  quite  imjxis-sible,  to  furtn  any  distinct  idea  of  anything  capable  of  b<inff 
excited  and  communicated,  in  the  manner  the  heat  was  excited  and  conununicatea 
In  these  experiments,  except  it  be  xottok."' 

According  to  Joule's  reduction  of  th'  se  results,  they  indicate  that  the  heat  required 
to  raise  the  temperat  ure  of  a  pound  of  water  one  ^i^g^ee  X'^ahr.,  is  equiralent  to  the 
medmnSeal  energy  i  epreeented  oy  1084  foot^perada.  This  nnmber  diflnrs  eonaideinbly 
from  tliat  deductd  fr-mi  the  more  accurate  experinKMits  to  be  deseribtnl  Ik-Iow;  bntthe 
difference  is  of  the  kind  that  might  have  been  anticipated,  and,  oonaiderinff  the  manner 
in  which  Rnmibrd's  experiments  were  made,  it  is  not  exoeesire.  It  will  be  seen  that 
then-  were  not  of  a  kind  to  furnish  accorate  data  for  determining  the  quantitative 
relation  between  heat  and  work,  ajid  it  even  seems  likely  that  the  idea  of  instituting  a 
comparison  between  these  two  quantities  first  occurred  to  Rumford  after  the 
experiments  were  finished,  his  idea,  during  their  performance,  having  been  rat!  .  r 
qnalitative  than  quantitative,  and  his  primarj*  object,  as  indicated  in  the  title  of  hi« 
psoer,  to  ascertain  the  nature  of  the  source  of  the  heat  developed  b^  friction.  ^  But, 
•mMMg^  the  nunencal  results  of  this  investigation  were  not  sufficiently  definite  to 
posiiiefls  any  great  value,  the  invest  i^jation,  as  a  whole,  is  of  great  importance  as  indi- 
cating a  distinct  stage  in  the  development  of  ideas  concerning  the  nature  of  heat  aud 
its  MatioBS  to  other  ibrme  of  energy ;  and  it  is  ft»  this  reason  that  we  hnre  devoted 
to  it  so  comj'aratively  large  a  sbar.-  i  f  space. 

These  ideas  seem  to  have  advanced  but  little  beyond  this  point  until  about  the 
jeer  184t.  In  ^rt  year  J.  B.  Mayer  introdneed into  sdenee  the  expieasion  **  mechn- 
nical  equivalent  of  heat "  (Ann.  Ch.  Pharm.  xlil  233  ;  Phil.  Mag.  [4]  xxiv.  371),  and 
thereby — probably  as  nnieh  as  by  the  ciilculation  of  the  numerical  value  of  this  equiva- 
lent, founded  upon  the  tlien  ituiccurately  known  ratio  of  the  two  specific  heats  of  air 
—eontributsd  to  ptomote  the  ganeml  adoption  of  the  view  that  heat  and  work  are 
mntMally  convertilde.  In  the  same  year.  Holding,  of  CopenhHfr«'n,  commnnieated  to 
the  lioyal  iiociety  of  Denmark  experiinenta  on  the  production  of  heat  by  friction,  from 
wlddl  he  eoncludrd  t!iat  the  evolution  of  heat  was  proportkmnl  to  the  mechanical 
energy  expende<l,  and  indep* mb  iit  of  the  nature  of  tiie  .substances  between  which  the 
friction  t4>ok  place.  But  it  was  Joule  who  was  the  first  to  publish  experiments 
wUA  were  at  the  ssone  time  snflleieotly  varied  and  snilleiently  aecnrate  to  attract  the 
general  attention  of  scientific  ni'  n.  and  to  be  accepted  by  them  as  d.  finite  proof  that 
the  transfofmation  of  mechanical  energy  into  heat,  or  of  heat  into  mechanical  energy, 
tdcas  ninee  in  every  ease  aeoording  to  a  constant  nnmeried  tntio. 

Joule's  first  experiments,  bearing  dir.  efly  upon  the  subject,  were  published  in  1813 
(Phil.  Mag.  [3]  xxiii.  441).  In  this  investigation  he  showed  that  the  heat  evolved  by 
the  electric  current,  furnished  by  a  magneto-electric  machine,  is  proportional  to  the 
mechanical  energy  expend(>d ;  and  that  the  work  d.me  by  an  electro-magnetic  engine 
is  derived  from  the  work  of  chemical  affinity  in  the  l  attery.work  which  would  otherwise 
l>e  evolved  in  the  form  of  heat.  From  these  facts  he  drew  the  conclusion,  "  That  the 
i|nairitj  rfhinit  nagahln  of  farrriiing  tbir  timrTrmtir*  if  r        — *T 
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of  Falirenhcit's  scale,  is  equ;il  to,  and  may  bo  convertod  into,  a  nuoh.inical  force 
CUpMnnt  raising  838  lb.  to  the  perpendicular  height  of  one  foot."  In  a  .Hul<scqiient 
prjper,  read  boforo  f  hi*  Koyal  Soei<-ty  in  18 14  (Phil.  Mag.  [3]  xxvi.  GTo,  379).  lit- sliowM 
that  the  heat  absorbed  and  evolved  by  the  rarefaction  and  condensation  of  air  in  pro- 
portional to  the  amotint  of  nwdianieal  energy  evolved  and  absorbed  in  thoee  openition% 
and  olitaincd  a  numerical  result  closely  agreeing  with  th:it  of  the  electromagnetic 
experimenta  just  referred  ta  In  1845  and  1847  {ibid,  xxs'iL  205  ;  and  xzzL  173)  he 
dMermined  the  heat  erolfed  hf  tite  friedon  of  muter,  sperm-oil,  and  metmrj,  and 
obtained  the  numbers  781*5,  7?^'-  1,  and  787"6,  by  experiment.s  on  these  liquids  rtspoc- 
tivel^,  as  representing  the  number  of  footrpoonds  which  is  equivalent  to  the  heat 
required  to  raise  the  temperature  of  1  lb.  of  watar  1®  Fidumhait. 

Still  more  elaborate  and  careful  experiments  were  mjide  by  Jbnle,  in  1849  (Phil. 
Trans.  1850,  p.  61;  Chem.  Soc.  Qu.  J.  iii.  316),  upon  the  friction  of  water,  mercury, 
and  ca<t-iron,  by  a  method  similar  to  that  adopted  in  those  laat  mentioned.  The 
■|ip«ratu8  employed  in  this  investigation,  for  the  expcrimento  vponirater,  consisted  of  a 
biass  paddle-wluMi  famished  with  eight  set.<<  uf  revolving  vanes,  working  between  four 

seta  of  stationary  vanes.  This  revolving  appa- 
ratus, of  which  Jiff.  649  shows  a  vertical,  and 
Jiff.  650  a  horizontal  f^retion,  was  firmly  fitted 
into  a  oopper  vessel  (see  Jiff.  661)  containing 
vater,  in  tm  Hd  of  whieh  -w«re  two  sedta,  one 
for  the  axis  to  revolve  in  withoiit  touching,  the 
other  for  the  insertion  of  a  thrrmometer.  A 
•inOtr  apparatus,  but  Bitda  of  iron,  and  of 
smaller  size,  having  six  rotatory  and  eight  s<>ti} 
of  stationary  vanes,  was  tised  for  the  expt«ri- 

_   ,  ,  ments  on  the  friction  of  mercury.    The  appa- 

f  ^"^^  '-^      \         ^'^^      ftiotioii  of  ca.<fit-iron  oonsiated  of  a 

I;  I!  r     L-nfc.  1  vertical  axi.«.  carrying  a  V'erelli'd  east-iron  wheel, 

against  which  a  b«'veiled  wheel  was  pressed  by 
a  lever.    The  wheels  mttt  endoied  in  a  east- 
iron  vessel  filled  wnth  mercun,',  the  axi**  parsing 
through  the  lid.  In  each  apparatus  motion  was  given  to  the  axis  by  the  descent  of  leaden 
•-i.x-  ^  ^jj^^       suspejided  bj  strii^  from  the  «im  «f  two  modni  piinejs,OM  of 

Fiff.  661. 


iHiich  is  shown  at  th.  ir  nx.  s  being  supported  on  friction-wheels  rfi^ and  tJie  puIleTS 
were  connected  bv  hue  twine  with  a  wooden  roller  r,  which,  bgr  Bteii*  of  »  pin,  ooud 
be  easQj  etUched  to  or  removed  from  the  friction  apparatus. 

The  mode  of  experimenting;  was  as  fioUows :  The  temperature  of  the  frictional 

Siparatus  having  been  ascertained ;  and  the  weights  wound  up,  the  roller  was  fixed  to 
e  axis,  and  the  precise  height  of  the  weights  ascertained  ;  the  roller  was  then  set  at 
liberty,  and  allowed  to  revolve  till  the  weights  touched  the  floor.  The  roller  WM 
then  detached,  the  weights  wound  up  again,  and  the  friction  r.  iiewrd.  This  having 
been  repeated  twenty  times,  the  exifcriment  was  concluded  with  another  observatioiTu 
the  temperature  of  the  apparatus.  The  mean  ttuipmture  of  tbe  spartmeot  int 
ewettaiaed  by  observntions  mixdo  .nt  the  beginning,  middle,  and  end  of  each  experi- 
aont  Corrections  were  made  for  the  eflects  of  radiation  and  conduction ;  and,  in  the 
eBpomnents  with  water,  Ibr  the  muuititiss  of  beet  ebooabed  by  the  oopper  vessel  and 
the  paddle-wheeL  In  the  o^enments  with  merony  sod  cut-iron,  the  hratHsapeniy 
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of  the  entire  apparatus  was  sMtftauicd  obsenring  tho  heating  Hfect  whioh  it  pro- 
duced  on  a  known  quantity  of  initer  in  which  it  waa  immorsod.  In  ull  the  experimental 
corrections  were  also  made  for  the  reloci^  with  which  tha  weiglita  TUTirr  lo  tfaa  gxoud, 

and  fnr  tho  friction  and  rigidity  of  the  8trincr!=.  The  thermometers  wre  ftj^ptbh 
of  uiJiciitiug  a  vsiriation  of  temperature  as  hoiiill  as  -ij  of  a  degree  Ful.n-uhcit. 

Th«  following  table  contains  a  Bummtfj  fi#the  results  obtained  hy  tlas  method;  tho 
peeon  !  column  giTee  the  rosult.s  as  they  WCM  obtained  ill  lie;  ia  the  tllild  tlw 

K^ue  ixbuiui  are  corrected,  fur  a  vaoTinm. 

Matcrtai  eapkiyed.  EqulTalenc  In  air.     SqulT«l«Bt  In  racaOk  Mean. 

Water    .     •        rrs-sM        m'99i  772098 

ir«^«r  (773-762  772  814)  r^^.r,!,, 

^^"^    •       •      •     j  776-803  776-352 

fww.  f77eW  776-045  ,,A-M» 

In  the  experiments  with  Mst>iraD,  tii^ftiedou.  of  tile  wheelf  produced  a  considerable 
▼ibratioa  of  the  framo-work  of  tho  apparatus,  and  a  loud  sound ;  it  was  thercfiMra 
necessary  to  make  allowance  for  the  quantity  of  force  expendecl  in  i  rodui  in;^  these 
effects.  The  number  772-65)2,  obtained  by  the  friction  of  water,  is  regaidcU  oj?  tlu  most 
trustworthy  ;  but  even  this  may  be  a  little  too  high;  because  even  in  the  friction  of 
flaid>  it  i mpossH  >!e  otitln^ly  to  aT«ud  nbntion  nd  aoowL  The  coachiaioM  dminctfti 
fh>Ui  ihifet*  *ixperimeiitii  arc  : 

1.  That  tie  ftumiUsf  of  heat  prodttcei  hjf  ihg  frkHom  of  2«(KMb  wlrfW  miH  «r 

liquid,  is  (ilwiu/s  prrsprirtivixiJ  t"  iJie /urc€  exp^nrfrd. 

2.  That  the  ^uanttt',  <>/  hi  at  cajpabk  of  incmuiH^  th€  ttmptirature  of  I  lb.  qf  water 
{tcdghrd  i»  «MVO^  ahd  ty:,n  M«  umd  60°)  hy  V  F.,  rtauirts  for  it»  evpiuHem  Ot 
txpcnditure  tf  «  m^eohamcai JnfC$  rqwMmletf  hjf  tkejkil     71i  wn.  An^A  tk$  afUM 

O*-,  rt»  Awrf  eajpaXh  ofinottaging  tht  temperature  of  1  gramme  of  Mttter  hu  1'  C,  w 

etptiniUnt  f"  a  fore  r. i.rtmnt'd  hy  the  faff  rf  ■I23-5o  <jrain>,u-^  tkhmgh  WO  OfOOO  tf 
1  nutre.    This  is  co^nsequentlu  the  equivalent  qf"  a  tutit  of  kcal." 

Since,  in  consequenee  of  the  wcarclnw  thai  h«?e  been  mentZoned,  the  attention  of 
iriwBtifte  men  has  been  prominently  call-  d  tn  the  mutiuil  cquival-  iu'.  of  heat  and  worit, 
several  jnTostipitions  have  b<»en  made,  either  for  tha  expraas  purpose  of  ascertaining 
the  luim.  ric  il  rutio  expressing  that  equivalence,  or  iinolnng  dettrminations  from 
whiih  tij.it  nttio  can  be  calculated.  In  the  following  table,  taken  from  Verdet^e 
d'  J.i  Tlii'-rh'  M'  lini^m  de  la  Chaleur  (Paris,  1863),  the  most  tnisttrorthy 
det«'rmiiiations  ot  tlic  ni<'<  lumical  equivalent  of  he4it  are  put  together.  Tii«  liumWiij 
here  fiven  xefMoent  tiu*  number  of  kilogramme-metvee  vnieh  is  equivalent  to  1  kilo- 
^ni<iie-do|rroo  caatignMK  or  the  nomber  of  gtaamo-mHIsm  whiui  la  tqpknSMUt  to 
1  gtaume^degreeu 


Xalure  of  the  phenomenon  irhenc« 
Um  datMrmuMakxi  i»  dr»wu. 

'PhflrsnphfTs  who  hi»»e 
itulii-iitLil  thr  fficoroti- 

Philotophori  who  h«r« 
luppUed  the  experimeulai 
date. 

Mechanl- 
CAlcqtU* 
wakmt. 

taent  propertiM  of  air . 

Wok  done  br  the  itefliil-engiDe 
Heat  evohca  bj  indiieed  car>| 

rents   .       .       •       •  ) 
Heat  evdTed  bjr  an  eleetlo>j 
magc^tie  engiiM^  at  net  andV 

in  motion  .  .  .  / 
Total  L.  at  evolved  in  the  cir-j 

cmt  of  a  Darnell's  battery  \ 
1  H^-nt  fv.lrc'd  in  a  metallic  wire » 
i  through  which  an  elccUic^ 
1   enmtiepMiiiig  I 

j  Mayer. 

Clanehu. 
Joole. 

Pavzek 

Baeedia. 

ClauiiiujB. 

V.  Eegxuiult.  / 
MoUandnuiBeek.$ 

( Joule. 
^Favra. 
Bin, 

ibola. 

<W.  Weber, 

Qointus  IciUiis. 

4M 

424 
413 
411 

*S% 
448 

|420 

400 
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HEAT. 


Dynamical  Tiironr  of  Heat. 

For  Tcry  long,  two  rival  UuorioB  bare  bt^cn  held  regarding  the  nature  of  beat :  on 
tho  one  hand,  heat  hu  been  viewed  ae  baving  a  material  »d»tenoe,  though  differing 
from  ordinaij  matter  in  being  without  wf  iglit.  and  in  o&carraipe^ ;  <m  the  other  handC 
it  has  been  regarded  as  a  state  or  <»ondiiion  of  or^Hnarv  mattrr,  nnd  gonprallyaa  a  con- 
dition of  motion.  Prum  the  latter  pa-t  uf  the  Lust  ceutviT)',  until  t  he  moloni  researches 
Upon  tbe  meehanicel  equivalent,  the  former  view  had  by  &r  the  great<  r  number  of 
iiiiliorcnfs.  Its  popiilurity  rnay  be  tru'cd  chit  fly  to  the  teaching  of  Black  and 
Lavoisier.  By  the  former  of  these  pbilosophenj,  the  various  capacities  for  hont,  or 
epedile  heeta,  of  diflUmnl  bo^efi,  seem  to  hare  been  legatded  ea  ana1<^ous  tu  the 
■various  proportiors  of  the  same  acid  required  to  neutralise  equal  qunntitios  of  different 
bases ;  while  the  solid,  liquid,  and  gaseous  states  were  eirolaincd  him  as  represent- 
ing so  many  distinct  proportioaB  in  wliaeli  heat  was  oqiabie  of  eomibuiing  with  ordtnarj 
matter.  Very  .similar  views  were  advocated  hy  Lavoisier:  ho  retranTeil  all  frr-,  ^  is 
compounds  d  a  base  characteristic  of  each,  with  co/ortc^and  supposed  that  when,  as 
tile  ramlt  of  dieiiHeel  seHon,  they  amiDed  fhe  UqtiM  or  wRId  state,  tine  eilone  was  set 
free  and  appean-d  as  sen.'^iWo  heat.  Calorie  wa.s  th\ifl  the  jjhy.'sieal  represmtativr  of 
phlogiston,  in  the  same  way  as  oxygen  was  its  chemical  representative :  the  physical 
portiuu  of  the  phoMaaena  vreriously  attiibntvd  to  dephlc^stication,  beins  regarded  by 
Lavoisier  as  caused  by  trie  liberation  of  caloric,  just  as  the  chemical  portion  was 
explained  by  him  as  combination  witli  oxygen.  Thus  he  uniformly  speaks  {TVaite  eli' 
mentaire  de  Chimie)  of  the  "  decomposition  "  of  oxygon-gas  by  combustible  substmicee, 
into  oxygen  (whidl  OMnbiDes  with  the  combustible)  and  MMrie  (which  is  set  free). 
It  is  tnie  that  LnToisier  ptiards  himself  against  definitely  oxpresfinfj  his  belief  in  tho 
existence  of  caloric  as  u  substance,  but  he  enumerates  it  in  his  list  of  elements,  and 
■eefai  to  explain  all  calorimetric  pheBOBMna  by  the  analogy  of  the  oombinrtkn  at 
separation  of  elementary  bodies.  Hence,  whether  repHrdea  by  him  aa  naecaaaril^ 
material  or  not^  it  became,  for  his  followers,  "  an  impond*^rable  element'* 

It  will  be  HiM  n  tliat  beat  was  compared  to  attatenal  substance,  by  both  Black  and 
Lavoisier,  in  ortit^  to  explain  its  th-  n  Vnovm  quantitative  relatiuns  ;  and  from  this 
point  of  view,  the  conception  introduced  bv  them  had  the  great  advantage  of  being 
mora  eaaily  graeped  tium  any  irhleh  die  aaToeatee  of  the  fmnictarial  nrtnre  of  heat 
had  to  offer  in  its  place.  It  was  mxich  easier  to  coneelvf  of  definite  qmintifies  of  an 
exceedingly  subtile  mibstanoe  or  fluid,  than  of  di^te  quautittee  of  motion  which  wna 
itself  nndcftned  ea  to  He  natvre.  It  wae  a  dfvect  eonsequenoe  of  tin  inatetial  Tiew, 
that  htat  sbotild  be  considrred  as  indestrnctible  and  as  incapable  of  being  prtxlneed, 
and  therefiuK  that  the  total  quantity  of  heat  in  the  nsiTene  i^ould  be  legudied  as  at 
all  limea  flie  aantei 

The  greatest  difficulty  which  tho  npholdeii  of  the  mlMtantial  existence  of  Heat  had 
to  meet,  was  its  production  by  mechanical  m'^ans,  a  phenomenon  of  which,  as  wc  have 
seen,  several  instances  were  disliuetly  rccoMrnised.  Here  it  was  not  easy  to  deny  tho 
;i<  rual  generation  of  heat,  and  to  explain  the  effects  as  depending  merely  on  its  attered 
distribution.  Nerortheless,  the  evolution  of  iieat  Itt  friction  and  ])ereas,«ion  was  pene- 
r^tily  coujiiderc'd,  by  the  advocates  of  the  material  view,  as  in  some  way  resulting  iVum 
a  diminution  in  the  capadties  fiw  heat  of  tbe  bodiee  operated  upon  ;  and  this  cxplana- 
t  '  '1  b  rivrd  eonsidrrable  mipport  from  the  romark,  made  by  Black,  that  apieee  of  soft 
winch  has  been  once  made  red  hot  bv  hammering  (seep.  119),  cannot  bo  so 
heated  a  second  time  until  it  has  been  heatea  to  redneea  in  a  fire  and  lUlowed  to  cooL 
In  thin  ea'^'^.  f^'-rtainly,  it  scr-m.-d  as  though  the  hamnieriiicr  foref<l  ont  li.  af  from  tho 
mass  of  irun,  like  water  from  a  spon^,  and  that  a  fresh  supply  was  taken  up  when  the 
iron  was  pot  in  the  fire.  But,  as  liU  been  shown  already,  tine  explanation  d£A  not 
.s.iti.sfv  Kumford,  who.  in  thr-  investipjiition  dfscrlbi>d  n1>ove,  made  direct  experiments 
upon  the  s^edfie  heat  of  the  chips  of  metal  detached  by  the  Miction,  and  foond  it  to  be 
identical  with  that  of  bteae  nnder  otdinaxy  ciremnBtanew.  An  experiment  iriiich 
piDved,  if  [>ossibb',  still  more  decisively,  that  the  heat  generated  by  friction  cannot  be 
a.scribed  to  a  diminution  in  the  specific  heats  of  the  suKstnnces,  was  made  by  Davy, 
in  1799,  the  year  foUowing  the  publication  of  Rumford's  researches.  Davy 
arranged  two  pieces  of  ice,  so  that  they  conbl  hv  cnxmA  to  rub  against  each  other  under 
tho  exhausted  receiver  of  an  air-pump,  but  so  that  if  wa?  impossiblf  for  heat  to  be 
imparted  to  them  by  conduction,  and  ff>urid  that  by  friction  1  hi  y  wi  re  rapidly  con- 
verted into  water,  that  is  to  a^,  into  a  liquid  whose  ipedfie  heat  w.is  twic.  as  great  as 
that  of  ice.  From  tliis  experiment  Davy  <b  '  v.  li  e  ^  ime  conclusion  that  Rumford  had 
drawn  from  his  own  re*»uit8,  and  expn'h^m  liim^f  if  in  very  similar  terms: — "The 
immediate  eeuse  of  the  phenomena  of  heat  then  ia  notion,  and  the  laws  of  its  commn* 
nication  are  priei<*fdy  tlie  «rame  as  fhflaws  of  the  commnniraf  ion  of  motion."  (Kfnnr'nt.'i 
of  Chemical  Fhilosophy,  London,  1812,  x>P-      ©6.;   Similai*  views  were  very  forcibly 
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adrocatf'd  by  Dr.  Xhomas  Young  in  hi«  Lectures  on  Haturcd  Philosophtf ;  bnt^  by  • 
the  majority  of  aowntlfic  men,  fuAi  moh  aa  we  hare  beon  referring  to,  though  recog* 
idsed  as  dunxmltiaB  in  the  way  of  the  material  theory  of  heat,  were  not  allowed  to  CMM 
its  rcjet'tion.  Thp  rase  and  apparent  pfv<'i«'ion  with  which  the  qiiantititive  phenomena 
of  latent  mal  specific  heat  could  b*3  t  xpluiiu  d,  or  at  least  expre«eed,  upon  thiB  theory, 
itSUeMSadit  to  be  generally  preferred  to  ono  which  gare  A  leas  definite  and,  aa  it 
aeeined.  mor*^  hjrpothetical  ex[>]anafion  of  these  phenomena.  The  mochitnicfil,  or 
dynamical  theoxy,  which  regarded  heat  aa  conaisting  in  a  state  of  molecukr  motion, 
couMt  1w  wid  to  lnT»  Imoi  Mnltel^  e«tablblMd  irattl  it  also  was  made  quantitative^ — 
v.v.*'^}.  \^  was  shown  that  exact  nnmencal  laws  reg:nlatpd  the  prodiictTon  of  hoit  liy  work 
or  Qt  work  by  heat,  equally  with  its  ^lodoction  duriiw  solidiAcation,  or  diaappe arance 
durtz^  flMioB.   IMi^     v«  hsre  MO,  was  dftetod^  10^^ 

r!ii<^fly  a?  tlio  result  of  Ju's  invtt'tipntions  and  of  otln-rs  eoiHliK't'-il  in  tlm  himu'  sj>irit, 
pbiloaophera  hare  now  beim  compelled  to  extend  their  UXma  of  quantity  from  jaatter  to 
easqgf,  flad  tkns  !m  ariani  tte  iienradtt 

of  the  tranaformatiniis  of  energy  (as  chemistry  is  the  quantitative  study  of  the  trans> 
formation  of  maUerjb  comprehending  and  nsiting  all  the  different  bnuenei  of  pi\yau»l 
■clence. 

We  cannot  attempt  t«  give  anything  like  an  idiqiiate  idee  of  the  state  of  develop- 
ment which  the  nie<"h:inic:vl  theory  of  tu'at  has  now  r«!ched ;  bat.  in  order  to  illu!<tr.it'> 
the  ;ri  nt«ral  nature  of  the  theory,  and  to  show  in  what  sort  of  way  the  concoptiou  that 
•  hi  it  is  motion"  has  been  applied  to  the  explanation  of  sm  h  phenomena  as  have 
formed  th<  sulijovi'  of  this  artio*  ,  j^iro  here  an  otitlint'  of  the  view  of  the  con«titn- 
tiou  uf  gii£ft«:»  which  thii*  Un  orj  affordis,  lirst  put  forward,  iu  its  present  form,  by  Joule 
(see  Ann.  Oh.  Phys.  [3]  1.  381)  and  subsequently  developed  by  Kro  nig  (Pogg.  Ann. 
xcix.  31-5>  ,nn<l  Clausius  {ifu'l.  3.j;5).  and  of  the  explanation  of  the  relations  -  xi>tiiif» 
between  solids,  liquidfl^  and  gases,  which  has  been  d^iuced  from  it  bv  the  last-named 
pbEoeophcr.  The  aeoooiitwbtdiftillowa,  of  theeeappKeetiinit  of  tfae«^ri»tBioal  A 
is  tiitcn  fn"im  Watt  s's  Supplmnrnt  \o  Grahayn'^  Mrouvf.^  of  CIk  riti.«f  rij.  If  will  bo 
seen  that  the  ex^anationa  of  phenomena  which  this  theozy  afEords,  arc  at  leaat  equally 
dflfiaits  with  thoee  vliklk  e«a  bo  giTea  upon  tlie  vieir  of  the  mterial  aatoM  w 
heat, 

Fir«t.  then,  it  is  assumed  tliat  fli."  panielcs  of  all  Itoilies  are  in  i"'on«fant  motion,  and 
that  this  motion  constitutes  heat,  the  kind  and  quantity  of  motion  yarying  according 
to  the  Btate  of  tke  body,  vhetber  aolid,  Hqidd,  or  gaaeons. 

In  gases,  thn  mnlr cuivs — each  m.ilfiMile  heinp  An  a<Ttri'.-f>ate  of  atoms — are  surpo^ed 
to  be  constantly  moving  forward  in  straight  lineS|  and  with  a  constant  Yelocity,  till  they 
impinge  against  eedli  wbxt  or  againat  an  inMnetmble  walL   Thia  eoaatant  impact^ 
the  moloculefi  jrrKluces  the  expansive  tendency  or  elastieity,  whiili  Is  the  piculiar 
characteristic  of  the  gascoiis  state.  The  rectilinear  movement  is  not,  howeyer,  the  onh^ 
ono  with  which  the  particles  are  affected.    For  the  impact  of  two  molKOlet,  WleiB  ft 
takes  place  exactly  in  the  Kne  joining  their  centres  of  gravity,  must  give  rise  to  a 
rotatory  motion;  and,  moreover,  the  ultimate  rttoms  of  which  the  molecules  arc  com- 
posed may  bo  supposed  to  vibrato  within  oerlaiu  iiiuits,  beinp;,  in  fiict,  thrown  into 
vibration  by  the  impact  of  the  molecules.  This  vibratory  motion  is  call.  <1,  1  y  (lausius, 
fh"  wf>fi<,)}  i.f  (h'-  cirit.it ihn  ut  atoms  (BtWfgungen  der  Hfstarnlthf  ih  ).  The  total  quantity 
of  heat  iii  thts  giui  i<«  liiade  up  uf  the  progressive  motion  of  the  luult'cules,  together  with 
the  Tibmtory  and  other  motions  of  tbe  constituent  atoms ;  but  the  prQgressiTe  motion 
alone,  wlili^li  is  flu-  cause  of  fh-  rxpnnsivi  tondencj',  deterniini  <       Uinpcrature,  Kow, 
the  outward  pressturo  exerted  hy  t  he  gas  against  the  containing  envelope  arises,  accord- 
ing  to  our  hypothesis,  ^m  the  impact  of  a  gmit  nnmber  of  gaseous  molecules  agiiinst 
the  sides  of  tlie  vessel.    T5nt  at  any  irivi  n  teiu]'(  raf  iir-\  tliat  is,  with  any  civ«  n  vi'lo<'i!y, 
the  number  of  such  impacts  taking  place  in  a  given  time,  mu&t  vaxy  inversely  as  the 
Tolinno  of  the  shnen  quantity  of  gas ;  hence  Vteftemtn  ifoHea  in^erttty  a»  Im  «oIi«nm 
•r  o'lr-cVy  as  tfn  (Inuslfij,  which  is  Boyle's  law. 

When  the  volume  of  the  gaa  is  constant^  the  pmwuro  resulting  from  the  impact  of 
the  moleeolee  is  proportional  to  tiie  im  of  tike  maasei  of  ell  the  moleeidee  multiplied 
mto  th<«  squares  of  their  velocitiM^  vk  other  wordo^  to  the  fo<eeIled  «<f  «to  or  wria^ 
force  of  tbf  prfv^ressivo  motion. 

for  example,  the  velocity  be  doubled,  each  molecule  will  atriSte  tibe  ndes  of  the 
vesMl  with  a  two-fold  force,  ind  its  numb<-r  of  impacts  ill  a  givMl  time  Will  aibo  be 
dottMed  ;  Ii.-rii:>e  the  total  prc=««ro  will  Im-  fjnndnipled. 

iiow  we  know  that  wlun  a  given  qvmntity  of  any  perfect  gas  is  maintained  at_»  eon- 
etent  fohune^  it  tenda  to  expand  by  of  its  bQlic  at  z^ro  f9r  each  degree  centigrade. 
Hrncc  the  pressure  or  clastic  force  increases  proportionally  to  the  temperature  reckoned 
from— 273**  C. ;  that  is  to  say,  to  the  absolute  t*'mporature.    Coiwequently,  the  oftfOfiUe 
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Suppose  a  Teasel  of  the  form  of  a  rectangular  parallelooiped,  the  lengths  of  whoM 
ndfift  an  4^  jr* to  oomteau  m  gM-aolaenlei^  each  nnrnig  t&»  rhm  «k    Sui^wafiv  aImh 

the  space  opdosed  by  thii  Towid  to  be  dirktod  into^  equal  eabea;  and  at  s  gmn 

instaut  let  there  be  in  each  of  these  cubes  six  gas^molecules,  moring  severally  in  t]|« 
dinetiRna  +x,  —x,  -t-y,  — y,  -k-z,  —z,  and  M-ith  the  eoauMtt  Teloeity  9.  Let  it  ^so 
be  supposed  that  the  molecules  exert  no  mutual  action  upon  each  other,  btit  pass  with- 
out hindrance  from  side  to  side  of  the  vessel.  It  is  required  to  detenuiue  the  pressure, 
which  the  gas  exerts  ii^aiii^t  OMiii  the  sides,  yc,  of  the  vessel  The  pressure  arising 
from  the  imi'.Trt  of  a  Miii^lc  pns-molecule  is  »<c«,  if  a  dcnofr  tho  iuiinl>er  of  inipaots 
which  take  place  in  a  unit  oi  time.  Now,  a  molecule  moving  at  right  an^es  to  yr,  or 
parallel  to    atrikaa  agaiaat  yv  emy  tinathatit  jaeaca  over  thespaoaS«;  tbeMiore 

9 

2x 

To  find  the  total  pressuro  P  upon  y-r,  the  quantity,  mca^  must  be  multiplied  by  the 
muttbar  of  moleeolaa  iriiieh  mva  parallel  to    vbieh  nandwr,  ainaa  two  atoms  ont  «f 

ereiyatzaxepanneltodr;  is     HanoeP  •  m*e,  ~  ■  ^.  And  tha  praasora  f  npoa  n  nmt 

of  surface  of  the  aide     Uj^  *  or  if  woput^^  » t'laud  leaye  out  the 

eonstant  flMstor: 

This  oxpr-  ssioii  shows  that  the  pres^tirp  exrrtrd  upon  a  tinit  of  f-nrfacf  is  the  Biime  for 
•■aril  siMi  of  tlje  vessel ;  also,  that  tho  presimre  in  inversely  in  proportion  to  the  volume 
of  (111  |j:;is.  wiiich  is  Boyle's  law. 

T)i<^  pn»liu  t,  ni':^,  or  the  vis  viva  of  an  atom,  ia  the  eatprasakttof  the  tampantaa 
reckoned  .from  the  absolute  zero,  or  — 273°  0. 

^  in  tha  pmeeding  value  of  p,  we  put  md* »  r,  no  lum 

nr 

that  is  to  say,  when  the  volume  is  constant  the  pressure  varies  din  eily  oij  the  absolute 
t.  inp.-rature.  (Kronig.) 

If,  for  two  different  gases,  we  suppose  t  nnd  cqtial,  it  follows  from  this  t  xprf^*;- 
ftioD,  that  n  also  must  be  the  same  for  both.  Tliut  i>i  to  my,  at  the  same  tenip  mturo 
and  presijure,  equal  Tolnmes  of  different  gases  contain  the  same  number  of  molecules. 
ITenee  also,  the  ma?^,  w.  of  a  molecule  is  proportional  to  the  spedfic  ^ravir^*,  s,  of  the 
gas ;  or, the  molecular  weights  of  different  substaDGee  are  proportional  to  their  vapour- 
densitiea  (taken  at  tcnperatOfea  at  iriudi  the  Taponra  n«re  th(  pn^pertiea  of  true 

gases). 

Clausius,  talking  into  consid»ratiau  ihr-  vis  of  the  nbratoiy  and  rotatory 
movementa  as  well  of  the  progressive  movments,  anives  at  theeiqpresaioiw  f  » — » 

ospir  « ■  ~—t  vhiehdiftn  Dcom  that  of  EvSnig  only  by  n  oonatant  Aelor. 

From  thia  equation,  it  is  poasibla  to  dadnoa  the  mean  Take  of  Aa  ahidlut  e  progtessrra 
V.  lo(  ity  of  the  Molecnlaa  of  uxj  gas  fae  any  given  tempentora.  It  g^ves^  in  ftet^ 

directly, 

«»»-^, 

or,  putting  2  for  fiw  vsi^  of  die  gas,  and  y  for  the  fbroe  of  gravity,-* 

an  expreaskm  whii^  contains  only  noneriesUy  detendnable  qnantitiea.  Denoting  by 

p  tlio  dt  nsit  y  of  thi>  gjis  comparod  with  that  rif  air  ftt  0°,  introducing  into  the  formula 
the  known  values  of  the  weight  of  a  litre  of  air  and  of  the  force  of  gravity,  taking  p 
equal  to  the  normal  ttmoepherio  prearore^  and  den(K.ing  the  absolute  teinpcraturc  by  r, 
tha  Talna  of  s^  wpwnaed  hi  awtns^  baoomea 
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iHiich  gives         'Feat  Oxjgen      c  »  461  metres  per  second 

**  *  ■*  •*  " 

„  ^deogw  o  *  1644    „      .  n 

Hence,  the  velocity  of  tr.iii>liition  of  the  molecules  of  a  gas  ia  inversely  as  the  aq^ua^ 
root  of  ita  density,  which  gives  Graham's  law  of  the  difiiinoii  of  gMM^  And  tlift 
law  of  their  velocity  of  entrance  into  a  vacuum. 

Itforeover,  as  the  motions  of  the  constituent  particles  of  a  gas  depend  on  the  manner 
in  which  Hb  aloais  are  onitedl,  it  ftkUows  that  m  any  given  gas  the  different  motioiH 
most  hf  to  one  another  in  a  constant  ratio;  and,  therefore,  th<'  I'h  riva  of  the  pro- 
gprasive  moliou  mxist  be  an  aliquot  part  uf  the  entire  vis  vtm  of  the  gas;  hence  also 
w»  alnohite  temperature  is  pnpoxioiul  lo  the  total  t«f  vim  aasiiig  Uram  all  the 
notions  of  tho  particks  of  the  gas. 

From  this  it  follows  that  the  quantity  uf  heut  wiiich  most  be  added  to  a  gas  of 
eesMtait  voliime  in  eider  to  mse  its  temperature  by  a  given  amoant*  ie  eomtaBt  and 
inilppfnclrnt  of  the  temporattirf.  In  otlicr  MonlH,  th.-  specific  licat  uf  a  giis  referred  to 
a  given  volume  ia  constant^  a  result  which  a^os  with  the  ej^>eriments  of  Begiuuilt» 
aMntioiied  at  |».  84.  fHiia  xeault  may  be  ouenriae  aatprawe^  as  IbUowa:  71l«  Mat 
vi.^  >:lva  "f  (hf  qn.i.  is  to  the  vis  viva  cf  fh^  proffresffia  iui'ti<m  <>f  thr  inolecuUs,  which  is 
ike  measure  of  the  tempmUm%  ti>  «  constant  ro^.  Ihia  ratio  is  different  for  difiierent 
ffma,  and  ia  greater  ae  the  gaa  ia  mere  emnples  in  ita  eooatitation ;  in  ether  -wovdi^ 
as  its  moleculea  are  made  up  of  a  great rr  number  of  atoms.  The  specific  heat  refem>d 
to  a  constant  pressure  ia  known  to  from  the  true  apecific  heat  aaif  Yxj  a  oonatant 
q;iiantity  (see  p.  42). 

The  felaliaM jnat  eooaidend  between  the  pressure,  Tolmne  and  temperature  of  gaefli^ 

presuppose,  howerrr,  contain  rondifioiis  of  molcetilar  conjstitntton,  which  nr^, 
perhaps,  never  rigidly  fulfilled;  and  aeconliuglj,  ihn  cx^nments  uf  Magnus  and 
lut:nault  (p.  48)  shoir  that  gaaee  do  exhibit  slight  deviationa  fimm  Qay-Lwsase  and 
r5<jyl«-'s  law-;.  Wlmt  thr  condition«»  are  which  strid  adhfrir'nrp  to  the«p  laws  would 
require,  wili  be  better  understood  by  considering  the  dith<rence3  of  molecular  constitu- 
tion wfaidh  nmt  edet  in  the  aolid,  uqmd,  and  caaeooa  statee. 

A  mnrcmrnt  of  ninlcoulcfi  mn?:t  bo  supposed  to  rxist  in  all  f-tntos.    In  the 

soitd  staUt  the  motion  u  such  tlmt  the  molecules  oscillate  about  certain  poeitiona  of 
eqniUbriQBi,  which  t  hey  do  not  quit«  nnleas  thej  am  aeted  npoo  hy  external  Ibroea. 
Tliis  viliratorv  motion  may.  Iiowi n  r,  ]><•  of  a  vi  rv  compliraf i  i!  obaructer.  The  con- 
etituent  atoms  of  a  moluculo  may  vibmte  Ki  paratcly ;  the  entire  molecttlea  nuiy  alao 
Tilsate  aa  mA  about  thev  oentree  of  gravity,  and  the  ribrationa  maj  be  either  recti* 
linear  or  rotatory.  ]!tlori'ov(  r.  when  extraneous  forces  act  upon  tile  ho^JT***  in  ahociti^ 
the  mulecules  may  permanently  alter  their  relative  positiona. 

In  the  liquid  state,  the  molecule  have  no  determinate  poeitiona  of  eqnilibrivitt. 
Tlu  V  may  rotate  conplMely  about  their  centres  of  gravity,  and  may  also  move  for- 
■vrard  into  uth<r  positions,  lint  the  rf^pnlsivo  action  arising  from  tlie  motion  is  not 
titruo^  euuugh  Uj  ovcreumu  the  iimtual  uttraetiun  of  the  noolecules  and  separate  them 
eaiB|uBtely  from  each  other.  A  molecule  is  not  penunnently  aaaociated  with  its  n(>i|^ 
bouTB,  as  in  th**  >-olid  -itafi-;  it  (Vmjs  not  leave  them  8pontnnpon«*l^,  but  only  undrr  thr> 
uifliience  of  forces  exerted  upon  it  by  othw  molecules,  with  which  it  then  comes  iuto 
tiM  aame  iciation  aa  with  the  fbmur.  There  exists,  therefore,  in  the  liquid  state,  « 
Tthratory,  rotatory  and  progressive  moT(^ni<*nt  of  tho  moli>cnlf^«,  bnt  ro  rt  pjulattHl,  that 
they  are  not  tk^bj  forc^  asunder,  but  remain  within  a  certain  Toliuue  without 
eMroBy  any  outward  prNenre. 

In  tbe  <iaiif<i}is  stat'\  rjn  tlic  olh>  r  hand,  (lu"'  molofnlef!  wrf  romovod  quite  beyond  th^ 
■phere  of  their  mutual  attractions,  and  travel  onward  in  straight  lines  according  to  the 
wdinaiy  hwa  of  netieiL  When  two  audi  noleeolee  meet,  they  fly  apart  from  each 
other,  for  thf  mo.'^f  part,  with  avclooify  equal  to  that  with  wliicli  iii«y  cam--  to^^cflur.  The 
rfcction  of  the  gaseous  states  however,  implies :  1.  That  the  space  actually  occupied 
iht  mdeoibNi  of  the  gaa  be  hifinltely  amaU  in  oomparison  wiOi  the  enthie  Toldtte  of 
9  mm. — 2.  That  the  time  occupied  in  the  impact  of  a  molecule,  either  against 
another  molecule  or  against  the  sides  of  the  tcsacI,  be  infinitely  small  in  comparison 
with  the  interval  between  any  two  impacts, — 3.  That  the  influence  o#  the  molecular 
Ibrces  be  inflnitely  amall.  When  these  comlitions  are  not  compl*  tel^  lUfilled,  the  gaa 
partakes  more  or  Iphs  of  the  nature  of  a  liquid,  an<l  exiiiliits  certain  d^'viations  from 
Gay-Lussac  and  iioyle'i>  Liwt».  Such  is,  indi^^d,  the  ca,se  with  all  knuvvu  gases ;  to  a 
very  alig^  aoctent  with  those  iriuch  have  not  yet  been  reduced  into  the  liquid  state ; 
but  to  a  frreflter  ezfcent  with  -vapooia  and  eendmaable  gaaea,  e^eeiallj  near  the  pointa 
of  condeui^tiou. 

Let  us  now  return  to  the  consideration  of  the  liquid  state.  It  has  been  said  that 
the  nwleeBle  of  Ali^nd,  wfaenit  leavea  thoee  with  which itia  aaaoeinted,  nltimately 
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takes  up  a  similiir  podtiiMi  irith  regavd  to  other  moleculee.  This,  hoveyer,  does  not 
preela^  1h«  eoriatenee  of  ooumdNrole  irregularities  in  the  aetnal  moremeota.  Nov, 
ftt  the  turffice  of  the  h'tjuM,  it  may  luijipni  that  a  i)artiili',  1))'  a  peculiar  ctimbination 
of  the  rectilinear,  rotatory  and  vibratory  movements,  may  be  prt^ected  from,  the 
neighbouring  molecules  with  such  force  as  to  tiuov  it  completely  oot  of  their  wfiun  ct 
aetiOD,  beftlM  its  projectile  velocity  can  bo  annihilated  by  the  attractive  force  which 
thev  exert  upon  it.  The  raolppule  will  tli-  a  Ix"  drivon  forvrard  into  the  space  above 
the  liquid,  us  if  it  belonged  to  a  gas,  and  that  spiice,  if  urigiuaLly  empty,  will,  in  con- 
Ecqii^-iKU)  of  the  action  jut  dfltmbeii  beeoaie  more  and  more  tilled  with  those  projected 
niol.vules.  which  will  comport  themselves  within  it  exactly  llko  the  molecules  of  a  gas, 
iiiipiugiiig  and  exerting  prateaurt-'  upon  tlie  i»id>  s  of  the  envelope.  One  ul' these  sides,  how- 
ever, is  formed  by  the  surfaceof  the  liquid,  and  \\  h>  u  a  inuh  culi'  impinges  upon  this surfaofi^ 
it  will,  ill  goiuTal,  not  he  driviMi  hack,  Imt  n  taim  d  \>y  thv  attractive  furees  of  the  other 
molecules.  A  state  of  equilibrium,  not  static,  but  dynamic,  i*t11  thtivfurt*  be  att^ed 
ivhen  the  muidwr  of  moMeidet  profeeted  in  ft  given  ttme  into  the  space  above,  is  equal 
to  the  nnmbcr  which  in  the  some  time  impinge  npon  .md  are  r- tinned  hy  the  siu  t'ice 
of  the  liquid.  This  is  the  pioeew  of  vaporisation.  The  density  of  the  vajxiur  required 
to  ensure  the  eompensation  just  mentioned,  depends  npon  the  rate  ait  whidi  the  pu^ 
ticlfs  are  pntjet  t.  d  frt.in  the  surface  of  the  liquid,  and  this  again  u]k)u  tlie  rapidity  of 
tbeir  movement  within  the  liquid,  that  is  to  say,  upon  the  temperature.  It  is  clear, 
tfaendbte,  that  ikes  density  of  a  Ritormted  Tspoiir  mnst  inexewe  with  the  tempentim. 

If  the  space  above  the  liquid  is  previously  filkd  wifli  a  gjis,  the  molecules  of  this  gas 
will  impinge  upon  the  surface  of  tne  liqxiid,  and  thereby  exert  pressure  upon  it;  but  itfl 
thes«^  gas-molecules  occupy  but  an  extremely  small  proportion  of  the  spa<»  aboTO  tho 
Uqnid,  the  paftides  of  the  liquid  will  In-  projected  into  that  space  ^most  as  it  it  were 
empty.  In  the  middle  of  the  liquid,  however,  the  external  pre.ssure  of  the  gas  acts  in 
a  diflierent  manner.  There  also  it  may  happen  that  the  molecules  may  be  separated 
with  such  lioffoe  as  to  produce  a  small  vaenum  in  the  midst  of  the  liquid.  But  this 
space  is  sum>nndr>d  (»n  all  .«;idos  hy  m;iftsf*^  wliieh  afford  no  pajs^nfio  to  the  disturbed 
-  molecules ;  and  in  order  that  they  may  increase  to  a  permaueut  vupuur-bubble,  the 
wmiber  of  moleenlco  projeeted  from  the  inner  snrihee  m  the  vessel  mutt  be  eodi  as  to 
prodnop  a  pre^surr  mitward'-:,  equal  to  the  »?xterual  pressure  tendiiif^  to  compress  the 
vapour-bubble.  The  boiling  point  of  the  liquid  will,  therefore,  be  hi^er  as  the 
coctenud  pxemm  is  urester. 

-'\oc'ordiii|i  to  this  view  of  the  process  of  vajionsalioii,  it  is  possiMetliat  vapour  may 
rise  from  a  solid  as  well  as  from  a  liquid ;  but  it  by  no  means  necessarily  fuUows  that 
vaponr  mnat  be  ibnned  fimn  all  bodiea  at  all  temperataree.   The  ftmse  whidi  holds 

tojiether  the  molecules  of  a  Ixidy  may  he  too  great  to  be  oveivome  by  any  combination 

of  molecular  movements,  so  loi^  as  the  temperature  does  not  exceed  a  certain 
Vtaat» 

The  production  and  consumption  of  heat  which  accompany  chances  in  the  state  of 
aggregation,  or  of  the  volnmf?  of  bodies,  arf*  f>n<*i!y  i  xi>lained,  according  to  the  preceding 
principles,  by  taking  account  of  the  work  done  by  the  acting  forces.  This  work  is 
partly  external  to  the  body,  portly  internal.    To  consider  first  the  internal  wcA : 

When  ^h<'  molecules  of  a  body  chanprt  their  relative  p<:i>if  ionf!.  the  ehan*?e  may  tak« 
place  either  in  acconlauee  with  or  in  opposition  to  the  aetiou  of  the  mohcular  loix'es 
nisting  within  tb<-  body.  In  die  Ibxiner  ease,  the  inoh  eules,  during  the  passage  from 
oncstat^  to  the  other,  have  «  c^^rtain  velocity  imparted  to  them,  whieh  is  immediately 
converted  into  heat ;  in  the  latter  case,  the  velocity  of  their  movement^  and  conse- 
quently the  temperature  of  the  body,  is  dimimahed.  In  the  passage  from  the  solid  to 
the  liquid  state,  the  molecul^p.  alfhouuh  not  removed  from  the  fjfdjeres  of  tlu  irmntual 
attractions,  nevertbeless  change  their  relative  positions  in  opposition  to  the  molecular 
Ibmea,  which  Ibiora  have,  th«Mlbr^  to  be  ovfroGme.  In  flvapon^oo«aoertain  numbev 
of  the  molecules  aro  completely  separated  from  the  remainder,  wlneh  agahi  implies  the 
overcoming  of  opposing  foroee.  In  both  oases,  theraforei,  work  is  done,  nnd  a  certain 
portion  of  tho  «is  the  moleeiilea,  that  it,  of  the  heat  of  ^  body,  is  lost 

But  when  onee  the  pt  rf  et  gast  ous  .state  is  attained,  the  molecular  forces  are  completely 
overcome,  and  any  further  expansion  may  take  place  without  internal  work,  and,  tha»- 
.forc,  without  loas  rfheat,  provided  there  is  no  external  resistance. 

But  in  nearly  all  cases  of  change  of  state  or  vohutte,  there  is  a  mtain  anount  ol 
external  resistance  to  be  overcome,  and  a  corresponding  Iors  of  heat.  When  the 
pressure  of  a  gas,  that  is  to  say,  the  impact  of  its  atoms,  is  exerted  against  a  movaldo 
obstacle,  such  as  a  piston,  the  molecules  loao  jnst  so  much  of  their  moving  powi  r  as 
they  have  imparted  to  thf>  piston,  and,  conseqnently,  their  velocity  is  diminished  and 
the  teiupiruture  lowered.  On  the  contrary,  when  a  gas  is  compressed  by  the  motion 
of  a  ]}ist4m,  its  molecules  src  driv«n  bade  with  greater  velocity  Am  that  with  whidli 
thej  impiiigad  cm  the  prton,  and,  ooMegMtttly,  the  tmcmlffm    tho  gMisaind. 
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When  a  iuimd  is  converted  into  Tupour,  the  molcculps  have  to  orwoome  the  atmo- 
w>li«fie  pressure  or  other  external  resistanea^  and*  in  ooQsequenc6«f  tfuB,  together  with 
the  internal  work  alreinly  '^jiokfii  of,  a  larjjfc  quantity  of  hfnt  disappears,  or  is  reiulcml 
latent,  the  quantky  thiu  ouui^omed  being  to  a  considerable  extent  afl^ted  by  the 
«xfemlpniaM  The  B^iwheaflo  c# > »8Md  ao>  btiag attti^ 
of  vol u in 0,  iuvolvefl  lnjt  little  oxtorual  -tt'ork  ;  UfVcrtlu'Icss  the  atmospheric  presanre 
does  inflttflnc%  to  a  slight  amouati  both  the  latent  heat  ot  fiuion  and  tha  melting 

pOIBti 

We  ■rait  lun  mention,  in  eominrioB,  ft  ytgf  ranaikable  eonstqaaMa  of  tlia  MblioB 

of  mutual  convertibility  wliioli,  as  vre  hare  prtdc-avoured  to  show,  oxi?t5  bctwoen  heat 
and  other  forms  of  energy.   "Professor  William  Thomson  has  pointed  oat  the 
tittk  6MW  eodflte  (at  leaat  ui  the  pffeeont  itato  of  the  knovn  worn)  a  predomi'natfiig 

tendency  to  thr  convcriiion  of  all  the  other  forms  of  physical  einTgy  into  heat,  and  to 
the  nniform  diffusion  of  all  heat  throughout  all  matter.  The  form  in  whic^  we  gene- 
xaDj-  find  flner>ry  originiiUy  ooQeetod,  in  that  of  a  t^xtn  of  ehenwial  power,  eonristing  of 
nncoinl>:n«-J  chnneuts.  The  combination  of  thcst^  eh'meuts  proiluccs  energj' in  the  form 
known  by  the  name  of  electric  currents,  paxi  only  of  which  can  be  eraploved  in  ana^Ysing 
compounds,  and  thus  reoonTerted  into  a  etoie  of  Cthemlcal  power  ;  the  wnuinmr  it 
n^H^tsarily  coQTerted  into  heat :  a  part  only  of  this  heat  can  be  employed  in  analysing 
oem pounds,  or  in  ivpTOd-ciTif»  electric  currents.  If  the  remainder  of  the  heat  bo 
employed  in  expanding  an  elastic  substance,  it  may  be  entirely  converted  into  visible 
notion,  or  into  a  store  of  visible  mechanical  j)0wcr  (by  raising  weight  s,  t  ir  <  sample), 
provided  tho  ela^rfic  suh>tancc  is  enabled  to  expand  until  it.-^  t<  niperature  falls  to  the 
point  which  corTe«ponJij  to  ihe  absolute  privation  of  heat ;  but  uuleats  tiii*  conditiuu  be 
mUiUed,  a  certain  proportion  only  of  the  heat«  d^Mgoding  upon  the  tva^  of  temperature 
through  which  the  ehtstic  ho<ly  works,  can  be  converte<^  the  rest  remmning  in  th.  state 
h&iL  On  the  other  band,  all  visible  motion  is  of  necessity  ultimutuly  cunvei  Ud 
entirely  into  heat  fay  the  agency  of  frictitm.  There  is,  then,  in  the  present  state  of 
the  known  world,  ft  tendency  towftida  the  oanTosion  of  all  phjeicftl  mttgf  into  the 
sole  form  of  heat^ 

*'He«^  noreoiTer,  tends  to  dHRMe  ilidf  nsiftnnly  by  ooadnotioa  and  Mdtatioii,  vntfl 

■n  matter  shall  have  acquired  the  same  temperature. 

**ThBn  i$i  ocmeeqnentlji  i^fcasor  Thomson  concludes,  so  fiir  as  we  understand  the 
poeeiit  eoodztion  of  the  uuiveiM,  ft  tendenef  towds  ft  state  in  whuA  all  phydeal 
energy  will  be  in  the  state  of  heat,  and  that  heat  so  diffosod  that  all  matter  wUl  be  ftl 
the  aame  temperature ;  so  that  there  will  be  an  end  of  ftil  physical  phenomena.  ^ 

"Vast  as  this  speculation  may  seem,  it  appears  tO  be  sonndly  bised  on  ftq>eiiinentftt 
dsta,  and  to  represent  truly  the  present  ooooitMn  of  the  Wttfenw^  iO  ftr  Mwe  knov  it'* 
(Bankine,  PhiL  Mag.  [4]  iv.  359.) 

for  Badiatifm  aid  Conduction  of  Hat,  see  BanianoN. 

Afprndjx/ 

The  following  table  gives  the  t€mp<;ratures  measured  by  the  air-thermometer,  at 
iridfth,  according  to  Ttqgnsiilt'n  experiments  (Ittv.  Aoftd.  Sciences,  xxvi.  658),  the  va- 
ponrf  of  the  Uqoids  enmsmted^  it  exert  ft  {NMSsare  equal  to  that  of  760  millimetres 

of  mereurv : — 


Nitrons  oside 

Carbonic  anliydridft 
Sulphydric  acid . 
Amaonift  .  « 

Chlorine 

Ofaioride  <^  methyl 
Obdde  of  methyl. 

Sulphurous  anliydiidft 
Chkodde  of  ethyl 
CUoride  of  cyanogen 
Chloride  of  boton 
Ether 

Bromni^  of  ethyl 
Welphids  of  osAon 


T«iep«rat«r« 


-  87-900 

-  78-2 

-  61-8 

_  33-6 
~  23-73 

-  10-08 
•I-  I2'60 

18  23 
8497 
8637 
46<M 


Cliloi-ide  of  siUeoB 
Chloroform 
Methyiie  alcohol 
Trichloride  of  pho8{^rus  . 
Perehlorideof  CSlhon  (CQL«) 
Alcohol     .      •      •  . 


Bromide  of  ethylene 
Oil  of  turpuitine 
Oxalate  of  methyl 
Oil  of  lemons  • 

Mercury  .  . 
Sulphur    •  *• 


66-810 
6016 
66-78 
73-80 
76-60 
78-26 
80-36 
131  00 
16916 , 
164*90 
174-80 
367-26 
448-00 


The  next  table,  also  from  Keguault's  experiments  ( Op.  cit.  pp.  327  -332^,  gives  the 
Specific  heats  of  various  enbstsnees  in  diftvsnt  states  of  aggregation.    Where,  in  the 
indiwthig  thft  tsnqtenrtwe^  sowftt^tknktdegwftkgnwi^  the 
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seating  the  specific  heat  is  the  demcniary  specific  heat  at  that  degree  of  temperature,— 
that  li^  tiie  quantity  of  heat  required  to  cause  a  very  »maU  alteration  of  temfMntaro  in 
one  {rmmme  lif  tho  Bub<.tance,  compared  with  the  qi)uiifity  required  to  cause  a  like 
intinitesimal  alteration  of  temperature  in  1  gramme  of  wat«^r.  "When  an  interval  of  teni« 
penitare  ii  gireiv  tiie  f^edllo  Mat  ie  the  mean  apeeifio  heat  within  thafc  interral: — 


1  

Solid. 

liquid. 

8alMttnc«. 

Spori6c 

wL  1  \^£^  1  ^ 

0 1  **rt  1 U  L 

Heat. 

Heat. 

Taiqpwatanu 

TMa|«ntnr«. 

Heat. 

Watar  . 

-  78<»  to  0° 

0-474 

1-0 

128^  to  220" 

0*4605 

ft  * 

-20  too 

0-504 

10  to  100 

1-0 

Bromine 

-77-8  to -26 

a           a  # 

0*0638 
»  • 

—  7«8  to  10 
4-  18  to  58 

0*1060 

•1129 

88  to  228 

-0555 

Alcohol 

■5063 

105  to  220 

!4534 

II 

0 

•6475 

«f 

4  20 

•5961 

II 

40 

•6479 

II 

60 

•7060 

60 

•7694 

Ether. 

—  80 

•5113 

70  to  220 

'4797 

»6 

n  • 

0 

•5290 

n  • 

•1-80 

'5467 

»»  • 

35 

•6497 

Sulphide  of  carbon 

—  30 

•2303 

73  to  192 

•1670 

J* 

M             •         .  . 

0 

*2862 

1* 

n           .        •  • 

4-  80 

•2401 

»» 

1*           •        »  • 

•2426 

McthjUa  aloohol  . 

Oto80 

*6700 

101  to  228 

'4580 

Aoetooe 

•        •        >        •  • 

•  80 

•4824 

129  to  288 

^125 

II 

•       •        •       >  • 

0 

'5064 

II 

•        •       •       *  * 

•1-  80 

60 

*6802 

•6640 

Sulphvdrate  of  etl^l  •  . 
Ohlonde  of  ethyl      ,  , 

20  to  70 
—  27*6  to  4-  4'5 

•4785 
•4276 

120  to  223 
19  to  172 

•4008 
•2738 

Bromide  of  ethyl       •      •  . 

Oto  20 

•2160 

77^7  to  liHl  o 

•1.S9G 

Cyanide  of  ethyl 

—  80 

•4325 

114  to  221 

'4262 

11 

II  ... 

0 

•5086 

n 

»             •        •  • 

80 

•5847 

II 

II  ... 

60 

•6608 

If 

•I             .        •  • 

*  90 

•7369 

iMtatfrof  atlnrlo 

—  80 

'4060 

115  to  219 

*4008 

«> 

n             •       •  . 

0 

•.5'>74 

II 

i>            •       •  • 

+  30 

•5588 

»i 

1*            •       •  • 

60 

*5902 

• 

GUoroHKBi      •      *      •  • 

—  60 

•2293 

117  i&  2ttt 

«» 

•       •       ■       •  • 

0 

'2324 

*  80 

60 

•2384 

Chloride  of  etbjlene  .  , 

-80 

•2790 

111  to  221 

•2298 

** 

II          •       •  • 

A 
V 

•eo94 

n 

»»  ^      •       •  • 

'I-80 

•3064 

« 

II 

M  ... 

60 

•3186 

Benzene 

.          .          •          .  . 

20  to  71 

•4360 

116  to  218 

'3754 

Oilof  tnrpentine      •     .  « 

0 

•4106 

179  to  949 

•5061 

II 

•f         •          •          •  • 

40 

•4538 

*» 

jl         .          .          .  . 

80 

-4842 

n 

»         •          •          •  • 

1 

•6019 

>> 

IGO 

Ckloridt*  of  «»ilicon 

0  to  20 

•I'jna 

90  to  234 

'1322 

Trichloride  of  phoephflrna  .  * 

12  to  98 

•2(t92 

12  to  246 

•1847 

Ciiloride  of  arsenic     .       .  , 

14  to  98 

•1760 

169  to  '268 

•1122 

Stannic  chloride  .... 

14  to  98 

•1475 

149  to  273 

•0939 

Tetcachlodde  of  titatiiiiin  . 

12  to  98 

1680 

162  to  372 

•1290 

G.  C.  h\ 
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Barytfs.  Nat  ilk  Sulphate  of  Buriuiu.  Ba-SO*.— This  mineral 
oocurs  in  crptab  b^lon^ng  to  the  trimetric  system.  Ratio  of  axes  a:  b  •  0*6206  :  1 : 
0-7618;  ooP  :  ooP  in  the  macrpdiagonal  principal  section  —  63**  38';  <»P2  :  in 
tlie  same  —  1U2^  18';  Pco  :Faa  in  Hm  basal  section  •  74*^  36';  P<o  :  I^oo  in  the 
Mn»  »  100^  40^.   Jiifft,  nprnMOt  fce^uently  (Meanang  eombiaatioaa 


Fig.  551* 


.£-1 


Fig.  665. 


Fig.  566. 


The  crystals  nro  sometimes  priamfttieidly  elongated  in  the  direct  i  n    f  one  of  thd 
«x*^  f.%A.  5«33,  554),  and  sometimes  reduced  to  tho  tab^ilar  form  1«y  short  tiling  in 
one  dirw,tion  (soo  Ubtstajuloorapht,  ii.  149).     Cleava^  very  diivtiiict,  jmraliel  to 
o»Pao .    The  minenl  ocean  also  masmve,  with  fibrous  or  laminar  structore ;  also 
pmnnlar.    llarJncgs  2  5  to  Bptvific  gravity  -i'S  (o  4*72.    Colour  wliitf.  ^^\•  in- 

clining to  grey,  blue,  green,  yellow,  red  or  brown.  Streak  white.  Lustre  splendent, 
iMtmcn  fonnow  and  pestfy.  fnimpKm^  e&hibiting  various  d^reet  of  tmnhioennr 
dowTi  tn  j%orftct  ojiiiclty.  It  is  somt'titiiesi  fo-tid  when  rubbed;  an  impure  variety  calleu 
h^ttU  exhibits  this  oroperty  in  a  peculiar  degree.  It  deorepitataa  before  the  blow- 
pipe, «ad  Ibses  widi  mSSetSsj  at  liho  edges  only.  In  the  inner  ftasie  it  is  reduced  to 
SulphiLlf  of  harium,  and  then  ^pxoa  oflf  sulphydric  acid  when  tn-nted  with  an  iicid. 

Fure  heavy  spar  contains  34*33  per  cent.  SO*  and  66*67  Ba-O ;  but  the  mineral  gcnerallr 
abo  eontaiiiB  anall  quantities  of  alumina,  oxide  of  iron,  silica,  and  oaibonate  of  cal- 
cium. Sulphate  of  strontium  is  also  a  oommon  ingredient  The  TMie^  oalled  eaUinm» 
baryte  contains  1  at.  lime  and  1  at  strontium  to  0  at.  barium. 

It  is  a  veiy  abundant  mineral,  generally  occurring  in  metalliferous  veins,  as  in  the 
I^d-miaw  of  DoikaB,  Cumberland,  and  Westmorland.  It  occurs  also  in  secondarj 
limrj^tonf^,  flometimes  in  distinct  vpin?.  and  often  in  crystals  asM)L'iatt»d  with  cHi-lo.stin 
and  tsik^jmr.  In  Staffordshire  and  Derbyshire  is  found  an  opaque,  musi>iTe  variety 
caOad  cawk,  having  an  earthy  appearance  and  dirty  white  colour.  On  the  continent 
of  Eiirnpo  it  is  f'jund  cliiefly  at  Volsohanya  and  Kri  mnitis,  at  Freiberg,  MaH«Mil><  rcr, 
Ciausthal,  and  Pri^ibram,  and  at  Koya  and  Boure  in  Auvorgne.  IU>und<^  mut»tiCis 
eompoeed  of  divergent  ootninnar  partides^  ooonr  at  Mount  Patcano^  near  Bolo^a, 
hence  cal'f'.  Hohuincsf  stone.  At  Freiberg,  in  Saxony,  a  Tfiriety  occurs  (Composed  of 
indistinct  prittmatic  cijBtal%  ha^*ing  a  pearly  lustre,  colled  Ulangcmpath  by  Werner. 
(¥br  the  Ajnerioan  looditiea,  «ee  l>ana»  ii.  M7.) 

Heavy  simr  occuth  :i1ter<-d  to  ofilcspior,  ^atUiO  D0%  cenflitc^  qiittl%  Ifttonttek  Ted 
iron-ore,  nyntea,  pfiilomehui".  p  ihite. 

The  wbite  vamtiea  of  heavy  spar  are  groond  tad  wed  aa  a  white  paint,  aometimM 

alone,  hut  more  genenilly  mix'ed  with  w^le  ]Mdf  tiw  llMVy  WgK  aloae  BOt  pnaiMitllg 

suffieieat  opacity  to  Soaa  a  gjood  pigotenL 
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BXBBTXH'*   Anliydruuii  tiilicale  of  siue.    (S&e  WiLi.&MiTfi.) 

■■MW— Wi  A  blMfc  wietj^  of  MgiK  oontaining  •  lai|g»  oMtity  of 
iron,  littlo  or  no  in.igne(ria»  a»l  fio  littuBAk  %Mifio  gnvity  8*0.    Fo«na  diMflj  at 

TunaVi'ir,  in  Swede  n. 

HBSBRA  HSXtZJC,  /t^ir. — The  seeds  of  this  plant  contain  a  nitix^enoas  sub* 
•tanee  resemUing  emnlsin,  aho  &^  two  peoaliar  adds,  sogar,  a  snuH  qvantily  of 

{x'L'tin,  and  inorfrnTiie  salts.  Fr(;ni  th>'  fresh  seeds,  ether  fxtracts  a  green  oil, 
ooutttiniriM  a  Hoiid  and  a  liquid  fiit.  The  fomw  is  somewhat  difficult  to  saponify, 
and  yields  by  sapoiiifleation  a  Ibtty  acid,  wliicli,  after  repeated  orystalliMtum  ftocn 
akaliol,  melts  at  a  temperature  not  abovr-  30**,  and  furms  a  silver  salt  containini^ 
&om  27 'i  to  27*6  sii?er  (.i* ossein).  The  adds  contained  in  ivy>8eed«  aro  deschbed  in 
the  nfioct  aitiela» 

SMmUBOAdB.   An  add  oontainedf  aooordingp  to  Posselt  (Ann.  Oh.  Fharm. 

Ixix.  62)  in  the  seeds  of  iry  (Hrdrm  h'fhr).  It  is  obtained  by  treating;  tlic  f>eeil8 
with  etiier  to  remove  £vtty  mattors,  and  boiling  the  r^idne  with  alcohol,  which  dis- 
•obroa  the  acid,  and  depodts  it,  after  eoneentmitioii,  in  needlea  or  deliieate  scales, 
colourless,  and  in!^oluMt.'  in  wafvr  and  in  <  thor.  T1j<'  acid  is  inodorous,  but  possesst  ^  in 
a  hkdi  degree  tha  acrid  tasto  of  ivV'Secds.  It  givus  by  analysis,  66*6  per  cent.  C,  and 
9*5  H ;  its  rational  formula  ia  tuutnown.  It  glrea  off  ff*42  peKont  water  at  100^, 
and  chars  without  melting  at  a  higher  teooiperatiiiei  Jsk  contact  with  stvoog  sndphniiie 
acid  it  assumes  a  fine  purple  colour. 

Hcderic  acid  decomposes  carbonates,  and  forms  gelatinous  salts,  most  of  which  are 
insoluble  in  water,  but  soluble  in  alcohol.  Even  th>/  7>"/a«^iUM>  and  a;;<;no»i mm- salts 
dis-'-olvi-  Inif  jsparinfrly  in  watpr,  nnd  arc  deposit,  d  as  g<'l;itinon«»  precipitat'  s  when  the 
tM>lutiuuti  uro  left  at  rest.  The  ^livtr-balL  is  Uepo«tiled  from,  boiling  alcohol  in  wliittj 
orystals. 

Ivy-eeeds  likewise  contain  another  acid,  the  presence  of  which  greatly  impedes  the 
puriiicatiou  of  hcderic  acid.  This  acid  is  uncryatallisable ;  soluble  in  wuUr,  alcohol 
and  ether;  forms  soluble  yellow  aaUv;  precipitates  lead-salts,  reduces  nitrate  of  silver, 
and  eoloiir.-i  frrrie  salts  green.    It  appears  to  belong  to  the  &mily  of  the  tannic  acids. 

HESSRZN^z:.    An  .ilkilo'id  said  to  eodst  in  iyy*Baed0»    (VftndAimna  and 

Llic  vallier,  J.  Cliiui.  m»kL  [2]  vL  681.) 

■BDTVBMnL  A  variety  of  gre«i  lead-on  in  whidi  the  lead  is  partly  repkoed 
by  caldnia,  Fomd  at  lAngsbanshytta,  in  Sweden ;  also  call^  MnniMOl 

SBXAHSirz.  An  oily  hydrocarbon  produced  by  dii^tilling  helenin  witli  phos- 
nhoric  anhydride.  After  rectihcation,  it  is  yellowish,  lighter  than  watier,  and  has  & 
aint  odoor  reaemUing  that  of  aoetone.   lioils  betaraen  TBSP  and  2S^.  Givea  by 

analysis  89  0  to  89  8  C,  nnd  10  1  to  10  4  H,  agrering  nearly  with  the  formuk  C"H»* 
(89'8  G,.and  10*2  M).   Its  fonn.it i<>n  may  perhaps  be  represented  hy  the  equation: 

C«'H»0'  «  C'»H»  +  H«0  +  200. 

The  evolution  of  carbonic  oxide  has  not,  however,  been  actually  observed. 

Helenene  heated  with  fuming  sulphuric  acid  is  converted  into  ttUpho-Matie  add, 

the  bariuTe--aU  uf  wllieh  eonfains  1775  per  cent.  I'ariiirn. 

■  aaiiSirxxr.  C'ii'^U'.— A  crystAlline  substance  crusting  in  the  root  of  elecampane 
(J^nla  hdmium) ;  it  was  fitet  obe«rved  by  Geoffroy,  afterwarda  examined  by  Dumas, 
and  mor-'  especially  1  y  (i<  iliardt  {Traiti,  iv.  296).  It  may  be  obtained  by  distilhng 
tho  root  with  water,  or  better  by  boiling  it  with  alcohol  of  80  per  cent. ;  filtering  the 
flolntion  at  the  boiling  heat,  and  mixing  it  with  three  or  four  times  its  volume  of  cold 
water.  Th«  liqiiid,  after  twen^-four  hoiu%  depodta  helanin  in  kng  qnadrilatcnl 
prisms. 

Helenin  is  perfectly  colourless,  aud  lias  very  little  taste  or  odour.    It  is  insoluble  in 
water,  but  very  soluble  in  alcohol  and  ether.  It  malts  at  73**.  and  boila  between  27(P  * 

and  280'-.  deoonip<.*sing  more  or  less  at  the  pame  time. 

Hcieuiu  in  not  att.ickisl  by  alkalis  in  aqueous  or  alcoholic  solution ;  but  when 
heated  with  potash-lime,  it  yields  a  resinous  compound,  which  remains  emnbined  with 
the  potash.  Strong  sulj)liuric  acid  di.ssolves  it  with  blood-red  colour,  forming  ft  con- 
jugated acid.   Hydrochloric  acid  gas  is  absorbed  by  it  in  large  quantity. 

BfeUoriH*,  widi  the  aid  of  heat^  ft  is  oonrerted  into  Mrheknin,  perhaps  C"H**CIH)* ; 
and  T  y  nitri  arid  into  /n'fn'hJnu'n.    Phosphoric  anhydride  converts  it  into  hdeiUtUt 

BSX.XAnrTHIC  ACZB.  C'V/'O^T/O/— An  aei.l  -.l.taim  d  from  sunflower  seeds, 
belonging,  aceordiug  to  Ludwig  and  Krotnayer,  to  the  Uinuic  acid  group,    liy  boiling 

with  moderately  di&te  hydrocliloric  acid  in  a  stream  of  hydrogen,  it  is  naolved  into 

termentable  sugar,  and  an  ;km<1  violet  colouring  matter. 

ajBUAMSBVa  AMXvm.  m  Sw{fimr,^  The  peeled  Mod*  of  this  plant 
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oouuin,  aeoordiug  to  Ludvvig  aiid  Kroiuayer  (Arch.  PhartiL^2]  xcix.  1,  286): 
1.  Hidkuitfak  acid. — 2.  A  fat  oil,  amonBtUig  to  40  per  cent  of  the  peeled  seeds.  ^ 
3.  A  small  quantity  of  ferment  ihh  snrjar,  unfrystallisablf,  ainl  capable  of  r.  during 
Qttfcic  oxid^  oolj  when  the  latter  m  pri^t^ut  iu  eoMudorHble  quantity  in  alkaline  solu'* 
taaa.!— 4.  A  aoibataaM  toluble  in  alcohol,  predpiUitfld  fkom  mk  BoutioD  hf  ^/^b^  m 
the  form  of  n  svnip,  not  directly  fL-nneutaWo,  aud  not  capable  of  miucingcujirlc  oxida 
in  alkaline  soLntion,  but  couFurtible  bj  boiling,  either  alone  oe  with  aocui^  into  a  sub- 
■hinnn  •wMehindaow  cuoric  to  cuprooi  (aid%  aad  podiap*  oonrtitntiiig  a  ttnk  befewo 
inulin  and  sugar.— 5.  Lcgurnia. — 6.  A  suLstanoo  perhaps  identical  with  inidin,  iaao- 
luUe  in  oc^  wvXet  aad  aloohoi,  and  oonrertod  bv  boiliiw  with  dilute  (vcide  into  a  body 
viiieh  x«daBes  eopoe  to  eaprooi  oxida. — f.  Holdeiv  hflxny  regetaUe  albumin  (^a 
l)ody  resembling  cellulose,  soluble  in  strong  sulphuric  add,  and  precipitable  from  this 
solution  by  vater). — 8.  A  mixttm  rgMmbli^g  (MrabnOt  aifed  annti^w  i^wiMnhliiy  qIbq. 
phosphoric  acid. — 9.  Cellulose. 

Tas  aUnigaiious  subHtunce,  which  is  soluble  in  boiting  alcohol,  aad  xemains  as  a 
gelatinous  mass  when  the  alcohol  is  distilled  off,  appears  to  be  a  ('om pound  of  liatuiH 
thic  acid  with  a  protein-substance,  accompanied  by  a  soapy  compound. 

The  peeled  Mwb  dried  in  the  air  at  mean  t<>mp0ratiii<M  yiddad  4*2  per  efllll  agh,  of 
which  3  8  r'-  were  in wl able,  and  0  4  soluble  in  water. 

Bi:x.xcnr.    C"H"0'.  (Pi  ria.  Ann.  Ch.  Fhys.  [3]  zIt.  287.) bodj  pcodooed 

ike  ucliuu  of  veiy  dilute  nitric  acid  upon  salicin  : 

C'H'-O'  +  0  =  ffO  +  C'»H'«0'; 

HflUcia. 


also,  fi'^etlM-r  \rith  benzoic  arid,  \>y  boiling  benzo  In  li  Mn  with  magn^sin  (Pir  i;\,  Ann. 
Ch.  Phann.  zcn.  380^  To  prepare  it^  1  pt  of  pulveri3<4  aalicto  ui  mixed  with  10  ptiL 
of  sitrie  add  of  30^  Bm.  (specific  gravity  1157 ),  and  the  nixfeeM  fe  left  to  itself  in  an 
open  vesseL  In  about  24  hours  the  salicin  is  compb^tely  dissolved,  especially  if  the 
mixture  be  stirred  from  time  to  time,  and  crystals  of  heUcin  collect  at  the  bottom  of 
the  Teasel.  They  must  be  pressed  between  paper  and  purified  by  washing  with  uther 
till  the  ether  which  runs  off  no  longer  xeddene  ftneio  mite.  Sahetn  yiekli  eboaltwo* 
thirds  of  its  weight  of  hflicin. 

Helicin  crystalliscfc  in  bmall,  wliltc,  vory  t-lcnder  needles  containing  ^  at.  wator.  It 
aesentnil,  slightly  bitter,  sparingly  .-^ "lulle  in  cold  water,  dissolree  ?ery  freely  in  boil- 
ing WHt<-r;  it  w  sol ub!<»  also  in  alcokoi,  but  is  iiisr.luMr  iu  tth'-r.  At  lon*^  C.  it  ^nves 
off  its  wat«;r  i  f  crystiJlisation,  amounting  to  4'64  \wr  i^vat.  At  175^  it  meiUi,  and  at  a 
kigher  temperature  gives  off  vapours  of  hydride  of  salicyL  Under  the  inflnsneeof 
emuUin,  or  of  di  lute  moidt  or  wsntk  al  (ho  boiling  heat,  il  ie  leeolTed  into  g^Uwoee  end 
hydride  of  salicyl :    .   

Btfida.  laesosi.  52S5l 


Ai  ordinary  tempemtane,  the  Used  eDnHe  end  elkeline  eertiie  merely  inereeea  the 

of  helicin  in  water. 


Benso-belicin.  C"«ir-nj»  =  C'»H•»(C'H*O)0^— Thi«!  pompoTind.  which  is  r.  luted 
to  luliciii  in  t  hi-  same  lUiiuafcr  as  populin  to  salicin,  is  obtained  by  disijulviuj^  benzo-bidicin 
(pc  j  ulin)  in  1<>  or  12  times  its  weight  of  nitric  acid  of  specmo  gravity  \  Z.  It  crys- 
tallisci  in  Itift.s  of  silky  nei  dh  which  do  not  givr  oil  any  -watt^r  when  heated.  It  uis- 
solves  in  boiiiug  water  ;  and  if  the  fi^^t  drups  of  a  bululiuu  iiltered  at  the  boiling  heat 
eiTetelliee  on  cootii^  the  crybtallisation  oxti  nds  throughout  the  entire  mass;  but  on 
agnin  applyinjj;  heat,  end  leaving  the  eolation  to  oool  ehnrlly  end  qoietlj,  it  eolidiflce  to 
a  gelatinous  pulp. 

Seneo-heiiein  ie  not  deoonpoeed  bj  eorah^  Imt  dSbelib  end  addt  eonvert  it  into 
iMBoie  eeid,  hjdride  of  eelicyl,  ai^  glnoMc : 

C«II'»0«  +  affO  -  C»H«0«  +  C^H«0»  +  C«H"0* 

B^nsow  Ben  KMC  HjdiUle   

V,y  l^oiling  with  mngnfila  (or  other  httm  vluelido  not  eel  open  heiieinX  tt  neolred 

into  b«woiC  acid  and  helicin. 

Sromlielloliit  C^'ii'^BrO'.H^O,  is  prepared  like  chlurhelioin,  and  exhibits  similar 
teeetions,  bat  alvegri  separates  ham  eolntiett  in  the  gebitinons  f.  )nn,  end  vhen  diy, 
frrms  a  dirty  white  powder  without  any  appearance  of  crystallisation. 

c;iilorti«Uela»  CH'KIIO',  enete  in  two  modiflcetioni^  whish  nugr  be  dietJegmehwl 

as  a  and  /3. 

a  Chimkeiiein  h  ol>tainedl3jegilltiDg  helicin  with  iraterinaTeBsel  filled  with  chlorine. 
mfeedaetiefwiAsd  1)7  iramiebWUag  with  eoki  watety  end  nileliw  in  boiling 
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water,  die  liquid  an  it  cook  either  depofdtijig  small  needles  of  monobprdrated  chlor- 
iMlado,  2C"U'*C10*.H*0,  or  aoUdiQiiig  to  aa  aiiioiplioiu  jcllj  cnmlimiing  a  Ing^ 

quantity  of  water. 

a  Chlorhelicin  is  ijiodorous,  bitter,  nearly  insoluble  in  cold  wattr,  easily  soluble  in 
hot  water  iad  in  mbsoh  h  The  dysfaab  contain  S  per  cent  watei^  iriuch  ia  rather  moce 
than  the  amount  required  l<y  the  fommla  just  given  ^2*76  per  cent.),  the  excess  pro- 
bably  arising  from  admixture  of  a  smidl  qwiutity  of  gelatinous  a  chlorhelicin.  TVn^ 
heated  to  between  120°  and  130°,  they  give  olf  the  iriiole  of  their  water,  and  ih«  M- 
mi'-'niTv:'  rinliydroas  a  chlorhelicin,  when  raised  to  a  higher  temperaturf,  pives  off 
vapouxti  of  h3-dride  of  cbkooealicyL  This  product  is  likewise  obtained,  together  with 
g^neoM  or  its  prodaeta  of  decmnpontion,  on  heating  a  dikxAelidn  with  dilate  iuid»  or 
dUutUf  or  1^^  tEOating  it  with  emulsin  : 

C"H'»C10^  +  EH)  -  C"H»C10«  +  C«H"0«. 

Chlorhelicin.  Wlion  ehlorine  is  passed  into  an  aleoliulio  .solution  of  lieliein,  a  white 
granular  substance  is  obtained,  which  has  the  compositiou  of  a  chlorhelicin,  but  is 
infloliible  in  water,  nearly  insoluble  in  boiling  aleoho^  and  is  not  deeamiMwed  in  the 

rn-tnnt  "  Mi^t  meiifioned  by  aciil.e,  alkalis,  or  emulsin. 


C»H»'0'«  (Piria,  Ann.  Ch.  Phv«.  [.3]  xiv.  21)2).— This  sub- 
stance, which  may  be  regarded  as  a  compound  of  helit  in  aud  salicin  (C"H'*0'  + 
C'*H**0^),  ia  obtained  by  treating  salicin  witJi  nitric  aeid  still  more  dilute  than  that 
which  is  used  for  the  preparation  of  helioin,  viz.  of  12^  \\m.  (spccifio  trriivity  1  088). 
It  may  be  purified  by  washing  with  coid  water  and  crystallisation  from  boiiing  water. 
It  forms  needles  resembling  those  of  belicin,  and  eontoining  |  at.  water  (2CHP'0'*'f 
SIT*0),  Under  tlie  influence  of  emulsin  it  \h  decomposed  simuarly  to  fcaiitifw"^  jiddug^ 
however,  aaUgeuiu  in  addition  to  frhico.se  ami  hydride  of  salicyl: 

C«*H»«0"  +  2li-0  =  2C«H'=0«  +  C'lPO^  +  C'H«0«. 

HsUooldia.  GloeoM.       o^f;!'!'!']'!.  Saligeoln. 

Alkalis  and  acids  act  in  the  sauie  manner,  the  latter,  howtTcr,  converting  the  saligeuin 
into  saliretin  ^CH*©)  by  abstraction  of  water. 

Helicin,  Falirin,  nnil  lielit  oVdin  are  related  to  one  another  in  the 
quinone,  colourless  hydroquiuone,  and  green  hydroi|uiuuue. 


or  Siooi$ton9t  a  rariety  of  chalcedony,  having  a  deep  green 
Qokw  with  Uood-Md  apotiL  ItianfedMagent. 

REZiXX  POMCATZA.  The  Ganhn  or  Viiuyan?  S  uitZ— .The.  shell  and  ojirreulnm 
of  this  mollusc  have  been  analysed  by  B.  Wicko  (Ann,  ch.  Phanu.  cucr.  79),  with 
thoibUovingzenilte: — 

ttfCOS        UMU»     J^'^^y  Ferric  j»m  Orpaiil* 

•Shell  .       .  96-07  n  08  0-86  1-15  0'95  «  100  00 

UjMTiMdum  .  88-75  O  iiG  ,3-36  0-16        0  35  P»-12  =  luo  uo 

W.  Wicke  (Ann,  Ch.  Pharm.  IxxxviL  224)  fotmd  in  the  operculun  94-24  per  cent, 
carbonate,  and  6'7S  per  cent,  phosphate  of  ealetmn,  together  witif^traoes  of  ferric  oxide  and 

pho'^}<hate  of  nia^niesiuni.  He  supposef:  tliiit  tlie  phosphate  of  calcium  ijs  contained 
chie^'  in  the  small  nodules  which  cover  the  surface  of  the  operculum.  Joy  0'f>u/. 
IzxxiL  366)  foand  to  the  eheD,  08*5  per  cent,  carbonate  of  calcium  and  1'5  orf^auic 
matter,  but  no  jilio^-jiliorle  acid,  silicic  acid,  fluorine,  magne»ia»  Or  alkalis,  Oobley(J. 
Pharm-  [3j  xxxiii.  161)  found  that  the  shell  ooTi'ained  70  per  cent,  w^ater,  find  when 
dried,  consisted  almost  wholly  of  carbonate  of  calcium,  with  small  (£uautitit»i  v£  earthy 
and  ferric  phosphates,  and  animal  niattfT. 

In  the  nnimal  it-elf.  OuMey  found  a  peculiar  mucti««,  eontaininp  n  email  qnantitv  of 
Carbonate  of  Dotasbium,  A\  hich  gives  it  an  alkaline  reaeUun,  redis.Hilve*  in  water  atler 
diyina;  hot  loses  this  property  after  a  while.  OoWey  also  found,  besides  tlio  ralto 
iimially  occurring  in  the  animal  orranism,  a  small  qnai  tif  y  of  chloride  of  amniMiiinm, 
a  peculiar  compouud  uf  ajjiuial  matter  with  carbonate  of  calcium,  partially  soluble  in 
water,  and  tmces  of  iodine.  Beneke  (Ann.  Ch.  Flwnn.  cxiL  foitnd  in  the 
animal,  a  peniliar  fatty  substanrn  OiiHed  myelin,  existin-:  also  in  tlie  brain  ami  other 
organs  of  tl)<'  higher  animal!<!,  M-hieli  swells  uj>  in  peculiar  forms  when  soaked  in  water. 

Hi:z.Xi£SOBJCirB.  An  a;:ofisrd  1  tody  contained  in  the  root  of  black  hcilcboro 
{}l<l!riH>rm  hiemalis).  It  is  obtained  by  exhansting  the  ixxit  irith  rioffhol,  diln*Mig 
the  extract  with  a  cdtain  qiuuitity  of  wnter,  whidi  pieeipitatei  s  xeeia,  and  ooaoon- 

trating  the  fijtered  liquid. 
It  fonns  colourless  cry.stals,  having  a  harsh  bitter  taste,  eelublo  in  water  and  in 

aleoliol.  more  soluble  in  etfier.  The  solutions  are  neutral  to  t<'st-paper.  It  is  dceoni- 
posed  by  heat»  also  by  nitric  and  sulphuac  acids.  Heated  with  potash  it  gives  off 
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It  ia  not  predj^itated  horn  its  solutioos  by  acetate  of  lead,  chloride  o£ 
iodSAb  of  patMamB.  (W.  Bastiek,  Hivib.  J.  Tnm.  ziL  174.) 


uuioouia. 
iiMcuJcy,  Off ' 

Ml AWMOWTA.  CaSkd  also  Ledite.  A  Yaviely  of  Iblspar,  occniring  at  Giy- 
jkyttan.  in  Sweden,  hariii^  a  j»oriiliar  waxy  lustre  and  deep  flesh-red  colour. 

HEX.Z.i:iri£RrB  iiml  BEX.Z.ElflrzlSr.    Si><«  ITEi.R?n;xT:  and  HKi.Tn««iN'  (p.  138). 

asUKZM'TS-  A  vari^  of  chlonto  oocaxriog  in  i^par  and  quartc  (D  ana,  xL 
294> 

BBUKOnnMttKVBb  A  Tiriety  o(f  lineatone,  gra^raDy  of  a  dmk  eolow,  anil 

dist  iiiLTiiixh^d  l)y  the  IxMutlful  rcil  ana  frroon  iridcsociicc  of  the  fossil  shflls  whioli  it 
contains.  It  is  fwnA  in  Ganothia,  at  Halle  in  th«  Tyrol,  and  other  localities,  and  is 
iaadelnto»tMietyof  croiTiwtfwl  articiei.  (Hioidir.    Oh«a.  iiL  849.) 

■BWar.   TVfrdlerfra/  6tanw#.— mtneml  ooBBistiog  of  aitieate  of  mangaiMM^ 

irfn,  and  gluolnuni,  combint^d  vrith  oxy.'«illphidi'  of  Tnan<^ano.st'.  It  o<vurs  in  rriridar 
tetrahedrons.  Hardnesa  6  to  6*5,  rather greater  than  that  of  Mspar.  Specitic  grarity  31 
to  S'3.  Dutn  vitreoita,  incKniiig  to  x«miioin.  Colour  irax-ydloir,  incusing  to  y«Uowu4i 
brown  and  siskin-gre«n.  Streak  uncoloured.  Subtranslucent.  Fracture  uneven.  On 
charcoal,  in  the  reducing  flame,  it  melts,  with  intumescence,  to  a  yellow  opaque  globule. 
When  finely  pulverised  it  is  decomposed  by  hydrochloric  acid,  with  evolution  of  sul- 
pbydric  acid  and  separatioil  of  gelatinous  silica. 

Analyses'.  1,  2.  From  S-.ixony,  bv  C.  Gm.Hn  (Pogg.  Ann.  JiL  63).  3.  f'fOBI 
iNorway,  by  Kam  laol^^btrg  {Min>  rakh'  mic,  p.  7<'0)  : 

&oa  &        Al^CP        O-O         Fe^O         Mn-O  ^uSb. 

1.  SWT     .   .     1-44      8-OT      8-00  42*12 

2.  33  26  6  05  12  03  ^  5  56  4176  1  15  -  98-81 
8.  88*18     m    .  .  .     lia«      4-00      48*12        .  <  «  108*49 

BeaM  Baauadsbeig  dedaoMi  tlis  foranala 

2(1&L ;  Pe)« .  8[2(Mii ;  Ftty0.2fliO«4'  2GH>j9IO^ 
viiiA  it  ndnable  to  die  tem  of  an  ortho'^ilicate  united  vitfk  a  ptotewiphide^ 

3M'SiO'.2M-.'^. 

Helvin  affords  the  only  known  example  of  a  native  compound  of  a  silicate  with  a 
sulphide.  It  is  found  in  the  gneiss  of  Schwarz«nberg,  in  Saxony,  aaeoeiated  witli 
gametv  qvartB,  flints,  and  calcspar :  at  Brettenlmutn,  in  Saaxmy ;  sod  on  tiw  Hbvttt- 

ka'!"  :>.  T'  <."r!t  >in  iu  tlir  Lif-tlud,  near  Brnmrnen,  in  Nbnrfty.  , 

HX:i\lXBJtOMKT3>RZia'.    8<:<'  Eromhydutn's. 

HJBBdCX-OOMPOUWS.  Binary  compounds  containing  1  at.  of  an  electro- 
aagative  or  cUorans  radicle,  eombinMr  with  9  or  4  at  of  a  nonatcanio  eleelro*poeiti'v« 

or  basyloos  radicle,  acconling  as  ^  r  1  'dm-iK  ^:itivc  radicals  is  mono- or  di-atomic, 
t.ff.  hemichloride  of  copper  »  Cu'Ul;  hemioxido  of  ooppor,  Gu*0  (C«»31-d).  Saoh 
eompounds  axe  c^en  auled  tH^wnfotmdti  ImfctfabtenMuiiMdlB  fbisIKetiomayiB 
*  aaferent  mum  (n.  821). 

snonraT.  Se«  CvimALLoaauamr  (M       us,  136, 140, 150, 156). 

BSARXiOOOirS  8EKIE8.  A  nnme  aj>plird  l.y  .^chiel  (Zeitschr.  Ch.  Phnrm. 
1860,  p.  44)  to  series  of  organic  compounds,  the  tenps  of  which  differ  fh>m  cne  another 
by  fiCSLt 

T*"""— mf  B  rif  P WW    Hemimorphous  crystals,  acoording  to  most  onthen*  tt* 

th'jf-v  wliich  are  uu'^Tn metrically  terminati  d  at  the  two  in\<U  of  the  prineipal  axi% 
e,<f.  siliceous  calamine  (i.  714),  sulphate  of  magnesium  (ii.  loO).  Laurent,  how- 
«f«r  (Oompt.  ehim.  1849,  p.  269),  applied  the  same  term  to  bodiM  which  am  similary 
or  to  a  certain  r-xtent  .iiialo^us,  in  cnmpc-ifJon  (d'une  crrtatnr  avnfoffie  dnnn  Uur 
eow^fimiioH\  uid  aystallise  in  fbims  (belonging  to  the  same  or  to  difierent  systems) 
ia  vUdi  wme  of  Hie  dihednl  an^M  «i»  nearly  equal,  while  the  zeefe  aco  veij 


KSimnXOSPHZTZ:.    Pvn.  w-itli  Srr.TrRocs  CAXAMnm  (i.  7U)- 

naczvnrxc  ACZI>.  C"!!''*)".  (Wr,hl.  r  [1844],  Ann.  Ch.  Pharm.  i.  1.7.— 
Blyth,  ilrid.  1.  36  aud  i3.  —  AndtrHon,  ibid.  Ixxxvi.  194.— Matthicssen  and 
Fn  St  er,  Proc.  Roy.  Soc.  xi.  68  ;  further,  Phil.  Trans,  1863  ;  Chem.  Sooi  X  xv.  340.  )  — 
T!-:^  acid  i.s  produced:  1.  By  th.  oxidation  of  opinnie  acid:  C"H'»0»  +  0  =  C'lI'-'O*, 
wkich  may  be  eiiWU'd  by  the  action  of  peroxide  of  leatl  and  sulphuric  acid  (Wo hie r), 
or  of  aqneoos  dichloride  of  jlatininn  (Blyth). — 2.  By  thr  oxidation  of  narcotine  wiw 
dUnte  nitiie  aoid  (AadersonX  or  with  pMoiide  of  lead  and  eolphano  acid,  or  per> 
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oxido  of  mangancso  and  bydrocblorio  acid  (Wohler),  or  with  excess  of  aqueoos 
dieUorideof  ^«Howm  (Bljth).   la  Amb  raaetkiM,  liie  iwnxrflBe  Is  line  eoin^ 

into  opianic  uoid.  which  then  suffers  further  decomjx>«ifion. — 3.  Togrfher  witli  inecfnin, 
bj  the  decomposition  of  opianic  acid  under  the  iafluftoce  of  caustic  potash  (Matthicasen 
and  Foster): 

OpUnic  acid.         Meconto.      Hemlpfnic  acid. 

PrtparaUotk — 1.  Opianic  acid  is  heated  to  the  boiling  point  with  water  and  per* 
oxide  of  lead ;  ^Qiile  «alphm4o  add  ia  added  drop  b^  drop  till  chAmuk  add  hefpBB  to 

o^icape;  the  liquid  is  left  to  c<x)l  partially  ;  sulphuric  acid  i«  fhon  added  b^  drops  till 
all  the  lend  ia  pteeipitated,  and  the  filtrate  is  evaporated  to  th»  cnrataUudqg  point. 
The  first  cryatab  are  aomfltiiiiea  mixed  with  Tomltneid  opiBttie  add,  Imt  an  caailj 

f>urifi^  from  it  by  their  much  prcatrr  ?iolul>ility  In  waifr  (Wohler). — 2.  The  mother- 
iquor  resulting  from  tlie  action  of  dilute  nitric  acid  upon  narcotine  (q.  v.),  after  the 
separation  of  meconin,  cotamine  and  opianic  acid,  contains  hemipinic  acid,  which  maj 
lie  obtained  by  precipitating  this  mother-liquor  with  aceteto  of  lead,  and  deoomponog 
tbe  precipitate  with  sulphydric  acid.    (A n d  o rf  on.) 

8.  Opianic  acid  is  mixed  with  a  larye  eiceiw  of  potosh-lej ;  tlie  lic^uid  is  evaporated 
nearly  to  diTiicss ;  and  the  resulting  alkaline  mass,  consiatingof  meconin  and  hemipinaite 
of  pnt:i^«!tnm,  is  dissolved  in  a  moderate  qtinntity  of  wnrm  water,  R!id  mixed  witli  pxcess 
of  hydrochloric  acid,  whereby  the  njccoiiin  is  separated  as  an  oil,  eanying  down  with 
It  the  greater  part  of  the  hemipinic  acid.  The  aeidified  liquid,  when  quite  oold,  ia 
poured  off  fmin  the  solid  cake  of  mcrouiii  and  In  mipinic  iwid  formed  at  the  bottom, 
and  evaporated  to  a  small  bulk,  so  as  to  separate  the  greater  part  of  the  chloride  <^ 
potaaaimn ;  thia  salt  ia  waahed  ivKh  aloohol ;  tiie  alemolic  wuhings  are  mi»^  witli 
thf  ronrciitnitfd  iiiotlier-Hquor ;  and  th.-  frc-li  quantity  of  chloridf  of  potassium  lliu.s 
precipitated  is  removed  bj  filtration  or  decantation*  The  clear  liquid  is  eva- 
pmted  neariy  ^  diTneea  orer  the  irater>h«th;  the  leddne  thva  obtained  ia 
again  treated  with  alcohol  to  separate  the  last  portions  of  chloride  of  potas- 
sium ;  and  the  alcoholic  solution  is  filtered  and  evaporated.  On  dissolving  the 
product  of  these  operationa,  tog«?ther  with  the  original  precipitate  of  meconin  and 
neilifpiaie  add,  in  boiling  water,  and  rendering  the  solution  slightly  alkaline  by 
ammonia,  nearly  all  the  mcronin  crystallises  out  as  the  solution  cools,  -wliilt  hcmipiratc 
of  ammonium  remains  iu  solution,  tc^ether  with  a  Pinali  quantity  of  mcconiu.  For 
complete  purification,  the  solution  of  the  ammoniuni-talt  is  precipitated  by  acetate  of 
lead,  and  thi-  hrraipinate  of  lead,  aft.r  tliorough  washing,  is  drcomposcd  underwater 
by  sulphydric  acid  (Matthicsscn  and  Foster).  This  motle  of  preparation  is  pre- 
ftrahle  to  the  oxidation  process ;  becanae  in  the  latter  it  is  difficult  to  lUTMt  the  aetaos 
at  the  right  point,  Fothaf  tli<  rr  is  al'wny^  a  risk,  lithcr  of  loa-\-inii  *">pianic  acid  nnd<'("om- 
poeed,  or  of  ioKii^  a  portion  of  the  hemipinic  acid  by  further  oxidation.  (3ee  below.) 

Propertm. — Hemipime  add  eryetaiHflee  in  eolmnleaa  obliqne  xliomlrie 
(Wohl^T).  or  larcc  flat  rhomVihcdror.s  fBlyth).  It  has  a  slightly  acid  asf rin^.'iit 
taate^  and  a  strong  a<-id  reaction.  It  disaohea  with  dificultjr  in  cold  wU^,  more  eafiily 
in  afaoAol  and  in  eH^.  The  eiTstala  ^omeee  in  the  air,  and  fpm  off  18*7S  per  cent. 
(  »»  2  at.)  water  at  KiO'^  C.  At  180°  it  m»  lts,  and  Hjlidifies  to  a  crystalline  mass  on 
cooling.  Heated  between  two  watch-glaaeee^  it  snUimfa  in  ahiiung  Jaminn  like 
benzoic  acid. 

D(von?posififlns. — Hemipinic  acid  bums  with  a  bright  flame.  Heated  with  prrojcify 
of  Jiitd  and  s^dpkpric  ariti,  it  appf  ars  to  be  roinplrl.  ly  rrsolvf  d  UiUi  water  and  carbonic 
anhydride  (Wcihii  r);  dislilkd  with  excess  of  concentrated  hvdriodtG  acid^  it  is  com- 
pletely rewlted  into  carhonic  anhydride^  iodide  of  methgrX  *nd  hypojgallie  add 
(H&tthieaBen and  Fo.'^tor): 

c'»H'«o«  +  2m  -  cn«o«  +  2CH«i  +  co* 

acid.  iichi.  in<<thr1. 

Hrntrd  with  two  nr  three  times  its  weight  of  strraitr  hi/th-'  i^llnric  <7rj'</-  citlu  r  in  a 
sealed  tub*  to  about  110°,  or  in  an  open  vessel  cojuu  t ted  with  a  condeu.«*er,  in  tmeh 
a  manner  that  the  eoiideuso  i  rapour  flowa  beck  into  the  mixture,  and  with  an  appa> 
rufus  for  f  volvinti  hydrochloric  acid  pns.  «o  that  the  liquid  can  be  kept  constantly 
saturated  with  acid,  it  is  resolved  into  carbonic  anhydride,  chloride  of  methyl,  and  an 
Mid  baring  the  oompodtioii  0^*0^  homdogoua^  therefore,  vith  hypogallie  add; 

CMEP^O*  <f  HCl  -  00*  ^-  OTCH  +  C»H!«0« 

This  acid  (not  yet  named)  crvsf;dlisf  s  In  Tiin<;'  frtinsparenf  iirlsiMS.  nearly  insoluble  in  cold 
water,  not  modi  m<Hreaolubie  in  boiling  water,  more  easily  soluble  in  alcohol  uid  ether. 
When  hettted,  ft  beg^e  to  aoblime  irithont  deeonpoaition  at  about  SOO^  C.»  and  bean 
ft  temperatnre  oTmoM  than  345^  withovt  altcmtloq,  hot  at  a  atill  bigliar  temperature 
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ii  nrila,  and  wMiiUttm  to  •  ei^italftw  nan  on  tooling.  It  4ineH«s    tlMog  rol- 

plmric  acid,  anrl  crystallises  unchan^cJ  from  a  warm  saturat«^«l  solution  ;  a  cold  8oIo> 
tion  is  not  precipitated  by  v»ter.  It  gires  no  colontion  with  ferric  chloride ;  with 
ni^ate  at  sOrer  it  fcmm  ft  lAite  prpcipit«ta,  which  blackens  on  boiling.  (Mat- 
thieBsen  and  Foster.) 

"When  tho  tnother-liqttor  fk>m  -which  tht.«  acid  has  crr^talh'st'cl  is  "STilijcctcd  to  the 
pxolotiged  action  of  hydrochloric  acid,  bvpogallic  aeid  appears  to  he  funned.  (Mat- 
iht  es sen  «nd Foster.) 

Hf^  mi  pi  nates. — H<*mipinic  n-M  is  dibasic,  its  normal  salt^  Vinpr  rppreaented  by 
the  formula  CP'H'M'O*.  It  in  distinguished  from,  opianic  add  by  fonmag  inaoloUe 
fldbi  villi  i§tu^  jdVm*}  nd  Imtt  fUie  AMMiMtaiiMMf  fecw  evysliili  ponNWMt  b 
liie  air. 

The  luutrai  j^otM^tm-Molt  k^uy  soluble  and  difficult  to  OTStaUise. 

TIm  mM  potimhm  tnlt,  O^^PkO*  .  |H*0.  fynm  hrgt  hnagonal  tables,  eadfy 
iatuble  in  water  and  alcohol,  insoluble  in  ether.    It  pives  off  its  wator  at  100°. 

Bmrium-wlt. — ^When  a  solution  of  hemipinic  acid  is  neutralised  with  baryta- water, 
or  vben  solutions  of  hemipinate  of  ammonium  and  chloride  of  barium  are  mixo<l  to- 
gether, the  Bquid  remaiim  elour  for  a  long  while  if  left  to  itself;  bofe  on  boilini;  it  for 
a  fihitrt  time,  small,  shininp  PTTfttalline  phutes  of  hf-mipinutc  of  1)ariTim  arp  precipitated, 
and  soon  fill  the  Liquid,  provided  the  uolutions  used  were  not  too  dilute.  The  liquid 
on  OooUng  redissolyes  this  precipitatsi,  and  becomes  almost  or  quite  clear ;  but  after 
standing  for  a  few  honra:.  or  for  a  day  or  two,  it  again  deposits  hemipinate  <>f  l)ariuni, 
bot  this  time  in  feathery  tufts  of  very  small  silky  needles ;  if  the  liquid  be  now  again 
'  kflrted,  ttete  fenth<<«y  oyttals  rediesohr«t  ond  ue  cryitalline  plates  again  aiaka  udr 
rppcnmnce.  Tliis  rcactioti  affords  flic  Tnenn^  of  recosnifdng  hemipiaie  Mid»  OffMI  wlit 
present  in  small  quantity  only.    (Matthiesaen  and  Foster.) 

A>ri»  Jkudp^aU  i«  »  precipitste  of  afliM  enmge-yellow  ocAoar  (Blyth).  Th* 
bad'Sah  is  a  white  precipitate  inRolnblo  in  wat«  r,  but  .soluble  in  a^jueous  iicrtate  of 
load,  whence  it  separates  in  tianspaient  nodoks (W  ohier).  The sUversaif,  C'*lI*Ag*0*, 
it  ft  vlute  precipitate  iiUKiiabIa  in  watec 

Btkifl-hemipinio  acid,  €l**^C^)0*.  |H'0.  is  obtained  by  passlag  hydio- 
ehlorie  ncid  into  a  Jiohition  of  hemipinic  nerd  in  absolute  alcohol.  It  crystallises 
iu  bulky  ueedles,  which  trive  off  their  water  (9  6  per  cent.)  at  100®.  It  has  a  strong 
•eid  laartion,  is  veiy  slightly  soluble  in  cold  water,  rather  more  in  boilinr:  wat.  r.  The 
aqTj^vjTi**  solution  precipitates  ferric  salts,  T'tit  not  lead- or  Bilyf.r.».;ilrs.  The  ethyl- 
hemipinates  are  diffiksult  to  purify.  The  barium-^alt  forms  needles  grouped  in  tufts. 
(Aaderaoa.) 
WW^MittMm  ByiL  ^rfth  ChLnoanr  (it  908). 

SXPATXTB.     A  T.inctr  of  heayy  spar  containinir  bituminous  oiatter,  and 

di>t  ini:ui>lied  by  the  hepalic  odour  which  it  emits  when  rubbed  or  stmck. 

MMi^vmL.    C^H".    OenantMyl, — The  radicle,  not  yet  isc^ted,  of  heptyltc  <» 
ooaatiq^  akolwl  and  iti  daanHnB. 

Compt.  rend.  It.  140;  Ann.  Ch.  Pharm.  cxxiv.  353.— dehorlenmer,  Ohem.  See.  J. 

xvi.  217). — This  compound  is  obtained  :— 1.  V>y  heating  fcnanthol  (heptylic  alileb  v.lo, 
C'H'*0)  with  ainc  and  glacial  acetic  acid.  The  nascent  hydrc«en  thereby  liberated 
mntwiRWi  theqnantholyjfaimiugheptylic  aloolrait ;  and  this,  with  the  exeen  or  aoMie  add 

f  irms  acetate  of  heptyl.  On  wushint:  the  j>r<)dnet  with  wiiter.  and  li^ifjitin^  it  with  acid 
sulphite  of  aodivo,  to  remorc  nndccomposcd  (naanthol,  the  acetate  of  heptyl  is 
obtained  as  an  oil  floating  m  the  snrfiioe  (Bonis  and  Garlet). — 2.  By  deeom posture 
cliloride  of  heptyl  with  rtcei:ite  of  potassium.  The  two  Fiibstances,  mixeid  with  ghieiul 
acetic  acid,  an»  heated  in  sealed  tubes  to  150*^ — 160^*  C,  for  twelre  hours.  The  products 
of  the  raietMm  are  ehkride  of  potassium,  acetate  of  heptyl,  and  heptjdene.  On  diluting 
the  contents  of  the  tubes  with  water,  drying  f  lie  li./ht  oily  liqtiid  which  separates  with 
chloride  of  calcium,  and  subjeetinfr  it  to  fractional  distdlation,  the  In  pt^lene,  whieh 
boils  at  96^,  is  easily  separated  from  the  acetate  of  heptyl,  the  boiling  point  of  which 
is  much  higher  (Schorlemmer).  Alcohol  may  be  used  in  the  preparation  instead 
*>f  L:lacial  acetic  acid,  but  it  is  le«ss  conrcnicnt.  as  the  ln«?t  j-vortion.-^  of  the  chloride  arc 
then  yery  slow  to  decompose,  rtjquiriug  a  heat  of  '200°  continued  for  several  days. 
(Seborlonmer.) 

Aci  tAto  of  heptyl  is  a  Cijlourloss  oily  liquid,  lighter  than  water.  Inivino'  nn  nrreettblo 
frnity  odonr,  and  boiling  at  IbO^*  (Bonis  and  C a rlot^  between  11^^  and 
(Schorl <>in in  er),  wUdi  ia  about  10^  htf^M*  than  it  shoold  be  aoeording  to  Kopp'a 

law  (p.  no).  It  cont.iins,  according  tn  the  mean  of  fsdiorlemtuer  s  analyses,  per 
oent^  carbon,  and  Il'di  hydsogeo,  the  foxmala  requiring  68  35  carbon  and  11-39 
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hvdrogen. — Bj  distillation  with  potaiili>lejr,  it  yields  uetate  of  potaasiom  and  hcptjlio 
alcohol. 

BEPTTXi,  BROBCXSB  OF.  This  compound  is  slowly  produced,  with  evolution 
of  hydrubrumic  acid,  when  brutnine  is  added  to  hydride  of  hoptyl,  and  the  mixture  is 
either  exposed  to  sonshino  or  heated  iu  sealed  tubes  to  100^;  the  action  may  be 
quickened  by  addinp  a  little  iodine.  On  di.>>f  illinpj  the  jiroduct^  a  large  quantity  of  un- 
decompoeed  hydride  piuistiti  over  turst,  and,  as  soon  as  the  temperature  rises  to  110",  the 
Miidae  begiaa  to  dacomposa  and  bladcan.  (Seliorlemmer,  he,  eit.) 

BSPXTXi,  CB&OBZBB  OF.  C'n'»Cl.  (Petersen,  Ann.  Ch.  Phami.  cxriii.  74. 
— Scliorleiiiiaer,  Chem.Soc.  J.xv.423;  ztL217,  426).~Obtained:— 1.  liy  the  action 
of  psatadikRda  of  phosphons  on  heptyliealeohol,  and  punfted  by  wishing  and  distilla- 
tion in  the  usual  way  (Pet  ersen). — 2,  Bythe  action  of  olilorine,  or  better  of  chloride  of 
iodine,  on  hydride  of  heptyl.  Chlorine  gas  is  passed,  nut  in  excess,  into  a  solution  of 
iodine  in  hydride  of  heptvl;  the  nnattacked  portion  of  the  hyilride  is  then  distilled  oflj 
and  the  chloride  of  heptyl  is  separated  by  fractional  distillation  ftom  tho  portion  loiling 
between  140^  and  160*^  (Schorlemmor). — 3.  In  Hke  manner,  from  ethyl-amyl 
(C^H*.C*H"),  which  is  isomeric  with  hydride  of  heptyl.  The  product  yields,  by  frac- 
tional distillation,  two  liquids  of  constant  boiling  point,  «£r.,  chloride  of  heptyl,  and 
monoclUimnated  chloride  of  heptyl,  which  are  easily  separated  by  distillation,  as  tluir 
boiling  points  differ  by  40°.    (Schorlemmer,  Chem.  Soc.  J.  xvi  426.) 

CUonde  of  hept]d  is  a  eoloariess  liquid,  hanng  an  agreeable  ftnity  odovr,  and  Ijom^ 
in^r  with  a  smoky  green-bordered  flame.  Spfcifie  trravity  0-891  at  19*^.  (Schorlemmer); 
0*9983  at  65^  (Petersen).  Boiling  point  of  the  chloride  obtaimxl  from  castor-oil  alcohol 
m175®  (Peterson);  of  that  oblaaiedftom  hydride  of  heptyl  or  fSram  ethyl-amyl 
c=  150°  (Schorlemmer).  This  difference  seems  to  point  to  the  exi.st<  nee  oftwo  isomeric 
modifications  of  chloride  of  heptyl.  Neither  boiling  point  agrees  very  veil  with  that 
oalenlated  aeooxding  to  Kopp's  law  (p.  91) :  tor  tiie  arenige  diflhraaee  ftn*  homolo- 
govs  chlorides  of  the  alcohol-radichts,  C^H*"*',  is  about  30°,  ehlorido  of  ethyl  boiling 
at  11°,  and  chloride  of  anyl  at  101° :  hence  chloride  of  heptyl  should  bou  at  about 
181« 

Chloride  of  heptyl  contains,  according  to  Petersen's  analj^ses,  from  61*68  to  62*25 
percent.  c&rlx>n,  Il'Ol  to  ll  'is  hydro*.'(>n,  and  2646  chlorine,  the  formula  n-quiring 
62'45  C,  iri6  H,  and  26"36  Ul.  it  is  insoluble  in  water,  but  dissolves  t-abily  iu  alcohol 
and  ether.  IIeat«d  in  a  sealetl  tube  with  acetate  of  potassium  and  alcohol  <MF  glacial 
acetic  acid,  it  yields  acetate  of  heptyl  (p.  141);  and  when  hcattMl  in  like  manner  -nith 
alcoholic  stdph^drate  of  potasaiuuty  it  yields  sulphydrate  of  heptyl.  It  is  scarcely  acted 
upon  by  strong  potash-lAf,  oren  when  heated  with  it  in  sealed  tubes  to  ISffi  tor  sevenl 
days,  only  a  small  quantity  of  heptylsoe  beiqg  fumed,  and  not  a  tzace  of  hoptyUo 
aleohoL  (Schorlemmer.)   

MmodUorinated  CMoHdf  o/  Hej>tyl  CHiHA.OI,  isomeric,  if  not  idcotiei],  with 
eliloriio  of  heptylene,  C'lI'^Cl',  is  oljtaincd,  togfther  with  chloride  of  heptfl,  by 
the  action  of  chloride  of  iodine  on  ethyl-amyl  (see  aboye).  It  boils  at  190*>,  and  gives 
by  analysis  41*86  percent.  cUorine,  the  fbrarala  requiring  42*01.  (Schorlemmer.) 

KBVTTXi,  BTBBATa  OV.  CH^O  1 0.    Hrpttflic  or  Omanthylic  olco^ 

hoi. — This  alcohol  occurs,  together  with  others,  in  the  fusel-oil  from  the  brandy 
distilled  from  marc  of  grapea  {^Weintrcher-fmelol).  The  portion  of  this  liquid 
lioiUng  above  l.'J.'PC.  contains  sevend  alccthols  of  the  series  ('"II"""''"0,  hip;lior  tlian 
amylio  akuhul ;  and  by  subjecting  it  to  n-peated  tVuffiouul  distillation,  a  jM)rliou  may 
be  obtainetl  which  boils  beiwei  n  165°  and  160°,  and  exhibits  the  composition  and 
reactions  of  heptylic  ak-ohoL  (Faget^  BnlL  Soc  Chia.  do  Parii^  1862,  p.  69 ;  Ann. 
Ch.  Pharm.  cxxiv.  365.^ 

Heptylic  alcohol  is  ukewise  obtained  1.  By  the  action  of  nascent  hydrogen  on 
tinanthol,  C'II'*0  (Bonis  and  Carlet).  Tlip  cenanthol  is  treated  Mrith  zinc  and 
fidscial  acetic  acid,  as  already  described  (p.  143),  and  the  resulting  acetate  of  heptyl, 
distilkd  with  potash,  yields  &e  deohoL — ^2.  Amn  hydride  of  heptyl,  that  compound 
being  first  converted  into  chloride,  the  chloride  into  ac'  tate^  and  tnS  aestSita  into  the 
alcohol  by  distillation  with  potash.   (Schorlemme  r.) 

S.  B:^  distilling  ridnoleate  of  potsastan  or  sodivB  wilb  eocaMS  of  the  OMUlid 
alkali  (i.  08).  mien  castor-oil  is  saponified  with  potash  and  the  re8iilft||[  loq^  (it- 
cinoleate  of  potassium)  is  distilled  with  excess  of  solid  potash,  hydrogen  is  erolT^nd, 
and  an  oily  uquid  passes  oyer,  containing  an  alcohol,  or  perhaps  two,  homologous 
with  ethylio  alcohol,  together  with  an  aldehyde  or  an  acetone,  while  sebate  of  potaa* 
sium  remains  in  the  retort.  Bonis,  who  first  observed  this  reaction,  originally 
regarde*!  the  volatile  oily  product  as  octylic  or  capnlic  alcohol  (Compt.  rt^nd.  xxxiii. 
Ul;  Ann.  Ch.  Pharm.  Ixxz,  804).  Soon  afterwards  (Institut,  1861,  p.  258;  Ann. 
Ch.  Pham.  Ixxz.  306)  be  pronouMtd  it  to  be  heptylie alcohol;  bntultinately  (Coo^. 
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T<-ih\.  \xxTiii.  xli.  603;  Ann.  Ch.  FhttB.  adi.  996 ;  xcvii.  34;  in  detiiil.  Ana* 

Ch.  I'hys.  [."]  xliv.  77  ;  xlvi'ii.  99),  affcr  having  sucrrcclol  in  {>urifviiii^  llii*  alcohol 
mort»  ( ompititel^  tktm  bcibre,  be  returned  to  his  tirst  opinion,  wiiich  was  corrobo- 
rit'  1  }  V  the  annljBis  of  sereral  danndrm  of  the  alodhol  hy  hammUt,  and  aim  by 
Moschnin  (Ann.  Gb.Pharm.  buocvii.  lUX  Squire  (Chom.  S  u-.  Qu.  J.  v\\.  "lOSj.  and 
CahoarB  (Ana.  Ch.  Phwm.  xduL^). — Oa  the  otW  hand,  Kailton  (Cbem.  Sot, 
Qq.  J.  H  80^),  from  a  drtemiBation  ct  the  TapouKli«MRt7,  and  Willa  (tMI.  807X 
fiviiii  an  urialvsi^  of  th<'  aloobol,  and  frnm  fhe  rxaminatioii  of  some  of  its  comjH  and 
ethers,  coodaded  that  it  is  heptvlio  alcohoL   Somewhat  later,  Liaaprioht  (Aaa. 
Ch.  Fharai.  aaiiL  342)  ahowed  Chat  the  oily  dittillate  obtainad  aa  abora  oontataa  % 
considerable  quantity  uf  a  liquid  which  forms  a  orysfalline  compound  with  acid  sul- 
phita  of  aodium ;  and  by  distilling  this  compound  with  excess  of  cHuetic  alkali,  ho 
abtaiaad  a  liquid  baring  tlie  composition  oi  octylie  or  cnpiylic  aldehyde,  Cil'*0, 
which  he  accordingly  re^irded  a«  the  chief  product  of  the  dicttillation  of  ricinoleic  add 
with  excess  of  potash.    According  to  Stiideler,  however  (J.  pr.  Diem.  Ixii.  241  ; 
Jabresber.  1857,  p.  361^,  the  compound  C*H'*0  is  not  caprjlic  uKkhyde,  tut  the 
isomeric  compound,  metbyl-cenanthyl,  GH*.CH*'0,  belonging  to  the  class  of  a*  '  t  >nea 
(I  31),  and  its  formation  fak<  >  plar^^  ajnnltaiwoaalj  with  that  oi  hfip^lia  aloohol^ 
iu  llif  mauuta:  shown  by  tlu-  iquations  : 


arid, 


2KH0 


2KflO 


CH'.  C-JI'^O 

iNf.thyl- 
CPil  .llthj  I. 

Hcptylic 


CP»H>«K»0< 

C"H'*K«0* 


2B? 


The  evolution  of  marsh  gaa,  which  the  latter  equiUion  supposes,  has  not,  however, 
l>e*a  observed  :  t!i."  lms  CTClTad  appears  to  be  in  all  cases  pure  hydmgmi.  StSdelei^a 
analy-iyi  of       alo-diol  a^Tecs  very  closely  with  the  formula  <.f  Ii.'|ity]ic  .Similar 
resuitfl  ha\e  been  obtained  by  Petersen(Ann.Ch.  Pharra.  cxvii.  Oy^  who  analysed  the 
aleohol  alt«r  eareftUly  fremng  it  from  metbyl-cemnthyl,  and  also  lonia  of  ila  dflnYatiTe% 
«!1  <  f  w!ii.'!i  c^ive  resnlf*^  agreeing  with  tbe7-carbon  f^nimli  .    On  f!i,.  iflj.  r  limd, 
Dachau er  (Ann.  Ch.  Pbarm.  cvi  269),  from  his  analysi'S  of  the  (»tvful^>parified 
alei^bol  and  acrmd  of  ita  deriTStxrea^  law  eonia  to  the  ooneliMioB  tiiat  th«  vobtile 
products  of  tlu'  r<-iction  ar<^  mffhy!-nMiaiif!iyl  an. I  ont_vli<>  .-iLMliol,  tlir  f. irmation  of  the 
latter  diiEBsnag  &om  that  of  the  former,  only  by  the  oToiatiou  of  2  at.  hydrogeo  infftfad 
cflbnr: 

C'"H»'0«   +   2EH0     «     OTP«0    +    C»H'«K»0»  ♦  H» 

•cid.  Oc^rMe  alcohol.  pot«.ium. 

Fmm  tbr«/»  Tarinvi^;  Ktnteminifs  it  appears  probable  that  both  beptylip  arnl  nctylic 
aicobol  may  be  produci'd  iu  Uiit*  reaction.  It  must  be  obser\'ed,  howevt<r,  that  the 
fWBBtHtoga  of  carbon  in  the  two  alcohols  differs  by  only  1*4  per  cent.,  and  that  the 
prrcpntanr  of  rarlron  in  Iii'iitylic  alcoliol  (72'4)  might  eR'<ny  ]>v  iMi-''d  fo  tint  of 
oct^'iic  ala>bol  (73*ttj  by  the  admixture  of  a  oertaiji  quantity  of  raethyi-a'nanthyi, 
vlneh  Vootama  more  mrbon  tbmi  eith«r  of  them  (76*0  per  eeBt\  and  ia  very  difflemt 

ti  sfparat<-  fnun  flu  alfoliol.  It  is  jY..ssiMc.  (luTr-foro,  that  the  alcMliol  oliiaiiu'd  niav 
be  in  all  eases  the  heptylic,  but  that  some  chemitits  who  have  analysi'd  it  have  not 
Boeoecded  in  aompUMy  mnoving  the  methyl-omanthyL  On  tha  otficrhaiid,  asnmiing 
f'n-  received  fonnula  of  nV'iiiol.'ie  acid  to  be  t^ornn't  (an'l  it  Is  ronfii-tricfl  by  Petersen'H 
a4u4yaeOk  ivc  cU,),  the  formatiott  of  the  7-cacboa  akohuJ,  together  with  sebncic  aoid, 
does  not  aeeont  ftr  tha  lAob  of  the  eavtieii,  hiiImb  «•  aoppoae  awiah  gus  to  t>e 
evolved,  which  has  not  hem  otitMLTod  9MJ  OM.  Tho  inbjetf^  tiMicfritr,  wffSM 
further  investigation. 

Preparativ7i  of  Heptylic  alcohol  from  Catttot'oil. — Tho  oil  is  saponified  with  causito 
soda,  and  the  ricinoMllto  of  soditun,  separated  in  the  usual  way  by  common  m\t,  m 
distilled  by  small  portions  with  excess  of  caustic  sudu,  as  Ion;r:f'<  the  distillate  continues 
to  pass  over  colouriess.  The  portion  collected  between  170^  and  180°  is  rf-ctiftod  over 
aolid  potiii,  vaabed,  and  shaken  up  with  a  eoncentnitcil  solution  of  ncid  sulphite  of 
fMtnm  ;  and  thf  thick  pulp  wliicli  torms  after  a  whil-'  is  !»e)«iratod  from  tho  motlier- 
liquor  by  pretssinjx  it  and  tryii&lt'niQg  it  to  a  moist  fllin-.  Tho  whole  mass  is  then 
repeiltedly  agitatrtl  with  ether,  in  which  tho  alcohol  is  soluble,  but  tho  compound  of 
the  acetone  with  the  alkalin>'  sulpliit*'  is  Iiis,  >hi1.Ie.  The  ethereal  solution  is  then  flltt  red 
K&l  the  ether  removed  by  distilUtiun,  the  residiuil  oil  again  mixed  with  strung  soliitiou 
«f  aeU  aa^liito  of  sodium  and  aeiainde  fin»  several  dayn ;  tiie  watcory  liquid  fgain  MO|>amt«d 
frrtm  the-  mrm';,  whi«'h  has  nmv  ln-pAme  ^clatinnns  :  tliia  muss  is  exhausted  ivltti  <  tli.M-; 
and  the  oil  obtained  firom  this  ethereal  solution  is  again  treated  several  times  with 
nlphite  of  oodi«m»  bau^  tdtiaatdj  IdttnooolMt  wiUi  itforaemlireeln,  oraa  Unig 
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GUi  any  sraall  quautity  of  gclntinoua  prtcijiilaU'  cuUliiiUes  to  Mi>iirut»:.  The  oil  liually 
obteined  niter  ovaporat.ing  the  etber  is  rectified  over  a  einall  quantity  of  hyflnit©  of 
pi  t a<^sium,  t}i>  n  a-bt  d  with  witcT  ftod  dried.  The  prodoet  thus  obt^med  is  beftylic 
alwliol.  (Petersen.) 

hrcftrku. — H<-ptylic  aleoliol  is  a  co)oarleM  oily  liquid,  intoluble  in  wat^,  ntuble 
in  common  alrohol  and  in  cthor.  Sj  ccifi.^  gravity  d  .S19  at  (S't;i*!  elor).  Vapour- 
density  4-84  (Petersen),  416  (Paget),  4*019,  bj  determination  in  ojx  atraoephere  a£ 
hydrogen  (RaiUon) :  by  ealeiintion  (2  toI.)  —  4*04.  Boiling  point  179*  (WilU), 
between  177  and  177*5°  (Stad.  1.  rV  178-.'»«  (Petersen).  165°  (Houis  an<l  Carlet), 
betweca  155<^  and  (Paget).  Thaee  differeocod,  as  with  the  chlonde,  iadicatt>  the 
esbtence  of  two  modifications  of  the  aloohol  The  calenlatsd  boi]in|[|f  point,  amnrding 
toK"  ■  I  i\v,  is  173*^  (p,  90),  8o  that  the  heptylic  alcoh  1  i  ^taini  d  from  easfor-ou 
appears  Ia>  be  the  normal  comjKjund,  whereas  the  alcohol  ol Gained  from  brandy  liisel- 
oil,  and  that  produced  from  cenanthol,  app«ir  to  correspond  with  Wanklyn  and  Erlen» 
neyer  H  /S-hexylic  alcohol,  inasmuch  as  the  latter  lx)lls  at  134°,  and  137  +  19  <=  136. 

The  foIlo%Tincr  taT  le  exhibits  the  ooo^Otttion  of  heptylic  alcohol  as  detenained  by 
calculation  imd  by  uualysts : 

C       84      72-4         72-79       72-83       72-21        72*43  7226 

H"       16       13*8  13-67  13-99         13-81         14  24 

O         16       13-8  n  54         11  12        13-80  U  bV 


C)=H"0    116      100-0         lOOUO        100-00       lOO-mr        lOUOO  10000 

Faget'a  alcohol  was  obtained  from  brandy  fu><el-oil  (p.  144) ;  Schorl emmer's  was  pre- 
pared from  hydride  of  heptyl  obtained  from  Boghead  naphtha ;  the  other  thrwi  from  custor- 
oil.  Petenuin  observes  titut  tlie  purifu  atioa  of  the  alcoiiol  ^dnOt  alwajB  8neeee<i  so  coni- 
)>letely  as  in  th^  inmylr  whose  analysis  is  aV>ove  given  ;  in  one  specimen  he  found 
72-9o  per  cent.  c.uLuii  aad  13  37  hydrogen.  Bonis,  Mosciiuui,  andDachauer,  as  alrea«.ly 
ObseiT^d,  have  obt^iined  by  their  anidyscs  of  the  ca.stor-oil  alcohol,  resmlts  agn'eing 
more  nearly  with  the  formula  C^^Ii'^O,  viz.  Bonis,  73*5  C,  13  9  II;  Mosfhuiii,  73-6  C, 
13-8  li ;  Dachauer,  73  8  C,  13  9  II  (calc.  73*8  C,  13  8  H).    See  Octti.ic  Aixohou 

Dtvinnpositioiic. — 1.  Heptylic  alcoljol  distilled  witli  chloride  of  sin<.\  yields  heptylwse', 
C^H'*  (B(>uis  aiiil  Carlet). — 2.  IT  it»  1  i,\ifh  potash-Umr,  it  gives  off*  hydrogen,  and 
i«  converted  into  oeDauthylic  uftid,  C  il'*U'*  (Paget). — 3.  Vt  ith  jttrUacklondr  of  pkos- 
^4oiHf»,  it  yields  diloride  of  heptyl  (Petersen),  and  witli  io^fiw  and  j>h".^ihonUf 
iodide  of  heptvl  (.Schr.rlemmer). — 4.  With  ra/pAnria  orttf »  it  foniui  hep^l«nuphnric 
acid,  cur ) ♦  f  1  *  f  t  e  r  s  e  n ). 

B2FTirz.,HT]>BZBlX  or.  CH'^-C'  II'MI.  This  compound  occurs,  together 
with  several  of  its  homologue-s,  in  ivctifled  American  petroleum  (Pelonse  andCahours, 
Compt.  rend.  Ivi.  50.'):  Ami.  C]>.  I'liarm  cxxni.  196.  — Si  1i  >  t  l  otti  mf^r,  Proc.  Lit.  Phil. 
Soc.  Manchester,  Maivh  13,  IhU-j  ;  Chum.  .^oc.  J.  xvi.  21Gj  and  in  the  light  oil  obtained 
from  the  t«r  of  cannel-coal  (8  chorlemmer,  Chem.  Soc.  J.  xv.  423):  it  is  also  pn>- 
duecd,  together  with  some  of  its  homolo>iues  and  .  'hrr  liy  lrn.  uLons,  by  distilling 
aiuylic  alcohol  with  chloride  of  zinc  (A.  Wurti^  Compt.  rend.  ivL  1164,  1246;  Ann. 
Ch.  Pharm.  cxxriii.  226.) 

1.  Rectify  d  .\iin  rh'an  i'.  ft-olrnm  may  be  f^cjiarritcd  by  fractional  (HstillufiAn  into 
the  hydrides  ol  twelve  aicohol-radides,  from  hydrule  of  tetryl,  CH'',  bailing  at  a  few 
defreee  above  (P,  to  hydride  of  pentadccatyl,  C'*H«  boiling  between  256»  and  260^, 
besides  other?  of  '•til!  lii^'her  boiling  point  (see  HYnKrOES).  When  the  liquid  which 
remains  ailer  the  separation  of  the  hydiidcs  of  amyl,  boilii^  at  30%  and  hexyl, 
at  68°,  is  submitted  to  fhrther  rectification,  the  temperatm«  remains  constant  for 
some  time  between  90°  and  96*^;  and  if  the  portion  which  piisses  over  between 
these  tempemtures  be  collected  npurt  and  again  carefully  rectitied,  the  quantity 
of  uateritu  being  somewhat  consideriible,  a  prtxluct  may  be  isolated  which,  after  pun- 
flttltion  by  shaking  it  up  with  very  concentrated  sulphuric  acid,  washing  with  dilute 
carboTiiU*'  of  sudiiim,  and  dehydrati .  u  with  chloride  of  odcium,  hoihi  brtween  92*  and 
94*':  fh's  is  hydride  of  heptyl.    (I'eluuiii.  and  Cahours.) 

9.  Tiir  inixfure  of  oils  Mitlltaed  by  distilling  eanael-coal  at  as  low  a  temperature  as 
f^cf-ililr.  is  It  fr  in  eoTitnrt  for  several  i1ays  with  nn  eqnnl  voliuno  of  stilj.lairic  ai-iil.  nnd 
fivqijLiitly  bliiikeii ;  the  oil  is  then  poured  o%  washed  with  water,  and  distilled ;  and  the 
distillate,  consisting  of  benwne  and  bensylene (toluene),  together  -with  the  hydrides  of 
t!ic  a!o  liol-rali  rrpcnt(  .!ly  sh  il:rn  with  strong  nitric  acid,  toconvert  tfu" benzene 

and  l)en/.y It'll e  into  nitro-com pounds,  until,  oo  adding  water  to  the  liquid,  no  iiirther 
separation  of  these  compounds  ooenri.  The  portion  nnacted  upon  by  tne  lutrie  aeid  is 
t^irn  Trashed  with  water,  dried  over  pot.-ish,  and  repcatediv  rectitied  c»v.  r  '-o  lnim.  The 
liquid  thus  obtained  yields  by  fractiomd  aisUilation,  hydride  of  amyl,  Q*W\  boiling  at 
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8»o_4^o  hjOridu  of  hoxyl  at  68^—70°  hydride  of  iKplyl  «t  99P—99^t  aod 
fcordrids <tf  ootyl  at  H»«— 1200.  (Schorlcmmcr.) 

3.  The  dietiilate  obtttiocd  by  heating  amylic  alcohol  with  chloride  of  zine  consists 
of  amyleuc  and  compounds  polymeric  wit! i  it,  togethesr  witli  hydride  of  nmyl,  and 
smaller  quantities  of  tiie  hydrules  of  hexyl,  iioptyl,  &c.,  lu  CH  *.  Hcptylene  and 
hydride  of  heptyl  ure  ewntainsd  in  tlw  portion  of  the  di«tillat«  boiling  botwi  en  So'* 
«nd  0.5^,  and  may  l»<>  s<»pnmtr«l  hy  conrrrtiti^'  th«.-  In-}  f  vltme  intoafaraud*  and  lliftilo 
liiijii,  t-Lc  hydride  of  lit^piyl  ihvii  ptuiam^  over  lirst.  (SV'urta.) 

Hydridci  of  heptyl  ia  a  thin  mobile  liquid,  having  •  float  bit  plstwot  odoan  a»d 
Irariiiutr  with  a  ^li^/hfly  smoky  flame.  SpccifiL*  pnivity  0-7122  at  16*^:  0'7on  nt  l7*o' 
^s^cLoriemmor).  iioila  at  98**— 99°  (Schorlemmer)^  at  92^ — 94'-'  (i'eiouae  aud 
CnhoaraV  Vapour^dengity  by  oxperimMit)  SMbV— 8*<9  (Schorl •mmtrX  9!iilB 
(Pel  nnzr-  and  Cahou  ;  \>y  iMli  nl.itinn  (2  vol,')  ?.  ir).  ft  jrivcft  by  analy.si.s  83-98 
aad  84*0  per  cx  ui.  carbon,  16*13  a&d  16  1  hydmK"^*  ^^^^  formula  rvquirioig  Hi  C  and  16  H 
(Sehoriennner).  By  Morme^  and  waotv  quickly  by  ck/oride  ^  M&nty  it  ia  eoarprted 
into  clil<jriil<  nf  h'  j.tyl.  Chlorine  paitsod  itjfv>  f)V(lri<l<  t.f  h'  [  tyl  fni  tii'^.  besidt'S  ehlorida 
heptjl,  small  quant^ities  of  soism  oUiar  ciUonjta-cam^uudu,  which,  when  distilled 
vithaodiam,  yield  a  liquid  boQing  at  SIH^^IOO^,  tod  liATUig  the  odour  and  eumpoi-itioB 
of  h<'ptylene  (Schorlemmer,  Chcm.  8  .  J.  xr. 434).  With^mnM, hjdzida of  h«ptyl 
appears  to  yield  bromide  of  hrptyl  (p.  144  ). 

BUBFW^  ZOBZINB  OV*  C^Ii'^I. — Obtained  bj  tha  action  of  iodine  and  phos- 
phorus OQ  heptylie  alcohol  (Sehorlenmet;  Chm.  Soe.  JT.  xri.  %\%. — ^PeterRen, 

Ann.  f'h.  riuinn.  cxviii.  74).  If  is  a  coluurlcss  liquid,  heavier  than  %vn>ter,  quickly 
turning  brown  m  voiUaci  with  tk«i  air.  boiling  at  190^  (Schorlemmer),  Vi'^ 
(Potoraen).  Composition  by  analysis,  37-19  per  cent*  C,  6*78  H,  Mid  W"18  I ;  by  calcu- 
lation, 37*17  C,  6-64  H,  and  6619  I.  It  is  iiisiaatly  decomposi^l  l,y  alcoholic  nitrate  of 
ailY«^r.  tli<'  wIui'l-  of  thr-  iuillu>-  1><  iu;r     parat*-d  as  iodidt*  of  silver.    /Schorl  emmer.) 

B£PXY-X<.  817X.PBYI>RikT£  OF.    C'H'*S- C^H'MI.S.— Ul.taia*^l  by  heating 
ohlorid<^      !n  |  tyl  with  alcoholic  Kulphydrate  of  potaamim  in  a  sealed  tuVie.  Ooloar> 

1-  lljui'i.  l"MiiiiL'  between  156°  an-l  1.5S  .  lia\iiii7!T  Trifreaptanlike,  a«  wi  11  .i>  iromutic, 
odour,  an<L  exhibiting  ail  the  characteristic  rciK  t  ioiwof  tlie  mercaptaus.  (Schorlemmer.) 

mmWV\  hftlOTM.  OT*«N»N.mC-H'*.— Obtained:  1.  By  saturating  io^lide 
of  heptyl  with  ammOPIH» heating  tli<^'  M>lution  in  the  oil-bath,  and  removing  the  iodine 
with  oxide  of  silver  (Petersen,  U>c.cH.). — 2,  By  heating  chloride  of  heptyl  with 
ammonia  in  healed  tubes  to  120**  fur  several  days.  The  cliloridcs  of  the  different 
heptyl-amniouitmiB  tn  thMi  formed,  but  chiefly  chloride  of  heptyl«animoniuni,  C^H'*CL 
Thr-s  'a't  di«=!o!ves  Cftsrily  in  water  and  alcohol,  a  nil  <  rvstal!:!^  '^  in  small  Hcales.  W'h  n 
ditetilied  wit!i  L-;ms4tic  potash,  it  yields  heptyhtinine,  ut>  u  lij^hl  oily  liquid,  having  au 
awnoiuacal  .iromatic  odour,  a  bundiig  tastA,  and  boiling  at  1  — 147°.  It  is  mo<le- 
tately  solulU-  in  vv'nt<-r.  nnd  Kcpsinites  out  again  on  addition  of  caustic  potash. 
(Schorlemmer,  (Jhem.  JSoc.  J.  xvi.  221.) 

Tfas  piatinum-sal/,  C'H"NCLPtCl»,  is  slightly  soluble  in  cold  water,  freely  soluble 
in  hft  watrr,  al-o  in  alouli'tl  an  l  >  fli>  r,  crystallising  from  these  aolution^  in  am. ill 
ycUow  ecades.  Gives  by  analysis  30  7  per  cent,  plwtinum  (Schorlemmer);  30*9 
(Paters en);  «le.  90'79. 

HEPTYZiikm'rZiZC  BTHSS.  C»*H»0  -  C^*.C*H^'.0.  A)nylctnnnthf/licit}irr. 
~ Produced  by  the  action  of  heptylate  of  sodium  on  an  equivalent  (juaiitity  of  iodida 
of  amyl,  and  obtained,  though  nith  some  difficulty,  by  Huliniitting  the  pn-yduct  to  frsio- 
tional  distillation,  as  a  colourless  mobile  Ijqnid,  builing  lK<tw<x'n  220^  and  221°. 
Spi-cific  gravity  =  0-608  at  20'^  Vaoour-density :  oU-.  -  6-57;  <  il  ■  i v..l>^  -  n  {.5. 
Analysis  77*0  p«r  cmt.  C,  and  13*8  XL  Calculated  composition,  77  4  C,  14  0  11,  aud 
MO,  (Willa,  Caun. Soc;  J.  vl 816.) 

BBFTTXiSra.    C*H'*.    Oenantkyhnf. — This  hydrocarbon,  homologous  and  po- 
lymeric with  ethylene,  is  contained,  together  with  othen  cf  the  seriea  C*il^,  mxl 
hydroearboDfi  belonging  to  the  aoriea  C"H^^*  and  OH**-',  in  the  light  oil  ohtainiHl  by 
the  distillation  of  Boghead  coal.    By  trntlllg  this  oil  with  bromine  in  prewnce  <jf 
water,  the  hydrocarbons  C*H,-*  arc  converted  into  hoivj-  oily  bromidea,  while  the  other 
hydrocarbons  remain  unaltered  and  may  be  distilled  off.    The  remaining  Ivfuid 
acparatee^  on  standing,  into  thretf  iMfen,  the  upper  consisting  of  water  with  a  little  hy- 
dro!.mmic  acid,  the  middle  of  the  organic  bromides,  and  the  lowest  of  aqueous  hydro- 
bruDjic  acid.    The  middle  layer  seimratiHl  and  distilled  with  alcoholic  pota.'ih  and  with 
Mdhno,  yields  the  hydrucarlwns  C*H=".  The  bnjminated  oils  obtained  from  t  he  fruci  iojw 
of  t.'ief,ni..iiiaI.,,a!-(-;hvliirli  1- ,i!f,!  Tnt  wrrn  71  "aip!  77"  aii-l  1-  I  ween  82°  and  88°,yiehled 
n^nectivelv  hexyiene  iK>iiiug  nl  liand  iitia  yUu.  1  .jiling  at  li'j- (Greville  Williams, 
IlS^Ttm.  1867  [3]  737  ;  Ann.  Ch.  Phann.  e\-iii.  384).    Hcptylene  is  likewiv© 
obtained:— 1-  By  dcoompoaing  chkoide  of  heptylene  with  sodium  at  a  gnntle  heat. 

L  2 
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The  sodium  ia  added  by  gnuUl  quantities;  the  liquid  distilled  off  as  soon  aa  the  quantify 
of  chloride  of  «)diiiin  beoomM  so  great  u  to  bAmfen  with  the  aedon ;  and  the  dia- 

tillato  is  troat<<]  with  frosli  .•«>iliiini,  the  lasf  traces  of  chlorine  >)pingr  ronioml  by  re- 
peatedly rectifyii]g  the  product  over  perfectly  bri§^  aodinm  (Limpricht,  Ann.  Ch. 
Fharm.  ciiL  80).   The  hcptylena  irfaidi  Sdioriemmer  obtained      treatinjr  with  so- 

diom  the  chlorinated  compounds  produc<vl,  in  addition  to  chloride  of  ht  i)ty].  In-  tlio 
action  of  chlorine  on  hydride  heptyl  (p.  144),  probably  a\»o  resulted^  from  the 
decomposition  of  chloride  of  heptylene. — 2.  By  distilling  heptylic  elcohol  with  chloride 
of  zinc:  C'H'H)  ~  H*0  ■»  CH'^  (Bouis  and  Carlet).-      Uy  heating  chloride  of 

hepfyl  with  sironpr  aqneoTi«»  potash  to  180°  in  Fioaled  tubes  for  several  daya 
(Scho  rlcriimcr,  p.  114). — liouis,  in  18.3.5,  by  distilling  cenanthol  with  strong  Kul- 
phiiric  acid,  obtained  a  hyli-Dcai-Lon  agreeing  in  composition  with  the  empirical 
formula  <jf  the  ulctiiK^ti,  CH*  and  supposedi  by  him  to  In-  hoptyknc;  but,  as  it  boiled  at 
60",  it  \v;us  j»roUibly  either  a  lower  member  of  the  beritis  or  u  uiiiture. 

Heptyh^nc  is  a  colourless  mobile  liqitid,  having  a  peculiar  alliaceous  odour ;  solaUein 
alc<»hul.'  Uoils  at  95°' (Sc horlemmer),  at  f>9-*  (Gr.  "Willia ms).  specific  gravity 
0-7l»  at  18°  (Williams).    Vapoup-denaity,  obs.  »  8*320  (Williams;;  calc  (2  vol.) 

Cakulallon*  Uaprl^L  SahodaaMf. 

C          84       8«'7l  85-9  86-(»  8fi*6« 

H'«          14^       l4-2d  141  M  14-00 

("ff"^       98       100-00  100-0  100-2  99-66 

Bromide  of  Heptylene.  C*H"Bt^. — Obtained  by  direct  combinati)ii.  If  is  a  liquid, 
heavier  thnn  waltr,  which  deo^mposcii  uu  tlistillation,  with  bluckeiuug  and  cvulutiua  of 
bydrobioinic  acid,  but  volatilises  in  pres<*uce  of  aqueous  vapoiu*.  <*undcnsing  as  a  nt-arly 
cAl(!Tir!f«!'5  liquid  having  till-  «nlour  uf  hromiilc  of  ethylene.  Gives  bj  analjris  62*20 
an.l  (;2-23  bromine,  the  formula  requiring  t)2  Ul.  (Schorlemmer.) 

CblovMe  9it  Septylene.  C^*K^^ — Produced  by  t  h<-  ad  ion  of  pentachlorideof 
phosphorus  on  ocnanthol.  When  1  at.  ccuanthdl  is  ^ruluMlly  all.>wed  to  flow  iiitu  1  at. 
peatachloride  of  phosphorus  contained  in  a  tubulatctl  rot  uii,  gs-*iat  heat  is  evolved,  and 
» IM>rtion  of  the  resulting  oxydiloride  of  phosphorus  distils  over  immediately.  As  soon 
as  the  decomposition  of  the  penta^^'hluriih'  l-t  conij>h't.>.  tin-  liquid  is  .su1ijfi.'ti-vl  to 
fractional  distillation,  the  portion  which  boils  above  150^  being  collected  apart  as  loug 
Bs  it  pssies  orer  ooloorlees ;  in  the  retoft  tbere  remains  a  small  qvantitj  of  a  brown 

thick  liquid.  The  last  divf  illaf c  i<5  wn«h..'d  ^  ilh  w.iter  to  romo\o  adlirrinir  oxy.'IiI(,.ridc 
of  phos^iorus;  and  the  oil  which  floats  on  the  water  ia  shaken  up  with  acid  sulphite  of 
somum  to  remoTe  undecomposed  eeiianthol,  then  dried  with  diloride  of  ealdnm  and 
rectified,  flic  portion  which  boils  between  180°  and  200'' being  coHtef.  d  apart:  OD 
agaiu  recti^'ing  this  portion*  pure  chloride  of  heptylene  passes  over  at  187^. 

Chloride  of  heptylene  is  a  tmnsparen^  oolonness,  mobile  liquid,  lighter  than  w^er, 
having  a  not  unpleasant  odour,  like  that  of  ocnanthol.  It  boils  at  191°  (correete<l). 
Gi  v-s  by  analysis  48-8S  per  cent  G,  8*00  H,  and  42  06  01 ;  the  fomula  requiring  49*4  C, 
8-2  JI  and  42  4  CI. 

Wlicn  gently  heated  with  sodium,  it  is  decomposed  with  violence,  yielding  heptylene 
and  chl"i-id(  i.f  svfditim. — Boiled  for  some  time  with  ethylate  of  sodium  or  alcoholic 
solution  of  pouish,  it  is  resolved  into  hydrochlurio  add,  chlorheptyleae,  C'H'*C1,  aud  a 
hydiocarboD,  profaabljCH**; 

(m*Kn*  -  Ha  -  <mt*a;  andc<xp<a'  ^  ma  -  (W* 

It  is  not  perceptibly  decomposed  by  acetate  of  silver,  oven  when  ctmtinuously  boiled 
with  it,  or  h*  atcd  to  %6*J^  in  sealed  tubes.  (Limpricht,  Ann.  Ch.  Pharm.  ciii.  80.) 

CnOortieptgrleM.  C*H»«CL— Obtained  by  the  action  of  alcoholic  potai?h  or 
ethybite  of  smlium  on  chloride  of  heptylene  A  \t>ry  concentrated  alcoholic  solution 
of  potash  is  distilled  upwards  with  chloride  of  htptylene  for  a  considerable  time  (tlic 
decomposition  of  1 6  grammes  of  the  chloride  takes  about  a  week ) ; — or  chloride  of  hi  ptyl  mo 
and  ethylate  of  sodium  are  heated  together  in  a  sealed  tube  to  260°.  The  liquid  obtiiined 
by  either  process  is  diluted  witli  water,  which  -*  iiaralt-s  iinjmre  eli!orli.  |>lylen.' :  and  this 
crude  product  is  dried  by  iuean.s  of  chloride  of  taleinm  and  theu  snl>j<i-t..l  te. 
fnictional  distillation.  It  Ix^ns  to  IkmI  at  100°,  the  boiling  point  slowly  rising'  to 
where  it  remains  constant  for  a  while  and  ultimaf-  ly  ris.  s  t.>  190-.  Tii.-  li.juid 
Vrhitli  pas±;f.>5  over  below  100"  is  a  hydrocarbon  {»re  Mow)  ;  that  which  distils  at  152^^ 
is  chlorhoptylene,  .md  a1)ovo  that  temperature  the  product  consists  chiefly  of  undoeoni'* 
poHcd  chloride  of  lieptylone.   The  ctMuplete  sepaiatioa  of  these  liquidis  eaa  ooljbe 

eff«'cted  by  repeated  rectification. 

Chlorheptylene  is  a  liquid  r^wmblin^  chloride  of  heptjlene^  haung  a  similar  odour, 

rnd  hoilingat  1.5.5^  (corrcctpdV  It  pve^i  \>y  analysis  63*6  per  oent»G^  0*71^  and 
2ii  6  CI,  Hw  formula  requiring  63'2  C,  97  H  and  271  CI. 
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Sodium  remains  unaltered  in  clilorbcptvlene  at  ordimuy  tempcratorea^  hat  on  heating 
tile  liquid,  a  Tfolent  «ctioB  mSimfy  takes  place,  etil(mde  m  fodivni  1>eirg  formed, 

togrthep  wifli  a  livdrr-caiLoii.  prMl  al-lv  C'H'-. — The  .same  hydrocarbon  appears  to  bo 
pix/dnced  by  tbo  fM;Uou  of  alcoholic  potash  on  chlorido  of  bep^oiie  (aee  abore). 
(Liropricht,  AuB.  Ch.  Pharm.  di  8S.) 

MyOrioAAte  ofBeptylene.  C^H'»I  •  C'H'<.HI.— Obtained  by  beating beptjlen* 

with  liydH'xIio  acM  in  st  aled  tabes  to  K)()°  for  f  wi  lvf  liotirs.  It  doFf  rr  ^c-mMi  <^ 
iodide  of  hcptyl,  lait  boils  at  abont  17U  ,  or  2u°  lo\v«r  than  tlie  latter,  it  suou  turns 
Inmii  «  lnMi  oxiKis.'cl  t')  the  air.  Precipitated  by  alcobolie  nitrate  of  sflver,  it  yielded 
Bqnantity  i.f  i.»!i'l<'  of  silvor  corrPs]K>n<Tintr  to  55-73  ppr  pf nt.  ioilliir  (o;iIi\  5(319);  ami 
tlie  liltml*-.  ou  being  mixed  witli  water,  yieidud  a  mnali  quantity  of  a  fragrant  liquid* 
vhicb  consisted  wholly  or  in  a  great  part  of  ni  irate  of  hep^leii«^  CH^^JnO^  aa  on 
adding  an  alcohoUe  solution  of  {•►otaMi,  aixl  lieating  g<  iitK-,  an  abundant  precipHila  of 
nitrate  of  potassium  was  formed.    (Schorlemmer,  Chem.  8oc  J.  xvi.  22n.) 

BBVm-Vrsnzc   BTBBB.    C»H»0  -  C'H'».CmO.  Ktlu^l-iaiuiUhyiio 

ttker.  (Wills  Clu  ni.  Sue.  Qu.  J.  vi.  312;*  Petersen,  Ann.  Ch.  Pliami.  Vxviii.  75).  

Prepnrt  a  1  y  the  swUHtl  afitiou  <tf  iodida  of  otfayl  «ndliep^]«te  of  audima  in  aqniraleiil 

proportions ;     

CH^aO  +  CRI  wm  Kal  •^  CHu.O'H'.O. 
It  is  a  oolonrlees  mobile  liquid,  having  a  faiiit  o<lnnr,  and  burning  with  a  bright  flame  ; 
insoluble  in  water,  easily  soluble  in  alcohol  and  ether.   BoUm  at  177^  (Will^l 
Spadflc gravity  —  0-791  at  16°.  Vaporawdonsity, ob*.  (Wills);  calc  (2  vul.i 

—  4*99; 

Cakttktloo.  WiNi.  Petcrara. 

G*  108  76-00  7«'16  74-44 
H»  SO  1S*88  14-44  14-40 
O  10  11-12        _^^'40  1116 

C*H-*U        144  lOUOO  100  00  lUOUO 

widi  (ExAxmoi.  (3.  V.) 

thi/Iic  ether.  (Wills.  Chem.  Soc.  J.  vi.  314.) — Obtained  by  the  action  of  iodi  l.  of 
methyl  on  It^ylate  of  sodium.  It  is  a  than  mobile  liquid,  having  a  strong  odour, 
inwlnlile  in  irater,  eaaQy  aolnlile  in  aleohol  and  in  ether.  Boiling  point  between  100*6o 
lui  l  101°.  Specific  gravity  =  0  830  at  16-6^.  Vapour-*!,  n^^ity  (obs.)  nbrnt  4  2;  rale. 
(2  ToU  —  4'6.  ▲  upodmea  not  quite  pure  ^ve  by  analysis  73-16  per  c«nt.  C,  aui 
14*09  H,  the  fbnniila  requiring  79-96  C  and  18*86  H. 

(SO*)"] 

xsmii-auiiFsmxc  Aom.  CE'^  «  cm'* 

H  . 

Ch.  Phan.  eEViii,  73^Boiii8  and  Carlct,  ibid,  cxxir.  254.) — When  2  pts.  of  hoptylic 
alcohol  are  cautiously  mtxM  with  1  pt.  .■^ulj'htiric  acid,  tho  rnixfnrt^  being  kept  cool 
so  as  to  prevent  the  formation  uf  sulphuruiu:  ucid,  the  liquid  uliimaicly  separates  into 
two  layers,  the  upper  of  which  contains  heptyl-sulphuric  add.  On  uonttalising  it  with 
carb'jnnte,  and  at  last  very  can  fully  with  livilmti  of  barium,  and  coTn-entrating  at  a 
geutie  heat,  heptyl-sulpiiate  of  Liirium  &tpaiaUfii  in  small  white  flexiUf,  and  gonerully 
aealy  ctyafaila*  naTiag  a  pearly  lustre  and  bitter  taste,  ve  ry  solnl  lo  in  water,  and  not 
precipitated  from  the  aqueous  solution  by  .ilcobo!  or  ctln  r.  The  solufion  <ii  <"')m poses 
by  evapiwatinn  unless  the  temperature  be  kept  very  moderate^  The  diy  salt  is  per* 
BMnent  in  the  air,  hot,  according  to  Pefeaoen*  begins  to  deoompoee  at  8(P,  turning  first 
r  (1,  tbr-n  black,  and  fniittinp;  a  xrry  Kfmnir  odour.  Arrording  to  TJrniis  and  Carlft,  <»n 
the  other  hand,  it  may  be  heated  to  100^  without  decomposition.  According  to  the  mean 
nmltsof  Frtefwn's  analyma,  l^eaalt  dried  over  oO  of  ▼itrioileontaittaSO'OTperMut.  0, 
6-1  f)  n,  25-10  Ba,  and  11  73  8.  agreeing  nearly  ^nth  the  formula  9CH'WK)MIK>, 
wliich  requires  30-83  C,  5-.S7  II,  25-14  Ba,  U-74  S,  and  26-42  O. 

HEKilPiiLTBrTS.    Syu.  with  Sulpliatc  of  lodoquiaine.    (See  QtriNiNK.) 
watMClMTTm,   An  iron  spinel,  1V0A1*0* -.^nt^lo*.    bpecitic  gravity  3-91— 

WBMMMMnu,  A  veiy  rare  minenl,  eonsiadng  of  anhydron  phosphate  of  alnmi* 

nium,  and  ]ihosf*liatr  with  fluoride  of  cMlrium  ;  not  j-ot  analysed  quantitatively.  Tho 
oj^tala  are  trimetric.  Hardness  —  5.  Specitic  gravity 2-985.  It  resembles  apatite 
in  eobur  and  lustre,  but  ia  distinguished  by  Sm  lower  apeeillo  gravity.  Solnola  in 
bydzochloric  ucid.  Meltt  befbio  tho  Uowptpe  to  n  white  bead,  with  alight  intomaaoenoe. 

(Dati.'i.  ii.  410.) 

•  Tl»e  compound  otiuioed  br  WllU  U  dMcrib«d  at  p.  M2,  to!,  ii.  m  octjlethylic  ether  j  but  Um 
Of  erMiaiiey  csitalalf  in  tmmt  eCthe  wppesltlon  ttot »  eontslBS  Iwgtyi,  aat  ec<jri> 


0*.    (Petoraen,  Ann. 
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BERMAIVITXTS.    S*--  RiroTiomTB. 

BBUUnura*  A  mineral  from  Albamulon  in  Mexico,  eaid  by  H errors  (J.  pr. 
Chem.  vmJ51i)  to  eotttain  M'69  fwr  oeni.  teUarinm,  13*83  oxide  of  oiekel,  moA  81*96 
carbonic  acid.  According  h>  Oi  nt  )i,  Imucv.  r  (ih.'if.  Ixvi.  47''»X  if  i^s  a  ciijirifi  niin  zlnc- 
Hpar,  containing  94  7^  per  cent.  Zn'CO',  3-42  CuW,  i'6Q  Ma*CO»,  l  lS  Ca"CO».  md 
0-29  Mg'CO'. 

USiiSCBBUTa*   A  mineral  from  Ad  reftle  aad  Ad  Castpllo  in  8idly,  baring 
the  same  peneral  finnU  as  Ume-harmotome  (p.  14),  riz.  M»O.Al*0'.4SiO' +  6H*0, 
(>T"i"VSi-0*.^H-0,  atrreeinpr        in  tyeneral  formula  with  gmelinite  (ii.  924)  excepting 
in  the  amount  of  wnter,  aud  crytetitiiiMing,  like  the  hitter,  in  the  hexagonal  system. 

AnalrsM  1  and  2  are  of  the  minenil  from  Aci  nak^  by  Damour(Ann.  Ch.  Phv».  [3] 
xiv.  97);  a,  4,  from  Act  OMtelii^fayT.  WnltarriMWien,  ( VtUktmuckB  Gtttmne,  p.*  360): 


SIO» 

Al<0> 

Ca?0 

K»o 

1. 

47-39 

80*90 

«  • 

0-38 

•  « 

8-33 

4-30 

17-84 

-  99-23 

2. 

47*46 

30*18 

•  ■ 

Or2» 

•  • 

9*86 

4*17 

17*68 

-  99-06 

8. 

4.'>89 

18-20 

114 

4-84 

6-72 

3-72 

17 -80 

-  97-72 

4. 

47-08 

20-21 

114 

4-66 

0-49 

4-83 

303 

17-80 

98-24 

ThcM  andbjfiM  lead  to  tho  iotmvim: 


|^'i^jsiO«.(Al«0».8aO^  +  ««q. 


'*Ch'0  ) 


Acrorili'i-f  to  V.  'W:ilt(  rshausen,  hersehehto  does  not  occur  at  Aci  reale. 

HSSPSRZSXV.  A  dubftance  di»coT«red  by  Lebreton  (J.  Fhnrm.  zi?.  377), and 
contained  in  many  fnriti  of  the  genus  Ciirua.   It  ia  most  mdily  prepared  fttom  imripa 

{?cville  crangea,  by  removing  the  preen  rind  and  the  inner  part  of  the  fruit,  treating 
the  white  fip<ingy  inner  coating  M'ith  wat»»r  at  a  temperature  of  25  to  30**;  concen- 
trating the  lifjuid,  neutralising  it  with  lime-water,  and  evaporating  to  a  symn;  treating 
the  residue  with  alcohol  of  40  per  emt. ;  then  filtering,  distilling  otl  tl,e  alcohol,  and 
agitating  the  bitter  granular  residue  with  21  tirnrs  its  weight  ot  distilled  vinegar. 
The  liquid  on  standing  deposits  he«peridiii  in  uaity  maiises,  which  may  be  washed  with 
vaJi  r  anil  recrystnlliMed  from  boiling  alcohoL 

I  It-.|i(ridin  thup  piirifnit  fijnn>;  white,  silky  lam  in  rr-,  inoflorons.  aiul  ]i:ivinji  a  fitter 
taste;  sparingly  soluble  in  cuLl  alcohol,  xery  soluble  iu  boiling  alcohol,  insoluble  in 
«tkrr ;  maaolTea  in  60  pta.  of  bailing  wafer,  and  separates  again  on  cooling.  Tbe 
.lilt  i on^  nrr  neutral  to  vegetable  oolonn.  It  ia  aolabla  is  warn  eoneentratad  aeetifi 
acid,  iu  soluble  in  uUt, 

Hesperidin  ia  deeompoaed  by  prolonged  boilings  with  «Mrfer,  and  liira  floala  <m  tiie 

surface  like  melted  wax.  Tl  i><  r.  .ililv  di^-nlvrd  ^y.:nl^lie  iifJc'iUs.  i^tron^  avljyhuric 
add  diiMoivea  it  with  orange-colour,  gradually  changing  to  red.  Hot  nitric  acid  con- 
irertt  it  into  oxaHe  add  and  a  bitter  attbatanoa.  The  deobolie  aohitioii  ia  not  pvedlpi- 
tated  by  act  (ate  of  I » ad,  bnt  forms  a  brown  predpititte  with /errie  tutpkate. 

Wiedemann  haF  ^V-^icribf^l,  nii<]<  r  thr  name  h/'s/HTi'din,  a  substance  obtained  from 
unripo  oranges,  ditfering  from  (hut  abuvo  dc»ci'ibea  in  some  respects,  t^^eciolly  in  not 
being  aolnbu  in  aleobol. 

TaHnria  ailm.  (Sea  Tntxmnnt.) 

fi||iL  with  BMOHxn  (iL  807). 

SaaQRnaoam 

or  Marcdine.  A  siHcato  of  manganese  occurring  at  St.  Marcel 
in  Piedmont,  in  oblique  rhombic  priffms  of  128^  16',  and  containing  10  per  fent^ 
8iO«,  86-87  Mu«0»,  3  38  Fu«0»,  0-61  Ca'O,  and  0  44  K'O  -  100  30.  (iivreiuoff, 
Pogg.  Ann.  zliz.  304.) 

BSTS&OMlSBrTS.  An  altereil  form  of  idocrase  from  F^latoust  in  Siberia,  con- 
taining, according  to  v.  Hauer,  43  29  SiO*;  23-17  AIH>»;  6-10  JjeHJ*;  28"78  Ca^.and 
8*06  HgH).   Colottr  light  green. 


The  property,  sometimoa  observed  in  compounds,  of 
cqratalliaiqg  in  diftient  fbnna,  thOogb  eontaining  eqaal  nnmben  of  atonM  ainilu^ij 

graoped.  SndiiaUiaeaaewithaiil^Aate^amr,^^^^^ 

SO' ) 

Fc*  [  ^'  '  1^-0 ;  tlic  former  crystallising  ia  the  monocUnic,  the  latter  iu  tbe  trimetric 
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ntrtem.  The  cause  of  this  diiiereuo^d  iu  lUe  ejuiiuplott  just  cited  U  probably  limi  iho 
dbBmt»--4ioti  and  siiM--«»  not  tioiaoipb^ 


HETEROMOIIPHXTS.  Feather  ore.^k  sulphantimonite  of  lead,  Sb-S».2Pb-vS, 
vhich  occuzs  in  capillary  forms  rifaembluiff  a  cobweb;  aJao  masiiivc.  Specific  gravity 
W7  to  Hardneai  1  to  8.  Lustre  dirtl  maUlHc.  Oolomr  kad-grey  to  steel-grey, 
wraetimes  iridescent.  It  ic  fb«iid  at  Wolf  berg  in  the  Easteru  Hart  /  ,  also  at  Andreus- 
U*^  and  Clausithal;  at  Frcib<>rg  and  Schemnitz;  iu  the  AuhaU.  «t  P£iffiettbtt|g  and 
3E«i8eb6rg;  and  in  Tuscany,  near  Bottino.    (Dana,  ii.  76.) 

UWWUHKna  or  JBeteposii*.  A  bTdntcd  phosphate  of  irm  and  VMDfpuitm, 

found  near  lamogcg,  in  djirk  brown  or  black  maf^s.  (unT fining,  according  to  Dufreno3''8 
•iialji«B.  4  177  p.  c.  P'O*,  34-89  Fe'0, 17'57  Mn*0, 4  40  and  0-22  SiO''(  -98  S5), 
viimee  Ba npitn  e  1  s be  r g  {MineralcM&OMt  p.  8S1)  dednoes  the lianuala  3(5^1^.21^0^)  + 

^[p^(*2PH)^+10aq. 

Thp  same  name  is  appH*''!  tv>  an  altered  triphyllin  fiiom  Chanteloub,  Limogp^  of 
br  -ui;i-^[i  %  ;.,let  colour.  s|  i  riH  •  gravity  3  41,  and  containing  32  l  Sp  o.  P»0*,  81'46 
Fe'0>,  30-01  Mn«0*  and  6  3o  water  (  - 100)^  vhenoe  the  iBcmtila  6MH>*Jf>0»  -h  6  aq. 
(Kammelsberg,  he.  cit.) 

See  Stxlbxxb. 


The  least  Tolatile  part  of  tiie  ftodaeta  of  the  dxy  difltillatami  ef 

cn-i'i'.  V|ine  and  gutta  p^r^'li;).  Tf  i^^  an  oily  hv'lroi-arbon;  of  an  ;vriil>.T-vt  ]li)W  <-i  .l.^ur, 
acrid  taste,  and  apecific  gravity  0*921  at  21°.  Boiia  at  31d°.  Mixes  in  all  proportiojw 
with  aleobol,  ether,  atad  oils,  both  fht  aad  vtolaHle.  It  npidly  aheoihe  eUortne,  a&d 
aoquiri's  tborvby  the  consistence  of  wax.  It  j  artly  resinisj«*d  by  sulphuric  acid,  and 
then  converted  into  an  oil  which  l)oils  at  22^^^,  and  is  BOt  attacked  by  strong  acida 
(Bouchardat,  Ann.  Cb.  Pharaarxxvii  80).  Aeemdii^  to  Srerille  mllianu,  it  ia 
ptohMj  pdtjmm  vith  iaopemt  aad  otootahiii  (ii.  901)i 

RBaukCSiomaLmVi  A  jiodiiet  of  the  adkii  ot  eUofine  on  kjdiala  of 

phenyl.    (.S<  e  Phestl.) 

BSiKACSO&BXC  ACXS.  C^"II''0*. — An  acid  poiynieric  with  acrolein,  and  |«o« 
doeed  by  dropping  that  liquid  into  an  alcoholic  solution  of  potash.  The  eoIiitioB 
becomes  h< at. . I  t.i  lV,<-  li.i'Tiiiijr  ]  i~n'nf;  and  nn  addition  of  an  and.  t^<"H?  hcxficroleic 
acid  a«  a  yoUow,  aznorphous,  feebly  acid  subataace,  soiubie  in  aikalijs,  alcohol  and 
fther;  iaaolabla  in  mtm,  mmlj  naUk^  ho*  not  Toktiio  without  deeompoeitum. 
Meet  of  Ita  tadta  om  tMolahle  in  vater.  (Clans,  Ana.  GL  Phanu.  aagpL  il  117.) 

aLsaLiLi.iiiTiilfS.EiJiilviIM».    C*n"X*  =  N    N(('II-)».— A  volatile  crystidlino 

(N(CH«)» 

pr<  ilucv  '{  by  the  action  of  ammonia  on  dioi^mcthylene  (Battlerow,  Ann.  Qh, 

J'li.inii  riv.  ;)22).    Sr'<:  !Mi;THYi.t^yAiW!NES. 

H£J^XBTUarZC  AXCOBOZt.   See  Etuylen'B,  Hydjutks  of  (iL  67G). 

Bzxn.  Caproyl.     C**H*  -  ^,,^^1,.— The  iixth  ■loohol-tftdide  of  the  aotice 

OH^^'.   It  is  produced  by  the  electrolysis  of  cenanthylic  add; 

C7H>*0*  -  OT*  +  H  +  C0« 

To  prepare  it,  a  aohrtion  of  enBanthylate  of  poteMloni  !■  deoompoeed  Vf  a  Toltaio 

current,  and  the  oil  which  separates  is  dried  over  chloride  of  calcium,  and  then  distillwi 
with  alcoholic  potash,  which  retains  cenanthylic  acid,  while  the  hexyl  posses  over  with 
tlic  vapours  of  alcohol,  and  may  bo  purified  by  washing  with  water  and  rectification 
(Urarierand  Gosaleth,  Cbem.  Soe.  J.  iii.  210).  Wurtz  (Ann.  Ch.  Phys.  13]  xliv. 
27'5),  br  '  !i  -f  roTysiTT!?  a  mixture  of  100  pts,  cenanthylic  and  120  pt.s.  valeric  aci<l,  neutral- 
ising ^ith  i;**t-iush  itn!  pooling  to  0^,  obtained  an  oil  which,  after  desitvntitm  by  chloride  of 
CiWam,  Tteld.fl  bv  I  ra  tional  diatillation,  tetryl  (C*H»),  boiling  between  100°  and  140«», 
fefryl-hexyl  (C^H».C«H'»),  brt-r  n  140°  and  l«0^  and  a  portion  boUiog  between 
ISO^  and  220°,  coneisting  chit  Jly  of  hexyl. 
He^l  10  a  coloniless  oily  liquid,  of  Kpecifin  crravity  0  7574  at  0°.    It  boils  at  '2n2^, 

peldinj:  a  vapoxtr  whose  density  is  6-08;i  iWurta);  cal&  (2  vol.)     6*8979.   It  ia 

inepiabie  in  water,  but  soluble  iu  alcohol  and  ether. 
It  \b  not  attaeked  hy  fttlphiirie  add,  and  auj  be  distill^  withont  alteration  with 

modfrately  coD' <  ntr;J  •.1  nitri'^  ai'i  l  ;  ^nt  T\v  repealed       fillntfrin  vrifh  a  inixtur.^  of 

•iil|4intic  and  nitric  acida,  it  is  converted  into  an  acid,  probably  caproic  acid.   It  ia 
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HEXYIi. 


«Mfedf  Attedccd  1>7  bromiiM,  CTVO  in  mi]Mbi]i«.   CUorine  iMaeki  it  atrongly,  erm  in 

diff\l8C<l  daylight ;  liydnx'liloric  iioid  being  evolved,  and  a  viscid  subttaOOO  fonuod,  which 
gives  off  hvdz^hiono  acid  wheo  dwtiiled,  and  leav«8  a  xeeidae  of  dmeoaL  (Brasier 
and  Ooisleth.) 

The  compounds  of  hexyl  won*  hardly  known  before  the  year  1861,  the  alcohol 
haring  been  barely  idmtitied  by  Faget,  in  fusel-oil,  in  1854  (Compt.  rend.  zzzTiL 
780).  At  present,  the  known  sources  of  hex^  l-compounda  are :  ( 1 )  fusel -oil,  containing 
the  alcohol ;  (2)  mannite  and  melampyiin,  which,  when  reduced  with  hydri<xlic  acid,  give 
iodide  of  hexyl;  ami  (3)  p<tmleum  and  coal-tar  oil,  which  contain  hydride  of  hexyl. 
Whether  the  iiexyl-ooinj>nunds  obtained  from  (1)  and  (3)  are  id-  ntical,  i»  still  an  open 
qnestion  ;  b«t|  wit  lion  t  doubt,  those  derived  fn:)m  (2)  are  esM-ntially  diftrwit  from 
the  hexyl-compounds  either  of  fusel-oil  or  of  petroleum.  The  hexyl-compounds  of 
ftiael-oil  and  of  petroleum  have  been  distinguished  by  the  prefix  Alpha,  those  of 
aaaiiite  or  in«lainpyrin  bj  B«ta,  The  former  compounds,  so  far  as  they  have  been 
Jtt  eizaiiun<'d.  prcsrnt  the  very  elosrst  analoj^ir^  totfi.ise  ctf  tIu^  .  thyl  series  ;  the  Litter 
depttt  ia  many  ways  from  Uiia  standard :  thus,  they  show  a  great  tenden«gr  to  evoivu 
th«r  olefbe  daring  reactions ;  and  thdr  alodhol  has  too  lov  a  boiling  poiniwd  iHifla 

oxidised  with  dilut*'  chromio  acid,  Aoct  llOi  jidd  Cl^ioic  td^  botbraktvp  itttOCtr* 
bonic  acid,  water,  butyric  and  aertus  adda. 
The  beyfl'copipoopde  deiire  peeoliar  'interest  fitm  fheir  bsriiig  tbe  same  oubon- 

condensation  as  t tie  sugars,  aiiil  fr.iiii  rh(  ir  standing  in  close  r<  lation  thereto^  ai  the 
reaction  of  hydriodic  acid  with  manuitc  proves,  mannite  bain^  aa  iiaa  long  been 
known,  a  product  of  the  reduction  of  glucose  (ii.  864). 

Berthelot  has  already  remarked  upon  the  peculiar  readiaeai  to  react  shown  by 
tritylene  Tt  not  unworthy  of  remaric,  that  heigrlen^  which  is pantii^ene^  iikewiaa 
displays  extraordinary  energy. 

Aoatatan  af  ■ezyl. —  aHerjfl-aeetate  in  prepared  by  the  aeHon  ol  a  iodide  of 
hexyl  upon  acetate  of  silver.  It  in  a  colourless  liijuid,  lighter  than  water,  and  boiling 
at  about  lid*'  C.  By  the  action  of  cauiitic  potash,  it  has  been  transformed  into  an 
aleohol,  boiliog  at  abovt  IM^.  (Cahoara  >Bid  Paloaie,  Compt.  raid.  lir.  1S45.) 

0  Hrxi/f-acrtafr  is  prepaifed  bj  dintilling  j>hi^l-tn^^hnrifl  add  irith'a  great 
ezcees  of  glacial  acetic  acid :  — 

It  is  an  oil  lighter  than  water,  and  very  in  lir  le  in  water,  having  a  pff^ilii"  smell, 
iinlik*'  the  usual  smell  of  an  aretate  of  an  alcohol-radicle.  Boiling  point  lo6°.  It 
dijstils  without  decomixKsition.  Dige.stion  at  100°,  with  an  alcoliolic  solution  of  potash, 
trannt'orrns  it  into  hcxylic  alcohol.  Unlike  /3  C'll'^l,  it  yields  no  hexylene  on  diges- 
tion witli  alcoholic  solution  of  potash.  Sp.  gr.  at  0^~  877H  :  at  .50^  — -SSIO  ;  therefon* 
expansion-coefiicieut  for  60°  — '0663.  It  forms  a  double  compound  with  Nai8C*H'*0 
(beta-hexylateof  aodium— the  bo^y  prodooed  by  treating  0  hexylic  alcohol  with  aodiiiai, 
which  double  compound  is  decompoafd  by  water,  gi\'ing  $  hexylic  alcohol. 

Hexyl-AlaolMla. —  aMfxjfl^Uokol  (eaproic  alooholX  aC^H'^O,  was  found  by 
Paget,  in  ftnel-oil  ^ISM),  hvt  not  parifled  oj  Mm.  Cahonra  and  Pelonse  ol>- 
tained  it  from  hydnda  Oa  hexyl,  by  l  onvt  rting  that  compouud  into  a  iodide  of  hexyl, 
thence  forming  a  acetate  of  hexyl  ;  thence,  by  means  of  caustic  potash,  the  alcohol. 
^Kie  o  hexyl-nlcohol  thns  prepared  boils  at  about  150°,  and  smells  likeamylic  alcohoL 
(Compt  rend,  liv.  l  lM  ).) 

a  hexylic  alcohol  yields  eaproic  acid  V»y oxiilation.  (Faget.) 

jB  JJiui/l-aicohol,  $  C*H"0. — Prepan;d  by  digesting  0  iodide  of  hexyl  with  oxide  of 
dlveiP  and  water:  the  0  alcohol  is  then  formed,  together  with  B  hexylic  ether,  and 
0  hexylene.  Or  better,  by  shaking  up  0  hexylene  with  sulphuric  acid  (previously 
diluted  with  one-third  its  volume  of  water),  by  which  means  fi  hexyl-aul^uhc  acid  ia 
pradneed.  and  this,  distilled  with  a  hageraonsa  of  water,  yidda  /Ihesjl-aleohflL  Itia 
a  viscid  licjuid,  having  a  refreshing,  ph-asant  smell,  very  unlike  that  of  amylic  alcohol; 
boili  at  137°.  under  bar.  pressure  of  7od'5  millimetres.  Specilic  gravity  at  0°^ 
0*8S27 ;  at  16*«  0*8809 ;  at        0*7488.   Itthcreibre  ezpands  somewhat  rapidly. 

Concentrated  sulphuric  acid  converts  it  into  para-hexylene,  even  at  0^,  and  does  not 
form  any  hes^l- sulphuric  add,  even  after  Btanding  for  some  time.  More  dilute  acid 
(strength  aboiot  87  per  cent.  SO'H')  faraa  0  hexyl-sulphnrie  add,  wfaidi  is  ea|iable  of 
forming  Halts.  A-  id  chrouiaU  of  potus.-i and  dilute  sulphuric  acid  convert  it  into  an 
aide^yde^  which  has  no  tendency  to  take  up  oxygen  from  the  air,  and  when  further 
oxidised  with  the  same  oxidising  agent,  yields,  not  eaproic  acid,  but  carbonic  acid,  water, 
bnt^Tic  and  acetic  acids.  The  3  variety  of  the  alcohol  has  not  been  convert<'d  into  tha 
a  variety  ;  on  (he  conlniry,  there  is  every  r<  ason  to  believe  that  the*  I  wo  bodiea  are 
radically  different.    (Wankly  n  and  Erleumeyor,  Chem.  Soc.  J.  xvi.  221.)^ 
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lljl  m<U>ltya— g  Uexui-aldchyde.  a  CH'H). — Uiiknown :  it  might  pcrhapi  b« 
oUaiMd  'bf  ondatioii  ftom  llie  ■•loohM  of  AimI-oi],  or  of  that  da»«d  ftom  the 

bcxyl-hydnde  found  in  pffml.-uin. 

i3  Hexyl-aldekyde,  $  C*H'*0. — Obtained  bv  oxidising  the  corresponding  alcohol 
with  acid  chromate  of  potassium  and  dilute  sulphuric  acid.  It  is  a  colourless  limpid 
liquid  of  fragrant.  iHuetrating  odour;  !>oils  at  127°  (tmr.  761'2  millimetrat). 
Specific  gravity  at  0°  =  o  S-20S,  nt  50«>  =  o  7S IG  :  r  M  fficient  of  expansion  bt-tween  0°  and 
6(t® s=  0*0576.  It  furnii*  a  ttoiid  cumpouuii  with  ucid  sulphite  of  sodium;  does  not 
reduce  ammonio-nitrat«  of  silTer;  docs  not  take  up  oxygen  from  the  air.  100  parta 
of  water  (li>>-jlvij  ;ibont  onf  part  of  0  ht-xyl-aMeliyilf.  Wli<.n  trva'f<l  with  acid  chro- 
mate of  p*^tujnnam  and  diiuu^  &ulphurie  acid,  it  yields  no  capruic  acid,  but  butyric 
acetic,  and  oulKmie  acids,  and  water  (Wanklyn  and  Erlenmeyer,  Ch«in.  Boe. 
J.  rri.  f?(»7).  A  r-onfridoration  of  tht^sc  rt>;u'fi«>ns  of  /3  hexyJii-  aMohy.lo  \v:\\s  t.,  fhe 
conclusion  that  it  is  an  acetone ;  for  whilat  the  aldobydee  take  up  oxygen  from  tbo 
•ir  aad  yuA^.  hf  eixidation  the  eonreeponding  add,  the  aoetooes  do  not  take  ti])  oxygen 
from  the  air,  and  vield  L>\vcr  acidn  (wh»'n  oxidaTion  i-*  l)rou;,'lif  aliout). 

This  Tiew  of  tho  case  becomri$  increasin^y  probable  when  the  history  of  acetic 
aMfeom,  lately  broiig^  to  light  by  Lieben,  is  oonsidHod.  Aoetonaia  vedooed  by  hy- 
drogen to  tritylio  alcohol;  but  tii..  ''i<y^'<'«siiri>lifflthii>llflffmi>4yiiJiJsly fl(ri4atioii,  not 
pcopionic  aUiehvde,  but  oommou  acotom-. 

CII*  ) 

Hezjl-ftldehyde  will  ptobaUy  tura  out  to  be  either  znetbyl-TaleKyl,  Qk^QoO' 

CHtaMM  «r  SMirL— «  iSTi'f  jf^ej|?«W<2^  •0"ir*Cl  is  o1)tuBed  by  PflowM 

and  Cahours,  by  tlie  acfion  of  (.•hlorin.'  upon  the  liydnMc  of  Iicxyl  rxisfinir  In  AtH'  rlcan 
petroleum.  In  addition  to  thie  a  chloride  of  hexvl,  further  aubstitution-producta  are 
oUaioed.  •  ddocide  of  bMcyl  deeomposes  an  alooliolte  satiation  of  mmmUpkide  of 
potassium,  giving  a  sulphide  of  li.  xyl,  a  (C*H'*)*S,  boiliu::  at  230*^.  With  su/phydrate 
of  mttaamm^  itgircs  hexyl-memipt4Ui :  boiling  point  Uo^  to  148^.  With  cymitkqf 
pOmuhm,  it  smow  to  give  a  cyanide  of  bexyL  (Compt.  rend,  x,  1241,  ei  aeq.) 

Hej:f/f -ekh'Tide  is  obtained  by  BBturating  the  corresponding  alcohol  widldij 
liydrocJiloric  H«-itl,  and  h<»!iftng  in  the  w?»t<»r-bath  undrr  pre«<«nre.  It  is  an  oily 
iiqnid,  lighter  than  water,  boiling  at  about  120"^,  and  yielding  hexylene  when  digested 
at  19fP  with  aloobolie  solution  or  potash. 

Bydrides  of  Bexyl. —  a  TL  .ryl  •h  i/dridi',  a  CH**,  was  found  by  Grevillo 
Williams  in  the  products  'of  the  distillation  of  Bogh^ul  coal,  and  called  bj  kiin 
(originally)  propyl  (^-ith  whidi  it  is  isomeiie) ;  in  1862  he  came  to  the  eondnsion 
that  his  propyl  was  hcxyl-hydride  (Chem.  See.  J.  xv.  130).  Pelouze  and  Cahours 
found  the  same  substance  in  American  pefrol«ntm  (Compt.  rend.  lir.  1241),  and 
obtained  a  chlorine  substitution-product  from  ii,  which  reacted  as  chloride  of  hoxyl 
should  do.  From  the  chloride  was  indirectly  obtained  an  alcohol  ( p.  1  rj )  1  oiling  at  about 
160'',  and  like  amyl-alcohol  in  odour.  Schorlemtiu  r  oLfaiiidl  tin-  hydride  also  from 
the  products  of  distillation  of  Cannel  coal.  Its  boiling  point  is  fifs^.  Density  of  tho 
liquid  =  0-6746  at  18°  (Williams)}  0-«69  at  (PolonKe  and  Cahours);  0678 
at  15-5^  (Seller  If  mmcr).  Th.'  T!!p^nr-d<'ti'-ity  corm'^p'^nds  closely  with  the  fnrmvila 
C*H'*.  It  is  a  colourless  mobile  liquid,  hating  a.  fragrant  odour.  Chemically,  iik»'  ail 
bodies  of  its  class,  it  is  rery  inaotiTe.  Neither  sulphnrio  add  nor  nitric  acid  attacks 
it  :  olilorii).-  and  1»roT)iin(>  only  with  difficulty.  In  thf  arts,  a  triixture  of  O  hydride  of 
hexyl  with  other  hydrides  goea  by  the  name  of  turpentine  aubstttui*!. 

0  Rex yl-hyd ride,  $  C*H'*,  ia  obteined  indiwctly  from  mannite.  It  may  be  pre- 
pared hj  digesting  zinc  with  /3  iodide  of  hexyl  and  water  or  ah»>hol ;  or  by  exposing 
aunoni^  and  the  iodide  to  the  action  of  ^mlight.  In  the  latter  case  the  naotiaii  is: 

Hhg  +  2C«H'»I   =  HhgP  +  C'H"  +  C^«. 

In  the  former  case  hexylene  also  accompanies  the  hydride.  In  order  to  rrmove  the 
hexylene,  it  is  well  to  shaka  i^.  with  snl^nirie  arid,  whiofa  anfats.  into  oombiiMtioii 
with  the  he^l»  nf. 

In  smell,  boiling  point,  and  outward  appearance,  the  0  hydride  resembles  tho  a 
hjdride  Tenr  cIosmj.  In  spedfle  giwrity,  nowervr,  it  a^ipean  to  diflfar  fnmi  the  « 

compound,  bein^-'  light<  r.  At  l()v<°  its  specific  gravify  dot-s  not  oxoaed  0'694fi.  Its 
derimfivc^  are  probably  quite  distinct  from  those  of  the  a  hydride. 

Iodides  of  BezyL — a  Hexyl-iodide,  a  C*H"I,  is  obtained  by  Pelonsc  aad 
Cahours  from  hj'dride  of  hexyl  existing  in  Amorican  petroleum.  It  boils  at  172*^  to  176*' 

(W-hii^ '<{'  liiL^li'  i"  boilit'p  point  than  the  ^  iodidf),  and  ^-mrll-'  like  iodide  of  amy L 
It  is  acted  upon  by  light.    It  ruacts  with  u  vai'iely  of  baltii,  forming  ethers.  The 
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alcohol  which  is  indirectly  obtained  from  it  boils  at  1 W.  and  is  beliered  by  Pclouzo 
and  Caboors  to  be  identical  with  Faget's  alcohol  extract<'d  from  fusel-oil  (Compt. 
rend.  liv.  1241,  et.  .'^>ij.)  "Wuvf/.  has  al>o  nlifainf-d  a  hfxyl-i'"'i''!.'  by  actiriL'  ^^ifh 
hydriodic  acid  upoa  a  varieiy  uf  iicxyleuw  whicii  j«^«:iu»t  to  hv  distinct  frow  the 
fi  hexylene  of  mannite. 

/{ I  .r  '/  ^  -  ii'iH  'I'  i>  prrpnrrd  l.y  l-.-illn?  mannit.- with  n  pre  at  excess  of  the  strongest 
uqueons  solution  of  hydriodic  ucid  iu  u  htretim  oi  euiWiiic  acid  (24  grma.  maniiita  to 
800  cub.  cent  of  aeid,  boiling  at  126°  C.) ;  phunpborus  may  be  added  to  the  boilinii^ 
I:.H:iil  \vifh  'great  advanti'"_'<'.  T;ir  iudni.'  of  hoxyl  app-  n'^s  in  the  form  of  an  rily 
iti^tiliate,  which  should  be  ixeed  from  imiiut-  and  puriticd  by  dii«tillina  it  in  contact 
-with  water.  'When  tha  o^entimi  ia  properlv  pezfonaed,  Teiy  neaiiT  Um  theoKtioal 
(  Tiinrif  y  of  perfectly  pQie  lodide  of  hai^l  18  otstainad.  The  ehaaga  watch  takes  place 
in  jreprisiicuti^sl  by : 

C-lI-CnO/  +  11  Hi    =    C«H"I  +  6H^ 

MelnmpvTin  (ii.  ?>i9)  mnv  }>i'-  f:nb8tituted  for  mannitt-  in  tlio  a1>r,yo  proi"'i"'^=: ;  bnt 
the  yield  is  not  lio  good.  The  0  iodide  maj  tHuo  be  firepaied  by  digesting  0  haxylma 
with  hydrio^  aetd. 

fi  Iodide  of  hexyl  ia  a  colourlf  «s  liqnid,  not  to  be  distinguished  by  the  Bmell  from 
iodide  of  annL  Spedfio  gravity  at  0°  -  1-4447;  at.iO^"  «  1-^12;  it«  oo-effieient 
of  expansion  brtwaan  0^  aid  MP  ia  OiMO,  The  boiling  pint  at  763  miUiiMtrM 
n  167  5°  C.  It  ia  ooIt  Toy  alightly  daoompoaed  by  ditrtiU»tioQ>  and  ia^  <»  the  whole, 
a  very  stable  compound. 

The  almost  invariable  product  of  tho  reaction  of  this  iodide  is  hcxvlene.  "With 
aloohoUe  aofatfion  of  poteAh,  h  has  giran  vety  aeaily  the  theoneticai  qwnti^  of 
hesyleiias 

0  C*H'«I  +  KHO   -  /3  C«U'-  +  H«0  +  KL 

"With  oxfVf  of  si f per  and  water,  actiate  of  had,  mrrcvrjf,  mdhm,  ofataie  of  nivfr, 
eine  and  vaier,  or  einc  and  alcohol,  and  finally,  when  heated  to  190°  with  waUr 
alone,  it  invariably  yields  considerablo  quantities  of  hexyleue,  other  pirodacta  bdiog 
formed  at  the  same  time,  according  to  the  reagent  employed. 

Brtmim  acta  with  gnat  Tudence^  reptadiig  the  eqnhalcnt  of  iodine  in    iodide  of 

hexvl. 

0  mtm^t  osMa.  0  o*Hit(0  ^  formed,  together  with  the  olnfioe  and  alcohol,  when 
Aoiat  oadde  of  silver  acta  npon  the  eowcapoinding  iodide : 

It  ia  a  thick,  slightly  jeUow  liouid,  not  miadble  with  water,  and  of  &  fldnt  pene- 
trating snu  11.  Seals  conatantly  tietween  208'^  and  208*6^,  with  the  baxometor  at 

Hexjl  aulphuiio  aeids.  —  a  Mexyi-sulphuric  acid,  a  "^^SO^ia little 
known. 

0  Hexyl-sulnhnric  acid  is  obtained  by  the  action  of  Fulphuric  acid  (dihi te<l 
with  about  <  i;t  -tnirdof  its  volume  of  water)  cither  on  0  hexylcno,  or  on  0  hrxyl-alcohoL 
It  is  partially  decomi^>oMed  ])y  dilution  with  water,  and  gives  off  0  bexyl-aloohuL  Salts 
of  tlm  acid  have  boon  obtained. 

M^phyOrni*  •T  Mexjl,  or  fi  Bexyl^mercaptaTt^  ia  obtuned  digesting  the 
# iodide  wi^  n  eoneentrated  alcoholic  solution  of  anlphydrate  of  potaaanun : 


^c«tt•»^  +  xHs  -  *^"|s  +  kx 


On  adding  wator  to  the  product  of  the.  reaction,  the  mereaptan  separates  as  a  clear, 
eoIourlfflB,  mobile  liquid,  not  misnble  with  water  and  lighter  than  water.  fiKexyl- 
mercaptan  is  formed  in  t/i/'  tfuon  tirnl  quautiti/  in  t!i>  >  ;  ration.  As  was  meiitioiitxl 
above,  an  alcoholic  ."olution  of  hydrate  of  potasHiuni  transforms  /8  iodide  of  h»^xyl 
almost  completely  into  hexylenc  and  water;  sulphydrate  of  potas.'sium,  on  the  other 
hand,  transforms  the  iodide  intn  3  sulphydrate  of  Ip  xyl.  "\A1ten  an  alcoholic  solution 
of  sidphicL  of  potassium  is  uswl,  there  is  also  no  formation  of  hexylene^  but  of  a 
P  sulphide  instead,  eo  that  the  sulphtir-eorapomida  of  the  fi  aeriea  are  much  more  stable 
than  the  corresponding  oxygpn-com|x»und-. 

It  ia  furthif  uut*;wortby  that  fi  hexyUmcrcaptan  boils  at  142°  under  a  bar.  presstire 
of  760  millunetrea^beioff  the  point  at  which  the  «  mereaptan  ought  to  boiL 

$  ITexyl-men-!iptmt  1;  \--  tlip  kin  1  .f  -n;  11  'i  u  i,  h  ristic  of  a  mereaptan,  unlv  it  seems 
jiot  to  be  ao  poraiatcut  aa  the  smell  of  common  niercaptaa.   It  acts  upon  osicle  of  mer- 
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emj  with  energy.  Sodium  attacks  it,  with  eTolution  ot  a  gas  and  fionuiitioQ  ot  a  white 
iMtdne;  Mdionabt  tlwntetioDMoftlieiwitdkiad: 

Very  curiously,  caustic  potash,  both  solid  and  in  aqueous  sohition,  also  attacks  this 
mevcttotan;  &nd,  etill  more  ctuiottbly,  »  heat  of  1(KP  C  dccunipuses  tJio  compound 
fermed  with  aqtuoioi  potash,  oooMnoDing  aepaifttion  of  the  moreaptaa,  whidL  howerer, 

recombines  on  eoolinfr.  •'■  A.  W, 

lIBambBHB.  C^ii'*. — Ot  this  hydrocarbon  there  are  also  two  modifications. 
MBexylen0,  It  is  donbtftd  vfaether  Frwdy's  hjrdrocarbon,  boiling  at  6.5°  and 
ol>tained  by  the  dii?lallation  of  hydroleic  and  metoleic  acids.  Uiis  hexylt-no.  Grevillo 
"Williams  obtainM  hoxykne  from  tlio  products  of  the  distillation  of  Bojflira.!  cn::i\.  It 
boiled  at  71°  (I'iiil.  Xraafl.  1847).  Wurtz  seems  to  have  obtained  u  voiiLty  of 
heacvlt  lit  from  fiisel-oiL 

fi  Uexylene  is  formed  hj  tlio  ronrti-'n  of  flip  rnrrf  =]>--in('UnL'  ii^lM'"  ^vlt''l  mni^t 
reagents.  It  is  best  prepared  by  the  action  of  tiio  iodide  upon  alcoholic  solution  of 
eaoBtic  poteah,  ait  In  preparit^  it,  the  prrcmitioa  diMildl  be  tafera  to  distil 

thf  aloofioHc  tfolntion  of  h^xyl'  iic  from  the  iocliMi*  of  potn«sinm  jiiodan  <1  <liiriiii.;  ilie 
fraction,  and  to  digerst  the  distiilate  with  ixteh.  potash.  The  alcohoi  is  subsequently 
ivuMivod  hf  washing. 

0  IT*  xy!<  n.'  Ih  a  very  inr.l.ile  Injuid.  lijlit' r  than,  and  not  miecible  ^Ih,  wmter. 
Boiling  poinr  (>S^  to  70*^.  its  odour  is  reiy  unpleasant,  jusi  Uke  that  of  amyleoe. 
Vafonr-daosity.  by  t  xprnnenl,  9*88  and  SH^T  (themry  requires  S'0022).  It  eombiiM 
with  ^*romine  with  trr.  ;it  vi  ileitPc.  f.>nniii;^  rTT'-T^r*.  vVith  concentrated «M/pA«riV  (wid 
it  gives  psraht  xyli  iie.  VVith  suiphurie  acid  dilut<'d  with  altout  one-third  its  volume  of 
water,  it  gives  /3  hexyl-sulphuric  acid.  /3  Hexylene  seems  to  be  a  lighter  liquid  than 
«  hcocyloae.  J.  A.  W. 

WmiLTtAmwt.  0»HTJO.— A  product  of  the  oxT.^niion  .  f  hi]  j  tiric  acid,  dis- 
covered by  ^chwarz  (Ann.  Ch.  Phann.  Ixxv.  201),  further  investigated  by  J.  Uaier. 
(jWoxxviL  161%  wliofawahowD  thai  hippaiiDiaflmnad  Toprs* 
pan-  it.  Iiijii-nrio  :n.'ifl  is  sfirr*  '!  uj*  to  n  pn-atc -with  (\'\\nU-  jiitlplmrir  nei.l.  f!h-n  i.  ixtd 
with  peroxide  of  lead,  and  left  to  stand  at  a  gentle  heat  for  12  to  24  hours.  The  mass 
la  then  waahed  with  cold  water;  the  Teridne  eodiaiuted  witit  alcohol ;  tho  aloobolio 
solution  evaporated  ;  the  ref'iduo  washed  with  carbonate  of  sorla  to  rt  niovf  lH>nzoic  and 
undeeomposed  k^ipimc  acid;  and  the  naidne  boiled  witli  water,  which  kavea 
hipparaflin  un^noltted  and  deponta  hipparin  on  eoolincf.   (Mai  er.) 

Hipparaffin  crystallises  from  hot  alcohol  in  extreint  ly  s.jft  >-leiider  needles,  having 
a  silky  lustre  and  arranged  in  thick  interlaced  tufts,  it  hns  neither  taste  nor  odour ; 
dissolve  sparingbjr  in  hot,  and  is  quite  insoluble  in  cold  mv7^<  r,  which  does  not  even  wet 
tt;tlie  adliU)0il7  la  not  increased  by  addition  of  sulphuric  acid,  hydrochloric  acid,  am« 
rooniaor  potti«-n.  It  ilis^nWr;?  in  strong  *M//)Aur»'c  rtr/rf,  anrl  1*^  prr '{pit;) ted  by  water 
•without  much  ultcmf  iun  (  Schwarzj.  Dissolves  ea.sily  iu  »truJig  aulj^tkui'ic  and  nitric 
add,  and  is  not  precipitated  ftom  cither  solution  by  water  (Maier).  It  dissolves 
readily  in  boilin;^  (il-<Jt<>!,  and  very  rf^adily  in  ith  r.  It  melts  at  200**  (Scl;  uarz), 
210°  (Maier ),  solidifying  in  the  crystalline  form  as  it  cools.  At  a  higher  temperature 
part  of  it  distils  without  altenUion,  the  TcaUao  taming  bhvck  (Sohwara);  «  small 
quantity  ^iiT-limt'i  in  ^Icndr-r  nrrdles  even  IipIdw  100°.  (Maicr.) 

iiipparaliin  bums  with  a  bright  smoky  thune,  leaving  a  small  quantity  of  easily  oom- 
tartitfa  ehaveoaL  ia  mi  deconpeoad  by  aolotioa  or  {odfmr,  or  by  hyimMofie  aeid 
and  ch^fTaf-  "f  putassivTn^  or  l*y  nqncoiis  rhmnn'^  dfliL  If  i>*  Imt  partially  fDTtq  osi  .1 
by  fiiaioa  with  MjfdrtU*  i^  fotauium  ;  bat  on  ignilinff  it  with  wita*h-lime,  benzene  is 
pKodnoed,  and  tlio  whole  of  th^nitrt^en  is  given  off  in  Uiefimn  <n  ammonia  (Sehwara). 
lleated  to  200** — 220"  in  a  y\\'vw\\*>'i  hydrochloric  acid  gas,  it  gives  off  a  colourless  oil, 
which  solidifies  in  the  crystalline  form.  Fuming  nitric  acid  dissolves  it,  with  evolution 
of  US,  and  the  solution,  concentrated  after  neutralisation  with  soda,  prielda  aprc<?ipitate 
of  bcBiDio  add.  Heated  with  peroxide  of  lead  and  dilute  sulj^antt  add.  It  givaa  off 
all  it«  cnrTjon  in  tlie  form  of  carbonic  anliydi  id*/.    (f^<'!i  warz.) 

BZPP^RZM.  C»H'*N02  (J.  Maier, /w?.  a/.>-The  oreparation  is  given  in  the 
preeediiig  artide.  Hipparin  crystalltflea  is  laxge  siUty  needlea  nnitod  in  tairrlHAiaiMd 
gnmpa.   Melts  at  467° ;  solidiiii  ^  it  about  20?;  bunia  with afan^t flame;  diaKHTea 

eat'ilv  in  .'ilci»f'<d  <>flit>r.  and  boilir.:r  watrr. 

HZVIFOPKajs  KHAJMElf  OZsiss.  The  8ta  Bttckikom.—T\n&  plant  oontaius  a 
vellow  colouring  matter  which  appears  to  be  identical  with  quercitrtn.  It  ia  obtained 
by  exhausting  3ia  bcrri->8,  after  they  have  been  well  Imiled  in  water  and  dried,  with 
hot  aioobol;  nixing  the  hot  filtered  liquid  with  banc  acetate  of  leadi  decompoaiag 
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the  precipitate  Vithsalpliydric  acidj;  hettting  ihe  wfcole ;  filtering  when  cold ;  and  treating 
the  predpttated  ralphiae  of  lend  with  hot  alcohol.  The  colouring  matter  then  dissolvea, 

and  remain"  on  evRporition,  aa  a  brown-red  lirittle  ma«*  still  n  taiiiinf^  a  little  fat,  from 
which  it  m^y  he  |jiuifn  d  by  treatment  with  ( thrr,  uLr»olule  alcohol,  <5cc.  It  is  then 
obtained  as  *  yellow  mw^  containing  ru  liintMit.iry  er^'stala.  The  berries  likewise  con- 
tnin  oxalie  nvA  malic  ncidn,  a  peculiar  fat,  &c.,  which  are  extracted  by  boiling  thxm 
with  water.    ^BoUey,  DingL  poL  J.  clziL  li3 ;  JtUirosl>er.  1861,  p.  703.) 

■QVOBAIBML  G>H»2<lK)*«(C>H'0rtl<{*— Thiaamaeianodu^ 

H«  j 

prolonged  action  of  anmomia  cn  an  alooholie  eolation  of  luppnrate  of  methyl,  and 
remains  when  the  solution  is  evaponit' d.  It  disnolves  in  100  pts.  water  at  ordinary 
tenjpemtures,  in  80  pts.  wood-spirit,  and  60  pt«.  alcohol ;  sparingly  soluble  in  ether.  Uy 
alkalis  at  the  boiling  heat  it  is  reflolved  into  ammonia  and  hippuric  acid.  (Jacquemin 
and  Schlagdenhauffea,  Coanpt  read.  xIy.  1011,) 

•  !  N* 

n 

This  add  exista  in  tlie  urine  of  herUroroos  animails,  and  in  smaller  quantity  in  that  of 
man.  BmeUei,  towards  the  end  of  the  last  century,  flrat  olMemed  that  the  nrine  of 

horses  coiifaiiu-d  an  arid  liearintr  con^idfraMo  rcj^rniMaiiro  to  Tionzoic  aoid.  niid  fhc 
oheenratioQ  wa»  aUcrwards  confirmed  by  Fourcroj  and  Vauqueliu,  who  separated  the 
add  addition  of  hrdiwohlorio  add ;  hot  its  reia  natore  and  separate  uuntily  wcw 
first  establii^hrd  V  v  lAohl-^,  in  1S10  fAnii.  Ch.  Pliann.  xii.  20  t.  Tin-  iirine  of  cows 
and  horses  does  in  iact  contain,  sometimes  hippuric  and  sometimes  benzoic  acid,  the 
former  acid  being  easily  conrerted  into  the  latter  by  oxidatic» ;  and  this  ehango  often 
taking  pltm  within  the  animal  organism.  When  horses  are  kept  in  the  stable,  or  only 
lightly  worked,  their  urine  containa  hipporio  add ;  bat  when  theij  am  pot  to  hard 
work,  it  contains  benzoic  acid. 

Cows'  orine,  according  to  BonningKnlt,  contains  alvnit  1  ;l  pi  r  cent,  of  hippuric  add ; 
in  that  of  hi"--^'-'^^  >  niaximnm  amount  is  about  o;iJi  per  cent.;  that  of  hwin-'  d",  «  not 
appear  to  cuutiun  iiippuric  acid  ;  that  of  the  caiiiol  and  elephant  yields  a  cuikiidci-able 
quantity. 

From  the  experiments  of  Henneber^r,  Stohmann.  and  Kant  onlx  ix'  (Ann.  Clu 
Pharm.  cxxiv.  181 ;  lUp.  Chim.  pure  lb63,  p.  223 ;  Jahresber.  1862,  p.  541 )  it  appears 
thattheorineofooceneontainaanuzimnnqQantityof hippnrio^  (2*1  to 2-7 percent.) 
when  the  aniTnal.-  aro  ffd  on  oat-  and  "w-hfnt-Ftniw  \vi\h  a  small  adniixtnn-  ot"  brans. 
The  stiaw  atid  dried  herb  of  leguminous  plants  reduced  the  amount  to  0*4  per  cent. 
With  the  hay  of  gmninaeeoos  fdiuite  intermediato  xeaidta  were  obtained.  The  addition 
of  a  certain  quantify  of  beans,  starc-!i,  sngar,  Or  oil,  diminiabad  the  propoitiaii  of 
hippuric  acid,  and  increased  that  of  urea 

In  human  wine,  the  j  i  a[  ortiom  of  hippuric  add  ia  but  amall  nndw  normal  condi- 
tions, and  about  equal  to  that  of  uric  acid  (Liabig;  Bence  Jone^);  in  certain 
diseases,  as  in  diabetes,  according  to  Lehmann,  the  amount  is  considerably  pnator ;  a 
vegetable  diet  likewise  increases  it.  In  the  urine  of  a  healthy  man  living  on  n  mixed 
diet,  Bence  Jones  (Chem.  Soc.  J.  XT.  81)  found,  by  Liebig s  method  of  estimation 
(p.  168),  from  0  03  to  0-04  prr  nt.  hipptsric  rtcid;  Thudichum  (/of.  e/f.  xvii.  66)  found 
the  same  quantity  under  Fimilar  ciivunititauci  s  ;  but  the  amount  wu*  Lu-gely  incrf,ii»«'d 
by  eating  greengages.  r  i  s  in  a  n  n  (J.  pr.  Chem.  Ixxiv.  106 ;  Jahresber.  1858,  p.  672) 
and  Wrr-drn  (J.  pr.  ("honi.  Ixwii.  IIH;  Jahn-sbiT.  19,50,  p.  TOO)  f  nnid  nuirh  larp-fr 
quantities  ;  but  tke  former  appears  to  have  operated  on  too  small  a  quantity  of  urine, 
and  the  latter  adopted  a  de&iiive  method  of  analyaia  (p.  IfiO). 

FormaHtm. — 1.  J3j  heating  i^yoodna  in  a  aealed  tnbe  with  benaotc  add: 

0>H>NO*  +  C»BK)«   -   OmiO«  +  BPO; 

alaohj  heating  ih<  7:tn< -salt  of  gljeodna -witii  diloride  of  braaoTl  to  120^  in  aanded 
tnbey  09F  by  atmplj^  leaving  the  two  compounds  in  eonlai  f  f<>r  mmf*  time: 

C>H«ZnNO'  *  eHHKDl   -   CH'NO*  ZnGL 

m 

This  formation  of  hippuric  fi^nn  b-  nzfiic  acid  likewise  take  s  yilncv  \\]u  u  the  latter  acid 
is  injected  into  the  blood  of  a  living  animal,  togethra  with  gljrcodne  or  gl^roocholate  of 
sodium,  or  hile.  When  abont  2  grms.  of  benaoie  add,  and  80  cc  of  ode  free  from 
mucus  were  iiyected  into  the  blood  of  a  dog  or  cat,  the  urine  was  found  to  contain  a 
condderable  quantity  of  hippuric  but  no  benioic  add;  with  a  larger  proportion  of 

•  On  tbe  ratloD^  fimaute  ofMifarte  acM,  tee  Poawrui  (II.  fl97^ 
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b<?nzoic  acid,  tho  oxcoss  posscHl  into  the  urine  together  with  the  hippurie  arid.  B<^nzoi<^ 
acid  injf?ct«*<l  into  the  circubition  alono,  is  not  cotivertfil  into  hippurie  acid.  (Kiihne 
and  Hallwachs,  Jahresber.  1869,  p.  638.) 

2.  Benzoic  Acid  i»  ]ik.  w-i«!e  ronverf-tl  inta  hippurie  acid  in  thf>  animnl  '>rg:inism 
when  introduced  into  tiie  iiliun  ut-iiry  c  aiiul,  hippurie  acid  being  found  iii  tliv  m  ine  after 
benzoic  acid  htts  been  swallowed.  MorchAnd,  after  taking  30  grainfl  of  Ix  nzoio  aeidl, 
fuund  39*2  grt».  of  Inppnric  acid  in  Iiis  tirino  fby  calcniation,  it  should  have  biu-n 
31"2  grs-)-  Siuiilar  uUservations  hnve  Lttn  uuule  by  Al.  Uro  (J.  Pharm.  xxvii.  646), 
Keller  (Ann.  Ch.  Pharm.  xliii.  198),  and  Garrod  (Phil.  Mag.  [3]  xx.  601). 

3.  QtiIiuc  acid  is  also  oonrcrttd  in  tho  animal  organ  is  tu  into  Iiij-furle  a -M  i ;  p  il  cibly 
first  into  benzoic  acid^    When  8  gmis.  of  quiiuitu  of  calcium  were  swallowed  over 

night,  tbe  morning  nnne  wu  ftnmd to  ccntiia  8  gmfl.  at  fclppvric  tdd.  (Laatemsniit  . 
Ann.  Ch.  Pharm.  cxxt.  0.)  i 

Pr^araiion  /rum  horses'  or  cows'  urine, — llipp^nc  acid  cjusts  in  the  urine  in  com- 
Unation -with  umnonia.   Toobtahi     fheflwahiirineof  cowflorof  Im^^ 
'beet3  k«  {it  fit  r<-.-(,  is  cv)no<  iitnif  t  d  Vv  i  v  ipo ration  to  ,4  or  i  of  it.^  bulk  and  supersaturated 
■with  hjdxodiiorio  acid ;  it  Uiea,  after  a  while,  6ffgsmi»  a  jr«ilowi«h>brQwii  {nreeijjpiitate 
of  hippmie  add. 

The  evaporation  of  the  urine,  which  is  tedtoiu,  majj  1  •  )1  nated  by  mixing  it  with 
a  considerable  excess  of  hydrochloric  acid,  the  solubUity  of  tho  hippurie  acid  being 
thereby  greatly  diminished.  100  pts.  of  cowb'  urine  mixed  with  2  or  3  pts.  of  crudo 
hjdrodliloric  acid  soon  deposit!  nippuric  acid  (It i ley,  Cawm.  Soe.  Qpo.  J.  y.  97). 
Another  mode  of  expt^ditinir  the  prw^-ss  is  to  mix  the  fresh  urinf*  with  mUk  of  lime, 
boil  for  ;i  f I  w  miuuti  i  uud  stmiu  ,  tlirn  evaporate  the  H>lution  ot  hippurate  of  calcium 
to  ^  or  "i  its  bulk,  aceofding  to  the  previous  concentration;  and  nqMnatonto  vith 
hycfr-.,  Iih.ric  acid.    (Gregory,  Ann.  Ch.  rharm.  luii.  12.7.) 

The  acid  obtained  as  aboA-e  hii»  a  bruwiiiisli  colour  and  disagreeable  urinous  odour,  i 
ttd  Tequire8  further  purification.  This  may  be  eflFectetl  in  several  ways :  I.  Sehirars  j 
(Ann,  Ch.  rharm.  liv.  20)  l»uls  i}w  cnidf  ai'id  with  milk  of  liin>\  wliJ.  "Ii  rmiovi'.':  tJlp  \ 
greater  part  of  the  fibrin  with  which  it  ia  contaminated ;  predpitutes  the  iiitrate  with  j 
earbottat«  <tf  todiiim,  th«a  boik  and  Alters  apin,  and  mixM  the  ftltnte  witii  aolntioii 
.:f  chloride  of  ca!cTiiri».  thr  cfirlxtnate  of  r'ali'inin  thoi-.hy  pn  iMpitated  carr}-ing  down 
the  colouring  matter ;  then  filters  a  third  time,  and  prccipitatcii  with  1^'dr^hloiio 
add.   Th»  mpporie  aeid  thns  porilied  is  qnite  ookrarlMs. — ^1  Tbm  arnde  acid,  mixed 
with  10  }it.«.  of  I'Oiliiit^  w.tt- r  and  exccHS  of  milk  of  liiur,  is  sutiniitlt'd  to  pri  n-ure; 
the  ex^reased  liauid  is  mixed  vith  aoltttion  of  atom  till  it  no  longer  exhibits  an  alka- 
line XMWtioii,  ana  left  to  eod  to  40^ ;  earbmiftte  of  Nndimn  ia  then  added  aa  long  m  a 
precipitate  continues  to  form  :  and  the  liquid  is  again  s.  j  arated  by  straining  ana  pres- 
•ore,  and  precipitated  by  hydrochloric  acid  :  the  hippunc  acid  thu:s  obtained  is  washed 
with  cold  water,  preawa  and  dissolved  in  boiling  water,  and  the  eulntion  is  mixed  vitii 
blood-charcoal  ( 1  oz.  to  a  lb.  of  tho  acid),  filtered  through  paper  while  still  at  the 
boiling  beat,  and  left  to  crj-stallise  (Bousch,  Ann.  Ch.  Pharm.  Iviii.  267). — 3.  Lowe  , 
prepares  hippurie  acid  by  mixing  fresh  horse-urine  with  excess  of  stdphate  of  zinc  ;  I 
eDMorating  toe  Ihioid  togetlier  with  the  precipitate  to  ^  or  |  of  its  bulk ;  filtmng  qoiekly ;  I 
Wiisning  the  precipitate  with  a  s-mrdl  qnantity  of  Iiot  water;  and  d'  compocinrr  th<^  hip- 
porato  i^zinc  in  the  filtr,iti.t  with  dilute  eiulphurie  ur  hydrochloric  ai-id.    ilip^unc  ai:id 
then  lepamtea  m  the  form  of  a  white  magma,  which  may  be  washed  with  cold  wat4>r, 
pressed  between  paper,  and  recryst^dlist  d  irom  boilin;?  waft  r.    T!n  ai.lition  of  sul-  ! 
phate  of  zinc  to  the  urine  preserves  it  from  putrefaction,  and  enablua  the  expeximent^r 
to  vmt  till  a  considerable  quantity  is  collected. 

Ptof»  rtifs.  TTipimrif  a.  id  forma  colourh  tmnsparent  prisms,  having  nn  nnctuous 
adjimantine  lustre,  and  often  of  couaiderablo  size.  The  crytttaht  belong  to  the  trimetrio 
systMD.  Oidiaaiy  combination,  a»P .  I^oe .  Pco .  with  the  modifying  faeea  mPm  and 
obI*(».  Ratio  of  the  iixc-i,  a  :  I  :  r-.  0  0712  :  M606  :  1.  Inclination  of  t!i.  fices: 
odP  :  ceP  in  the  brach^diagonal  principal  section  —  99<'  69' ;  ^oo  :  I^co  »  9»'^  30' ; 
P«D :  ^ea  in  the  tnaevodngooa]  principal  tection  «•  88^  W,  Clea^ige  tolerably  easy, 
paralM  to  oP.  Spi  i  lflr  univity  ™  r30*?.  Hippurie  acid  melts  at  a  gentle  heat.  a:!d  . 
soUdifies  in  a  ciystollino  mass  on  cooling.  It  has  a  slightly  bitter  taste,  and  reddens 
Htmm  itrongly.  It  it  sparingly  sohible  in  cold  v>ater,  1  pt  of  the  eryitohi  requiring 
600  pta.  of  water  at  0**.  Boiling  wat«T  and  alcohol  dissolve  it  readily  ;  Hhrr  scarcely 
at  all.  Hippurie  acid  likewise  dissolves,  but  very  sparingly,  in  water  containing  hi^drv 
cJkloric  acid.  It  diatiolres  with  the  greatest  fecility  in  water  containing  ordinary  />Ao«- 
fAait  of  sodiuTtL,  in  hxich  cjuantity  indeed  aa  to  ehan^'"  tb.o  reaction  of  the  solution  from 
alkaline  to  acid— a  propi  i  t y  wliii  h  is  alKO  pf>«vo<'s.  d  \,\  uric  a -id.  Thi.s,  aeconling  to 
LiebiA  is  the  cause  of  ihv  acid  reaction  exLibitcd  by  ihv  urine  of  man  and  other 
wmvSa  in  the  recent  state. 
Jhempotitiotu^l*  Eipffoka  add  boik  at        yielding  a  erTafcriliiie  prodaot,  eon- 


Digitized  by  Google 


1^ 


HIFPUBIG  ACID. 


slating  in  groa.1  i^uit  of  benzoic  aeiJ  uiid  bonzonitrile  (cyanide  of  phenyl);  a  stmnc; 
odour  of  hydrocyanic  acid  is  likewise  evolved,  and  a  eonsidonible  quantity  of  chaicoal 
TVTiiiiri's  in  tho  retort.  J}rx  hippuric  acid,  heated  in  a  retort  nirli  dry  .-lilirulf  wf  zinc 
and  quartz-eand,  yields  benzoiutiik^  carbonic  anhydride  and  charcoal  ^Crossmann, 
Ann.  Ol  Phaim.  c*  69): 

2.  Hippnric  acid  in  alkaline  srtlntinii  is  slowly  oxidi.'^ril  ]>y  o'n?tr,  vith  formation  of 
carbonic  ucid  and  a  email  quantity  of  funnic  acid  (Gorajp-liesaneai^  Ann.  Ch.  Phurm. 
'OxxT.  217).— 8.  PoTP  hippuRO  and  is  iMt  Hltered  hy-  boiling  witii  waUr;  bnt  when 
hozM-uiine  is  quickly  evaporated,  amiiioiiia  is  given  on,  and  the  hippuric  acid  contained 
in  it  i»  converted  into  benzoic  acid.  Cows'  urine  does  not  yield  benzoic  arid  when 
boiled. — 4.  Hippuric  acid  dissolves  in  strong  hydrucldoric  mid  at  tiie  boiling  heut,  and 
va  oontumiiig  toe  ebnllitioiii  it  itx«9ol?ed  into  bmoic  add  and  glyoodne: 

CH'NO'  +  HK)    »    C-H»NO»  +  C^H'O'. 

Hipr'irl*"  acid.  Oljco^iiir.       Bciuoic  acIJ, 

The  Bame  deeompoeition  is  effected  b^  boiling  dilute  sulphuric  acid,  by  mtric,m<i  even 
by  (Ktatto  aeid.*^.  BSpparie  neiA,  lioiled  for  half>ao-hoar  with  cauatks  foUttk  or  »oda, 

is  'Uvi  rfi'd  Iiit<i  glycoriiM-  all  alkalin-  lu-iiznate.  Tt  is  iiuf  di  eom]>r»si  (]  l)v  iMiilinij; 
with  suik  of  lime,— 6.  The  resolution  of  hippuric  acid  into  benzoic  acid  and  glycocioo 
is  l^ewue  effiwled  by  the  aeKon  of  a  fermmt  in  presence  of  an  alkali  (Bn  ehner,  iijnn. 
Ch.  Pharm.  Ixxviii.  203). — 7.  I^y  the  iK-tlnn  of  luificent  hydrogi-n,  it  appears  to  be 
resolved  into  hydride  gff  benaoyl  and  glycocine  (Erlonmeyor,  Zeitschr.  Ch.  Pharm. 
1861,  p.  548).--8.  3?Si|r0«t  <WK(f  oonT«cU  luppnrie  acid  into  benzc^y collie  acid,  with 
oTolntUHi  of  mtngen  gaa : 

2C»«'N0*  +  N«0>    -    2C»ir''0*  +  BPO  +  N«. 

Thi>  decomposition  takes  place  ■when  nitre  oxide  is-  pnv«ed  into  a  fiohrtioii  of  Li|ijmric 
a^nd  in  nitric  aeid.—  9.  A  cold  mixturo  of  strong  stdphurtc  acid  and  fuming  nitnc  add 
conTerts  hippuric  acid  into  nitrohippuric  aeid.  witii  mdpJkwie  mtkifdridry  ilk  iinitea 
dlri  >  tly,  fnrtnin^'-  "-idpliolnpi  nrie  ;ifi.l.  f*"IT'NS'0".  10.  An  aqueous  solution  of  hip- 
puric acid  is  not  decomposed  b^  clUorinc  gas ;  but  on  boiling  it  with  a  laiue  excels 
of  hUaehing  powdjer^  decompontian  takes  plaee  (Liebig\  Wlicn  cUonne  u  paafled 
into  a  Kubiti'>n  of  In'ppnrii-  arid  in  ratlier  dilute  ptriiaen,  nltNigen  ia  OVolTeo, 
beuzogly collie  ludil  i>  jir.iducvd  ^Ci  ousm  an  n ) : 

C»H»NO'  +  3K110  +  Cl»    «    (J-lPO*  +  2n*0  +  3KC1  +  N. 

11.  T?y  mixing  it  with  hydrochloric  acid,  and  adding  chf orate  of  ^ofassiitm  by  small 
portions,  it  is  eonverted  into  a  mixture  of  monochlorohippmic  aeid,  C*H"C1N0*,  and 
dichlorohippuric  acid,  C»IPC1*N0»  (R.  Otto,  Ann.  Ch.  Pharm.  cxxii.  129).— 12.  When 
liippuric  acid  is  gently  heated  witli  1  at.  pintachl"ride  of  pliosphorus,  oxychloride  of 
]>liosplioru.s  and  bjdrodiloric  ;u  i<l  are  given  ofl^  and  a  brown  residue  is  len,  soluble  in 
nl<  ti?iol  iiiid  in  ammonia,  and  precipitated  then>from  in  the  resinou*  «^t?ite  by  hydro- 
chloric acid ;  but  on  diBtilling  1  at.  hippuric  acid  with  2  at.  pentacliloride  of  phoa- 
phoroa,  the  products  obtaiuM  are  oxychloride  of  phosplxmis,  diloride  of  bensorl, 
and  two  clxlorinated  compounds,  C'H-CINO',  and  CH^Cl^'NO^  differing  from  mono- 
und  dicldorohippuric  acids  re«p<>ctively  by  I  at.  WO  (Schwnnert,  see  p,  161). — 
13.  When  hippurio  add  ifl  boiled  with  peroaride  cf trntfon^te  and  very  <Ulnte  enlpbnrio 
\u'A,  a  l.irir.'  ijiiantity  of  rnr^onic  anhvdride  i.<  evo]v.->!.  I^enzoic  ».id  si-p.ir.ites  on 
cooling,  and  the  liquid  ia  found  to  contain  sulphate  of  ammonium. — 14.  liippuric  acid, 
lioQed  vitb  paweitU  of  lead  and  water,  yields  bensamide,  water,  and  eaibooie  aahv- 
dride(Febliiig): 

on'xo'  +  .30  -  nrao  +  ii-o  +  2C0'. 

When  liippuric  acid  is  heated  with  peroxide  of  lead  and  exceas  of  nitric  or  sulphuric 
add,  the  prodvcts  fanned  aro  carbonio  anhjdride  and  bippareffin  (p.  154) ;  but  when  it 

is  boiled  with  water  and  peroxide  of  lead,  and  sul}dnirii  ;u  id  added  in  qnantity  only 
fcuflScient  to  decompOi*e  the  resulting  hippurate  of  lead,  the  only  product  obtainetl  is 
benzamide  (Schwartz). —  \5.  Hippuric  acid,  gently  heated  witli  excess  of  caustic 
Inayta,  yields  a  liquid  which  8iii<  llri  of  benzene  (no  ammonia  is  evolved),  is  convcarted 
into  crystalline  .aea1<^  by  eoiitaet  with  hydrocliloric  ncid.  and,  when  distilledt  yiaJda 
pure  benzene  (G e r h ard  t ).    'Xhia  liquid  is*  perhaps  ben zouif rile. 

EftimatioH  of  Hippuric  and  in  uriiif.—  1.  The  urine  is  evaporated  to  a  sjmipy  con- 
Bjftenoe  over  n  M  .itor-bath ;  hydrochloi  ic  nf  i<l  is  added;  and  the  hippuric  ncid  is 
extracted  by  treating  the  precipitate  four  or  times  with  ether  (Liebig,  Ann.  Ch, 
Pbaim.L  170).  Arcordinp  to  Bence  Jones  (Chem.Soe.  J.  xt.  SIX  this  metlK>dgiTBe 
exru-t  re>?Mlt8,  provided  sufficient  urine  is  taken  (al  uut  400  c.  c).  and  a  sufficient  quan- 
tity oi  ether  is  used.   Thudichuu  (Chem.  &x:.  J.  zvii.  fid)  ovapumtes  the  urine  to 
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«  stiiT  Byrup,  pours  it  into  a  bott!.  \v]ii].-  y  t  s\  arm,  takiiig  op  tho  hist  residnos  with 
the  neoeBBary  amount  of  hydr  ti  •  a  i  l;  aii  I  shakos  up  tho  whole  bt4«kly  witli 
h\T^  qnautitips  of  *Iry  Ltli-r.  Th.  cilunal  M  lnrion  ij*  th<>ii  distilh^l,  the  reddish 
Yt'Uuw  residue  mixed  with  a  iiitlu  wator,  and  allowed  to  crystallibe;  ttad  Uie  OQ^i^rals 
of  hippuric  add  tiros  obtaued  are  washed  villi  wator  till  the  WMfati^  are  oolaiiri«>s<i, 
t1u-ii  .!rl.-il  by  prf^-^-'Tirc  bct\r»M'u  Muttin;z  jo'ht,  aff ("'rwanl.-^  !  v  f 'dicing  them  atit  kuI- 
phoric  acid,  and  finidly  at  lUU^  in  a  wator-oven.  {iii^  aiao  Weismaan,  J.  pr.  Cheia. 
IzxiT.  106 ;  JahrMber.  im,  p.  687.) 

2.  Wml-  11  ('J.  pr.  Chem.  Ixxvii.  I IG:  Jahrpsb<  r.  l?^o9,  p.  700)  «»timat<^«  hippuric 
acid  in  urine  bj  means  of  a  i^taudurd  solution  of  ferric  obloride.    The  liquid  18  first 
vctttialiiNBd  and  frped  fityn  pbosphorie  sdd  bj  hksos  of  barfta-imter.  and  t\w  iron 
solution  is  addt-d  till  it  no  longt-r  forms  a  precipitate,  and  a  drop  of  tho  filtiTt^l  s«)Iiif  ion 
produces  a  blue  colour  on  a  piece  of  filtering  paper  nioisloned  with  forroeyaiiide  of 
potassium.    Tht>  nmonnt  of  hippuric  acid  Couiui  in  human  urine  hy  this  methoii  of 
estimation  (average  0  38  per  cent.)  is  muck  llighcv  than  tliat  deteriniaed  hy  Lk  lnffa 
inetho<l  (p.  156):  nnrl,  nrronlniLr  to  Henneborg,  Stohmann,  and  Ka  nt  ■•ii'>f.  rg 
(Ann.  Ch.  Pharm.  cxxiv.  l>il),  ihe  results  are  vitiated  by  the  fact  that  a  pertectly 
nential  solution  of  ferric  chloride  is  d«eom}>os('d  by  ^Kipcr-fibrc  to  Knob  an  aztest  thiit 
]>;(p#»r  snnl,,  ,1  in  a  solution  of  yellow  prussiato  will  not  indicate  the  prrs<^nr«o  ut  a  small 
^lijiiilLly  i)i  iron;  also,  becauf^e  tho  tormimition  of  the  reaction  cannot  b«  distinctly 
pe  rceived.    Better  results  are  obtained  with  ferric  nitrat*>,  aftejf  the  urine  ham  tem 
freed  from  cnlnuriiia:  ma?t«  r  nn  !  '  thor  bodies  by  nitrate  of  lead;  bat  e^-en  in  llii- 
tho  process  is  sometimes  rendered  uncert^  by  the  pr<?»ence  of  other  subiiUiuces  which 
mert  a  redaein^  action  on  the  flemo  oxidei   Altogether,  the  inod#  of  eitmiataoii  by 
meaius  of  hydvoehlorio  aeid  and  other  appears  to  give  the  best  resulta. 

Slppnrates.  Hippuri*-  atid  is  monobasic,  tho  general  f -rmtila  of  its  salts 
being  CH*>INO*.  Most  metallic  oxides  dissolve  readily  in  the  acid.  Tho  hippurutea 
cf  potaasium,  sodimn,  mnmnitiinin  sod  magnesium  ari>  very  solnVile  and  difficult  to  cryv* 
talli-*-  ;  tij'  ir  suluti  tn':  form  a  cr'^nm-c^  l  .iiri  !  jin  ;  ij  it.tte  with  ferric  salts,  and  whit«j 
curdy  precipitates  with  nitrate  ol'  silver  and  mercurous  nitrtU*.  A  chajcacteristio  reac- 
turn  of  the  nipparatea  is,  that  when  fua^  with  ezceee  of  potash  or  lime^  ^ey  give  off 

ammonia  and  yield  beoaieiie  l)|y  distillation.  Miimal  aeiu  deoDmpoM  theni,  sepaxaAiog 

the  lu'ppuric  acid. 

Hi ftpurate  of  A  vimonium.-  The  neutral  salt  does  notapp<*arto  exist.  An  aa'd 
sah»  C»Il»(NU')NO«.C»HWO».H*0,  isprotiuced  even  when  hippuric  acid  ia  mixed  with 
exfcf"^  nf  ammonia.  It  erystiiUises.by  concentration  in  square-based  prisms  \vit!i  t-^i  iinl 
somnuts.  It  di&»>lv«8  in  small  ^uantitii^tt  of  water  and  alcohol,  sparingly  in  ether,  and 
perfanna  gynUosy  noveaiaiits  when  thmwa  on  the  snifSuse  of  water. 

Hippurate  of  Barium,  2C*H''BaX0*  +  H'^O,  ibrins  prism?  with  rrrt  injjnlar  base; 
flolnble  in  water.  It  unites  with  bensoate  of  bariam,  forioing  u  «idt  cuntMning 
2(CH«BaNO».COTBaO»).5H^. 

JSpptarate  of  Calcium,  2C*H"0aKO^3H'O,  ciystallises  sometimes  in  rectangtdar 
prisms,  sometimes  in  lamisaew  Specific  gcarity  1*318.  .  It  ia  solnbie  in  18  pts.  of  cold 
and  6  pts.  of  hot  water. 

Hippurate  of  Cobalt,  2C"H*CoN0'.<HH),  Ainns  roec  eolotired  needles  Or  nodnl««» 
which  iiW'-  off  their  water  at  100°. 

Hippurate  of  Copper,  2C'H"CuN0'.3H*O,  obtained  by  concentr!itiii||''a  mixture  of 
sa^hate  cf  eopper  and  hippicata  of  potassium,  forms  obliqa4>  ritombotdal  prisms  of  an 
azure'b1u<^  colnnr,  wliieh  tim  gjreon  and  giTo  off  their  water  of  ciyBt*Uiaatio&  when 
heat«Hi  on  the  wut«r-bath.  / 

HipptmtU  of  Iron  (ferricim)  is  precipitated  OO  nixiiig  the  eosuNfkitrated  sohitioas 
of  hijt['urn1«:-  of  p^tafitinm  an<!  t'crn'.'  c-hl  n-iil.'. 

Hi^itrate  of  Lead,  (J*ll"l^b2SO'  + il-O  and  +  gH'O,  is  obtained  by  precipitating  a 
eold  sohitum  eif  aeolnl  aeetste  of  lead  with  faipporate  of  potaadam,  as  a  eoray  pn>ei- 
[■ifate  which  dissi.lvi's  but  shiwly  in  bailing  watfi".  If  thr'  boiUnrr  suhitir.n  \\r-\\ 
diluted,  the  salt  is  deposited  in  silky  neodlee  (containing  1  at.  water)  grouped  in  tutts, 
bat  these  crvstals,  etrsn  while  tmmefsed  in  the  sohttkm,  are  auickly  eonvetted  into 
Hither  broad,  shining  lamime  (?,  TPO)  bavillg  thefbtm  of  qnaaraqgdar  tables.  The 
whole  of  the  wat^r  is  given  off  at  1  OO*'. 

Rippwraie  ofMoffnmttm,  2C»H*MgN0».  5H*0,  fonne  white  nodtdes,  whieih  are  soluble 
^•water  and  give  off  ^TI-O  ,t  100°. 

Hippurate  of  Nick<  t,  2U*U*NiNO*.5H'0.  is  crystallisable.  insoluble  in  et  her,  stmriugly 
soluble  in  cold  water,  more  soluble  in  boiling  waU-r  and  in  boiling  alcohol.  It  becomes 
anhydrous  at  100^. 

Hippurate  of  Potassium. — The  neutral  salt,  (PIPKNOMl-0,  forms  oblique  prisma 
with  rhomboiidal  base,  soluble  in  water  and  in  alcohol,  and  becoming  aidiydroua  by 
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desicention  at  100*    To  olytmn  it  pur<'.  it  mut  Iw  €9fystsilltfl0d  M'mvsI  tnoM  front 

alcohol  and  washed  wit!i  ttlu  r. 

The  acid  salt,  C*H»KNO».C*H»NO*.H*0,  forms  brilliant  kminw,  which  under  tlu^ 
microHConc  are  seen  to  consist  of  prisms  with  rectani^lar  base,  and  the  terminal  cdgc^ 
truncatetL    They  give  off  I  "7  {*er  cent.  wat4^  at  lOn^. 

Ilippumti'  .S//f- r,  2U*H"A|rN^O*.n' O,  prr-pnTc-i  by  a<ldiiifr  nitrate  of  silrrr  to 
hippurate  of  polJAishium,  is  solubk'  in  water  iind  crjstailiba.blf.  it  give-^  ott*  it*  water 
(3-42  per  cent.)  at  100°. 

n;j>purnfr  of  s.^Jiiou,  2C"II'XaN0».H*0,  u  OTrtalliaftbto,  wty  aoliiUe  in  hot  w«tor 
and  in  alcohol,  sparingly  in  tliit-r. 

mpjfimai  qf  strontium,  2C*H«SrN0«.CH*0.  ia  oTBttlliiabl* ;  ^aiiqglj  aolnUe  in 
Qokl  vBtaar  and  ■loobol;  gifw  offita  mitar  at  100^, 

IktiMtim  of  HippmHd  Ami, 

Amldo-talppnH«  mU.  C^m*  «-  C^*(NH')KO*.  (Selivftii  Art^  Ann.  Ch. 
fham.  cxii.  69.) — Obtained  by  passing  sulphydric  acid  gas  for  a  considerable  time 
into  a  s<>liiti<m  of  nitrohippuric  acid  in  saturuted  sulphide  of  ammonium,  and  acidti- 
latiug  tlio  concentrated  liquid  with  hvdrocliloric,  or  better  with  nitric  acid.  It 
co'stullises  in  light  white  lamintt,  aolnble  in  300  to  370  pts.  water  at  20°,  in  1200  ptn 
absolute-  iil'  oliol  at  16**,  iii'-'^!'!^.].'  in  ether.  In  l>oiliii;jr  wiit.T  and  alcohol  it  dissolves 
easily  ;  likewise  in  acids  and  m  alkalis;  the  solutionj*  quickly  tiu-u  brown.  With  con- 
MBtnted  hydxoohloac  acid,  it  forms  a  hydrocWoraUvmil^xiwvg  C*H"N*0'JSCL 

Cliloroliippiirio  adds.  (T?.  Otto,  Ann.  (^h.  Pharm. cxxii.  129.)-  T!ir>se  compounds 
are  produced  by  the  action  of  hyiKu  ldorous  iUM<i  on  hippuric  acid.  When  2  or  3  pts, 
chlorate  of  potassium  are  added  to  a  mixture  of  1  pt  hippmio  aoid  and  6  to  9  pts. 
liydr(u-lil<M-ie  acid.  r»  pentle  heat  applii-d,  after  flic-  frotliin^i;  lian  c*rn«:rd,  to  complete  the 
reaction,  the  liquid  then  heated  to  boiling  and  left  to  cool^ — an  oily  ycUowii^  mawi  ui 
d(>pomtod,  eonnstuiflr  cf  mono-  and  dii£lorohippurio  aeida,  their  relatiTe  qnaatiHea 
dri'eiidiiiL^  ]iartly  Oil  tlic  quantity  c-liloratf  tisi  d,' part ly  on  th'"^  trnip-Taturi;'  of  t.'io 
liquid  during  the  reaction.  The  two  acids  ore  Bi-paruti-d,  either  by  boiling  with  water, 
^m&Ak.  diiM>lTea  diiefly  the  monoehlovinatod  add,  or  by  reoeated  cr}T>taM5ation  of  Hie 
calcium-solts  obtained  faj  neutralising  the  mixed  acids  witii  milk  of  Ume. 

Monochlorohippnrir  a ri rf,  C'lI'ClXO',  obtained  by  evaporating  the  alcoholic 
solution,  after  dccolorisation  with  animal  charcoal,  forms  a  yelluwish,  viscid,  inMlorous 
iiia>r'.  Imving  an  acid  reaction  ;  it  is  nearly  insoluble  in  cold  water,  melts  and  dissolves 
in  lioilin^:  writer,  and  mixes  in  all  projiortions  with  alcohol  and  ether.  Tf  dissolves  also 
in  caustic  alkalis,  forming  a  solution  which  turns  brown  when  heuted. — By  boiling  with 
eoneentratod  hydrMUnrioadd,  it  is  resolved  into^yoodna  and  monodiktobenzoic  add. 

The  neutral  jiofassiinn-  and  sodiit?n-9aI(f,  tiro  tmcn-«tallisable  OP  crystalli.'-i  with 
difficulty.  The  uad  eadium-saU,  2(C*fl»ClNiiN0\C*K''ClK0»lH«q,  ciystallises  io 
coneeotrieally  groupt^  needka.— Tha  aalSsAMi^l^  <WCiCaN0*.2H^,  cryatidliaea 

from  al<  .'hoi  in  small  shininp  seal,  s.— The  hnd-<;nff,  C*TTTlPl>yO«,  tn.-lf-  at  100— 
12ti°t  und  ayatalliaes  from  dilute  alcohol  in  coacentrically  grouped  needlea. — Xha 
9Uwr4f^  ia  a  white  predpltBte,  whidi  ciyataUuMa  indiatinrtlj  from  aolntion  in  trafar. 

Dichlorohippuric  acid,(yWQi)?^0^,  is  very  much  like  the  m<'n>u']dorinated  acid, 
and  after  atunding  ia  contact  with  the  air  or  under  water,  formsa  soft  grantdo-crystallino 
mass,  wfaidi  deliqneaeea  whan  warmed,  and  at  <I0^  emita  an  aromatic  twtpentinc-Uke 
odour.— By  boiling  with  ateoQg  l^jdioohlane  add,  it  ia  reaolTed  into  g^ijeodna  and 
dichlorobenioic  acid. 

Dichlorohippurate  of  sodium^  CH'Cl'NaNO'.H'O,  forms  soft  warty  crystals,  easily 
•olttble  in  water,  alcohol,  and  acids.— T!i<"  !H>rium-salt,  2C"H«CPBaNO».3IPO,  crya- 
talH.^es  in  needles.-  Ttie  ai!cly  >n-ii<rft^  Cll*Cl"CaNO\  crystalli.sf^s  fn-^in  diltite  (solutions 
at  ordinary  temperatures,  or  at  GO'-*  in  needles  containing  4^  or  6  at.  water;  at  higher 
tempenitur- ,s  in  honl  whit  r  I'^ts  with  |  at.  water.->Tha  nmiml  Itad-talt, 
C'H*ri'l'l  N(  )'.2TT-0,  fjbtaiiicd  In-  cold  precipitation,  separates  from  its  aqueous 
solution  in  nodulei*.  A  basic  lead-salt,  4CH«CPPbN0*.  Pb*0.61I»0,  may  be  extracted 
hf  boOing  absolute  alcohol  iVom  the  precipitate  Ibimed  from  diddofhipf  uric  add  and 
fl>>'tatc  of  b  ad  at  thr  boiling'  heat.  The  tiltfer-*aU  ia  a  whita  preapitat^  irtiidi 
separates  from  hot  water  iu  canUfloweT'Iike  massee. 

DieUorokippuraU  of  Ethyl^  0>H*CIXCV)NO*,  obtained  by  treating  the  alooholie 
Kolntinn  of  the  add  with  ^fdzodilofia  add  gaa^  ia  %  haaty  yallowiah  oil,  na«i^ 

iiisolnlile  in  w:iter. 

A  culciiiM-fuU  liHvingtJie  composition,  C"H**Ca*Cl*N'0*.5H'0,  intermediate  between 
the  mono-  and  dichlorohippurates,  ta  obtained  in  epherical  groupa  of  neadlaa  bj 

cryetalHsiii^  i\  niixttirc  uf  tln'  eab'ium-saTt>  uf  llie  U\<>  ai'id':.  Its aoltttlOB  pradpitatM 
hj  nitrate  of  siircr  yields  a  9iiwr-9ait  of  auolc^ous  composition. 
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Compounds  prodtteed  by  the  action  of  Pmtaehloride  oj  Photpkonu  cm  Mppuric  acid.  \ 
(II,  Schwanert,  Ann.  Ch.  Pharm.  cxii.  69.) — Whon  1  at.  hippurie  acid(in  qnantitiVs 
not  exceeding  10  grma.)  is  distilled  with  2  at.  pentachloride  of  phosphorus,  scarcely 
iBything  but  oxychloridtt  of  phoephoms  paM«e  over  at  first,  hot  betwewi  180°  and  200^ 
ft  risdd  liquid  distils  over,  and  In'twe^n  220**  and  250°  a  mass  which  »olidiflf«  in  tlie  ' 
crystalline  form.    The  liquid  separated  from  the  crystals  gives  otF,  on  reetitication, 
oxychloride  of  phosphOTiu  up  to  120°  then  chloride  of  benzoyl,  boiling  at  196°,  and  an 
oil  which  boila  at  a  temperature  above  200*',  and  when  left  over  oil  of  vitriol,  solidifies 
to  a  crystalline  mass  whose  composition  is  expressed  by  the  formula,  C'H*C1N0'  « 
<FH*C1N0*  (monochbrohipporie  acid)  -  HK),  ybkk  is  also  the  oompontioa  of  the 
crystals  obtained  by  the  first  distillation. — Tliis  compound,  whi>n  immersed  in  ♦•ther, 
ddiqaeeces  at  a  gentle  heat  to  a  veUowiah  oil  without  peroeptihJj  diaaolnoft  and 
eiTstelliM  OB  eooiing  in  flit  in^-iiaad  mottod^ 

two  fiioes.     It  m-'lts  between  40°  and  50^,  distils  without  alteration  at  2f)()^.  is  iii- 

■olobte  iawiter,  but  diMolTW  eaailjr  in  alcohol,  and  eqrttnUiaw  thergfrom  with  difficulty. 

Tbe  Mlntibik  li  not  precipitated  by  diloride  of  plalfiiVM,  ttOMorle  eUotide^  or  aitfate  of 

silver.    The  compound  is  not  decomposed  by  potash,  either  in  aqueous  or  in  alcoholic 

■oltttion,  but  when  repeatedly  fused  -with  hydrate  of  potassium,  it  is  partially  rosolveil 

into  ummonia  and  benzoicacid ;  aqueous  ammonia  also  decomposes  it  partially  at  130°.  | 

It  absorbs  hydrochloric  acid  ga.s  in  qnantity  corresponding  nearly  with  the  formula*  ' 

CH*C1  NOMiCl,  but  the  hy<lrochlocata  loMi  ito  add,  even  vhoRi  the  alooholic  solution ii  I 

evaporated  over  oil  of  vitxiul.  _  ; 

Another  chlorinatwl  compound,  0'H*CI*NO'  ■■  0*IIHji*JDlO*  (didilorohippuric  add) 
—  H*0,  is  obtaint?d,  though  only  in  small  quantity,  by  ropoatedly  rectifying  the  last 
portions  of  oil  which  pass  over  in  distilling  hippurie  aui4  with  pentachlori<&  of  phos- 
idimm  It  ia  lilwwiaa  ttjatalfiaa^  bat  iSmArm  veadOj  in  ether. 

Vltronipporlo  add.  CH"NK)*«G^NO^)NO*.  (Bertagnini, Ana.Cai.I1u«. 
Ixxviii.  100.) — This  acid  is  produced  by  the  action  of  a  mixture  of  strong  ralphoric  and 
filming  nitric  acid  on  hippurie  acid.  It  is  found  in  the  urine  after  nitrobeuzoic  add 
has  been  swallowed.  To  prepaie  it,  1  pt  of  luppttrie  add  is  disaolVBC^  in  the  cold,  in 
4  pts.  of  thf  "Jtrorii^pHtnitncacid,  and  the  solution  is  mixed,  slowly,  so  as  to  avoid  rise 
of  temperalurc,  with  19  pts.  of  strong  sulphuric  acid.  The  liquid  is  then  left  to  itself 
far  tvo  hours,  and  diluted,  still  slowly,  to  avuid  heating,  with  three  times  its  volume  of 
water;  it  then,  after  two  hours,  deposits  an  abundant  crystallisjition  of  nitrohippuric 
add.  The  acid  thus  obtained  has  a  yellow  colour ;  for  purification,  it  is  treated  with 
lime,  the  reenldng  calduro-salt  is  decompoaad  witfi  liTaroolilario  toid,  and  the  nitoo- 
hippuric  acid  is  rocrystalH«''d  several  tinies. 

Nitrohippuric  add  crystallises  in  colourless  silky  needles,  soluhla  in  alcohol,  ether, 
aad  ^m»,  eapaahay  in  iwfr  fWiliiHtii(i,  phosphate  of  sodium.  Tho  eqratala  Mdden 
litmus,  iMit  at  alMMt  lM*r  decompoa^^  8>*iBg  off  ytfomn  of  benaoio 

acid. 

IbiroMoriB  mM  eovveria  nltrolilp|iurie  aeid  into  glycoefate  and  nitfobcnaoie  aeid. 
A  aolntion  of  nitrohippuric  acid  mixed  with  ammonia  assumes  a  red  colour  tinder  tbt; 
In^lqfMAa  of  sulpkydric  aeid,  and  deposits  sulphur  when  neutraUsed  by  an  add.  When 
diaaoWiid  in  a  saturated  solution  of  sulphide  oi  ammoninm,  and  treated  with  sulphydrio 
nddyltieeoiiTerted  into  amido-hippuric  acid,  C^H>*NK>*  (Schwanert,  p.  160). 
yitrir  nriffr  passed  into  a  solution  of  nitrohippuric  add  in  nitric  add  gives  rise  to  the 
formulion  of  a  new  acid,  not  yet  examined.  Nitrohippuric  acid  dissolVes  at  ordinaiy 
temperatures  in  strong  mlpkurie  acid,  and  on  gently  heating  the  solution  and  then 
dilnting  with  water,  nitrobenzoic  add  is  deposited.  Nitnjhipnuric  acid  distilled  with 
an  equal  weight  of  quick-lime  yidds  a  reddish,  oily  distillate  having  the  odour  of  cin- 
aaaon.  Hie  add  heated  vitih  atvong  eolntion  of  potash,  tuma  bomm  and  fffm  off 
ammonin :  It  n  higbar  tapanton^  ttie  BiixtaM  gi^ 
colour. 

Tim  nHrohippnvntoa  are  noeClj  aolable  In  wntw,  aone  of  them  alao  in  alcohol. 

3Iost  of  them  cryKtallise  in  necdlofi  gTonju'rl  nmnd  a  common  centre.   When  heated, 
they  give  off  aromatic  ti^utb.   The  following  have  been  analysed : 


Caldnm-salt   2C»H'Ca(N0»)N0«  3H«0. 

Cnpricealt   2C«H»Cu(N0«)N0«.aH«0. 

Lead-salt   C»FTb(NO*)NO«  (at  110^ 

SilverHMlt   C»H'Ag(NO')NO». 

zbMak   cnBPZii(kfo^o*.«H>a 


MlilMMppvto  naidi  0"H*N80*  ->  CWPHCflO*.   (Schwanert,  Abb.  Oh. 

Pharm.  cxii.  59.) — Produced  by  direct  emnliination,    Hippurie  acid  absorbs  tht  vapour 
of  sulphuric  anhvdride,  fbrnung  a  brown  liquid ;  and  by  dieeolviag  this  product  in  water, 
neutralising  with  earbonato  ofiMd,  deeomposiug  the  flUnta  will  snlphydfie  aai^  nnd 
Yflb  l£  X 
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evaporating,  sulphohippurie  add  ii  obtainsd  M  a  brawniah  jaUofw,  amotpixnia,  dali- 

qn^cpnt  maA8. 

^With  nitrous  acid  it  forms  (not  sulphobenzoglycoUic,  but)  sulphobenzoic  acid, 
CIPSO*,  together  witJi  an  oily  mbetaaee  prolmbly  containing  glyotSfts  aeid. 

Sulphohipimrir  ncid  is  dilmsic.  Tisnoutnil  harirtm-snft  0(m^;\\m  CH^Ba'XSO'.H'O. 
By  boiling  the  acid  with  hydrate  of  lead,  a  kadsait  ia  obtaiaed  correspoading  approxi- 
mately  with  tbe  fonniila  (FHTb>N80*. 

smOBIOVnnM.  OnlytwooftliMeMmiponiidbhavoasjeklteanoMaiBe^ 
W.  the  ethyllL"  and  mot  hylic  ethers. 

Mippurate  of  Ethyl.  C»'H"NO«  =  C»H*(C'H»)NO».  fSten house,  Ann.  Ch. 
rbantL  ZBcL  I48.)^Preparecl  by  passing  hydrodilorie  acid  thtofoi^  a  boiling 
solution  of  liiiipurir  acid  in  alcnliol  of  80  per  cent.  Tin-  ll'iui"!  tliiolct  iis,  assumes  an 
oily  aspect,  and  when  dilated  with  watctr,  depoaita  the  ether  in  liquid  drops,  which  soon 
solidify. 

Hipjiiirato  of  ftliyl  is  crystallisable  and  has  a  sharp  taste.  Specific  gravity  10 1^. 
ilelts  at  44°  and  solidifies  at  32'^  C.  Sparingly  soluble  in  water,  Toty  soluble  in 
akohoL  Chlorine,  with  the  aid  of  heat,  converts  it  into  a  OTStallisaW*  chlorinated 
OOm pound.  Nitric  and  sulphurio  adds  di'composc  it  at  the  boiling  heat^  producing 
bensoic  acid.  AloohoUo  potadi  oonverta  it  into  etl^ylio  aloohol  and  hippnrate  of 
potassium. 

HippuruU  0/  Mttkfl    C»H'»NO»  =  C»H"(CIP)NO«.    (Jaequemin  and 

Fclilatldi-nhauffcn.  Coiiipt.  rcii'l.  x\v.  1011.) — Prepared  l-y  t  li v<ln>i>liloric 

acid  ^as  into  a  solutoa  of  the  acid  in  wood-snirit  heated  to  60^  or  6U°  C.,  wasliing  the 
xwnlttng  syrupy  liquid  wifli  carbonate  of  aooiura,  and  then  treating  it  with  ether, 
which  the  compound  crystallises  by  .spontaneous  evaporation. 

Hippurate  of  methyl  forms  white,  transparent  needles,  soluble  in  120  pis.  of  cold 
water,  and  in  60  pta.  water  at  SO**;  in  boiling  water  it  melts  before  diesolving.  Alcohol 
and  ether  diaadlve  it  in  all  proportions.  It  melts  at  60*^  and  decomposes  at  260°, 
{giving  off  ammonia  and  benzonitrile.  With  fnminpr  nitric  acid  it  gives  offacombn.s- 
tible  gas,  probably  containing  nitrate  of  methyl.  Alkalis  decompose  it,  forming  hippuric 
aeid  and  metlqrlie  alcohola.  Anunonia  fltHrrerts  it  into  liippumnide. 

BZBOZC  ACZ1>.  The  name  given  by  Chovi'.  ul  (  T?' rle^rchfs  svr  rorps  gras, 
pp.  151,  236)  to  an  oily  acid,  slightly  soluble  in  water,  which  he  obtained  from  mutton- 
but't,  and  to  whidi  he  attribntes  the  peculiar  taste  and  odonr  of  that  anbstance.  The 
potasgiuM'tatt  is  very  deliquescent;  the  ftarium^^t  is  aparingly  soluble  in  water  and 
contains  43*8  por  rr-nt.  banum.  The  acid  ia  probably  nothing  more  than  a  mixture  of 
several  acids  of  ilie  series  G"II*»0'. 

SnaNNBITB.  AhydnrteddHeateof  fnmooimrringi^Bidhaih^^ 

and  other  localitii'ii.  A  variety  called  Gillingite  is  found  in  the  Gillinge  mine  at 
Rviirta-Kirch.spiel  in  Sweden,  and  another  called  Tliraulite  at  Bodenmais  in  Bavaria. 
These  minerals  all  contain  Iwth  protoxide  and  sesquioxide  of  iron,  and  are  doeely 
allied  in  composition ;  they  aic^  howevw,  but  imperfectly  crystallised  and  hstve  a  dark 
(•<jloar,  so  that  impiirit  irs  in  them  ejisilvesciipr'  ileti-etioM.  Monorer,  it  is  possible  that  part 
ol  the  protoxide  of  iron  iu  the  original  niiut  ral  may  he  gradually  converted  into  ses- 
qnioiaida.  Hence  their  constitution  cannot  be  ascertained  with  certainty.  Tbe 
compaction  of  hisinpTite  from  Ridharhytt^in  (specific  riMvify  3"OJ5)  ajxrors  however 
nearly  with  the  formula  3(Fe''=O.SiO*).2(Fo*0«  3SiO»)  +  6H-0.  GiUingite  is  the  same 
with  9  at.  wat,  r ;  Thraulite  is  3(F6»O.SiO').(FH<0».«ffiO»)  +  eH!H>.  A  variety  from 
Orijarfvi  in  Finland,  much  riclu  r  in  prot^^-xide  of  imn.  mar  he  represmtpd  by  the 
formuhk  »(Fo'O.SiO').(F©«0«.38iO»)  +  9RH).  The  following  are  analyses  of  these 
ninoida: 


8iO« 

Ca'O 

Mg'O 

H«0 

«. 

S307 

34-78 

17-69 

2-5G 

0-46 

1164  = 

100  0 

b. 

S3*18 

80-10 

8-68 

4-23 

10*87  » 

1000 

c. 

31-28 

49-1 

2 

•  • 

19-12  = 

99-52 

d. 

29-51 

10-74 

3719 

7-78 

13  on  = 

9852 

a,  from  Bidharhyttau  by  Rammelsberg  (Minrralchemie,  p.  852^. — A,  from  the 
GtUingemine  by  Rammol8berg(»^/<f.). — c,  Thmtdite  from  Bodenmasi  by  v.  Kobcll 
(P«       ^nIl.  xiv.  467).— froan  Orgarfvi  by  Hermann.    (J.  pr.  Chem.  xlvi.  388.) 

BXSZiOPZTS.    A  grasp-p^en  lime«*toTi<^  from  Taklincar  Nasrpar  in  Centrallndia. 
of  specific  prpiivity  2  64o,  and  containing  80  79  per  cent,  carbonate  of  calcium,  0-73 
nlunuiia,  n  traoc  of  carbonate  of  magnesium,  and  IG'63  of  an  imbedded  ^^een  silicate 
1  ^il  1  I'i  If  -  i  1(  nti^il  wJthgkuconite.  (S.  Haughton.  Phil.  Mag.  [4]  xvii.  16.) 

BZTCBCOCfl^ZTS.  A  silicate  of  lead  and  aluminium  from  the  Canton  mine  in 
Georgia.   Specific  grurity,  4  024.    Contains  20-85  per  cent.  FO*,  27  40  Pb«0,  28-41 
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AKO*,  0^4  PbCI.  and  23*20  water  (-  lOOiOOV  •greemg  nearly  with  Am  §omtStk 
3Pb'O.P'O».2[4Al«O".P«OM8H«0i  -  PbW.iKAfi'T^.8(AI*)*BW  (Gttiitbi 

Sai.  Am.  J.  [2]  xxiii.  424.) 

BJSXtMZTB.  A  mineral  conagting  chiefly  of  tantalate  of  yttrium  and  iron  found 
in  fliB  ndghtowhood  of  Ytterby,  t(^ther  with  garnet^  gadoluute,  fte.  in  a  look  ooo- 

muting  of  quartz,  orthoolase,  albite,  and  mica.  It  has  a  metallic  lustre,  granular 
fracture,  pure  black  colour  in  the  mass,  blackish  grey  in  powder.  Hardness  6. 
ftwdfle  fgnsritj  —  erS%  It  exhibits  no  dialinct  iiMSeatioBS  of  eiTatalliae  ftim  oar 

efeavage.    Its  analy!<i.s  fynve  ; 

TaO»     SnO"  Cu^O   Ca?0    Y^O     Ce'O     V-O     Fe^O   Mn^O   M>;-0  H«0 

62-42    6-56    0  10    4  26    6  19    1-07    4-87    8  06    3-32    O  'iG    3  26  =  99  37 

Before  the  blowpipe  it  decrepitates  and  flies  to  pieces,  gives  off  water,  and  turns  brown 
without  meltings  m  tile  oxidising  flame ;  by  phcwphcMiiis-salt  it  is  easily  dissolved  to  a 
bluish-green  glass;  easily  al^o  by  bonix  to  a  clear  p;lass  ren<l<Ti'<l  opaqno  by  tlaming ; 
by  reduction  on  charcoal  with  carbonate  of  sodium,  it  yields  metallic  spangles. 
(Nordanekiold,  Pogg.  Ann.  «sL  278 ;  Jahmbar.  ISdO,  p.  780.) 

BOJUUiSUTS.  A  hydrated  arsenate  of  magne.sium  &om  the  Bannat,  found  im- 
bedded in  calcnpar.  It  forms  rhomboidal  lamin*  of  3G^  ami  111°,  l>o veiled  on  tlio 
sides,  closely  resembling  the  most  common  form  of  gypsum,  aud  probably  l>elongiug  to 
the  wwochnic  system,  cleaving  perfectly  in  the  oueetioii  of  the  pinaw^^al  fiiee^ 
having  a  mother-of-pearl  lustre  on  the  cleavage-faces  ;  white,  transparent  (translucent 
in  the  thicker  parts),  flexible  in  thin  layers.  Hardness  »  0*d.  Specific  gravity 
■>  2*474.  Splinters  of  it  melt  eTen  in  tiie  iame  of  a  candle.  An  analysis  by 
T.  Hauer  (R4p,  Chim.  pure,  ii.  286)  gave  24-54  per  cent.  Mg'O,  46-33  As'O*,  and  20  07 
water  (-  99-94),  agreeing  with  the  formola,  Mg'AsO\4il'0.  (Haidinger,  Wieu. 
Akad.Ber.zLl£) 

HOZ^nOi  SbAMAMSi  Eoortlweonvoalionof  tiwaAof  tiuiignfli»aee 

(ii.  943). 

BOXmSZTZ.    See  Clixtonite  (t.  1026). 
BOMCEOMORPBZSXIf.    8oc  Isomorphism. 


A  mineral  closely  related  to  bamhardtite  (L  508),  and  copper 
pyrites  (ii.  77 X  fimm  Plaoflo  in  the  Suim  VoigCland  (and  other  locnlitiee),  where  it 

forms,  together  with  carlninate  and  silicate  of  coj)p«  r,  a  vt  in  of  copper-ore  imbedded  in 
geenatone.  It  ocean  sometimes  in  quadmtic  crystals,  but  more  generally  massive. 
Hitxdnen  between  4  and  5.  Speeiflc  gravity  »  4*472  to  4*480.  Coloiir,  braa»>yellow, 
but  with  more  of  a  bronze  tint  than  copper-pyrites,  and  quickly  acquiriii|j;  a  many- 
coloured  tarnish.  Streak  black.  According  to  an  analysis  by  Bichter,  it  contains 
25  81  per  cent,  iron,  43  76  copper,  and  80*21  sulphur,  agreeing  with  the  fimnnh^ 
8Ccu'.S.Fe\S».2Fe«S.  or  (Ccu»Fe» /t«)S*.  (Breithaupt,  SilL  Am.  X  [2]  zxrixL  182; 
zxix.  373.    }\<unindsherg's  Minrralchrmir,  pp.  426,  987.) 

BOKOCVMZBZO  ACZ]>.    C"H«*0'         g  "^jO.     Cipninic  acid.  (Kosai, 

Compt.  rend.  lii.  403  ;  Ann.  Ch.  Phami.  Suppl.  i.  139.) -  .\n  acid  homologous  witli 
cuminic  add,  prepared  by  tceatins  cyanide  of  cymyl,  C'll^'Cy  (obtained  by  the  actiou 
of  c^udda  of  poteMhim  OB  tiM  fltakoid^  iL  296X  with  p 

It  cnrataUises  in  small  needles;  melto  at  52°;  distils  without  decomposition;  diaMhea 
nNOingly  in  c<^ld,  easily  in  boiling  -neater,  also  in  alcohol  and  ether,  reddens  litmus  and 
oeeomposes  carbonates.  The  ^ta*num-»ait  is  deliquescent ;  the  barium-  and  calcium- 
«8tttci7«talli8e  in  needles;  the  vtagneHwrn  $alt  hi  naflNOoa ieales ;  the  stfatr-eott  has 
the  composition  C'*H"AgO'. 

The  low  meltinff  point  of  this  acid  raises  a  doubt  as  to  whether  it  is  the  true 
hoawkgne  of  emrane  add  (wfaldi  mdts  at  9S^>  or  an  isomer  of  that  homologue 
related  to  it  in  the  same  manner  as  the  acid  CI1*0',  obtaint  1  by  Cannizzaro  from 
cyanide  of  benzjl  (j  r<i!i;iMy  a-tolnylic  acid),  is  r(lato<l  to  th.'  true  loluylic  acid. 

■OMO&ACTZC  ACXS.  Thin  name  wan  given  b^  Cloez  (Compt.  nmd.  xxxiv. 
864)  to  an  add,  isomeric  if  not  identical,  with  glyeolUe  aeid,  fbosd  in  the  mother-liquor 
which  is  obtained  in  the  preparation  of  fulminating  mercury.  By  neutralising  this 
liqnor  with  chalk,  «^i*t*^>'"g  off  the  volatile  products  (acetic  etlicr,  &c.),  repeatedly 
f  lyilaHiitiim  the  remaining  sohitioD  by  spontaneous  evaporation,  and  decanting  the 
liquid  containing  th*'  more  soluble  salts,  the  calcinm-salt  of  this  acid  was  obt.iinr-l  ia 
Ifght  Bodnlee  resembling  lactate  of  adcium. — The  acid  itself  formed,  when  oou- 

*  With  tUDgfllc  sobjdrids. 
V  2 
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e^tmt^  a  syrap  which  did  not  cryBtalUiti  Tba 

In'^'-uiT',  sparingly  soluM"  iri  coM  wator. 

SOBSOMIOOVS  mUBBTAXCWi,  Thisterni  19  applied  to  Ozganic  oompouuds 
.diflbrinf^  from  om  aaodiar  in  oomposition  by  OH*  orany  maltiiilft  thereof;  far  «innple, 

the  aU-oh,>h  C'TT-^'O,  the  fuifi/  arnU  C°H-''0%  luul  tli.»  ai-uiHa(i<-  acids  C"n'<»-«)0»  — 
Bodied  Ihos  related  exiiibit,  for  the  mo«t  part,  a  regular  gradation  of  properties,  both 
physical  and  chemicaL  Thos,  in  the  series  of  fatty  acids,  formic  acid,  CHK)*,  and 
act  tic  acid,  C^*0',  are  watery  liqmds  without  any  trace  of  viscosity ;  propionic  acid, 
(J'H*0«  is  sliffhtly  oily ;  butyric  acid,  C*H»0«.  valeric  acid,  C*II"'0^  iiud  it  considerable 
number  of  others  exhibit  more  aud  more  of  an  oily  or  fatty  character  their  atomic 
weif^to increase;  while  palmitic  acid,  C"H"(>-,  and  stearic  acid,  C'»H**0*,  and  aftiw 
others,  are  at  ordinary  temperatures  solid  fats,  exhibiting  lnij!!»  r  molttnar  points  as 
theyriso  higher  in  the  series;  aud  lastly  cerotic  acid,  C"il*'0-,  and  meiitM»ic  ticid, 
CWH**Os,  KM  C^the  consistence  of  wax.  Similar  relations  are  observed  Ui  the  series  of 
alcohols,  corresponding  with  tlieso  aciils.  Moreover,  the  chemical  energy  of  bodies 
thus  related  continnuly  decrea&es  as  their  molecides  become  heavier.  Ckmunon 
iJoohot  ia  violently  decomposed  bv  poCaarinm  md  aodhni,  with  vapid  «voliitioa  of 
hydr<><xr'n  :  hut  on  the  fatty  alcohols,  these  metals  act  hut  vrry  slowly. 

I^iimilar  diDmacea  of  character  are  obaorved  betweom  the  higher  aud  lower  terms  of 
fha  ftti^  add  itfie*.  Fcnnitt  and  aoalie  aaids  wn  highly  curwdye  liquids,  whieh 
unite  ener;LJ:etically  with  bases,  and  deeonnxiHc  carl>nnat<'s»  with  the  greatest  f*ase; 
whweM  the  wUid  &tty  acids,  stearic,  palmitic  acid,  &c,  exert  no  ad^n  on  the 
aiDBtl  tiaiMih  do  not  entsr  readily  into  oinct  eoaibiiMttiop  with  any  baaea  excepting 
tb»  ftwugei^  and  dnen—poaa  eafbMMlM  bat  ahivij. 

T^odies  Ijelongiiig  to  the  same  homologous  series  exhihit,  for  the  most  part, 
regular  gradations  of  boiling  point  and  oi  atomic  volume.  With  r^ard  to  the  l^ter, 
Kopp  haa  ahown  that  eompoonda  wfaoae  clMnleal  tamaUm  difbr  m  n  GH*,  9SSki  in 

atomic  volume  hy  v  22  (i.  -i4-i).    The  relations  of  boiling  pohifc  flthlbiltd  t^htfllO- 

lupous  liquids  ar*»  fidly  detailed  in  the  article  Heat  (p.  iS<J). 

Various  attempts  have  been  made  of  late  years  to  bniid  up  the  terms  of  homologona 
■ariaii  the  higher  from  the  loww.  Frankland  and  Eolha  m  1847  (Ann.  CAi. Phann. 

Ixr.  2SS)  sliowed  that  a  cyanide  of  an  alcohol-radicle  of  the  8eri<'s  OTP"*',  may  bo 
converted  into  the  nest  hisher  add  by  boiling  with  aqoeoua  potash,  the  action  oontiatr 
kg  i&  tiia  MmmiiitioD  of  l£e  elamMti  of  vatar,  with  atimiwMiffn  of  aouMmia,  .* 

CH«.CN  +  ITO   -   0«HK)«  +  Hff} 
Cfaafcltor  Acclle 


aadgMunlfy 

C»H*»*'.CN  +  2H-0    =    C^-'H^+W  +  NH». 

Another  method  of  paasiug  from  an  alcohol  to  the  next  Viighw  acid  was  discovered 
In  1800  hy  Wank ly  n  (Proc.  Roy.  8o&  x  t\\  who  abowad  that  aodhnn-etjiyl  (prepuvd 
fi-om  jdnc-ethyl,  wluch  is  itself  ul-tained  from  iodide  of  ethyl,  and  this  fmm  ef hylic 
alcohol)  expoood  to  the  action  of  carbonio  aobydnde^  ahaoirba  that  gag,  and  ia  aoBTartad 

intopnfioaatoof  aodina:    

OWIa  -t-  00*  «  OWaO*, 


Neither  of  theie  reactions,  howevez;  aftrfg  tlia  SMaii  of  obtaining  ana  alcohol  of 
the  series  firom  the  next  below  it,  because  no  method  haa  jst  haan  diaoowaiad  of  OOB- 

verting  a  fatty  acid  into  the  corresponding  alcohol. 

The  great  proUcm  of  MUKing  from  one  alcohol  to  that  next  ahova  it  hat,  howeveiv 
been  solv.^  in  a  general  wny  hy  Mendius  (Ann.  Ch.  I'harm.  cxxi.  129").  whoso 
method  consista  in  exposing  the  cyanidea  of  the  akohol-radielos  to  the  action  of 
nascent  hydrc^en,  thereby  converting  them  into  tha  amines  of  aloohol«ffadifile«  higH^f' 
tiian  the  radieleH  started  from.  In  thiB  manpuT,  abulitig  Akmh  hjfdtoayaaia  aflri^  hift 

obtains  methylamine,  thua :     

HCOf  +  H<  -  CB*S 

Cy«nMa«r  Mrfkrt^^hMu 
hjdrogSB*  mmmg^^um* 

Math^faBdaa  tmatod  with  niCroaa  aeid  yialda  methylie  deohol  (see  Axiu  L  174); 

this  compound  may  bo  converted  by  well-known  processes  into  c^j^ailida  cf  maugdj 
thia  «yamdd  treated  with  nascent  hydn^en  yields  ethy lamina: 

CIP.CN  +  H*    -  C^H'N. 

"Etcm.  this  laat  compound,  by  similar  proawna,  we  may  ascend  to  the  tii^lic  or 
pnijliaatim  asd  <hn%  by  a  repetition  af  tha  aama  laaeoon^  tha a«iM  af  ' 
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OB^««0  mt^  be  iMMiidtd«  step  by  step.  The  ff60«f«I  emilloii  ■miiMiiiitim  tlw 

Tins  n  aftion  ■will  in  all  jiroliaLil'fv  hi'  found  to  succeed  with  cyanidos  derived  frctm 
deohok  of  the  aromatic  and  other  verity,  and  thus  a  general  method  of  prodaciiig  aa 
•feobol     any  sMiaa  han  tbe  om  next  belmr  it       1w  obCaiaed. 

Cariu!^  (Ann.  Ch.  Pharm.  cxxvi.  21.5),  by  h.  afing  ethyl-pa.^  (C'H'*)  to  100"=  with 
bromine,  has  oUaiiMtd  a  liquid  haTiog  tha  oompositioa  and  boiling  potot  of  dibzomide 
nt  tetr^'len^:   

Tin's  conipound,  if  really  id<  nticij  with  dibroniido  of  tetr>d«  ne,  might  I'O  converted  hy 
known  proeooeeo  into  hydmte  of  tetzylene;  and  this  bj  the  action  of  Inrdriodic  acid 
into  iooida  of  tetzyl;  whence,  by  difffllalieii  witb  potasli,  t*  trylic  tJeoMl  tniglit  b» 
obtainrKi,  This  process  appears  then  to  give  fhf  means  of  mounting  up  the  s^rii'M  Vy 
two  stepa  at  once.  Lasthr,  Schorlemmer,  bjr  sutgectizig  ethyl-amyl,  C*H*.OH" 
(isaoMne  trith  hydiMa  of  huptri,  OV^M\  to  tke  action  of  chloride  of  iodine,  has 
obtained  a  chloride,  C*H".C1,  which  appeara  to  be  identical  with  chloride  of  heptyl 
obtained  from  the  hydride  of  that  raoicle  (p.  144).  The  problem  of  ascending  from 
ope  alcohol  to  another  in  an  homologous  series  appears  therefore  to  be  capable  of  solu» 
tion  in  several  different  waj*. 

For  pp<>ouIations  on  the  ca-ns*-  of  honiologr.  and  the  relations  I  *  t  ,r f.  n  homotOgOIMI 
compouniltt  of  difftsrent  series,  see  Curias  {Ann.  Ch.  Pharm.  cxxvi.  210). 

Mmrmw*  ThB  hooey  of  the  eoBmoii  1>ee  eoataana  eane-sugur,  isTerCed  so^ 

(ii-  864),  and  an  excess  of  dextroglucoee.  TIk-  proportion  of  cane-sugar  varies  with 
the  age  of  the  honev,  as  it  is  gradually  converted  into  inverted  sugar  by  the  action  of 
a  ferment  contained  in  the  honey.  According  to  Soube  i ran  (Compt.  rend,  xxviii. 
774),  bees'  honej  aentains,  bedd^  dextrogluoo«e  and  a  dextro-votatoty  mgHT  capable 
of  inversinn  (?  cane-pugar),  likewise  an  nnery.<talIi^a^•le  imgar,  possessing  a  l«vo-rotatory 
three  times  as  great  a&  that  of  inverted  sugar.  Tlie  honey  of  the  Polt/bia  apicipennist 
a  kind  of  wasp  widely  distributed  in  tropical  America,  yii  Id.'^  cane-sugar  iniai^e  eryi^ 
tnls  (H.  Karslen,  Fogg.  Ann.  c.  550).  Th«'  honey  of  the  Mexican  honey-ant  is, 
according  to  C.  M.  Wetherill  (Chem.  Gaz.  1863,  72),  a  nearly  pure  solution  of 
ttocrystaDisable  sugar,  CH'^O'  (dned  in  vacuo) ;  it  lian  a  alight  acid  coactloa,  and  tha 
ydI  itt'     i !  r  ;  r  intd  In  it  reduces  ozida «€ iilver  like ftoEDuo aoid. 

BONEV-^TOITB.   See  Mblute. 

BOP.  {EwKmhu  lamului.) — The  fruit  of  the  hop  is  formed  of  small  mcmbraoous 
cones,  at  the  baae  of  mA  u  ftnmd  a  yellow  Utter  powder  called  lapnlin  {q.  v.\ 

conraininp.  aeeordlnj^  to  an  analgia  by  yvf  ^*,  Zf)  p  r  r.  iit.  resin,  12  wax,  11  of  a 
peculiar  bitter  principle  soluble  in  water  and  alcohol,  tannin,  10  extradive  matter 
tnsofaihle  in  akohol,  and  26  of  reaidae  fauolaible  in  watsr.  Yvee  fboad  in  hop-eonet 
dried  at  SO®  10  per  cent  of  lupulin.  According  to  Pay  en  and  Chevallier,  tno  pro- 
portion of  crude  lupulin  is  13  per  cent.,  about  4  per  cent,  of  which  fftiwiftff  of  minute 
particles  of  the  cones  themselves,  resulting  from  the  sifting. 

Lupulin  distilled  with  water  yields  valerianic  acid  and  a  volatile  oil,  containing  a 
hjfdioearbon,  Onv*,  together  with  valerol.  C*H'«0  (so.  Hops,  Oa  op).  The  resinous 
matter  which  remidna  aft«r  the  distillaliou  still  rctaius  a  considerable  portion  oi 
Tali-rol.  and,  when  distilled  with  slaked  lime,  yields  valeraldehyde,  C^H'*0. 

laipulin  treated  with  alcohol  yields,  aeeordinp  to  Fjiyen,  Chevallier,  and  Pcllctan, 
about  66  per  cenL  of  its  weight  The  diiisoivcd  port  ion  consists  almost  wholly  of  reain, 
aKtSBdiva  aiatteft  and  tanain,  the  two  latter  soluble  in  water,  whereas  the  resin,  which 
forms  alio':f  per  cent,  of  the  lupulin,  is  iusoluMc.  Thin  n  win,  when  purified  by 
r<^)eated  solution  in  alcohol,  precipitation  by  water,  and  drying,  gives  by  analysis  num- 
Imm  wtncii  var  be  gqawanted  m  the  fbnnula,  0**H"0",  togeUitf  witli  a  quantity  of 
water  vaiying  between  1  and  G  TrO,  according  as  tlia  iMiii  oaa  been  nona  fk«inenitfy 
dissolved  in  alcohol  and  reprecipiut*  d  by  water. 

Tlia  bitter  principle  iaolated  by  Payen,  GbevalHer,  and  Pc^etan,  and  eaDed  bgr  them 
lupuHte  (or  true  lupulin),  amounts  tolntwe»n  R.*?  ;u)d  I'J  tier  cent,  of  f  he  Inpxdin. 
It  remains  dissolved,  together  with  maUc  add,  in  the  water  in  which  lupulin  has  been 
digested.  To  isolato  ft,  tiie  ftae  add  ia  latinnrted  with  dialk,  the  Kqnid  eryapoaated  to 
drj-ness,  and  the  residue  treated  with  eth.  r,  wln'ch  dissolvcf,  a  small  qtiantity  of  resin. 
The  lupulite  is  then  separated  from  the  malate  of  oalcium  by  solution  in  akohol,  and 
eraporatcd  to  drjneas.  Lupulite  thus  prepared  ii  wbtta  <v  yellowiaht  or  aometimea 
tednrii  tbUow;  aometiaMa  trandncen^  aometiaiea  opaque  It  baa  no  odoai^  naleai 

•  Cumpo  Hi.fn  <hj  'i.  i/'j/on.par  MM.  Vv«'«,  Paf«».  CliCTnlller.  Pellftan,  WagBST, ▼IsaadsSSa I  JHmmM 
frumtani  I'ikU  4e  ta  fM««(.<m,  |>«r  E.  Kopp.   (R^.  Chlm.  >pp         p.  31.) 


Digitized  by  Google 


t 


1G6 


HOPEITE— HOPS,  OIL  OF. 


«)M>n^  itMo^  heated,  in  wMflb  eaae  it  exhules  the  odour  of  lutpa  (patbapa  in  ooiue- 

quence  of  retaining;  n  small  portion  of  cs>;ential  oil);  it  possp^sf^  the  onatacteristic 
taste  of  hop.   It  \im  not  been  analvsed.   Jt  is  soluble  in  alcohol,  but  uearl/  insoluble 
iii«liher.   By drydistillaliQnit jiaMaaooiMidafablaqaantitycf cib^ 
no  amnion iiiral  products. 

The  tannin  or  astringent  frinciple  of  the  bop  was  for  a  long  time  regarded  as  idrn- 
tieal  witii  gaUotennie  add,  and  as  capable  of  conTenum  mto  galHc  acid,  and  thia 
change  was  Kiijiposrd  to  account  for  tlu*  fart  that  ohl  hops  arr>  not  capable  of  clarifying 
beer.  But,  according  to  A.  Wugner,  ffaliic  acid  cannot  bo  detected,  even  in  very  old 
hops  qnita  mifti  for  making  bear.  He  xeguda  fhe  taaidc  add  of  bopa  as  idanlieal 
^  itU  luorintaouiia  Mi^ and  Hade  tbat  it  amminta  to  iMtwaen  8*1  aad  5*7  per eeBt  of 
the  hopa. 

Afioordtog  to  l^yan  and  CheraUier,  tii«  aettTe  prindplee  of  lihe  liop  do  not  nddo 

exclusively  in  the  lupulin,  as  was  forincrly  ^tipposed ;  they  found,  indt xd,  that  hop- 
cones  completely  fnw.  from  lupoUn,  stiU  yielded  about  26  per  cent,  of  subetancea 
Bolnble  in  alo^hoL 

To  discover  whether  hops  have  been  sulphured,  Wagner  treats  them  with  granulatod 
rinc,  water,  and  pore  hydrochloric  acid.  Any  sulphiirous  add  that  may  be  present  is 
then  reduced  by  the  nascent  hydrocen,  and  the  liberated  sulphur  uniting  with  the 
hydrogen,  forms  stilphydrie  acid,  which,  if  pa-ssed  into  a  solution  of  nitroprussiate  of 
sodium,  generates  a  deep  pnrj^h-  colour  (  ii.  257).  This  n  action  will  detect  extremely 
snudl  qiuintities  of  tsul^buroiu*  acid ;  lanRT  (quantities  may  be  detected  by  the  odour, 
!ij  the  precipitation  of  iodiAe  from  «  acttntion  of  iodato  of  potaauum,  and  hy  wnoaa 
other  reactions. 

Tht)  ashes  of  hop-cones  yield  by  analysis  the  following  results 


Potash 

Sof!ii  .       .       .  . 
Liiiuu  .... 
Magnesia  ... 
Alumina 
Ferric  o.xide 
Sulphuric  add  (80*)  . 
Chlorine     .      .  • 
Silica  .... 
Carbonic  acid  (CO'')  . 
Pho»phoric  acid  (PO*) 
Chloride  of  potassium . 
Chloride  of  sodium 
Charooai  and  loaa 


Way 


Bcntlcf 
vamtjr. 


11-98 


17-93 
8-94 


Aah  per  eent  of  the  dry  substance 


1-86 
7*01 

22-97 
6-44 
21-38 


90-M 

807 
7-27 


Tarietjr. 


24-88 

21-69 
489 


1-75 
7-27 

19-71 
217 
14-47 

'8-42 


99-96 

6-95 
6-22 


varietjr. 


28'68 

18-47 
8-27 


1-41 
11-88 

9  99 
4-64 
17  68 
4-34 
0-12 


98-98 

7-21 

6*62 


H,.  Wtttkt 


(;  r.ipo 
fsrleiy. 


19-41 

0-  70 
14-18 

6-34 

1-  18 

2-  71 

8-28 
2-26 
17-88 
ll-ol 
14-<i4 


 2-44_ 

100-90 


6-6 


The  hops  analys.  d  by  Watts  wer«  grown  on  a  heavy  clay-soil  near  Hawkliurst  in 
Kent.  The  crop  was  rather  above  the  average,  viz.  12  cwt.  to  the  aere.  By  com- 
paring thia  amoont  with  the  analysis  of  the  aab,  *xt  la  found  tiuiA  tiie  hops  grown 
on  an  a<>rv  of  pr'^nnd  extnictr-d  from  the  soil  87  {'Oniids  of  niiin  ral  eunstitu-  nt;;, 
including  12  to  13  oz.  of  phosphoric  acid(P-0*),  17  lbs.  potash  (K*0),  and  16  lbs.  10  oz 
of  atliea.   This  ia  anflaent  to  aoeoont  Ibr  the  weU-known  euanra-ra  eObeb  of 


plant  on  the  mn\.   (For  tho  statiatiot  of  the  growth  of  faopo  in  thta  oomtij,  aee  Ur^9 

Jhrtinnary  of  ArU,  i&c.,  ii.  460.) 

HOPBZTB.  A  cadmiferous  zinc-ore  from  the  calaniiue  miuca  of  .fUteaberg,  near 
Aix-la-(  hu]  •  lie.    It  has  not  been  completely  analysed,  but  appears  to  be  a  hjdtated 

pho-jdiat^'  of  zinc,  containing  a  small  quantity  of  padniiuin.  It  form.M  transparent  or 
traiiisiucent  prisms,  belonflrinj»  to  the  trimetric  system,  having  a  grt'yii»h-white  colour 
and  vitreous  lustre.  It  occurs  also  in  reniform  masses  and  amorphona.  %wd8o 
|:-  -vi'  v  'J-76  to  2-85.    Hanhioss  •2  u  to  3.    It  is  srctile.    (Dana,  ii.  419.) 

HOPS,  OZZi  Ol".    Hoj)-con<'S  or  lupulin  ih.stillod  with  v  nt.  t-.  yichl  an  f'ssential  oil 

♦  Jouraal  of  the  Royal  Atricutturikl  Society,  pt.  I.  (IMS) ;  Jiibi  e«ber.  1849,  p.  G79, 
t PMl.  Mat. {I3ssafl.af,  JabmlMr.  IMt^r*  l«nr.  ^ 
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hariog  the  odour  of  thymo,  and  consisting,  according  to  R  Wagner  (I>ingl.  poL  J. 
exzriii.  217),  of  a  hydrocarbon  isomeric  with  oil  of  turpentine,  tan  an  oxygenated  oiI» 
^parently  identical  with  valerol,  C*H'*0,  and  convertible  by  oxidation  into  valerianic 
add,  and  perhaps  iJso  some  of  its  higher  hamologues;  hence  the  odour  of  old  cheese, 
viiich  hops  uc<iuir»  by  ke«i.>ing.  'I'lw  nou-oxygenated  oil  is  not  altered  by  contact 
with  the  air,  but  the  gIMter  put  of  it  is  gradually  dissipated  by  volatilisation. 

Acfoniiijg  to  Per Ronne  (J.  Pharm.  [3]  xxvi.  2119;  xxvii  22),  lupulln  distilW 
tritk  Wiit^r,  yields  valerianic  acid  and  an  essenfi.il  oil  lighter  than  wnttr,  coluurlt-ss 
and  neutral  after  rectification,  but  hfconiin^  arid  ,<inil  rrtsiiious  nfttT  suim' time.  It 
liegins  to  boil  at  140°  C,  luit  tli<>  V»oilin|:;  poiiit  f^M-mlually  risrs  to  'MnP.  Tho  portions 
distilling  between  160*^  and  IdU"^,  and  those  which  distil  at  ubout  3U0"^,  auptar  to  liave 
the  same  composition,  Tm.  O^'JEPO.  Bodi  th^  portions  of  the  distillate  turn  the 
plaiu'  of  pidarlsation  to  th-'  ripht ;  remain  fluid  nt  —  17°;  dissolve  witlioiit  r.'d  colotir 
in  solphoric  acid ;  are  converted  by  nitric  acid  into  valerianic  add  and  a  resinous  sub- 
itenee;  and  what  let  Ml  bj  drope  on  meltmg  oraatie  fietwb,  yield  m  bj^roearboiv 
C^H'*.  .'vii'l  valerate  of  pnta^siuin.  ITfnoo,  rersoniif  roLrards  tli»-  volafilt'  oil  of  hipuliti 
aaeaait^as  to  oeocnco  of  valerian,  which,  according  to  Qerhardt,  consists  of  bomeene, 
C"!S'*(£S26X  •ndvdeioiCVi'O.  The1i3rdxoeBitNmftQnoaoflu}pt3aiMl»lioweTer, 
idfnrifl  'witli  barne@M^  inaemuch  as  it  cannot  be  converted  into  bonMol* 

HOSSZSnV.  Uarlc'V-Htrirch  oT*tain>-'d  liy  kiicadiii;:;barl«'y-iiit-al  in  water,  and  leaving 
the  liquid  to  settle,  docs  not  dissolve  completely  when  warmed  «ith  acidulated  water, 
Int  lesvee  a  polTeraleDt  ral»feaiieah  to  which  Proust  nve  the  name  kordein.  It  ap- 
pears, hoM  t  v«  r,  to  1'.-,  not  a  daflnile  sobetBiMe^  but  a  mixtoze  of  etoxdi,  eellnltr  tiame, 

and  an  azotisod  htnlv. 

BOSSBintt  yrai»aJLSLM,  Barley. — The  composition  of  the  gruiu  uf  Uu-h  y,  as 
detennmed  by  various  ob^rvere,  has  been  alre^y  given  in  the  aitide  Cebbals  ( i.  825) ; 

the  composition  of  tho  ash  of  the  grain,  and  of  t!n>  strnw  and  chaff,  as  determiiitd 
by  Way  and  Ogston,  showins  the  limits  between  which  the  amounts  <^  each  constituent 

The  IbUowiitg  table     168)  oootaina  a  man  deteilad  atateneiit 

of  the  IMnhs  of  tlu-st'  a.sh-analjBfliL 

HORTSr.  HoH.NY  TissTB  (p.  170). 

BO&VB&BWB.  (Amphibole). — A  mineral  which  plays  an  important  part  in  the 
composition  of  rocks  of  the  primitive  and  transition  periods.  Homblende-rock  and 
hornblende-elate  consist  alaKWt  eatifely  of  it,  and,  in  ditnite  (gwieilrtOtteX  WJtauUt 

h"iiil>l(»nde-gneiss,  &c,  it  enters  h«  nn  essential  const itu-  nt. 

llorubkude  forms  prismatic  cr\>tals  belonging  to  the  monoclinic  system.  Ratio  of 
axes,  a  :  b  :  c,  =  1*837  :  1  .  o  3101.  Ini  iiaation  of  t]i<-  clinodiagonal  (A)  to  the 
principal  axis  (.  )  =  7-'r\(P.  Tiio  analf  »P  :  ooP  ^  oo'  :  +  r  :  +  P  in  tho 
dinodiAgonal  priucipal  tection  -  148'-'  3U' ;  oP  :  ocP  =  70^  o'J'.  Orvlinary  coiiibiimlion 
OBP  .  [  ccPoo  ] .  +  P  .  oP .  (Ffff.  666.)  Twins  with  face  of  comjxNdtumpenllil  to  caPoe 
as  in  thf-  flcinri".  Cl<-ar:ic;r  prrfret.  yiarallrl  to  yzT.  It  in 
also  found  imperfectly  crystallised ;  fibrous  or  columnar,  coarse 

Fig.  656. 

«r  €ae,  with  fibres  often  like  Hkc  ;  sometunes  lamellar,  also 

granular,  (V.ar^o  or  flnr,  and  usually  strongly  coherent;  f-.nif>- 
times  friable.  Hardness  6  to  6.  Specific  gravi^  2  9  to  3-4. 
Lmrtve  ntreons  to  pearly  en  deavage-faces;  flbraos  farietiee 
often  silky.  Colour  varying  fn  in  Mack  fo  white,  tlir>'Ug-h 
farioaa  ahadee  of  green,  inclining  to  blackish-green:  common 
honiblende,  whioli  oontains  mneli  Izon,  is  neatly  blao.  Streak 
nneolonred  or  paler  than  the  mineral.  Sometimes  nearly  trans- 
parent, usually  tzanahioe&t  to  opaque.  Fraetare  snbcouchoMlal, 
uneven. 

The  chemical  composition  of  hornblende  was  formerly  repre- 
sented in  aceordanco  with  the  results  of  older  analyst  s,  by  the 
general  formula  6M'0.6SiO»  (or  AMO.S^iO'^ ;  but  K  a  m  wels- 
berg  {Miiieralchrmir,  pp.  426,  494,)  has  shown,  by  comparison  of  the  more  recent 
aualvs.  >  I  v  hinl^^lf  and  otliers,  that  all  hornblendes  aro  ni>  tasllicates,  of  the  general 
formula  ur  M-SiO*.    The  metals  included  ujider  the  general  symbol  M 

are  oalehnB,  magnesium,  uon  and  sodium,  sometimes  also  manganese  and  potns^iiiun. 
Til'-''  niotals,  replacing  one  anoth.  r  ii-omorphou.sly.  uivr  riro  to  a  great  nuinl-iT  uf 
8ub»>caiices  differing  considerablv  in  composition  sui  \vt  U  us»  in  ouluiir  and  other  pliysieal 
properties.  A  ftiitber  nufiation  is  eavsed  by  the  presence  in  many  varii  ti.  s  of 
alumina,  wliitdi  enter-:,  not  in  plar*'  of  the  protnxidt  s  M-D,  f,,r  tlic  amount  of  flu-  latter 
is  not  &und  to  be  in  inverse  proportion  to  that  of  the  alumiuu,  but  inpbice  of  a  ceruiin 
pordflA  of  the  nliea*  and  hi  audi  proportion,  aooording  to  Bonsdorfl^  that  1  at  SiO'may 
ie  ngKdsd  m  isoiiiocpfao>iis]7  «e|keed  by  1  at.  AlO*  (2 (7*  by  8^a>K  bnt  aeeoidiiic 
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to  HaTriTnelHTiorp.  in  th<»  proportion  of  2Al*0»  for  3SiO»  or  M*  for  SP,  the  fUBttitj  of 
QZjeea  in  the  acid  cou&titucut  of  tho  mineral  remaining  unaltered. 

muxy  Tttit^m  of  hornblende  likewise  contain  small  quantities  of  fluorin<-,  probaiblj, 
according  to  Ran!iniols!>orcr,  in  tho  form  of  a  doubI<.>  flti<n-i(:l<-  of  silicon  wdfiUflinB,  V 
ZDagnesiun.    Titanium  is  also  sometimes  present  in  small  quantity. 

The  pak  ymati&BB  of  hombleDde  eontainmg  no  ina  ftiMieadfly  Mbvs  ilia  UowfMpe^ 
■with  intumescence,  forming  a  glasn  which  is  t-ither  traiisparent  or  cxhiTdts  various 
degnee  ct  tcaasLooMiea  down  to  milk-white  opacity.  With  borax  thej  form  a  cokNii>> 
lew  i^ftML  The  fighter  ooltrared  ftonra^iiioiae  -medne  Une  eloBe,  \ntli  mum  or  Ibm 

difficulty,  to  a  dark  y»'llowish  sla.ss,  and  give  M'ltli  l>onix  n  transparent  fjlass  tinged  with 
inm.  Ihe  daricor  green  varieties  afford  a  deeper  iron  colour.  Hornblende  oontamiiw 
MkaaaSiatk  and  *  Ktlle  irm^  aeto  tamsk  Uke  tite  non-ftcraginoiM  tuMiM ;  hot  tlie  Umk 
varieties  fuse  to  a  brilliant  black  bead  and  give  with  borax  a  g^HI  liagad  with  irOA. 

MUhopkpUit^  melts  with  difficulty  to  a  glass  coloured  by  iron. 

Hie  following  are  analyses  and  descriptions  of  the  principal  varieti^  of  hoxn- 


L  JBomihhncUs  Vrith  litth  or  no 


<nu7. 


Tretnolitt : 
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Hg'O 

Ca-O 

Fe-O 

IcnWeil. 

I.  St.  Gotbard.  iBAilte  . 

fl7-72 

27-45 

13-S5 

m  99-4f 

S.  Gouvpmeiir,  N.  Y.  • 
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57-40 

13-89 

1-.V, 

0-40 

B  29-12 

M-71 

23  92 

2-41 

•  • 

•  • 

»  2e-4a 

4.  Tyrol,  litnm  • 
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B'W 

11*42 
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vm 

Miooift 

AetimoUte  : 

6.  Armial.gref'gr«em  . 
6.  HeUiogion,  ^  . 
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I3-.V; 

0-97 
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• 

67-20 

81-20 

n-7a 

I'M 

•  • 

jlMtJkopk^tltte : 

7.  Konnbsrg,  Norway  . 
A.  Kupferberg.  BavartB . 

• 

IW-74 
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Cumminstonite : 
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wtOl'll 

I.  2.  2  RammeUberg  (Pogg.' Ann.  dlL  273,  4S5  ;  HmtralAemie^  p.  468}  4.  Scherer  (Poff. 

Ann.  IxxkIt  291).— 6.  Rammelibarg  (loc.  ctt.}.— 6  Popping  (Berx.  Jahmbcr.  xxvii.  352).— 7. 
Vopeitu*  (PotC.  Asa.  ssti.  a«0V-4k  Ita^ar  <Ra«meliberf 's  Mtmarmkhmmie^  i»e,  cM).—9. 
Thoisaeo  rR«e.  Got. Sd. xvtt.).-.|OL  tmUh  wd  Brssbjaft.  Aa.  J. m  svl. Sl»^ll.  HaUts 
VPam*  Mam,  M/L  Ml).— 11.  Hermaaa  (1.  pr.  Omm.  xIvU.  1)*.ia.  8 eh  11       (ML  Aa.  /.  C4  Is- 

41.  JWaieteorOiaMWittlite.  ^(SPO"     Oft«iO*.8Mg*SiO*,  io  tvliiteb  cnrith  » 

greyish,  greenish,  or  yeOowiih  thigei.    Oryokali  often  in  long  d^der  bkdeo,  ehiluff 

distinct  and  traversing  the  ganf^iic,  or  ng^'i'.  <^ated  in  colunmar  and  mdiatt-d  masses, 
i^iecific  gravity  2-93.  Traasparent  or  translucent.  Found  in  the  Tremola  valley, 
Switzerland,  and  on  the  St.  Qothard.  in  granular  limestone  or  dolomite ;  in  the  Tyrol, 
the  Bannat,  GiUi|}0  m  Sweden,  &x,  Calamite  is  an  asparagV»^P8«ii  -nuutjy  of 
tremolite,  found  in  prisms  in  serpentine,  at  Normarkra  in  Sweden. 

b.  Actinolite  {Aciitwif,  Strah/stein). — This  nanj<  inoludas  horublundeM  wliicli  are 
i8omon)bons  mixtures  of  metasilicatcs  ecintaining  chii  tiy  magnesium,  Otldum,  and 
iron,  their  genenil  formnla  hf-mp;  (Mg;  Ca;  Fe^*SiO*.  Actinolite  oocnro  in  lirif»ht 
greuQ,  bladed  crystals,  or  coluiuiiiir  forms ;  if  in  distinct  rays,  it  is  caileU  ^/u*»7/  uctmo' 
Ute.  The  crystals  are  long  slender  prisms,  breaking  easily  in  Hio  tXttttsverse  dir(>ctioai 
Specific  gravity  usually  between  8-02  and  3  05.  Actinolitr"  occnrs  at  Or.nncr  in  the 
ZdUerthal;  at  Arendal  in  Norway;  at  Helsingfors,  and  several  other  places  in  Finhind; 
Kfc  Tidbttg  in  Sweden,  and  in  ftiniMjlfniiM.  BafkiHU  io  on  ooTiaitiiBiw  aotinolito 
from  T>anark.  in  Canada. 

Jsbeutos  (i  416),  when  of  a  white  colour  or  some  light  shade,  is  usnally  a  fibrous 
ynUtf  of  traBoBte  or  Mtinolito.  The  daricer  specimeno  are  ▼arietioo  of  anthophyllite. 

c.  AnthophyUift'.  — Tbis  var  i  ?  ^  rocvirs  in  niiisst  s  of  a  fino  columnar  sf  rncturf,  or  mado 
op  of  aCT>^Ai^r  fibres  of  brown  or  greyish  biown  colour,  often  with  snbmetaUic  lostre. 
8pe^  gmrity  S'Oto  S'lS.  The  ekaTage  afflvds  prisnw  of  184^  M*,  like  other  imio- 
ties  of  homMende.  Anthophyllite^  an-  found  at  Konp<l)org  in  Norway,  KiqpAtbaqgin 
Bavaria,  Perth  in  Upper  Canada,  and  Oummiugton  in  Massachusetts. 

The  homblendee  included  under  this  name  vary  considerably  in  composition ;  that 

from  KongsUrg  consists  of  -jy^|siK)»  or  Fe«SiO»,3Mg»SiO»;  that  from  Kupferberg 

ContaLuH  twice  as  much  magneaia,  its  formtda  Wing  F(}'SiO'.6Mg^SiO*.  The  minerals 
from  Canadn  and  Massachusetts  are  altered  aiiti)oi)hyUiti^  tto  latter  Mugappran^ 
nMtafy  Mftaoantod     Iht  toui2%  lA^C^M^my, 
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d.  Citmmingtonitr  is  a  roae-rcd  granular  liomblende  frum  Cummiugton,  Masso- 
cbnetts,  of  spodfie  gravity  3*42,  and  consisting  of  manganotut 

e.  Ar/vf  d.s,, nit''. -  Thin  is  ii  lilack  mineral  found  in  Greenland,  accompanjing  eudla^ 
1;^.  It  was  ioTmerly  re^;arUed  us  a  variety  of  lumibleude,  with  whim  iiul^d  it  u 
mMDorphowi;  but)  MooardiDg  to  RanmielalM^g;  it  m  »  dutinot  qieotM^  vliMe  funMik  is 

(2irOJiiO^  FeHy.taiC^,  or       aiH>».  BamiMlflbetg's  analysis  givea        per  cent 

SiO*  m< PaH)*  7*80  F^.  IIS  Mii*0, 2-06  CaK)»  0^  Mg'0, 10*fi8  Na^»  0  68  K«0, 
0*10  vator,  and  a  iMea  of  aluntiyk 

II.  BornilmdeB  coiMUnff  AkmUiuu 

Si(P  TiO«  AM03  Fc<03  F\«IO  |ltt>0  Mg«0  G«M>  Na«0  K*0  F  M 

^*  :  ..     6-76     2-86    ...    .     23-37     12-42    0-75  0-81   .   .  0-46=98-19 

**  'wrtnt  *                 I  6*31  6-62  21  72  1'13  3-62  «H»  3  14    2  68    .   .  0'4«='jK-63 

3.  VekUTju*   '.  S9»2  .  .  1410  6  00  11-03  0*30  10  72  12  62  0-ft&  3*37   .  .  0-37«>9<»  78 

**                         j  *•  .  .  t'M  •  .  fW  .  .  »*«  WTO  MS  !•»  »7«  MO.iW'M 

a.  liriil,  ^Tfrn/iA  W.ifi  44-24  I  01  H'W>  di8  11-80  .    .  n-4G  10  «2  2-08    0*24    0"25  Q-^9-^(>>i  J7 

U.  Vid  de  Bov«,  Etna  40-i«l  .    .  13  68  .    .  17  48  .    .  l3-i9  13-44   U  b->=^^ 

U-A,  Kamai«lfb«rff<MAMf«iel«Mlr,pw490)<-4L  v.  WaUershan»«a(r«AimMleOetf««M). 

Th«  minerals  {ncltided  nnder  this  head  aie  auztofea  of  tha  laoAunplunia  ooaqMrands^ 

ITO.SiO^  I«V0''.3SI0^  iuid  3M  f^2.11*0».  fRamnielsbero-.) 

Comuu/n  Horutdaule. — This  name  is  applied  to  the  dark  green  aad  black  aliuuiuous 
TarietieM^whaliheriB  eEystalaofrnaiaiTa.  Spadfia  gravity  S*l  to  8*4.  Tha  naiM  altudaa 
to  iu  toughnc  ss  -  C«r;>iMin  is  an  alnminofiia  and  femigiiiotis  homUenda  htm  Carin- 
thia.   Specific  gravity  3127. 

{TrofiUe,  from  the  unl,  haa  the  deavage  stroetiua  and  eootposttion  of  homfalende, 
but  the  exirriiiil  fcnn  of  aiigite,  and  is  regarded  us  a  pseudoniorph.  The  two  species 
arc  varioosiy  joiiiglod  in  di&reat  specimetMi^  showing  the  change  in  di&raat  stages  of 
progr^. 

Diastatite  is  a  hornblenda  from  WazinlaDd  in  Sweden,  difiTering,  acoirding  to  Breit- 
hunpt,  from  common  hornblende,  by  a  degree  in  the  angle  of  tin-  pri«ra.  Parga.'^ife 
includes  ciystaUised  varieties  (crystals  usually  thick  and  stout) ;  oi  kigli  luitre,  aud 
laUier  daik  shades  of  green.    It  is  also  granular. 

Fine  sperimenf  of  the  dark-coloured  hornblendes  oconr  at  ATi«;oig  and  Tri  }>lit/  in 
Bohemia;  TunaU-rg  in  Sweden,  and  Pargas  in  FinlaiuL  lu  Cumea  there  is  luun-l  a 
Tariety  of  homUande  (  yerd4!  di  Corsica  duro)  which  admits  of  a  high  polish. 

Altered  format  nf  Hi>n>J,hinli . — Altnrations  of  hornlilende  are  mnstly  likr-  those  of 
augite.  Varieties  often  oocui-,  cuuiaining  watur  of  hydration,  especially  aebestiform  or 
anthophyilite  Tanrttea.  The  fermginoiiB  change  by  oxidation  is  oonunott,  u»d  dl 
VHrirtic'S  are  expo'^cd  to  nltciMtiun  from  intlltriitini^  ■vr;it*-r>,  lii>ldiiig  carbonatf-s.  sili' 
cates,  &c.,  in  solution,  thus  giving  rise  to  magncsian,  ferruginous,  magnesio-ferruginous 
(chlorite),  alkaltna^  or  alamuMRia  Ibrma.  Tkde^  ateatita^  aerpentiM,  ehknite,  micst 
]Huite,  chabusite,  limonite,  magnetite,  occur  as  hornblende  pscudumorpbs. 

HORXfBUBVSB-XOCX  is  a  rook  consi<^tin^  citlur  vliully  of  liomblende  or  of 
tliiit  niini'iiil  niixed  with  quartz,  and  ovcj^iuJiidJy  couluiuiug  micai  iron  pyrites, 
magnc-tio  iron  ore,  and  garnet.    Hornblrnd<-8latc  is  a  slaty  varietur  of  haroUsnda 

rock.    Tlu'^e  nX'lcHi  brlonfr  to  tlir  uMosf  fAj-iiiat  iuiiH  ;  ffn  y  seldom  form  eztended  bcdl^ 

OCd  iu-ring  more  generally  in  mubii^cis  suboixlLuitle  lo  granite,  gneiss,  &c. 

BO&ar-3bSA2>.  Ccrasine.  Native  cMorocarbonaU  of  kadf  2FbCl^b*C0\  so 
caDed  fitmi  its  external  reeemblauoa  to  horn. 


Kativo  sub-dilocida  of  OMceniy.  (8aa  JUDaRCUsr.) 

Native  chloride  olt  silver.    (See  Silver,) 

BOSirSTOiarS.  A  varirty  of  qnartz  re^mibling  flint,  but  more  britth^,  and  with 
a  more  splintery  fracture.  It  is  often  calle<i  Chert.  It  is  oltcu  found  as  a  petri^iction 
on  wood,  and  isnsed  fbr  nraking  mortam  and  Tariow  other  artidaa. 

Bosn-  Tzssui:.  Epidmitm.  The  'epidermfa  of  aaimala^  haiiv  ivool,  dlk, 

feathers,  nails,  claw.s,  hoo&.  horn,  «=rales,  &.e.,  are  composed,  for  the  most  part,  of  u 
substance  containing  less  carbuu^  but  mure  nitrogen  and  sulphur  than  the  albuminoids. 
The  epitheliom  wfaidi  ooate  ftha  latenal  eavitiaa  of  tin  aaunal  body,  ia  also  aiinilaEly 

Oon.'itituf  >'d. 

The  substance,  ealled  horny  titii^ue  or  epidermose,  which  forms  th«  basis  of  all  these 
structures,  in  ol  taintd,  though  very  far  fn:>m  pure,  by  eodiansttng  the  pavta  oootatning 
it  Avith  boiling  alcohol  and  ether,  after  tiny  have  been  eoinminnted  as  much  as 
possible.   Thi«  treatment  removes  the  fatty  matters,  together  with  the  greater  part  of 
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the  eaki  and  other  foreign  matters,  but  it  does  not  ensure  the  pexfect  honiQgimei^  of 
tb0  im<BMotf«d  fMRdw.   It  ie  known,  indeed,  that  Hhe  horaj  osmas  are  eoopoaea  of 

a  number  of  supcrj'o.srtl  layers,  cell-walls  and  iiuolfi,  which  arc  perhaps  uoi,  au  of  diA 
■ame  nature,  but  yet  cannot  be  separated  bj  the  solventa  above  mentioned. 

The  substance  thoa  obtained  from  the  rarious  homy  tissues,  has  been  analysed  by 
Mulder,  Scherer,  Frimy  and  seyeral  otlu  r  tln  niists,  the  results  of  whose  analyses, 
though  nut  agreeing  vpry  closely,  still  shuw  that  the  suh.'^tance  forming  the  baids  of 
thbM  iMiVcml  tiiMiueH  has,  in  all  probability,  the  haux*:  chemical  coui^jositiuu. 

fldMrar.  (!.)• 

MfUennit   Ha»r  of    Hair  of    Horn  of  Baud  Lhiii^ 

oTSole  IkMird.  Head.  Buffalo.  Naili.  Wool.  QuUls.  of  Msmlmuie 
ef  FoaC  Fenthert.    of  Egf, 

Carbon  61^  600  49^  61-8  504  60  0  617  ol  8  60*0 
Hydrogen  68  6-7  6il  «*7  68  7*0  7  2  7  1  tf-a 
Nitrogen  IJ-t      17'»      17*9      17-2      lfr»      17*7      17-»      17'6  16^ 

Si:lp!iur  ,*       ,«        «.  «, 

Vxy^vu  

w,  Lacx.  (2.)  3<^low-  Muldrr.  (1)  Kemp.  (5.)  Frfaoj.  (6.) 

lN>t>r.(s 'I —  — *—  '  /  *  '  \ 

—  White    lii-ofi    Hoofs    Hora  Epithelium  „  ^  _m  wu-i-  Soi'e 

Bdr  JSS?  i.;.ir»  Ol  uf       of  iTalla.  of  ciu  jy?-*'  T^z?*  of 

•  of  Co*.  Cow.  Horte.  Cow.  blitddw.  •'''••*  Twrite 

Carbon      49*0  616  M*6  «0-4  60*4  60'0  60  3  61  9       4»'$     M«  «8'0 

Hv.lro-en     n-4  6-8  68  6-8  70      68  69  80  62       7  4  7-3 

Nitrogen    171  16-6  168  16*8  16-7  16-6  17-3  148        17'4     16-6  164 

Mfkat    .    .  9<»  6-4  8-4  8*0     8*4  8*2   8*0 

Ozygan     .    .  2f)n  ?n-,5  23-4  22-9_2??'3_22"3   ^07 

100  0  ioo  o  100-0  ioo-o  loo-o  loo-o  loo-o 

The  proportion  of  aish  iaLabont  1  prr  cent. 
Homy  tisEue  xnelta  whMi  heated,  and  himiB  with  a  bright  flum^  iwthiiiing  peea* 
V  odoiir. 

When  exposed  to  the  action  of  iKjillng  water  in  n  rapln'.s  (lif:;i  ster,  it  gradually 
diaaolreB^  jielding  an  extnict,  which  does  not  gnlHtinise  on  cooling.  By  simple  mace- 
ntioB  in  vilar,  eold  or  wanB,  fhe  hoiny  timea  are  gradually  looaened,  and  exhibit  a 
OcUuIar  stracture  more  or  less  distinct. 

Caustic  potash  easilv  di>,3olves  homy  tissue,  eliminating  ammonia,  esjpecially  with 
lod  of  heat,  and  foruunu  .t  yellow  solution,  which,  when  treated  with  acids,  gives  off 
snli^j^ric  acid  and  ykms  a  white  precipitate.  When  fused  with  hj/drate  of  potassium 
it  civpf!  off  hydrn^n,  and  forms  aot  tic,  l«utyric,  and  valerianic  acids,  also  leucine, 
tyru«»iiiti,  &iM.  Siroug  tuoiutiuuti  uf  caucitic  poUuih  or  tKxla  are  the  best  reagents  for 
bcingiiig  ovfe  tfao  i^Mni*  atrttotutt  of  tiio  <ii<iSMiwtt  boray  tiwniiiiii,  cpidannuii  BMi]% 
liom,  &c. 

Strong  sulphuric  acid  cauies  homy  tissue  to  swell  up,  and  partly  dissolves  it  when 
hoatad.  The  solution  diluted  with  water  becomes  turbid  when  neutrahsed  with  an 
nikali,  or  mixed  with  ferrocyanide  of  potassium.  BroioBgad  ebulHrinti  vith  dUnfea 
salphuric  acid  yields  tyrosine,  leucine,  ammonia,  &c 

lUMo  acid,  avpoaally  if  hot^  eolonn  lionij  tiasne  ^elknr,  and  wlftfmatd^  dissol^ 
it  ;  on  addition  of  ainni  r  -a.  tlie  yellow  solution  acquire'-  a  darker  colour,  and  finally 
assumes  an  orange  tiut  Acoor^ng  to  v.  Laer,  xanthoproteic  and  ia  formed  in  tho 
ftnt  mifamff^  then  neduoAc,  asn  Ibally  oxalk  aeid. 

Fuming   hijdn ■chloric  arid  produces  \r\\X\  horny  ti?!?ne  the  Fame  blue  or  violet 
coloraiioii  aii  with  albuminous  aabatanoesi  and  gradual^  dissolves  the  tiasua  on  boiling. 
Aeeonli  u^'  to  r.  Laexv      immened  rren  is  eokl  oooeentrated  I^dfoeUoiie  Mid  dia-  • 
wJvee  in  the  course  of  some  weeks. 

Jei^  aeid  does  not  dissolve  horny  tissue,  but  only  causes  it  to  swell  up. 
Vban  ^dotine  is  passed  into  water  containing  in  suspension  homy  tissue  (prepand 
fiom  hair%tiie  tia8ni>  nndergoes  no  change  in  external  appearance,  but  after  drying 
it  is  harsh  to  tho  toodi,       diaBolTCi  Qoai|!)|0teJj  in  f^*r™^"'*i  with  OTohitioa  of 
nitrogen. 

MMB-onsnmv.  Jmmtut  BlppoeaB(amnm,--'T\M  iMik  of  tUa  troe  eon- 
tains  two  fluorescent  substiince^,  a  sculin  (i.  60^  and  fraxin  or  paviin  (ii.  708). 
Palktier  and  Caventou  found  in  it  a  greenish  fat  oil,  a  red-brown  leain,  a  bkter.yellow 
flslMtaaee,  a  oeculiar  red  sabetauce,  tannin  and  wood  fifara. 
The  fbUjr  dmlflfod  lotTes  eontain  qn«rcitrin»  wbJdi  if  abo  teid  in  fho  ripo 

*  (I.)  Scherer,  Ann.  Ch.  Pharm.  xl.  A5._(S.)  t.  Laer,  rftttf. kIt.  IS«,  1&7  (3.)  Schloitberger 

igerkardfs  Traiti.  Ir.  197)  iiL)  Mulder'*  Chemiscke  UnUrtutA,  No.  2,  p.  Kemp,  AUk 

Qi.PlHrai.Bl«.ll«^.(ia  Fr4a7i  Ann. Oh. rbjs. (ff  alflil. 47. 
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seeds,  but  not  In  the  undevebped  leaves,  or  in  the  coatingi  of  the  bods,  or  in  the  bark 
of  the  stem  and  branches ;  the  leaves  idddi  &11  in  antuma  oontab  only  traces  of  it 
(Boehleder,  Wiem  AJcad.  Ber.  xxxi  566.) 

The  seeds  contflin,  according  to  Tipp  (Vicrtdjalirschr.  pr.  Pharm.  iii.  19),  starch 
^abont  14  per  ccut.),  mucilage,  gmn,  a  non-dr^'ing  oil,  Mupouin,  a  tannic  ucid  which  turns 
MOB  giHt  green,  phosphoric  acid,  and  calcium-salts.  Fremy  fbond  in  the  seeds,  saponin, 
n  yollow  colouring  matter  [?  qticrcitrinl  and  a  crystallisablo  bitter  sTil>f<lanee.  Attempts 
have  b<^n  made  at  various  Umm  to  render  tiiu  starch  of  horso^chetttnut  smdn  fit 
for  food  by  ^eing  it  from  the  bitter  substance  by  means  of  a  weak  alkaline  ley. 
According  to  Flandin  (Oimpt.  rpnd.  xxrii.  891)  this  is  best  offt>ct*'d  by  kneading 
the  peeled  and  bruised  seeds  with  water  containing  ttom  to  of  their  weight  <^ 
mAtmatm  of  soda,  and  then  washing  them ;  perfectly  white  starch  taen  separatci^  iHiidi 
may  be  tised  as  nn  addition  to  wheat-floor.  According  to  Bel  loo,  tho  mm-"  rrsnU 
may  be  obtained  by  the  use  of  pure  water.  JBut  aooordiag  to  flan  din,  the  alkali  m 
required  to  lomofa  an  Mnd  vnlMteaoe  and  an  add  ndn,  wdl  aa  tlie  hfttsr  principle. 
(Conipt.  rond.  xxviii.  83,  188.) 

The  ooUledons  of  horse-chestnut  seeds  hare  lately  been  examined  by  Boehleder 
(WioD.  Alad.  Ber.  xlv. ;  B^.  Chim.  pure,  1863,  p.  219),  who  flada,  Im  tho  aleoholie 
extract,  a  bitter  substance,  argyrescin,  un  ai!;-ii{  !i:  us  yellow  cxjluuring  matter,  and  a 
robstance  which  he  calls  aphrodescin,  formerly  regarded  bv  Fremy  as  saponin. 
These  snbstan^  are  extracted  by  taooesrive  trwtment  with  alcohol,  acetate  of  lead, 
mter,  and  ^er. 

Argjr<»f?f!in,  C^'II**0^,  is  soluble  in  water  and  in  ricohol,  and  is  precipitated  by 
ether  from  its  solution  in  absoltile  alcohoL  When  the  aqueous  solution  i»  cvat>orated« 
it  MmajBa  in  the  form  of  a  gmungr  mass.  From  its  soluttmi  in  weak  alcohol,  it  ^npa- 
rates  on  evaporation  in  mirroscopic  crystals,  having  a  mlrery  lu.strc.  The  cry  stals 
have  the  composition  2C'^'il^CF'.ii>0.  It  dissolves  in  strong  sulDhuric  acid,  forming 
•  a  aolntion  whiofa  tuna  vad  when  nizod  nilh  ipalar.  It  is  nnUe^  «nd  binia  with  a 
very  Frtii<>l;y  flam(». 

Argyreacin  is  resolved  by  aeid^t  into  argyrtscetin  and  glucose : 

C*«H"*0«*  e»  C'=n«0'»  +  2C«II'K)«; 
and  by  uUmiU  into  aescinic  acid,  C*H**0''.  and  propionie  acid  : 

With  alkalis,  iwwever,  an  intermediate  product  is  sometimefl  obtained,  namely,  aa  add 
vkoae  bannoMalb  liaa  tibo  oomponlkn  C^B'*BaH)*'»  tliia : 

C"B*0*  +  4H»0  -  <^HW»  +  owe 

Thia  IMW  add  Kkawise  exbta,  ready-ftnned,  la  €b»  eo^risdoni. 

Aphrodescin,  C^-n*'0^,  is  soluble  in  wati  r,  and  is  precipitated  from  the  hot  so- 
lution by  hydrochloric  acid  in  bulky  flocks.  It  is  distinguished  from  saponin  by  its 
sotttbility  in  alcohol,  and  by  its  reaction  with  alkalis,  which  is  similar  to  that  of  aigy- 
i«i«tii^  eioapting  that  it  jidda  hstyna  inatsad  of  pnipionia  add,  thva: 

A  0  H  c  i  n  i  c  a ei  d,  C'H^O",  is  obtained  hy  precipitation  ftom  its  aalti^  as  agelatinons 
mas.s,  bt-conung  pulverulent  when  dry.  "\^lull  boilf  d  with  a  quantity  of  alcohol  not 
sufficient  to  di.'^^olve  it  c<.ni{>let4'ly,  it  becomci>  partly  crystalb'ne,  but  does  not  alit-r  in 
composition.  By  dry  ing  at  130^  in  %  camnt  of  carbonic  anhydride,  it  undergo^  a 
daeoaipositton,  whirh  Kuchleder  rrprMeuta  l)j  tha  iaifcobabla  oqioatioB  (f^M^O'  «» 
C"iP*0*"  (sescinie  acid)  +  C^H^O**. 

jUmnate  of  i^'iamum,  C**H'*KO*',  is  oystallisable.— Tha  harium  salt  haa  the 
composition  C"'IP''Ua-0-'.~  The  /^a/f-salt  cf>ntain.'«  a  still  larger  proportion  of  bji^e. 

Argyreacin,  aphrodescin,  and  cacinie  aod  heated  with  hydroehlocic  add,  are  resolved 
into  SQ|;sr  and  a  now  aahstaaoe,  tolescia  0^*0^,  or  a  piodnet  oowtaioiiig 
(^irpjTeQj*  When  these  dectTOy)Osilion.e  take  place  in  alcoholic  solutions,  the  products 
formed  ars  not  constant,  because  the  telescin  may  then  b«  further  lesolvad  iato 
BHumitaB  (f)  and  a  eempoond  ieofmme  witbqninovie  add. 

Ae.scinic  acid,  or  rather  telescin,  i1is.'«oIved  in  alcohol,  mixed  with  hydrochloric  acid, 
and  boiled  till  a  red  colour  is  produced,  o&deisoes  a  final  decomposition,  yielding  a 
solution  from  which  water  throws  down  flocks  of  aaaoigeni  n,  C"H*0*,  isomeric  with 
cboluidic  and  with  quinovic  acid.  This  substance  is  soluble  in  sulphuric  acid,  and  on 
adding  sugar  to  the  solution,  a  red  colour  is  piodvoed  "wiMir  to  that  \^  the 

biliary  acids  when  similarly  treated. 

The  action  of  hydrochloric  acid  on  an  alcoholic  .solution  of  telescin  or  ftsdnic  acid 
aomettmca  also  yields  an  intemediata  prodnet  C'*H*'0',  whieh  is  iaoaMoc  with 
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qainoviB,  lod  iiuj  be  NgBidad  as  »  eamptmoA  of  csdgeiim  vitii  8  tt.  propiiNiio 

C*»il*«0«    »    C««H»0*  +  2C«H*0« 

Tiiia  view  of  its  composition  ifi  Bapported  by  the  formation  of  a  oompound,  C*"H**0* 
[?C"H<*0"].  containing  the  eleOMiiti  of  MOtgenia  and  aoetie  acid,  Taj  theactioii  of 
chloride  of  acetyl  on  aescigenin. 

}{o(  iileder  consideEB  it  probable  that  esciKenin  or  its  compounds  may  exist  in 
oth<  r  phinta,  and  that  eytibmSn  and  digStaUnan  naj  bolong  to  fhis  group  of  oom- 

pounds. 

The  ash  of  the  different  parts  of  the  horse-cheetnut  tree  has  been  analysed  hy 
E.  Wolff  (J.  pr.  ChaD.z]ir.  SM;  Jahmber.  1847-8,  p.  1078X  far  the  purpose  of 

di'k'rini:jiiiL:  how  the  proportion  of  the  different  minrnd  constituents  are  modified  in 
PMsing  irom  one  oigaa  to  another,  and  how  theee  constituents  are  distributed  Uiroughout 
the  wren]  organs.  To  eliminete  any  loeal  oharaeter  fetm  the  resoltii,  the  organs  sub* 
jecttd  to  cxamiuHtion  wero  selected  fi-om  tn^os  growing  In  two  vrrv  different  soils;  one 
a  stony  porphyritic  soil,  the  other  a  moist  forest  soil  often  overflowed,  very  rich  in 
yegetable  mould,  and  miteh  morefiiToanble  to  the  growth  of  the  trees  than  the  former. 

The  mineral  constituents  were  extsaeted  by  first  charring  the  substanco  in  a  mufflp 
heated  not  quite  to  redness, and  exhausting  thp  charcoal,  ftrf^t  with  water,  then  with  dilute 
hydrochloric  acid,  drying  the  carbonaceous  residue,  and  iiiciiu  raiiug  it  completely  in  the 
nmfRe.  The  asli  w;i.s  then  likewue  exhausted  with  hydrochloric  acid,  and  the  united 
hydrochloric  extraet.s,  the  aqueous  extniet,  and  the  insoluble  twidue,  iren  aepiiatdy 
analysed    The  resulls  iire  given  in  the  table  on  piigo  112. 

The  ash  of  the  wood,  bark  and  leaves  of  the  horse-chestnut  has  alao  been  analysed 
by  E.  Staffel  (Ann.  Ch.  Pharm.  Ixxvi.  379;  Jahre^^b.  r.  1^50,  p  661),  chiefly 
with  the  view  of  deternuning  whether  the  amount  of  the  scvond  inorganic  coustittteate 
in  the  plant  and  itH  ditferont  organs  varies  with  the  season  of  the  year.  The  imrthod 
of  nnntjBis  was  siniihir  to  that  adopted  hj  Wol^  eocoipting  that  the  ohaiooal  was 
exhausted  with  water  alonu. 


Ash  (,J RortC'chcttnvii  (Staffel), 


Spriog. 

iod« 

Autumn. 

Bi 

Spring. 

Autumn. 

Spring. 

'  Autumn. 

Potaah 

fi7*7 

17*54 

64*96 

22*61 

46-88 

18*17 

Limn       .  • 

6-92 

60-99 

9-21 

'  CI-.*?! 

40-48 

Magii  eaia  . 

4-08 

617 

4-36 

3-99 

615 

7-78 

Alnmina  « 

0-18 

0-41 

0-61 

Ferric  oxide  *  . 

b  31 

0-68 

1*66 

0-31 

1-63 

4-69 

Sulphuric  add  (fSC). 

0-82 

105 

2-45 

1-69 

Silica 

1-80 

0-71 

b-67 

1-06 

1-76 

13-91 

Phosphoric  acid(P«0») 

1902 

2i-7;i 

19-54 

6-95 

24  40 

8 -J  2 

CMonde  of  potaamnm 

1047 

2-98 

9  56 

2-50 

4-65 

855 

99-99 

99*98 

99'99 

99*99 

10000 



160*00 

;  \A\  per  cent,  of  dry 

substance 

10-908 

3-88 

8-68 

6-67 

7-69 

7-62 

Aah  per  cent,  of  freeh 

substance 

1-198 

1*893 

11842 

8*171 

1*876 

8*288 

Moisture  in  100  parts 

of  air-dned  eub- 

itenoa  . 

89*01 

49*90 

84*46 

61*78 

82*09 

68*27 

&ORfi£-FXi£SH  O&Si.  A  t«rui  applied  by  the  Curui»h  minerti  to  certain 
yaiietiea  iA  pnrjvlf  cofppttm 

HOTTCBZTS.  A  hydrated  aluniinute  of  inagn*  >iuni.  occurring,  as  the  material 
of  pseudomorphoua  "j^^*  Oxbow,  and  in  lioiNue,  near  Somerville,  St.  Lawrcocu 
eonnty,  New  xbllt.  The  OTatale  are  in  all  eondituma,  from  the  pure  spinel  to  octa- 
hedrons with  rounded  edges  and  pitted  or  irregular  surfaces ;  it  aUso  occiirs  in  flattened 
nodules.    It  is  perhaps  identical  with  VfVknrnte  {g.  t\).    (Dan.n,  ii.  135.) 

BOVZTIL  A  mixture  of  eoUyrite  (i.  1084)  with  a  hydrated  carbonate  of  alominium 
and  calcium,  found  in  the  Upper  chalk,  in  the  neighbourhood  of  Hore^  near  Bn^too. 

It  is  very  soft  and  friable,  having  an  earthy  fracture  and  low  specific  gravity*  (J.  fi^and 
a.  Qladatone,  PhiL  Mag.  [4j  xxiii.  461 ;  Jahre«Ur.  1862|  p.  743.) 

•  Witb  a  trace  of  BUD^ic  oxide. 
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BOWAWOnm  Am^toosiA  miiitnJ,  6meriM     G.  U.  Sbipvd.  (SOL  Am.  J. 

[2]  vi.  IM?  > 

BVAJroJUVS.  C^H^NH). — Ad  alkaloid,  isomeric,  or  perhaps  identical,  vith 
etnehoniDe ;  obtained  ftvnn  C^inn  de  ffwinoco  jdana,  a  cinchona-bark  found  in  the 
Huano«>  foresta,  north  of  Lima  (A.  Erdmann,  Ann.  Ch.  Pharm.  c.  341").  The 
bark  is  repeatedly  oxhuiistrd  witli  -watt  r  containinj^  hydrochloric  hoM.  anrl  tho  bn«!f», 
precipitated  by  caustic  soAi,  is  purified  by  repeated  sulutiou  in  aci'l  an  l  r'  pri-oipiu- 
tion,  till  it  becomes  white,  and  finally  by  crystalliMttkm  from  alcohol. 

TTuant^kint'  frysfallisos  in  8mall  oolourles**  prisms,  v(*Ty  similar  in  fomi  tn  oinohoninf!. 
Aecordini^  to  H.  IlaUn  (Jahresbcr.  IS/iR.  p.  ;57'2),  tli*^y  are  nuiiiorlintp  prisms,  cxUibit- 
ing  fhe  feceK  oc  p.  ooPae.oP.  A\v::([-'  ^V:  oo  P  in  th."  cliii  xliii^^-^iml  principal 
fs.^ctinn  71°;  oP  :  ooPoo  «  110°.  Clearable  parallel  to  oP;  leas  distindtly 
parallel  to  ooF  oo.  It  is  tasteless ;  but  has  a  slight  alkaline  reaction,  stron^r  in  the 
alcoholic  soltition,  whieH  ia  alao  dightly  bitt«ii>.  It  melte  witiiont  deeompomtioii,  and 
Bolidifiea  in  tlio  crystjJlino  form  on  oooHml':  at  a  ^troiiLZ'  P  licat  it  .taiblimot.  If  i-i 
Beadjr  ioaoluble  in  water,  dissolves  in  iOO  pta.  alcohol  of  UU  per  cent,  at  17° ;  and  in 
110  pte.  at  the  btnling  lieat:  in  600  pt&  eth«r  at  ir* ;  iad  in  470  pte.  at  the  boiling 
keat.     It  is  s.ild  to  Im-  a  strniii^  f-'brifMrjo. 

The  salts  of  huasokiae  are  precipitated  white  by  alkalis  and  alkaline  earbonatee, 
yeUowiah  -white  hj  tmctnre  of  gaUs,  white  by  chloride,  yellow  by  chloride  of 

gold. 

The  sulphate  is  nearly  insoluble  in  water ;  but  dissolves  easily  in  exce.«w  of  acid ; 
the  solution  is  not  fluorescent. — The  hydrochloratc  is  very  soluble,  and  crystallises  in 
large  colourless  prisms  haring  an  extremely  bitter  tast« ;  not  fluorescent.  According 
to  Hahn  {loc.  the  crjnstnl^  are  rhombic  pn^m«,  witli  x\w  fac  s  aP  x  .  t^ao  .P. 
An;;le  od_P  :  oo  P  «  3o^.—  The  chJ-oroplatinafr  ubo  furnis  rhombic  crystals, 
00  P  .  00  Poo.  p.  Ai^^  06p  :  ooP  D  7,5°;  an<zle  between  the  macrodingonal 
tatmiiial  edges  and  the  prindpal  axis  m  132°. —  The  tartrate  forms  hemihedral 

ihnnibiA ci7at«li»  obP.  eojl^t.oF.  |.  Aagla  o»F:  a»F.  -  lW>i  ^-.^  -  IHf*, 
<Ha1iii.) 

Accordinp;  to  De  Try  (J,  Pharm.  [3]  xxxii.  328),  Inuirokine  is  identical  with  cin- 
rhonine,  thu  differences  observed  by  Erdmann  between  it  and  cinchonine  haviiiK  W*u 
probably  due  to  admixture  of  cjninidine  or  cinchonidinc.  Ho  found  that  hydriodate 
»f  cinchonine  npri^'d  p»^Tfoctlv.  m  i  xtcrnal  character  and  in  its  rel  ation!?  to  pnbirisf»d 
.ight,  with  the  liytLi-iadiitc  obtaiueJ  from  huanokino,  prepared  by  Enlmann  himfe^lf. 

BUSSOVZTB.  A  black  mineral  from  Cornwall,  Orange  O  unfy.  New  York, 
noar  tin-  Ifndson  River.  Sjuoifii^  pravity  3* 43  to  3-.5.  It  cleavt-s  like  IL-(l.  nb*--rgite, 
and  is  R-garded  by  Dana  as  a  variety  of  augite,  having  a  considerable  portion  of  the 
•iBea  r^daoed  faj  alwmfiia.  The  oonpositioii  ia»  hovever,  more  like  that  of  homblende. 
Svith  and  Braah  (Sill  Am.  X  [2]  xri.  I6d)  firand  in  it 

Los^s  by 

SO-         A1<<y»        Fc*0       Mn^O       Ca^O       Mc-0       K'O       V.i-O  ik'nltlon. 
.■^8-94      10-41  0  00      10-.36      .'J-OO      2-18      IGfi      1-95  =  9?>-88 

Kenngott  foond  that  a  mineral  from  Honroe,  designated  as  Hudsonitc^  was  really  a 
hocnUende.   {Bamrndtherj^*  MmttMmie,  p.  996.) 

S^fB.  irith  OxAim. 
mnnBOU>TrrE    8yn.  iritk  DAisnunL 
HUHUC  ACZ9.    See  Uluic  Arm. 
HTTMSTB.   See  CHoxDBODrrB  (i.  93n), 

BUxaOFXC  AOXD.  C"H»0'  (?)  ( \V  o  h  1  er,  Ann.  Ch.  Pharm.  L  21).— An  aeid 
pfodnead,  with  evoltttioii  of  amnoiua)  hj  Wting  nateotiiie  to  about  220^ 

It  is  purifu  d  by  dissolving  it  in  potash,  precipitatingvitthjdroeUorieadd,ia-di«SOlTiiig 

in  alcohol,  i!i  1  ] 'f-cipitaf ing  by  water.  It  in  nn  amorphous,  dark-brown  suTwtance, 
insoluble  in  Mni*  r  and  in  dilute  acids,  but  dissolvef«  in  alcohol  with  yeUowish'red,  and 
in  alkalis  with  yellow  coloor;  tbo  latter  solatioa  foming  brown  geminous  pneipitatea 
with  barium-  and  lead-salts. 

Wohler's  analy^iM  of  thiij  acid  gave  63-0  and  64*6  per  cent,  carbon.  5  3  and  6  0  hy- 
drogen; whenw  bo  Slight  sted  tlM  ftraralm^  C^BUO"  and  The  formula 
al'oro  friven  (wbicli  requires  06  7  per  Cftit.  carbon  and  'vZ  hydrogen)  \^  based  n[»on  the 
&rmala  of  narcotine  recently  established  by  Matthiessen  and  Poster  {tiinrlin's 
Manibo^  r.  M),  Itis  proWhfe,  howaror,thatth«addha8iu>thaanohtai]Mdpiixe» 
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:vn<!  thfit  th*-  ilecoraposition  of  naivof  ine  hy  hnftt  maj  ho  Tttm  CftliJlllOfctodl  thm  thit 

wliioh  is  n'prt-'snntcil  by  thr  prcociling  oquation. 

SrtTIWOURS   or  the  BYB.    See  Eve  (ii.  <354). 

BiXAKUS,  ur  i'egetahle  Moid  J,  is  the  product  of  the  decay  of  vegetable  matter.  Th« 
fallen  leaves,  and  aU  the  parts  of  plants  which  are  returned  to  the  soil,  either  during 
the  life  of  the  plant  or  after  its  death,  undergo  pi  culi.ir  alt»'rations,  tlie  result  of  which 
is  to  trausform  them  into  a  mass  of  oompoonds  who^K;  uature  has  not  been  exactly 
asoertuned,  but  wliidi  are  known  to  eootiiii  •  large  proportion  of  eftrixMi.  This  deoaj 
is  proin  tti'd  In- tho  nrtion  of  ;iir,  by  moisture,  and  \>y  a  certain  (lep;ro>' of  lu-af.  It  takes 
place  most  q^uickly  in  those  constituenta  of  the  plant  whieh  urt^  soluble  in  water,  aome 
oftiie  Inaolnble  matten,  sueh  as  restnauidlrta^rensting  (Irompositionfv  along  time, 
and  rfiniuiiiiiy  alrncst  In  their  unirinal  f-tate,  so  that  thry  may  lu-  cxtnuTted  from  th*; 
humus  by  alcohol  or  t-th<'r.  The  deoompoaitioii  i«  also  gireatly  acc6lerat«d  by  tho 
pmsenM  of  putrifying  uitrugenoos  matten ;  and  fldt  it  doobtleas  one  cause  or  the 
beneficial  eflfect  of  animal  manure. 

Vegetable  mould  is  in  a  continual  state  of  slow  combustion,  whereby  the  oi7»ani<? 
com^unds  which  it  contains  are  gradually  resolved  into  carbonic  acid,  water,  aud  am- 
nom^  which,  as  thsrSMftmed,  are  tak&a  ip  by  the  roots  and  plants :  hence  the  effect 
of  vogetablr  Tni>nltt  in  promoting  the  grovrth  of  plants,  and  partly  also  thr> 
advantage  ^acd  by  fret^nently  turning  up  and  pulverising  the  soil,  whereby  the  access 
of  MI  Mid  wM>  docoMiKHntiop  of  tbe  orogffflig  mattar  am  fiMiUtatod. 

BWTS&ITB. — The  name  applied  by  S.  Haughton  (PldL  Mag.  ^4]  xriL  18; 

Jahresbor.  1850.  p.  289)  to  a  hydral«  d  silicato  of  alnmTmuTn,  having  a  fatty  lustre  and 
the  a&pcot  of  felspar,  fuund  in  a  coarsely  crjstalliue  jrranite  in  tlio  ncighbuiirhctKl  of 
Kagpur  in  Ccntml  India.  Specific  gravity  —  2  :U9.  Accordinfr  to  HaujiUtoii's 
analysis,  it  e<nitain8  65-93  per  cent  SiO»  204>7  A1H)^  ()-30  Cu'O,  0-46  M|=0  and  11  61 
wut^r  ( =  9a  26).  This  in  very  nearly  the  composiliou  of  cimolke  (l  9«4),  with 
which  also  the  mineral  agrees  nearly  in  lustre  and  specific  gravi^;  tumoeHaaa  (SQL 
Am  T  '  •-']  xxv-ii.  133),  regards  it  as  id^mtical  with  oonoUte^ 

Hir&ziATTXiZT'S.  A  pliosphate  of  ini  and  manganese  from  Hureaulty  near 
lamogti«,  wheri.1  it  uctiuna  in  small  veins  lu  luv  granite.  It  foriu^  translucent  ciystals 
bdoif^ig  to  the  monodinic  system,  having  a  yellowish-  or  reddish-brown  ooloor  Md 
vitreous  lustre.  Spocifi*'  gravity  =  2-'27.  Somewhat  softer  than  fel.<par;  contains, 
according  to  the  moanof^Damour' s  analyses  (Ann.  Min.  I'^^-X  ^S-OU  per  oenk  F«0*, 


41*67  mfO,  7*86  F««0,  IfM  mim,  and  O'M  qnutt        trfamo  tiio  ibrwd* 

|p^^|*.2F*0*  4>  SEPOi  or iitnay  baa donlile nit oonaisting  of  a  pyit>- and  arih^- 

phosphate^  of  tba  ftm  M9*0'.SM*P0*.CIP0.  (RammMerfs  JUlMrBfaAaM^  p.  SSO.) 

wnnUM,   An  acrid  crystalline anbataaoe  obtained  from  the  jniee of  -fliifiadmjptfom; 

(Bouspi V 1 1  :<rA  Kivero,  Ann.  Ch.  Phy.'?.  [2]  xxviii.  -ISO.) 

BOSOWZXB.  A  mineral  from  Lake  Huida,  containing  46*80  SiO'.  33*92  AlO*, 
8*04  ObK>,  4-8S  Ve^O,  1*72  MgK^  and  4-16  watai;  It  tattm  iumpMij  laninatod 
masses,  having  a  light  greenish  yallovCDloiir  and  m^llHtM^  tWIMMIMiont  on  tilAodg|ML 

(IT  in  lw.  d.  Chem.  iii.  942.) 

HVfi&SA&T.   Native  iron-alom  firom  Iceland.    (See  Suij>hjltis.) 
BTAOZITTB.    See  Ziboon. 

STJnfJUrosa  Q&OBOS^  (Lamb).  A  oapboiWaoeoos plasty  tho  pericarp  of 

vhieh  eontaiiis  a  very  acrid  jwiHonous  substance,  r<  sembling  strychnine  and  the  Bllied 
poisons  in  its  action.  The  poisonous  substance  is  uucrystallisabls^  easi]^  sohihle  in 
water  and  in  aloohol;  it  lias  neither  Imrie  nor  add  properties,  but  eannei  ha  riaaaad 
among  the  resins,  on  aocoJint  of  its  solubility  in  water.  The  husk  of  the  fruit  contains 
9-40  per  cent  water,  6*36  gypsnm,  lime,  potash,  and  chlorine ;  2*63  wax  and  chXorop^yil; 
9'64  tannic  acid ;  5*64  reain ;  18*15  etarch,  mm,  and  sugar ;  8*99  Tannsh>like  snbrtaiioe, 
soluble  in  water  and  in  alcohol;  36*00  cellulose ;  and  lastly,  oxalic  acid,  and  substances 
which  can  be  extracted  by  strong  hydrochloric  acid  and  potash-lev.  The  seeds  give  up 
to  ether,  41  06  per  cent,  of  a  green-yellow  fiit  oil,  then  to  alcohol  24*  13  per  cent,  of  a 
Xieadybluck,  brittle  nsin,  resembling  kino;  they  contain  10*7  per  cent,  of  inorgpaio 
m  >t f ev<^    (J.  13.  H  e  n k e  1,  Arch.  Pharm.  [2]  m,  16;  JabroabeB.  1888»  pi.  632.) 

HYA.X.ZTS.     See  OPAL. 


8yn.  with  Trachylyta. 
A.  harytie  ftlspar  wscmhling  adalariat  diseofered  by 

Sartorins  v.  Walt  er  sh  an  s  e  i  f  1';  Ann.  xeiv.'134  ;  c.  517)  in  the  dolomite  of  the 
Binnenthal  in  the  Valais.  It  is  tiannyarcnt  and  colourless  when  pure^  bat  often  milk- 
vhite£cmnadaiiartava  ol  solphate  or  harinm.  Haidneea  bettreaii  6  and  7.  Spadfle 
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grtritjr  »  2*77  to  2*83.  li  faimi  moDOolixuc  crystals  rcsombling  those  of  advWiii, 
•P  .  oP  .  +  Poo ,  oftrn  with  ( c»Pao>,  Angle  »P:  ( ooPoo )  -  l20o  35' ;  oP  :  odP 
-=  112°  0';  oP:  +  P^  =  13a<>  36'.  Clmrage  porfbct  paraUol  to  Poo  (Walters- 
hausen).  The  aoaijrsis  of  a  perfectly  limpid  apeciiiMli  bj  Stoekftv^seliev 
{Kenngott'a  UebfrsicJU,  1856-^7,  p.  107)  gave: 

SIO«  Al<0»         B«»0        Ca'O       M«»0        K«0         N«*0  WO 

£2-67       Si  lt      1<*06  diM      7'83  0*69  -»  M-as ; 

whence  the  formula  J^^jsiO'  +  Al«0».3SiO'  -  ^^J!jsi»0«  (BaiK»)'lo«j 

ii'¥^z.osii>£RXT£,  A  variety,  of  chryaolite  from  th«  EiiiM  r^tubl  mountain  in 
t'u^  Broisgiiu,  where  it  occurs  in  yollowish  and  brownish-red  cr}-stnk.  It  oonlaiBV 
81-63  SiO«  32-40  Mg^O,  28  49  F.  «<>,  018  F*  'O*  2  21  Al'O*,  J  79  KH),  and  a  trace  of 
ehromium.  To  bring  it  under  the  formula  of  cluysoiit*,  2M''0.8iU*  or  M*d&OV  ^  ^ 
 to  ffq^poBftthatpirtaf  theaiUcaiBiioiiioiiil^^  — 

Bee  PALAflOMniL 


BTSAITTOXC  ACZB.  C'IPN'O*  (?)— An  aeiJ  proiluctJ  l.y  tlio  action  of 
potash  on  aliantoin.  On  supczsatorating  the  solution  with  acetic  acvi,  precipitating 
vitfi  Mtiitoaf  Imii^  dcconpoiiBiF  tiie  lead-ealt  widi  ndpiranCtod  hydrogen,  and 
*  vaj)onitiug  the  fllt4>red  liiini'i,  tli«  acid  is  ol»Uiin<  <l  as  an  unctjstaUisable  syrup, 
deliqaosoent  and  intohiye  in  ahxihol.  It  probably  '*^'>^f''RT  (be  eienMoli  gt  "'HrtiTTi 
flMlat.wMttr(0mrHKH*O).  (Schlieper.) 

^nwBMftliyiftBtoic  aoid  it  abo applfed by  Baerrr  to  Madd  iiciMd  ftonb^ 
^aotoia  by  adonioB  of  the  elemr-nf^  of  vtiiter :  no  daenptinn  of  it  has  yet  been  giren. 

BTDAWTOZV.  CH'N'O'  (A.  Bfi.»y<T.  Ann.  Ch.  rhami.  exTii.  179.)- A 
conpoond  belon^ng  to  the  panihaain  add  group,  produced  from  *"«»ntAVn  bjr  the 

C«H«N«0»      tBI   -   CH'N'O  +  C«H«NK)»  +  P. 

Aliantoin.  Hjdantoln. 

Also,  together  with  a  amali  <juauuty  of  aiianturic  acid,  by  the  action  of  hydiiodie  aeid 


AUox  iuic  acid«  liydantoin. 

It  nrytAsMmm  with  great  farility  in  colouriebb  crystals  eaaily  soluble  in  water;  tastes 
l^^fgw^  ^gartiiamtiabetwmUwtaatk  Itiiooiiviitcdt^ondatiMiinto 

C»H«NK)»  +  0    -  CH^NK)'. 

Hjdantoin.  AIUdUuIcmU* 

Wir ';Trtfi"r  i*  f  tt?  I'aeyer's  hydantolo  acid. 

A  term  formerly  applied  to  hydrochloric,  hydrobromio;  h^dri- 
odic,  hydnttluuric,  and  h^r^lrocyanic  acids,  to  distinguish  them  from  adds  contamicg 
OlTgen.  Thedi^aMtioii  1^  howoyer.noloilgvaaiBMll^ 

Hf.lt^  of  !; v>1rf>cr^n.  Arin^.) 

BTSKM&TUO  ACXn.  C'^H'^O".— An  add  i)roduccd  by  the  decompositiaaol 
todopropionic  add,  wben  a  sohstioa  of  a  talt  of  that  aoid  ia  heated  to  boiling : 

^  $SPO   -  (m»G»  +  4BL 

It  it  nott  easily  prepared  by  digesting  iodopropionic  ndd  with  exattt  of  silrcr- 

oxiflt»,  d<»<y>Tnpo«nnf;  the'  rc«?ulting  {.ilvc-r-.f.iTt  with  sniphydrio  acid,  and  ."rnpomti'nc;  tlie 
filtxiil«.  Hydracrylic  acid  tlit'u  remaiiis  in  the  form  of  u  syrup,  miiod  with  slender 
needles.  It  it  tribasic ;  nearly  all  its  salts  ara  easily  soluble  m  yntm,  and  manj  of 
Ihtm  am  dtfoompoaod  by  h<  nt,  with  formatit^n  of  nm-He  aind  : 

Bjilf asfyUe  asU*     AcfyRe  asM* 

The  cupric  gait  is  a  blue-groen  vamislu  TIk-  had-snH,  C'-TT"n)'0",  fonns  a 
crystalline,  deliquescent  mass,  ]>crfecUy  intolnble  in  alcohol,  nnd  deonoposiag  wh«ui 
heated  to  between  ISO""  and  200^.  The  Hhet-talt,  C^'*Ag*0",  it  a  floeeoleot  nasa^ 
becoming  dark-coloured  and  amorphous  when  dry,  easily  soluble  in  water,  sparingly 
in  nlcolioL  in.tolublo  in  Other;  dMompoaiag  bdbw  lOtt^*  (.Boilttoii^  Ajul  Ch. 
Phami.  cjLxii,  366.) 

nMUUMBMM*  A  group  of  toMia^  diaaiidot  (L  17SX  Ibfned  lij  the  action 
▼ocXU.  '  V 
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of  Ammonia  on  oeatain  aldd\yde^  2  at.  cf  anunonia  uniting  with  3  at.  of  tiie  alda* 
Iqrdip,  tad  I A  wttm  baingdiinuHitod,  as ahom  bf  Hm  tqmHtm^ 

9CmH>     +    SOT      «      N-(C^«)«    +  tB*0 

Bitter  Almond  Oil.  Ilyilrotiwii 


Hm  following  ore  the  bijdnmides  at  present  known 

Furftiramide  ....  C"n'^'^0»  -  N«(C»ft*0)» 

Hydnuttttmide     .      .      .  C«H«N*0»  -  N«(Cll«0)> 

H;diob«nmidft  .      .      .  C^E**Xt*  -  ]!i\<r&')> 

Hjdiocintiaimd»  .           .  Q**B**R*  «  H^G^frf 

BjdnMlicjlainM*.     •     .  0"H"««0*  -  lSP((Tt^f 

BjdtobtoniOMlfiTlaniUla     .  0»H«BrW)»  <*  VI\C<'fPBtOf 

H7dMdiIoraMU<7knid»      .  C>*IP*Gl«IPO«  -  IiXO>ft*CIO)F 

Glycosine,  N'(C''n^)',  from  gljoxal  (ii.  919),  may  also  be  regar.loil  as  a  laydrainidc, 
or  ntlier  hydmnjine. 

Tho  iildi^hjdos  of  tlip  fntfy  ncicls  (aoetic aldehyde  and  itt  hoowlaguea)  do  not  afpnr 

to  vi*ld  cumpounda  of  this  class. 

The  hydmmides  arc  orvRt.'dline  soHda,  {nsohiUi*  in  witttv  aolkblo  in  alcohol,  sot 
voLitilt^  without  decomposition,  and  not  pmR(»s«t!np  alkaltnp  prr>pprtit»«  :  but  when  left 
in  contact  with  strong  enustie  alku.li«i  (Fowucs),  or  whiuj  Himpl^  raised  to  a  high  tem- 
peratove  (Bertagn  i  n  i),  they  are  converted  into  isomerie  oompounda  poWMlillg  ■faNng 
basic  proportlcs,  r.  q.  furfimiinido  into  farfiirinc,  hT«1robenzamido  into  aninrino.  Tho 
difi^NreDce  of  constitution  between  these  Wsfj^  and  the  corresponding  hydramides  U| 
not  fKtdmSy  mdcaatood;  hat  Borodine  has  shown  that  amarine  contaaiw  a  Luser 
n n     1   f  atoms  of  voflaeMbla  ]^jdM)g«n  than  ita  iaomei^  lijdiobeiiauDideti 

iiyi>ltOnKK2AMU>H.) 

Soma  hydnmidM,  e.  g.  hydrobemamida  and  lr^rOBaIieylairid«^  an  deaonpamd  hf 

acidn.  yli'Miiij^  Hmmonia  and"  the  corresponding  aMohydes.  By  8ulphy<lrio  aoi<l  f  h.>y  ure 
converted  into  sulphuretted  aldehydes  (thialdida<<),  r.  y.  ftufuramide  into  thiofurfol: 

C»fl*0)«N«  +  3H«S    -    2NH«  +  3C»Hm 


C*H'y^'.  Dmilphhh'  of  SulpJiocarhaminnnium,  Pih^'lro- 
tulphuretted  Sttlpkocj/OMgrn  (Zeise.  Ann.  Ch.  Phiam.  xlniu  95;  I) ohn»,  ibitU 
facxiii.  27). — 'When  enloriiia-inAer  ia  added  hy  mmXl  pnrHona  to  a  aohrtira  snlpho- 
earbonate  of  ammonimn  in  5  or  6  pfs.  of  wdti-r,  and  the  liquid  being  well  shaken, 
care  being  taken  to  avoid  an  excess  of  chlorine,  this  body  i»  produced,  as  a  floccnlcnk 
crystalline  precipitate,  which  must  be  wuftied  with  eoid  water  till  the  wash-water  no 
longer  reddens  ferric  salts,  and  dried  in  vacuo.  It  is  also  produced  bj  bMting  an 
aqueons  solution  of  sulphorarlKinate  of  ammoniam,  flnt  "wwk  a  hlge  «8eeaa  «f  anl- 
plmric  or  hydrochloric  Acid,  then  with  a  ferric  salt. 

Hydrenzotin,  whi;n  first  prepared,  is  colourless,  with  a  nacreous  liiatxc\,  and  in^ 
odorous;  Imt  nflorawhik'  it  pves  off  .sulphuretted  hydrogen.  It  vfry '^pariuf.'ly 
soluLlu  in  Jt-alt  r,  dis.soh  cs  \ritUout  alteration  in  aJcvhol,  and  is  dissolved  by  '  t/u  >•  iu  vt-ry 
lai^ff  quantity,  but  with  some  alteration,  tho  solution  reddening  litmus.  An  alcoholic 
Bi'lut  ion  of  potash  dissolves  a  coiisidt  ralilo  portion  of  it,  yielding  a  neutral  liquid,  which, 
w  Lt-n  Wiled,  yields  sulphide  of  potassium,  sulphocyanatc  of  poUsainm  and  sulphur. 

The  same  tranafiMeaMdan  takaa 
rtffflj^rt^  alaaiial: 

C«n«N«S«    -    IPS  +  2CHN8  +  S. 

The  compooikl  is  not  docomposed  )jj  trituration  with  oxide  of  lead,  unl^  the  mix- 
tore  is  iMated.  By  ttry  tUHmoHm  it*  yields  sulphide  of  carbon,  accompanied  by  a 
little  sulphy'^rlo  acirl.  and  Mil pliyd rate  and  eulpliocarbonate  of  ammonium,  leavins.'  a 
small  quantity  of  a  black  gubatanoe.  It  is  not  perccptibiiy  decMnpoaed  bj  sulphurio 
or  hydrochlone  aoid.  ^ 

■  iBMUHMlMgln,  SSmilaMUmrn*  fte.   See  Hwomuimi  Kaacra- 

ETUYI  ,  &C. 

BT3>IULRCYI<I>ZT1^.    !^e  OlBBSITB  (it. 
KYBIliUtOYIluiVA.    ^vii.  with  Mp.nruHY.  '* 

Bir]»JLAJiTIVj|t*jwiu  alkaloid  diuQevercd  by  J.  B.  Perrins  (Pharm.  J.  Trans  [2] 
ill.  H»)  ia  tho  toii^iffehrtuti*  Omiiimtii,  itt        it  exiata  totha  anwiatrf  aliont 
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1|  per  cent.,  togethi^w  lUi  berborine :  it  appt^ars  aUiO  to  hare  been  nrevioualjr  noticed  in 
1S51  hy  DvLTmnifjAmtfr,  J.  Pham.  xxiJi  113).  It  ia  tvj  mlible  in  dilute  miaml 
acids,  which,  thn  oth.^r  haiul,  di<f.>*olv»:'  IxTborine  but  fparitigly:  it  may  tlierefore  be 
eonTpnieBtly  obtaiue^Jfrom  the  alcoholic  mothei<>liQiKNr8  remaiuiag  after  the  aepamtion 
«r  botwriiM  (itPfT  For  tbii  pwpoa^,  die  aleohol  it  dirttUed  oi(  and  the  liqtiid* 
IfiT^ely  diluted  with  watpr,  is  caufiously  mixed  Avifh  animiDiia  fill  the  result injj;  preci- 
pitate, coiwiwting  of  a  dark-coloured  zosiu,  no  loiiger  diaa^pean  on  otirriug.  If  the 
lUtnitA  b»  tiMoi  niBed  -with  a  slight  ero—  of  anmmiia,  hjmt^M  h  precipitated  aa  a 
bnjwniah-yellow  powder,  appearing  like  stardi  under  ibe  tnlorosr.ij,,',  aud  gmdually  be- 
cominggyataliiae.  Bj  re^ettted  ajwUiULiMitioo  from,  alcohol,  with  help  of  animal  char- 
eoal^it  is  obtained  ia  ttmarfeea.  awninpr,  fotir^ded  |iilain,  beeotting  dull  when  diy. 

Hydmatine  is  iie.u-ly  iubolublo  in  waUr,  but  dissulves  e.-isily  in  (Ucuhol,  eiAer,  chloro- 
j^rm  and  bensene^  and  may  be  extracted  directly  from  the  pulverised  root  by  heating 
it  in  a  percolator  widi  either  of  theee  solvents,  uinther  of  whieli  will  dissolve;  bcrberine. 

Hydrastine  melta  at  atemperaturo  a  little  abore  100'^ ;  it  haa  a  sharp  bitter  taste,  but 
«doess  not  appear  to  be  poisonoua.  Strong  nitric  acid  ooloum  it  yellowish-brown ;  with 
axdphoric  acid  and  chiomate  of  {mtaaainm,  or  psroxide  of  lead,  it  assumea  a  brick-red 
to  — Ttninft-xed  ooiayr.  JtoiotouoiMiiMJttdwrth  d>kritte^t«r  wtKffmtk  Una  ^~ 

r*»««*enre. 

The  tHilt«  of  h^drabtiue  are  for  the  most  part  soluble. 

Thittimliatpiplfod  to  mnpondi 


ingosygenaiid  ^drogen, 
in  tbe  im  oC  vitar; 


liydrate  of  sodium 
Sulphuric  aeid  . 
Crystallised  alum 
Cij^ataUiaed  gloooso 


Ha'O.HH) 
.APK.W.6HK) 


|]ieivboI««rptftof irUah«itifl% oraujbeB^poead  tooivlk 

Hydrate  of  chlorine  .  .  C3.5H*0 
HydmtedehkrideoflMxiitm  BiCLHK) 
Cryjitallised  suUhaneuate 

ofaodium  .  .  SNa'AsSMdHK) 
B>idnteof  tmpentiiie     .  0**Hm.2H*0 

Hy  drated  oxides  may  be  regarded  either  aa  oomponnds  of  watt^^r  with  anhy^OM 
oxid.'H,  as  in  tlie  fonnul.x-  of  hydnilo  of  sixliuni  and  sulphuric  acid  above  S'N  '"".  ^^'^^ 
water  playing  the  ptirt  of  au  acid  in  the  one  cause  and  of  a  base  iu  the  other ;  or  aa 
flSMpoaada  teaied  from  a  auiple  or  complex  nMleeak  of  water,  nHK),  by  the  replnccK 
meut  of  pnt  (BiMtlj  half)  «f  the  ^yjie  iodcogMi  hj  ft  nkliole  either  poiitiveoviMBnne: 

Boiic. 


WO 


Vel 


Platinic  bjrdma. 


0* 


Pf 


0' 


Hydrate  of 
aluinlDiu 


Jtnnlniuai. 


0» 


SUnaic  hj4rale 


Sulphurisadi. 

Orthophotphorte 
add. 


Bthylie  aleobol* 
dyeol* 

(C.h;)-|, 


0* 


Olycerlo. 

H" 


add* 

(so»r  \ 

H«  ) 


TriMhvlvnic 
•Icooo). 

TetfeChjieaio 


GljrceroUrtarie 
acM. 


PaoMlijrtoBla 


Triglycerin. 


The  laat  three  componada  in  the  third  column  and  the  laat  fbot  in  the  fourth,  afford 
eawBifliw eg hydtfttee in  which  »ote  thai  betf  the  typie  hydM^n  ienglMed  byaa 

»  9 
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acid  or  alcoholic  radicle:  other  examplea  of  pnch  hTdratee  (which  may  also  bo  regarded 
an  anbjdzide%  ?iMwmw;h  w  they  are  fotnned  by  d^^rdntian  of  nannal  hydratM)  will 

Gltctkotaktahtc  AClM(ii-  893). 

Metallio  hrdrafps  fstuB  the  elements  of  water  with  varioua  degrees  of  fbroei 
Rydrato  of  C(^i>p<  r  paitt  yASk  ito  wratar  at  a  tnj  nodanla  beat ;  liTdmte  «f  mMnm, 

at  a  strong  red  lu  at  :  wliilo  tho  hydr  .t<^«  of  potiissium  and  Kidium  arf  not  decomposed 
hjjr  the  MbtoagBt^  heat  that  can  be  applied  to  them,  fivdmted  acids  likewise  cshibik 
*  'fukm  degme  of  alaUlitj.  TrflMMke  phosphofio  aeHI,  M^.tlTO  or  FHKH,  giv«t  off 
part  of  its  water  at  a  red  hcnt,  boing  c<>iiv»n»"<l  first  into  the  dibasic  acid,  P'0*.2H*0, 
and  nUiniAtely  into  the  monobasic  acid,  i:^0'JiH},  which  lesista  farther  deoompositioa. 
The  hydrates  of  Tolatile  acidi  eidiflih  nnariDalite  XhAir  pitm  dt- 

eumstanees  of  prossure  and  t©mjH?rature8,  there  is  for  each  aoid  a  certain  pro|xir(ion  of 
water  wliirh  forms  a  stable  compound,  a  wi>aker  acid  under  that  preetmre  and  tempe- 
rature j^n  iug  off  water,  and  a  stronger  acid  giving  off  add,  till  the  most  stable  coznponnd 
vomains  behind  (Sosco e,  Chea.  Bo9»  Qa.  J.  wSi,  146).  8m  Buumumm  AOB^  MOnO 

ACm,  OkI  OUHTPUIC  ACtTl,  &r. 

Tho  liydratt's  of  the  stronpt  r  acids  and  bases  maybe  formed  by  direct  combination  of 
the  anhydrous  base  or  acid  (anhydride)  with  water,  the  combination  being  sometimes ai^ 
tended  with  great  evolution  of  hcut,  lU*  in  tbe  case  of  .iiiljihnrio  acid,  liaryta,  and  lime. 
In  Other  ca^es,  the  hydrat**  cannot  be  funned  dirt-ctly,  and  in  otii«T>s  again  flu-  union 
tdsei  place  but  slowly.  Acetic  anhydride  may  l>e  left  in  contact  with  water  for  severd 
days  without  dissolving  in  it  ;  but  on  tlio  application  of  heat,  it  gradually  dissolTes. 
Among  organic  acids,  it  is  found  that  dibasic  acids  are  formed  by  the  din-ct  imion  of 
tiie  i^ydnde  and  water,  and  that  the  hydrate  may  be  decomposed  by  heat :  this  is 
the  case  with  succinic  and  tartarir  acids;  whereae  the  Ijydrates  of  monobasic  acids, 
such  as  acetic  acid,  cannot  be  thus  deoompoaed  fay  heat  alone.   This  difference  is  pro- 


bab  W  related  to  tlw  ftc^  ^  ^  OfllMiife  9t  %  dOiMio  add,  Uka  meeUe  ad^, 
(C«H|<>«)  |oa,eai||||uaiifld0Dt]ramlMrof  alOBMO^ 


whereas  the  molecule  of  a  monobiisic  acid,  such  as  acetic  acid,  >  0,  does  not. 

The  hvdratea  of  lithimn,  «dium,  potasaiom,  baiiiim,  ationtium,  and  ♦'^■"'I'tt,  are 
•asfly  sohifala  In  imtflr,  fcnmng  t/tno^j  aOnuiM  aolvfioiiB ;  hydrata  of  eMm  la 

modcndcly  eoluble;  the  oth*T  metallic  hydrates  are  in^iolulde  or  nearly  so;  those  of 
flaameaiam,  mercuxy,  lead,  and  silyer  are^  however,  sparingly  soluble.  The  hydrates 
of  tba  nom  add  or  dilorova  radicleB  ars  aO  more  or  len  soluble  in  water,  with  the 
WBaptioa  of  certain  organic  aoidi^  of  high  atomic  weight,  such  as  the  higher  memlx>rs 
of  the  ihtljaoid  seriea,  palmitic,  stearic,  oerotic  acid,  &c :  these  bodies  dunolva  xeadi^ 
in  aloohd  attfl  in  ether.   Bimilar  lemaiiEa  apply  to  the  alcc^olic  hydiHtes. 

In  many  hydruted  conqraonds,  part  or  the  whole  of  the  oo^en  and  hydrogen  ap^ 
pears  actually  to  eii.«?t  as  water,  as  in  bases,  salts,  &c.,  containing  water  of  en  "-t  illisation : 
c^.  aystallised  hudraU  of  barium,^  BaH0.4H«0,  crjfstaliised  alum  (S0*)-A1"J\.12HH). 

oaa  aaile  m  tidi  BMnner  with  salts  and  other  bodies  in  the  most  varions  pro- 
poction<i,  sometimes  onr*  molecule  of  the  f<alt  b*iintr  nnit'-d  with  several  molecules  of 
Vater,  as  in  the  iustances  ubove  given,  and  sometinu-s,  though  less  &eqaently,  one 
aolaoBla  of  water  vith  two  or  more  molecules  of  the  salt ;  sometioioa  la  aaara  i^wqplint 
proportions,  as  in  crystallised  yutratr  r>f  titroniiutn,  2NO*Sr.6H*0. 

Water  thus  united  with  n  wilt  or  otht  r  body  is  for  the  most  part  enielled  at  100°  C. : 
aoBM  aalts,  however,  rctjiin  part  of  their  water  with  greatar  taaaoi^  than  thr  raat ;  thus 
crystallised  sulphate  of  zinc,  Zn'S0*.7H^0,  gives  off  6  at.  water  at  100°,  but  retains  the 
■eventh  atom  till  heated  to  238° ;  sulphate  of  magnesium,  Mg^0*.7U*0,  eadiibits  a 
aiaiflar  depottBMBt.  Moreover,  this  last  atom  of  water,  wbidi  nj  ita  flroatar  ataUUly 
appears  to  be  more  intimately  united  with  the  salt  tban  tlir-  rest,  majoe  MpUwad  bj A 
XBolecule  of  another  salt,  as  sulphate  of  potassiiun  or  ammonium : 

Crystallised  sulphate  of  zinc     •      •      ,         Zn*SO*.H*0  -f  6  aq. 

fiolphateofaiiicandjpotassiam        •  ^l^y^^S  +  yjj; 

Wator  Vnited  with  a  salt  in  this  manner  is  called  by  (imham.  crmittituiionaJ  iratcr, 
to  ^Uilingnish  it  from  water  of  cryatalliaation.  Liebig  diatiaguiahea  these  hydruted 
aoofovDds,  e.  g.  ZM3^JSS),  by  the  tam  kM^fintm. 


IS.    This  term  ia  qi^lied  chiefly  to  tlw  eomponnda  of  l^ydwyu  with 

metals,  aloohol-radielcs,  and  organic  acid-radicles,  f.g.  kydnda  Of  AMi^  Cft'H; 
l^dridf  of  ethyl,  C^li\Hi  hydride  of  benioyl,  C"H*O.H. 
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Metallic  HydridcB.  A  few  only  of  these  componnds  are  known.  The  most 
important  aro  tho  ga8*x)ua  hydrides  of  arsenic  and  antimony^  AsH"  and  SbH* 
(i.  322,  871),  formed  on  the  ammonia  iy^  Photphoretted  hydrtHjen,  or  fko^iuammf 
FH*,  belong  to  the  samo  cK^-.  Tht-re  u  also  a  solid  hydn'do  ot*  ars»^nir,  rappo^ed  to 
have  the  compoaition  Anil',  produced  when  water  is  electroljstxl  by  a  strong  current; 
with  metallic  arsedb  toe  Wglliiw  polfli  It  is  doubtM  whether  a  hydride  of 
bismuth  t-xi-sts,  an:iIof3joTO  tothc  gnaeotts  arsenidee  of  arst^nic  and  .intimonT.  Hydride 
of  copper,  Cu'H  <xe  CcuH,  product  by  the  action  of  hypopLosphorous  acid  on  aqaeona 
enponc  m^phstc^  femaricahle  for  its  reaction  with  hycuochlorio  acid,  the  products  of 
•wliich  nvf  cuprous  chloride,  CcuCl,  and  free  hydrogen  (ii.  66),  A  hydride  of  iron  has 
been  obtained  by  Wankijn  and  Gariva  (Ann.  Ch.  Pharm.  czz.  69)  bj  acting  on 
HmMMMavfthdMO^  Itiiftl)lMk«etdIi*pMMl«^vU0bgiTwdrhydiog«B 
vben  immersed  in  water. 

Hydride*  of  Alcohol-rndicte!t.—\.  Of  tho  radicle  C"II-"+'.  Those  hydrid^a 
are  tiie  homologu<>s  of  marsh-gas,  or  hydrido  of  metht/l,  CIP.H,  the  lowest  term  of  the 
— iCB.  The  hydr:  1  ^  f  ethyl,  trityl,  and  tetrvl  are  gusoous  at  Ofdinar}-  temperaturos ; 
th<»  rfst,  np  to  C'*H",  the  liiphest  yot  olttained,  aro  liijuids  of  ni^f^  "r  Ih^s  di.H;igr»>t?aT3le 
cnloiir,  burning  with  u  blightly  amoky  flume,  and  rtguLurly  incnn^ijig  in  Bpeatic 
^dvitv,  xnfovdmmtj,  and  boiling-puint,  m  their  atomic  weights  become  gMfltflP. 
Too  hiKheat  tooM  ol  tl^  nciflp  wfll  doobtkM  bo  i>imd  to  b»  loUd  wkkm  wA 
piuraflins. 

Hydride  of  m^l  (marsh-(a^)  is  produced  by  die  pntfefeetiea  ond  dry  diatilUtioa 

of  orjranie  hodi**8.  and  by  distilling  acvtfr  ,  '  1  nr  acetone  with  exeess  of  pot-v*)!!  (i.  12). 
Hydride  of  etJ^l  is  obtained  by  the  decoQiLK>itit.iou  of  ethyl  itself,  which  under  certain 
~      liite«UiOQnpon^oid«llVkoo(a  M6): 

of  ethyl  is  decomposed  bj  ifeo  in  presence  of  water: 
2Cm*l  +  H«0  +         -    2(0«H»^)  +  Zn*I»0. 

ITyilride  of  A  tri/I,  C^IP.H,  is  produced  by  heating  tctrylic  nleoliol  with  chloride  of 
siuc,  aod  hydride  of  a^a^l,  C*1I".II.  top«'ther  with  several  of  its  higher  homtilogue*,  by 
•fanilar  tn  at  mt  nt  of  amylic  alftjli  1  :>  UT). 

Hydride  of  amyl  and  some  of  its  honiologucs  are  also  contained,  fogetlier  with 
other  hydrocarbon in  the  light  uik  resuliing  from  the  distillation  of  Bogh<Mid  coal 
i^t,  Williams,  [  .  1  Tkaim  1857.  p.  737;  JahretlMb  1857,  p.  437.<~Cliem.  See  J. 
TT.  13fl),  and  of  AVigan  cannel  coaf  (vSchorl ommor,  Ch«  n».  S<ku  J.  xr.  419):  for 
the  mode  of  separating  them,  see  p.  146.  Many  uf  thcac  alcoholie  hydridwa  are  also 
eontained  in  Ammcah  petroKum  or  earth-oil  (which  indeed  appf  a;  -  t  j  consist  almost 
entirely  of  them),  hydride  of  hcx^l,  C*ir\  constituting  the  principal  i)ort  ion  (I*  el  ouzo 
and  Cahours,  Ami.  Ch.  Pharm.  aouv;  czxrii.  196 ;  crrix.  87).  They  are  separated 
by  fractional  distillation,  and  porifled  by  successive  treatment  with  sulphurie  acid  and 
carbonate  of  sodium,  demceation  with  an'iydroua  chloride  of  calcium,  ui.<*tillation  over 
sodium,  and  final  rMtillcation.  In  thu  manner,  Pelonse  and  Cahoars  have  obtained 
tmlpo  vt  tbsM  l^diidM,  ladnMvBdcrtliogaiMKalftnBiiIoO'BP'^,  ftoubjdrido 


Spcctf-:^  GrnvitifS  and  Boiling  PrVnf--  of  Ah^oh'^Ji^  Tffi'Jriih'n,  CTT*"*'- 


Hydrides  of 
Tetr\'l  CH'" 
Amvl  C*H'^ 
Ueiyl  C'H'« 
Hepivl  CH" 
Oetvl  C*H« 
Nonyl  C-H» 
DiK^tyl  C'»H" 
EndwatvlCH'" 
DodecatylC'lI-' 
TridecatylO»H» 
TetndsM^ 

(?*H»  . 
Pentadecatyl 


Sppclflc  gfsvltlci. 

Boiling  points. 

Pelome  and 
Cat»Km. 

.Schor- 
IcwBcr* 

WW* 

Pelouse  kod 

Wurta. 

0-628  at  17«* 
0-669  „  16 

0  699  „  15 
0-726  ,.  15 
0-741  „  15 
0-757  „  15 
0-765  „  16 
(0  776  „  20 

0-636  at  17<» 
0-678  „16-6 

0-709  „  17-6 
0-719  „  17 

•  • 
«  * 

•  • 
«  s 

•  • 

•  • 

•  • 

0-728  at  0° 

•  • 

•  * 

•  * 

HtdSftboTeCP 

30° 

68 
92—  94 
116-  118 
i:i6~138 
100—162 
180—184 
196—200 
SIC— 818 

390_  40O 

68  —  70 
;)8  —  9'.* 
119  —120 

•  • 

«  • 

28°—  30O 
60  —  64 

116  —118 
134  —137 

•  * 

■  • 

•  • 

236—240 
266—260 
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of  tetiyU  C'H",  boUing  at  a  few  degrees  above  0°.  to  hydrido  of  p«itaa«»tyl,  C»»H", 
iMiUing  betwMn  %6S9  and  2«0«.  1%«  oO  ska  yMM  a  quantity  of  liquid  boUing  abonra 
300°  and  doul)tlt>»s  oontnininp  sothp  of  the  hitrner  trrms  of  tho  pnme  Kfries.  Mon  oTpr, 
in  boring  for  tL  latge  quantities  of  g:t<i  escape,  exhibiting  the  characters  of  niarsh-gaa: 
hPHM  it  is  pmbablo  that,  in  the  great  geological  changes  wUdi  baifa  given  riae  to  tha 
Bppar.ifinn  of  this  n'markablp  liquid,  ihf  whole  8eri«  s  of  homologona  aloohotliydadw 
O'H'"^''  has  been  produced,  from  marsh-gaa  vp  to  the  hi^iest  paxaffins. 

The  preceding  table  (p.  181)  evfiiMta  the  apraiflo  gmritMi  mid  boOinp-pointa  of  tha 
alcoholic  hydridea  obtained  from  those  seveml  aonrces.  Tho  vapour-dfri-^itifs  hnvo  ulso 
been  dotermined  in  all  casefl,  and  found  to  agree  nearly  with  thoae  calcuUted  Ijom  the 
respectire  formuUe  fbr  a  condenmtion  to  2  Tolnmea.  Wvli^a  diMmiMilioM  vcta 
■une  on  tha  hjdridM  obtaint  d  by  tho  decomposition  of  amjlic  aloolHl;  Bohoriemmcr's, 
on  those  from  cn nneUna^itha;  thoae  of  Pelooaa  and  Cahifmf%  OB  tiw  l^^kidea  ftota 
Anierif^an  iwtruUum. 

Theae  alcoholic  hydrides  are  very  stable  compounda.  They  nr*'  little^  if  at  all,  aeled 
upon  by  fuming  nitric  acid,  gtrong  tulphuric  add,  or  hromiiu ;  but  cUorim  QOllfWttS 
them  all  into  the  correHpoudiiig  alcoholic  chlorides  OlI^^'Cl. 

Each  alcoholic  hydride  of  tiie  seriae  CBP^^JI  (except  hydride  of  flwtM  it 
iiM0diikmmgoiSaomyriik%m9Uk,iA^   


Hydride  of  Ethyl  CnP.H  Methyl  OH».Off 

„       TritvlC*ir.H  m  Methyl-ethyl  CH*.r-H» 

^       TofnlC^IPFT  -  Ethvl  C»H»C'H» 

„       Amyl  C*ii".H  -  Ethyl-trityl  COP.C'H' 

uAgmmOj:  -  MtdiylrMqrt  OH*.C«B* 

Tha  qaeation,  thex«£oce,  arises;  are  the  membeni  of  tha  two  aariei^tho  aleohol- 
vadi^es  and  their  hydfidcs^  idantioal  op  only  isomfriof  Soon  aftip  tiio  wdatioB  ot  tba* 

alenhol-nidiclcH  by  Frankland  and  Koll.o,  in  1849,  Laurent  and  Qerhardt  pronoanead 
the  opinion  that  these  comnonnds  were  the  homoiogues  of  marsh-gas.  This  view  haa 
not  been  generally  reoeirea  aa  correct  (sea  AiAxmrn^RkomMS  L  96) ;  but  recently, 
Sehorlemmer  (Chem.  Soe.  J.  xr.  426)  has  endearoured  to  solve  the  qaestimi  by 
examining  the  products  obtained  by  the  action  of  chlorine  on  the  radicl^i  and  their 
Isomeric  hydrides.  He  finds  that  etnyl-amyl,  C*H*.  CH",  treated  with  chlorine,  yields 
*  cUorida^  0*H**OI,  agreeing  in  comjtosition,  aa  well  as  in  boiling  pdot  and  other 
physical  properties,  with  that  which  is  produced  by  tho  actinn  of  chlorine  on  hydride 
of  heptyl  (p.  144).  From  amyl.  C'll**,  Schorienuner  obtuinixl,  in  like  manner,  a  cliloride^ 
C'*H?'C1,  boiling  at  about  200^,  which  he  regards  as  identical  with  that  which  WnxCa 
olitainetl  by  the  action  of  chlorine  on  liydride  of  dccatyl,  C'"H-'.n.  From  these 
rusult«,  tjchurlemmcr  cuncludea  that  uo  chemical  dilference  exists  between  the  alcoholic 
Iqrdridea  and  the  iiidieiaa»  at  kMl  anoi«  tha  Ugjbw 

2.  Hydridrs  of  ik»  AXeoka-fuMeU*  OH^^TvD  cMPpowidt  of  llito  mrim  at 
known,  via:—      Hvdride  of  PhenTl  (Benzene)  C^'    «  C«H».H 
Hydride  of  Benzyl  (Tolueii.  )  C'H»    <»  C»H^H 

Both  th^e  hydrides  are  contained  in  tho  light  oils  obtained  by  the  distillation  of 
aoaL  When  treated  with  strong  nitric  acid,  they  yield  substitution-products,  in  tho  form  of 
heavy  oils,  the  formation  of  which  affords  the  means  of  separating  these  hydrocarl.onM 
ftom  those  of  other  series  with  which  they  may  be  mixea  (p.  146).  The  prt  juu-utiou 
And  properties  of  these  hydri  l.  s  have  already  been  ftdly  described  (L  642,  673). 

The  hydrides  of  alcohol-nidicles  of  other  series  have  not  y«-  t  been  obtained. 

Hydride*  o/Aeid-radicles:  The  aldehydes,  referred  to  the  hjdrogett'ljypa  HH, 
wetltuta  fUa  alaas  of  oompounds,  e.ff.  acetic  aldehyde^  0*0*0  «  inTOA;  Maaoia 

aid  '  v  l  -  (bitter-n1nir !  .ilV  crn'O  -  C-HK).H  (see  Aldbbtdbs,  L  110)^ 

HTI>SOA&OSTZC  iLCZS.  An  nc\d  formed  from  aloctic  or  chrysHmmic  acid  by 
th''  action  nf  wattT  and  stannous  chloride.  A  dark  violet  powder  ia  then  produced, 
which  at  120^  contains,  acoofding  to  MnUhr,  AlO".0**J?*A*O".  This  stannic  salt, 
treat  <d  with  puta.sh,  p^'vcs  off  ammnnin  andasfinmes  ablne-riolet  colour ;  and  when  heated 
with  titruou  uiiric  acid,  gives  uH  uitruus  fumes,  turns  red,  and  yields,  first  aloetic  acid, 
th«t,  aAerJM«erboaU««hqpnaimk«Bid(Xald«i^Ajn.  Ch.f^^  Mf). 


lAV ATITE.  A  hydrated  phos|:^uifta«f  flilainii,  wtaining  flnoriiM^  Aiuiid 
im  milk-white,  translucent^  warty  concretions,  in  clefts  of  a  fpmjffinotiR-arpril- 
heaooa  roek,  imbedded  in  a  black  slate,  near  St.  Girons  (Ari^e)  in  the  I'yn-nees. 
Itaenitdw«fliiai><ap«r,h«tiaKntoh«dl)7staaL  Spedlle  fmvity  •  9*10.  Itoontaiaf 
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40O0  percent  P=0»,  52-35  CVO,  3  36  F,  and  6  30  water,  togctlier  with  6-43  A-mc 
phoApbote,  aflxeeias  nearly  vnth-  the  furmiUa  U'.2UftF^'0.  (D  amoar,  Ann. 
lUn.  [S]  X.  e<;  JahiMbtf.  MM,  |».874.) 

BTBKOBXJirZAllIZBS.  C"H"N«  Tribenziflene-diamdi \  Hydridi-  .L-o- 
fMuvj/L  (Laurent,  Atin.  C'lu  Pliyj^  j.2j  Ixil  23 ;  Ixn.  18 ;  [31  L  30O.^Bertagnini, 
Ana.  C9l  FliaRiklzacviiil97.)-*^Cbuo^^ 

diamide,  N'(C^Il*y,  in  which  ^  hydrogen  ki  completely  replaced  by  the  diatomie 
radicle  bonzylene,  \»  produced  by  the  action  of  ammonia  on  hydride  of  benzoyl  (]>itt(T 
almond  oil).  When  rectifltd  latter  almond  oil  (boiling  at  ISO'')  is  left  in  conta<  t  with 
aqneoos  aiuiaonia  for  a  Um  itsj%  m  for  only  six  or  eight  boors  if  the  liquid  be  pre< 
tMMdy  heated  to  the  boiling  point  of  the  ammomacaf  solution,  a  flqnMmMiBMa  it 
formpd,  which  mo«t  ho.  ]>rt>'kcn  up,  washed  r.ipid!y  with  ether  t  o  remove  sdhennf^  oil, 
and  then  dissolved  iu  ImjHIu^'  aU-oIiol,  whidi  Kmvcs  undiiwolTed  a  nuiailx  rof  serondioy 
products  resulting  from  the  action  of  the  ammonia  on  hydrocyanic  aoid  contained  in 
till'  I'itti  r  ulmoiid  oil.  Acfonlin^  to  Ekm:ui  (  A  n  Ch.  Phan^'i.  f'xii.  hydn'lu'n- 
oitniide  may  be  obtaiatsd  in  tine  crj'staJa  by  mixing  bittxr  aiiiiuad  oil  witJi  mi  equal 
Tolame  of  ether  and  atroBg  aqfnaoos  ammonia,  and  leaving  tho  mixtitre  at  rest. 

Hydrobenzamidi-  scfnratefs  from  its  alcoholic  solution  in  colourless  octaht^iirons  with 
a  rliombic  base,  tniiii.-at<.<l  on  flieir  longer  lateral  edges.  Aui;les  of  the  terminal  edgesi, 
and  122^;  angles  ot  thr  iateral  edges,  84^  60'.  It  is  insolnble  in  water,  very 
vnluble  in  alcohol  nnd  cthor.  Th<>  en*"«tal«?  are  destitute  of  tasto  and  odour,  but  the 
alcoholic  aolntion  haw  a  tiuste  ot  burnt  almonds.  The  c^stals  melt  at  110^,  Ibrming 
«lliiek«il,  vliif&haiftMPnttMU^  and  MkUdite  aftof  svbilft  to  n  opiqM  hnmu 
■Bass. 

Jkcompontions, — 1.  Hydrobeujiamide,  when  heated  in  the  air,  takes  fire,  and  bums 
with  a  not  nnpleaaant  odonr  (Laurent).— 2.  Between  120°  and  130^  it  dianges  in 
t?ir>  r<  or  fonr  hoars  into  amarine  (Tlcrtagnini). — 3.  T>y  dry  dittt'lliition,  it  yieldfl 
lophiuQ  and  a  atzong-melling  volatile  oil,  leaving  a  small  qaanttty  of  carbonaceow 
nattcT  (Lavrent).— 4  Whtn  the  alcoholic  solution  is  coatinuonsly  boflad,  atiimwifa 
ejsLai  "  .*,  and  on  evaporatinj?  tli.'  alcoliol,  bitter  almond  oil  remains  (Laure nt). — 

6.  llgikd  with  aqueous  chromic  acid,  it  prields  a  large  quantity  of  benjsoio  acid 
(Fownea,  PhiL  Trans.  1S45,  268). — 4L  With  aeid^,  even  at  ordinary  temperatures, 
It  yield.s  Litter  almond  oil  and  the  ammonia-salt  of  the  acid  (Laurent,  Fownes). — 

7.  Boiled  with  potath-kg,  it  changes  gradually  and  without  perceptible  decrease  of 
weiffht,  into  amarina^anly a  ftutodaortrf  Utter  al^^ 

Boi&l  with  alcoholic  pt^tiish,  it  gives  off  a  small  quantity  of  ammonia  and  bitter 
^baood  oU  (Laurent). — 8.  Wh^  it  is  fused  with  hjfdraU  qf  potauium^  the  nuuw 
Iweonea  flxst  light  yellow,  tlMtt  daik  jrsDow,  tad  uMiMtely  htmm  and  Ubdt ;  and  tf 
slowly  heated,  gives  off  nothing  but  ammonia:  if  the  heat  be  confinuinl,  there  is  given 
off,  besidea  annmaiia,  a  auattuio  of  about  4  toL  hydrogen  ^  to  1  vol  carburettcd 
hydrogen.  ThA  Uadt  naidBa  oonlaioa  earbonato  and  cyanide  of  potassium,  bemso- 
stilbin,  benzoloue,  and  a  small  quantity  of  a  yellow  oil,  which  tliickens  and  beoomea 
viscid  on  exposuis  to  the  air ;  the  masii,  which  has  then  become  dark  veilow,  contains 
nothing  but  benaoatilbifi  and  a  conaidaiaMe  qiaaatity  of  the  vellow  oil  ^Roehleder, 
Ann.  Ch.  Pharm.  Ixi.  89). — 9,  ITeated  withpote««></«,  it  yields  a  red  fusible  mass  and 
a  small  quantity  of  charcoal  (Laure  nt). — 10.  When  iulphydric  ocf'cf  is  passed  through 
the  alcoholic  solution,  sulphide  of  benzylene  is  produced  (C  a  hours).-  11.  Aeolution 
ti  hycbrobenzamide  in  absolute  alcohol  mixed  with  a  solution  of  anlphuroue  anhydride 
in  al).«olnte  alcohol,  depositft,  after  a  while,  a  white  precipitate  of  sulphite  of  benzoyl 
and  ammonium,  C*H*(NH*)SO',  and  the  remaining  solution  yield.s  by  ditt illation, 

first  alcohol,  then  dietliyl-benzylciiic  i-ther,  ^(jigijjj^'  (^^-  t)lto,  Ann.  Ch.  Pharra. 

cxii.  305).— 12.  \Miea  hydrobenzamide  is  saturated  with  hydroehlorie  acid  go*,  a 
aompound  freo  ftom  nitrogen  slowly  volatilise  whilat  a  non -volatile  azotisod  compovod 
remain.^  behind,  which  is  not  alt •  red  by  ♦•ther,  btit  ih  dissolved  by  alcohol,  with  sepa- 
ration ut  sal-animuuiac  This  compound  ^liydrochloratt^  of  hydcvbonzamide)  is  rw- 
aolf«d  Igr  Tfitariato  aaUaminwiiaft  and  l^Tdrida  of  banaojl: 

C«H"N«2HC1  +  3HK)    -    2>-TT«Cl  +  8C»H«0, 
and  \^  aliaoliito  akohol  Into  aal-amiBOiuao  and  diatlqfi-benzylenic  ether : 

(Bknan,  Ami.  Ch.  Pluan.  exK.  ISl ;  JaSmsbw.  1809,  fk  SI7i<— Lleka^  ibid.  MS). 

Hydrochlurafe  <  .f  hydrobetizamide,  heated  to  IGO'^— 230^,  yields,  besides  hydrochloric 
acid,  an  oily  dit4illat^  containing  benzonitrile  and  chloride  of  bemqrl,  0*H'C1  (i,  673]^ 
aad  isafaaa  gad^mwni  naidaa^  whidtia  aapatatedtby  digaalkM  with  alwihal  atw^naiy 


Digitized  by  Google 


184 


HTDROBENZAlflDE. 


tempemtoreft,  into  n  brown  aoliition  (A^  and  jefkm  flocka.  Tlie  latter  diMoIre  in  a 
mixture  of  alecdiol  and  ehloroferm,  faemng  a  aofatioa'-wliidi  d^MMita  two  modificationa 

of  lophine,  CH'^N*;  the  one  crystallising  innredlea  -which  melt  at  230°,  the  other  in 
needlea  which  melt  at  170^  (see  LopsimB).  The  brown  solution  (A)  yields^  first,  the 
two  modificationB  of  lophine  just  mentioned ;  secondlj,  a  base,  probably  amarine, 
mtltiiiff  at  90°;  thirdly,  a  base,  C*'H"N»,  wlwoli  meiUM  at  100*',  forma  an  oxalate, 
C-'n-'''N'.C'TT-0*,  cTTstiillising  from  alcohol  in  nnfrpOTw  laminje,  and  ii  j)l:Uimuii-!^:tlt, 
C*'H^N-.lICLPlCl-.2K-0,  in  inicrowcopic  prisms;  fourtlily.  another  mudiiiciition  of  fdo 
«ame  base,  whose  platinum-suit  is  anhydrous  ;  and  fifthly,  an  oily  base,  C"H-'*N*, 
forming  a  hydrochlorate,  which  moUs  at  220**,  dissolves  easily  in  Wiitt  r  and  alcohol, 
and  crystallises  in  six-sided  prisma.  (Ekinan,  loc.  at. — Kiihu,  N.  Jahrb.  riinmi.  xn. 
992  ;  Jahresber.  1861,  p.  404.} 

13.  ITydn.lx  nzaniidL'  heated  \nth  2  at.  iodvl''  of  ethyl  to  80^ — JOf)'^,  yif  lds  a  dark- 
brown  viscid  masH,  which,  after  poriticatiou  by  eolation  in  alcohol,  precipitation  by 
— ""tf  Aoii,  it  flMiid  to  fmnaiit  of  fi-icididB  tt  tTnwff?^lw»4^<<Byl-4>wiftw<*iifawii 


of  sUver  or  hydrrteof  lead,  ;yield8  the  baae  CH^M)  -  r(Crfe«)«(C»H»)«N«]0.  Thw 
base,  aeain  treated  with  iodide  of  (Aibif\  doea  not  jiem  wmj  cosvoouL 

(Borodine,  Ann.  Ch.  Pharm.  cv.  267.) 

Aiuarine,  i.someric  with  hydrobonzamido,  behaves  differently  with  iodide  of  ethyl ; 
yielding  hydriodate  t-f  i  !  ylaniarinc,C''H'*(^C*H*)'N'.HI,  from  which,  b^  healiiigtho 
j-kotash,  diethjlnTnurini'  itsvlf,  C-''H'*(C^*)-N^,  may  !>«•  olrtaiued;  and  thia  ba^,  again 
treated  with  iodide  of  ethyl,  yi.Ms  another  base,  whicli  furma  er}"«taUiae  salti^  and 
appears  to  contain  a  larger  proportion  of  ethyL  This  baae  it  likawiae  aeted  npon  bgr 
iodide  of  ethyl,  yielding  a  hydriodate  ja«t  like  the  fnrmr-T.  ITrnro  "norndine 
concludes  that  amiirine  contains  at  least  3^  at  U,  replaceable  by  t'diyl,  and  rupn-avnta 

it  provisionalTy  by  the  formiiia  N  |  ^(^S*)^ 

Otaloiide  of  Bydrobenzamide,  (^'^'N'O*  (Th.  Miiller.  Ann.  Ch.  Pharm. 
cn.  144;  Jahrtsber.  1859,  p.  3l.i),  is  produced  loj  passing  di^-  cldorine  gas  orer 
hydrobenzamide,  which  then  fakes  up  19"6  per  cent,  cnlorine,  and  melts  to  a  viscid 
yellow  liquid.  It  is  decomposed  by  water:  yielding  &al*ammoniac,  hydrochloiic  add,  and 
an  oily  miztnm  of  hydndeof  lianiiajl  and  WuHMutrila,  boiling  betiiMii  IB/OP  and  190^ : 

C"H"X*a'      SSH)    -    2C'H*0      C'H'N  +  KHKA  •!>  HCL 
Cklorideoriirdio.  iijFicMsef 


By  anhydrous  ether  it  is  r»^solved  into  sal-ammoniao,  and  a  mixtnrf  of  benzonifrOe 
with  an  oily  body  which  boils  at  183'*',  and  has  the  composition  of  chlorohydrobenza- 
mide  (see  below),  but  differs  from  that  substance  by  its  ready  decomposibili^  by  water 
into  benzonitrilo  and  hydride  of  benzoyl. 

Chloride  of  hydrobenzamide  lieated  to  180'' — 200°  is  resolved  into  hydrochloric  acid, 
chloruhyJrobenzamide,  CH'^CIN',  which  distils  over  as  a  colourless  oil,  and  a  re&idiMi 
which  solidifies  on  cooling,  and  is  resolved,  lif  woaamtn  tofltAllieilt  vitk  water,  ekfaa^ 
and  jileohol,  into  the  followinj?  compounds: 

The  aqueous  solution  deposits  on  cooling  a  whito  powder,  which  semratea  fhHH 
aSeohol  in  haid  gnunilar  crystals,  consisting  of  C'^IIXJIN'.HCI  or  C»H"N».C1»;  frooa 
water  the  ffune  compound  crystallisee  with  1  at  H*0.  Ammonia  added  to  the  solution 

throws  down  [?  as  a  hydntfe]  the  base  C^n«N*  -  N-(C-&")*  which  may  be  called 
ietrabenzylene-diammoninm.  The  chloroplatinate,  C"H**C1'K'J^1% ia  eaaily 
adluble. 

Tlie  (  thermal  Holution  depmitn  mrstalline  needlw  in  WMtfll^  gnUuniqg  aft 

800^,  and  having  the  oompusition  C;"H"N*« 
Tb»  iieoMio  adhition  yields  crystala  ittaalQble  fn  wator  and  in  ettep,  and  eoBtahifDf;, 

when  dried  over  oil  of  vitriol.  (>TI"N»  7IC1.2H'0.    Tf  the  ba.se  be  separat.-*!  fron 
aalt  by  ammonia,  and  rediaBolyed  in  hydrochligic  acid,  tlus  solutioa  yields  by  evapora- 
tion a  basic  hydrocMowte^  20'TaP»N«,HCa.«BP0.  Tlw  chloioplatiiiate^  whieh  » liriit 
yellow,  contains  0*W*JQCILftOP  (pktuutn,  bj  e^ediMtt^  17*4  per  oent;  bff 

cakndation,  11"^).  ^   

Clilorafcydrol>en«amlde.  0"H"*C1R».  (T^KBlIer,fo9.«t<.V-Wlien  ebloride 
of  hydrobenzamide  is  heated  to  180^ — 200^,  this  compound  aistils  over  ai  a 
colouiieas  oil,  heavier  than  water,  and  having  a  pungent  odour  of  chlorine  and  benzo- 
nitrile  together.  It  diaaolrcs  un«ily  in  alcohol  and  in  other,  and  is  slowly  di>compo8ed 
by  water,  with  formation  of  hydrochloric  add.  When  left  in  contact,  for  24  houn^ 
with  a  mixturo  of  nitric  and  sulphuric  acids,  it  fomis  a  solutioa  team,  wllioh 
tlupwa  down  crystalUsable  nitrobenzonitrile,  C'ii%JKO^)N. 
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nitric  acid,  and  is  prccipitatod  by  ■wat«r  fh->m  the  acid  solution,  as  an  oily  very  puiipent 
li^iiid.  ^Il  is  soluble  in  alcohol,  and  the  aoltUion  is  deoomposed  bj  auJ^hide  of  ammo- 


rO*)N»  +  fEPB  mm  9CH>N  +  CH'NS*  +  2HK)  +  HQ  +  fiP. 

BMSOtflrilib  8uIphobens> 
amide. 

C'*H'«0.  (Zinin,  J.  pr.  Chem.  xxxiil  85.)— A  preaastrf 
the  action  of  sniphido  of  ammoninm  on  btnizilp  (C'*H'*0').  It  is  {i)s<duMo  in  vrater, 
■dioble  in  alcohol  and  cthor,  and  ciystaliises  from  these  solutions  in  the  shape  of  con- 
•WO-wtmex  lenses.  The  crystals  mett  ttk  47^,  fomriog  •  eolonrless  lianid,  which  distils 
without  alteration,  and  solidifies  in  a  CTjstalline  mass  at  42**.  Thoy  have  the  jinu'll  of 
bitter  almonds,  and  a  saccharine  pungent  taste.  Thfj  dissolve  xeadilj  in  sulphurie 
•rid,  precipitated  tlMtclhmk  by  water.  IImj  «m  do«^  tttMdtM  by  eUorini^ 

and  not  sensibly  altered  by  boiling  potash. 

BTDSOBmrZOnr.  C^*W*0\  (Zinin,  Ann.  Ch.  Pharm.  cxxiii.  125.)— A  com- 
pound  produced  by  the  uctiun  of  naticent  hydrogen  on  bcnzoyl-iiydrido  (bitter  almoud- 
«Q%  and  containing  the  elements  of  3  notsoaue  of  that  compound  (0'^H"0*),  and 
1  molecule  'ifliydrogpn,  H-.  To  prepare  it,  4  pts.  of  bitter  altiiinil  oil  free  from  pnif^sic 
add  are  diSi>olved  in  6  pta.  alcohol  of  85  per  cent. ;  the  solution  in  mixod  with  4  pts. 
aloohol  pvefionalj  satomted  with hydxodiwric  acid  gas;  and  one  pt  of  flnely-^^ii* 
lated  rinc  is  carefijlly  mbled.  so  that  it  may  dissolve  without  perceptible  evAbitiDn  of 
hydiwen.  When  the  reaction  is  finished,  th^  liquid  is  heated  to  the  boiling  pointy 
■inaaftsr  oooBnff  irilli  a  snail  quantity  of  ether  (to  waam  a  body  whtdi  adSoies  to 

the  zinc  and  n  tarns  the  aetion)  and  witli  1  pt.  nmre  r  f  alcohol  .sal unite  d  with  hydro- 
ddorio  acid  ga&  then  heat^-d  to  complete  the  reaction,  and  mixed  with  a  quand^  of 
watarHirBO  or  mr  timse  as  great  as  that  of  the  bitter  dnond  efl  taken.  Hyoio- 
I'«  n7ni'n  then  separates  as  an  oily  body,  which  Rc>f)n  fjolidifies  in  a  crystalline  moss, 
and  m^  be  purilied  by  waahing  in  water,  preranre  between  bibulous  paper  (to  removo 
in  mem  m),  snd  xecrystsBbKtioii  ftom  alodKil  (or  if'Somewhat  impure,  prorioosly 
from  ether).  It  is  thus  obtained  in  large  rhombic  plates,  which  melt  at  130^,  and  boil 
above  SOO*'.  When  gently  heated  with  2  pts.  nitric  acid  of  specific  gravity  1-36,  it  is 
eonrerted,  wiUiont  an^  erolntion  of  red  Tapoora  or  formation  of  secondary  products^ 
into  pure  bennfii ;  witik  stronger  nitriaadd,  benzU  is  obtained.  It  ia  aok  attaoked  Ij 
potash,  eitlier  aqueous  or  alcoholic,  even  at  the  boiling  heat.  - 

rnnmOMMMmmaxn.  (7*H"N0*.  (Hla8iwet8andGilm.Ann.Ch.Phan9. 
flvppL  iL  191 ;        CUbl  pure,  1863,  p.  426.)— ▲  baae  prodaeed  by  thr  aetion  of 

n-iiJeent  hy«lrogen  on  berbenne,  as  first  observed  by  Hlasiwetz  (T?ep.  Chim.  pure., 
1862,  p.  367).  It  is  obtained  by  boiling  in  a  flask,  provided  with  a  condensing  tube 
to  caosetheTapomtDfiowbidE,  snixnireof  <pi^  lOOpts.  water,  lOpla. 

distilled  sulphuric  acid,  20  pts.  glacial  acetic  acid,  a  quantity  of  granulated  zinc,  and  a 
few  piect«  of  platinum  foiL  The  liquid  gradually  loses  its  colour,  and  as  soon  us  the 
froth  exhibits  a  wine-yellow  colour,  which  it  does  after  boiling  for  an  hour  or  two,  the 
aetion  is  stopped,  the  liquid  filtered,  any  erystalline  deposits  that  may  have  formed 
are  dissolved  in  dilute  sulphuric  acid,  and  an  excess  of  ammonia  is  added  aft^er  cooling. 
Hydn*l>erberine  is  then  obtained  as  a  bulky  yellowish  deposit,  which  must  be  collected 
on  a  filter,  waslied,  dried  at  a  gentle  heai,  ilu  n  pnlveriscKl,  boiled  in  alcohol,  and  puri- 
fied by  repeati-ti  cr\>i»allisation  from  alcuhuL  Instead  of  precipitating  tlie  Vmse  by 
ammonia,  it  may  l>c  advantageously  obtained  as  a  hydrochlorate,  by  adding 
common  salt  to  the  original  sohraoo.  llie  kjdvMlikMtA  li  then  dmoat  imoOj  depo* 
site«l  in  the  form  of  a  crystalline  powder. 

H^'droberbcrine  may  also  be  prepared  by  acting  on  berberino  with  sodium-amal{j;am, 
bat  It  is  then  yellow  and  more  difficult  to  purify. 

Hydroberberine  is  deposited  fram  a  hot  alcoholic  solution,  in  pmnll  shining  granular 
crystals,  or  flattened  needles,  which  are  coloiu'less  or  slightly  yellowish,  and  appear  tO 
belong  to  the  roonoclinic  system.  Itdiffen  from  berbsrine,  CP*H'*NO*  (Iba  formula  lately 
detemiined  by  Perrins,  Chem.  Soc.  J.  xv.  339),  by  twu  additional  atoms  of  hyiln<fren, 
and  may  be  reconverted  into  that  compound  by  the  action  of  nitric  acid.  On  dissolving 
illn  a nfactaee  of  equal  volaaiea  of  lijdroeliMiitt  add  aaid  alcohol,  and  dropping  in 
nitric  acid  diluted  with  alooihol,  the  lijaid  bMonaa  eolomad,  and  depoaiti  eiTBtala  of 
hydrochlorate  of  berbenne. 

ff^rodUorttU  of  ^fdroMmiiu.  0*H"|ilO*.H0L— Oryatahi  of  h^rdrobarbsrSne 

spn  ad  n]X)n  a  wateh-frla'^s,  under  a  bell-jar  within  which  hydrochloric  acid  is  evolved, 
are  converted  into  a  wiiitc  powdtir,  consisting  of  the  ^ydrochkrate^  soluble  in  warm 
mtm^  and  qyatanimUg  in  laarii—  on  cooiai^  Tha  aaU  aiiy  alaii  be  obfeauud  bf 
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diaaolvinff  thu  base  in  hot  hydrochloric  acid ;  the  solution  on  coolins  forma  a  jelly,  which 
ii  gradually  tr.inBformed  into  ctystal*.  It  is  more  soluble  in  alcohol  tluui  in  water/ 
Iti  toiutions  yiold  enpious  precijpitates  with  chloride  of  platinum;  from  a  warm  alco- 
holieiolution,  the  platinnm-salt  is  more  aTadlU^f  dfljpontediaoBBOge-jvUow  orystttlline 
grains,  consisting  of  C»II"NO'.HCLPtCl«. 

The  ht/drobrvinate  and  kudriodate  are  whit?,  crystalline,  and  vory  slightly  soluble. 

Tha  nitrnt'\,  which  is  also  crystalh'ne  and  yery  slightly  sohiblc,  is  si-Kloiu  obtaiui'd 
pare  by  di«-olvin^  tin-  hnact  in  nitric  acid,  because  the  acid  drconinot>es  it;  better  by 
aiixinga  hut,  v<  ry  dihit*-  solution  of  the  sulphate  with  nitnite  of  sodinna.— The  smrfrti 
crvst!ilHt*p*«  in  Hmnll  rhombic  plates,  Xh^  pho^hate  in  fine  rh«»iiibic  phitrfl. 

'Hiilphatrs  of  Hydrobi-rberine.  The  neutral  Hulphate,  (C»H^'N0«)''.H=SO<,  is  ob- 
tiuned  by  dissolving  an  excess  of  the  base  in  very  dilnte  snlphoric  acid.  The  liquid 
th.^n  deposits  needles  whicli  fill  it  entirely,  and  aftor  Iteing  expressed  and  purili<  d  by 
crvHtiUlisation,  are  very  soluble  in  water,  and  contain  a  certain  quantity  of  water, 
whieh  they  Ion  by  exposuM  to  the  air;  tlisj  likewiM  iafariably  eontaa  «  lidiU 
free  acid. 

When  the  base  is  dissolved  in  a  slight  excess  of  add,  huge  transparent  rhombohe- 
draoB  an  obtuned,  approaching  nearly  to  the  enb«;  tiuj  give  off  water  irii«D  expoasd 

tu  the  air,  and  cannot  be  dissolved  in  water  witliout  decompoiitjon.  They  appear  to 
be  a  mixture  of  the  neutral  ai^d  acid  suifhates,  containing  iO'S*'l{0'.3SU'0*.iIl-0, 

a(C»E"NO«.SH'0')J'*"  ^• 

A  moderately  dilute  si»liition  of  this  salt  mixed  with  excess  of  sulphuric  afid  becomes 
turbid  and  deposits  small  mammellated  crystals,  or  a  resinous  muss,  which  gradually 
ohaagaa  iiitoeiTatals  of  the  aeid  aaH»  OV<NO«imPO*,  iHiidi  my  bepmifiedligrM- 
erystallisation  from  alcohol. 

Tartrate  of  Hj/c^vberbaine  forms  mammellated  groups  of  needles. 

mbyl^ydraMMBe.  OWVO«-OiV¥0^)NO«.->HydKANiiMriMbiitad 
fijr  some  hours  in  a  water-bath  with  an  excess  of  iodide  of  ethyl,  yielda  a  pailj  flHMI^ 
which  when  taken  up  bv  alcohol,  forms  tuits  of  yellow  rhomboidal  prisms,  consisting 
of  h^driodate  of  ethyl-hydroberberine,  CH"NO*.HI,  very  soluble  in  water,  and  con- 
taining water  of  crystallisation,  which  they  give  off  entirely  at  100°.  The  mother-liquors 
of  th><  preparation  still  yield  small  quadrangular  laminae  of  stttfrtanw^^  the 

admixture  of  which  with  the  first  crystals  must  be  avoided. 

jmxiB«»afim.    Ifyirtki  BgraU         OtMtm   and  Magnedmm, 

SMg^O  [  8B«(y.MgTO.— Bewmbiw  flbfow  and  MfaAad  g}-psuni.   Ookiir  vbito  vitlt 

spots  of  red,  from  iron.  Translnoent  in  thin  plates.  Melts  b«fi»e  the  blowpipe  to  a 
clear  glass,  t*»g«"g  the  flame  slightly  green  and  not  becoming  opaqae.  Heatm  in  a 
tube  it  yields  water.  It  is  slightly  soluble  in  water,  the  liquid  having  a  faint  alkaline 
reaction.  It  disaolves  readily  in  nitric  and  hydrochloric  acids.  It  was  found  by  Hess 
(l^jgg.  Ann.  mi.  49)  In  a  colleQiioB  of  OaaeMiui  adaoMln 

STSBOBSOMTC  ACZO.   See  Brouidb  op  Utdroosk  (I  672). 

B7BKOBSTOTXlf.  C'-1I"0"'. — An  amorphous  sub-t.uice,  in^iolubla  ia  ethct^ 
but  soluble  in  alcohol,  produced  by  tho  decompoidtiou  of  bryunm  (i.  (>bO ). 

W89MTOOMMbBIV9B»   fl|jFiL  villi  8ltXDC4]IEn> 

■TBBOOAMllTBi  Bydvatod  Miboaate  of  oakivai,  GkKXKSHW.  Foond  ia 
r<iti:t11  rli  Mnbohsdral  oyital^  ftimiii^  an  ineniatatioii  on  vood  nndcr  valev.  (See 

C'.^UIIUN'ATKS.) 


Compounds  consisting  of  carbon  and  hydrogen  only.  Tlie 
aamberof  bodiakof  thiscLiss  at  present  kaova  £•  wiy  graa^  bofc  the  auMt  iMpoitaat 
of  tlHBi  au^  be  amqgtd  ia  tlie  mUovi^ 

1.  Alcohol-radicles   .      .  ((^HM^ijpbmaokgoua  vitiiMeOtyl  (GH*)P 

2.  Hydrides    of  alcohol- 

radicles       .       .       .  OH*+*  H  Marsh-gas  I CII') 

8.  Olefines        .       •       .ClI*  „  Ethylene  orOIefiantgM(CH') 

4.  Hydrocarbons       .       .  C"!!""-*  „  Acetylene  (C-II*) 

6.  Camphenes  or  Tcrebenea  C"TP"-*     isomeric  with  Tuqx  ntino,  C'*H'* 

6.  Hydrooarbona       .       .  C>H""-*  hOBMAogOaa  widl  !?»  n/r  ne  (C'H*) 

7.  Hydrocarbons       .      .  OH*—"  „  Kaphthalene,  C'*!!' 

The  most  fruitfid  foim'e  of  hydrocarbons  ia  the  dry  or  destructive  di>tiilati(>n  i>f 
OCganic  Uxiieti,  the  nature  uf  the  products  varj  iug  acourduig  to  thu  tempeniture  at  which 
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the  decftmposition  tales  place.  Thus,  coal  when  dlrt  tHid  ai  •  brigfat  red,  as  for  tho 
]nr>diictioD  of  iIlaminating(rHf«.  yields  hydrocarbons  belooging to  the  secondf  third,  fourth 
•ad  mxth  of  the  nhore  group>«,  together  with  a  considerable  Quantity  of  naphthalene;  bat 
when  dh\ ill  il  at  the  lowest  temperature  at  which  complete  decom posit  i<m  can  take  plae^ 
it  yields  liijiikl  hjdroonrbonf!  bflonj?ing  chiefly  to  the  sooond  and  third  groups,  together 
with  n  large  quantity  of  puniffin,  wliich  probably  also  bt!]ong8  to  the  second  group.  Tlio 
alow  decooi position  of  organic  matters  buried  beneath  the  surface  of  tlM  earth  hah  also 
yielded  large  quantities  of  hydrooarlnjns  belungiug  to  the  second  group,  as  shown  by  tho 
enormous  quantities  of  petroleum  found  in  certain  parts  of  North  America,  which,  as 
already  ohsorred  (pi.  ISl),  eoiuuta  alinoit  whoUf  <a  daoholie  Iqrdiidet  of  the  genenl 
ibmiuhi  OIl"+». 

The  olefinei,  C"!!^,  arc  produced  by  tho  dehydration  of  aloohola  of  the  aerica 
OH^*D,  as  hf  beating  these  akoholi  with  ftrons  sulpharie  teid  or  dikride  of 

zln<\  •  ;ic-h  ak'obol  then  viAMiwg  i^  fw**— jpipi^faig  ^UAff^^  ^^y^tiig  ^ 

11ieic«etion,  however,  atlewtin  fbecaieof  noi^  of  file  higher  idooholi^  li  nradh  mm 

ooTnpHcated  than  this  equation  would  imply,  resulting  in  tho  formation,  not  unly  of  tho 
olefise  corrMponding  to  the  alcohol  decomposed,  but  liluwise  of  sereral  of  its  humologuea, 
and  of  the  oorrceponding  alcoholic  hydrides ;  tfans  Wsits,  by  distilling  amvlic  ak»hol 
with  chloride  of  sine,  has  obtained,  not  only  amylene,  C*H'*,  but  likewise  ail  Hshomo- 
logaes  up  to  daeatjlfloeordiMqrlenek  CH'^,  together  with  the  eorreqyondiwg  akoholio 
hydrides. 

The  lowest  term  of  tho  olofloe  series^  vis.  methylene,  CH*.  is  not  known  m  llltftwi 
Bt«t«.  Ethylene,  C-H*,  Lrityh-ne  or  propylene,  C*Il*.  and  tetrylene,  C'H",  are  gaseous  at 
ordinary  temperatures;  araylene,  C-'li'*,  and  its  higtier  homologius  up  to  decatylene, 
O**!!*,  end  oetylene,  C'"!!'-,  are  liquid  at  ordinary  temperatures,  their  boiling  ]x>ints 
rising  as  their  molecular  wt-ights  increase.  Cerotene,  C!-'  IP',  and  mfllitllM^  C*"Jl* 
are  waxy  solids,  tho  former  melting  at  67°  or  68*^,  tho  latter  at  62°. 

The  more  volatile  oletines  are  remaxfcnble  te  the  facility  with  which  they  nnMe  wHh 
chlorine,  bromine,  and  itxiinf,  forming  compounds  homologous  with,  or  analogous  to, 
Dutch  liquid,  C^H*C1'.  Tliis  property  affords  an  easy  mode  of  separating  these  uletines 
ttum  any  gMeous  mixture  in  which  ^ey  may  be  present:  on  pesaing  the  gaseous 
mixture  through  a  bottle  containing  bromine,  the  oleflnes  are  absorbed  and  converted 
into  heafj  oUv  liquids  ^hence  their  name),  while  the  other  hydrocarboiu  in  the  mix- 
tere  are  nnfldneted. 

Tii.'  olefinea  unite  very  readily  with  gulphun'c  anhydride;  and  this  property  liko- 
vise  ailords  an  easy  mode  of  separatius  them  from  gaseous  mixtures :  thus,  if  a  ball  of 
eoke  Off  panee  impregnated  with  NoiuianMn  snlplniie  acidlM  nund  up  into 
tneof  Mhylsne-gas  with  marsh-gM,  Igrdrogen,  carbonic  oodda^  90^  11m  ttiljlMM  will 
be  abaoibed,  while  the  other  gases  will  remain  be  hind. 

llMTolaiusolcineaaboiiiiite  really  with  strong  mlphmh  oeU,  faming  compoand 

(SO-)"  I 

acids  of  the  form  OH**.SH'0\  or  C"!!**^'  !■  0*,  homolpgous  with  ethyl-sulphuric  or  sul- 

H) 

J  !i  iViinV^  ach].  This  reaction  is  of  eapedai  importance,  since  it  enal)lt\s  ns  to  pass  from 
un  L'li  tiuu  to  the  corresponding  alcohol:  thus  ethyleue-gas  shaken  up  with  strong  siU- 

phnric  acid  yields  ethyl-sulphurie  aaid»  (ygtju^f  wikqoo^  by  <ii»rillati<m with watciy 

ethylic  alcohol  is  obtained  (i.  72). 

Olffines  also  combine  withtcaicr,  hydrochloric  acid,  hydrobromic  acid,  &c.  Wurtz 
has  shown  (Ann.  Ch.  fliaiBii  enr.  114)  that  amylene  combines  with  hydrobromic  and 
bjdriodic  acid,  forrainpr  eomivinnds  isomeric  M  itli  indido  and  bromide  of  ainyl  ;  and  by 
tivating  tho  hydrio».iato,  C-ii"'Jil,  with  moist  oiideof  silver,  he  has  obtained  a  hydrate 
of  amylene,  C*H'Mi'0,  isoflMlie  with  amylic  aloohoL  AU  these  compoundn  are  dis- 
tilipiwhed  fxfsm.  the  amyl-compotinds.  with  which  they  are  inemeric,  by  the  lacility  with 
which  thflj  gixe  up  their  am^  leue  under  th(f  intiueucc  of  various  reagents.  Thu<  liydrate 
of  amylana  qnidEijr  absorbs  hydriodlc  acid  gas,  and  is  resolveil  into  hydriodute  of 
aniyl'-ne  and  aqueous  In'driodic  acid;  niniiliirly  with  hydrochloric  acid.  IJroniino 
alM>  dLComposes  it  rapidly  into  bromide  of  amylene  and  water;  chlorine  himilarly  but 
less  quickly.  With  sodium  it  yields  the  compound  C*H'*.NaIIO,  which  when  treated 
with  hydnodato  of  anyleiM^  laadily  yields  amylsoe,  hjrdnite  of  anqrleaa^  and  iodide  of 

sodium:         

O^.HaHO     VBfJSL  mm  OW*  ^  CPH*JPO  -f  Kal 

Hydriodate  of  amyleneisalso  ra^dl|y  decomposed  byaodimi,  yielding  iodide  of  sodium, 
ansylensb  aad  free  hydrogen.  With  alcoholic  potash,  liylelds  amylene  and  iodid<>  of 
pataariaM;  with  amnmuia,  the  prodncts  are  iodide  of  amiuouium,  amyleuc^  aud  a 
■Hdl  «MMtity  of  a  bM  iMMrie  or  peila^w  ideotieal  1^ 
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axttfUxxQ  in  all  these  oompounde  u»een  to  be  bat  IoomIj  united  vith  the  water 
or  the  ed^  and  if  iMt    Bbcftj  <»      u^liteat  dfatnili^^  trlMrau  in  their  ieomem 

the  Rmyl-compoiui  ls,  tho  {rnjup  C*H",  ■which  is  not  capable  of  oxi«tingin  tho  sepamte 
state,  is  easily  transferred  from  one  compound  to  another,  and  it  ia  only  with  consider- 
able difficnitr  that  two  molccnlee  of  it  can  be  made  to  coalesce  iirto  one  so  as  to  fonn 
free  amyl,  C'»H". 

Hcxylone,  C*H",  also  unit^  with  hydriodie  add,  and  the  hydriodate,  trpated  with 
water  and  oxide  of  sUver,  yields  a  hvdntfl^  G'H'*.H*0,  isomeriewith  hexylio  alcohol,  and 
poaiab^  identida  iritb  Ihe /I  bsaorw  sk^ 

Thp  furmation  nnd  prop<»rties  of  the  alcohol-radiclos  (i.  ^Cy)  and  their  h ydridi  s 

iiiL  180)  have  already  been  oonsidezed.  Becent  investigations  seem  to  show  that  there 
I  no  esisntfsl  dlflweuce  between  llie  aleoliotndiflkt  la  the  free  state,  md  ^bdg 
hydrides  (pp.  144,  182). 

Of  the  hydrooarhonf^,  C"IT-" homologous  with  aeetylena,  only  threo  haro  been 
obtained,  viz.  acetylene^  C*ii  (i.  1111),  allylen^  CB*  (L  1112),  and  crotony- 
leiie^OV(iL966V 

Of  the  hydrocarbons,  OH**  -  hamologoiLS  withbMMDS,  fire  are  known,  lis^ben  z »  n  o, 

CH*  (i.  541),  benzylene  or  toluene,  C'H"  (i.  677).  xyloiic,  CH'",  cumene,  C»H« 
(iL  17il),  und  cymene,  C'*H'*(ii  296).  They  hare  all  been  special  iy  considered,  except- 
ing xylene,  which  will  be  described  in  its  place.  Thesu  hydrooubons,  as  already  observed, 
are  produced  by  the  dostnictive  distillation  of  coal  and  other  organic  8ul 'stances  at  high 
temperatures ;  also  in  a  great  variety  of  chtmical  reactions  (see  Bskzenk).  They  aro 
diBtingtiished  by  the  fadlity  withtrineh  th<  y  fonn  subhtimtioi»<SBHlimada  with  concea- 
trate<l  nitric  acid,  e.f/.  ii  i  t  ro  b  o  n  zcn  e,  O'n*(N0-).  These  nitro-compounds,  being  heavy 
oily  liquidK  of  rather  high  bulling  point,  afibrd  the  means  of  neparating  these  hydro* 
carbons  from  othsti^  lodi  as  the  alcoholic  hydrides,  witli  which  tinufwaKfh^mJtiuA 
(p.  140).  The  same  compounds  subjected  to  the  action  of  reducing  apf^iitsi,  such  as 
sulphydric  acid  or  ft^rrous  Bcetate,  yield  organic  bases,  which  may  be  supposed  to  be 
dmTed  ikom  the  nitro-eumpound  by  suliiUUaian  of  nddaeM, HD*, ftip  Bitay],HO*, 
anOias^  Cii*(li^),  fix>m  nitrobenzene. 

The  cam  ph  ones,  or  t  erebenes,  Cn'*,  isomeriewith  oil  of  turpentine,  exist  ready 
formed  in  a  great  number  of  plants.   Por  their  general  properties  bee  vol.  i.  p.  724. 

The  hydroearbons  axe  tiie  sunplest  of  all  ocganio  oompoiinds,  and  may  be  regarded 

as  the  starting-points  &om  whioh  all  others  may  be  dt-nved,  by  substitution  or  addi- 
tion (see  NucLBus-THBOAT  and  Ranfmasj.  Hence,  of  late  jean^  the  attention  of 
chemists  has  been  rery  modi  directed  to  file  diaouru'y  of  metiiods  tar  producing  these 
compounds  directly  from  their  inoi-ganic  elements;  since,  when  this  is  accomplished, 
the  formation  of  a  great  number  of  the  more  complex  oiganic  compounds,  by  tho 
synthesis  of  their  elements,  becomes  a  comparatively  easy  matter  The  most  suc- 
cessful efforts  in  this  direction  have  been  made  by  Berthelot  (Ghem.  Soe.  J.  xviL  37), 
who  has  succeeded  in  prudndng  certain  hydrocarbons  by  diKct  combination  of  tlie 
elements  carbon  and  hydrogen,  and  from  these  producing  others  of  great  complexity. 

1.  Acetylene,  C*H*,  is  produced  idien  hyorogen  is  passed  over  carbon  heatea  to 
bright  redness  by  the  electric  arc.  This  gas,  passed  into  a  solution  of  cuprous  chloride, 
forms  cuprous  acetylene,  CKkniH;  and  this  compound,  subjected  to  the  action  of 
aaaeent  hydxitgaB  (aTCbad  bjlte  aotun  of  sine  on  annnwriaX  jfaldaetbjlena: 

C«H«  +  B»  C^* 

BlIiyleM  fins  cMmod  naj  be  aopfwted  into  aleohol,  and  fron  this  a  host 

of  other  compounds,  ethers,  acetones,  acids,  amines,  &c.  msy  lia dscfred. 

2..  Uydro<»u:bonB  may  be  fonned  from  iooiganic  compounds  containing  their  elo- 
nente,  such  as  water  and  sulphide  of  caxboD^  or  carbonic  anhydrida.  A  mixture  of 
MdphMric  acid  and  sulphiAe  cf  — cboiw  wilqsatid  totfaa  aetioB  «f  aonparatared- 
hsiU»  ywids  marsh-gas : 

•  CS'  +  211-8  +  8Cu   »   CH*  +  4Cu'S. 

ilarbh-g!i.s  ^lay  also  bo  formetl  from  carbonic  anhprdride,  though  bv  a  less  direct  pro- 
eess,  viz.  bytfirst  convertincr  the  latter  compound  into  carbonic  oxide,  tliis  into  formie 
add  (CO  +  TT'O  ^  cn-o\  ii.  CS3),  then  snlgaetii^  •  salt  of  this  add,  the  hftrinm- 
sal^  fur  examiile,  to  dry  distillation : 

^        40HBM0*  -i   OE*  +  00^ -t-  «Ba«00". 

Marsh-gas,  mixed  with  an  equal  volume  of  chlorine,  yields  chlorideofmethyl,  CHKH ; 
iind  this  ether  distilled  with  jx)tai<h,  yielils  nn-tliylic  alcohol,  CIIH),  whieh  in  fornn  d 
by  tho  addition  of  1  at.  oxvgcu  to  manli  gas,  whereas  cLhyhc  alcohol  is  formed  from 
cU^ylsdoe  hj  tfao  addllioii  ot  tlw  eiwiMta  of  wal«&  liiiaa  two  aodei  of  ^rTtfl*^i^  of 
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tleduli  from  hycboearbons  are  genml,  A»  ioMV  mpplying  to  tO  "Tinmnlnipm  of 

xnarsh-gas,  the  latter  to  all  homolognos  of  othjleM 

a.  A  hjrdrocurbon  may  be  transfurmed  into  tatO^Sm  of  greater  cozoplezitj :  a. 
Skmt  eamimuation.  Marsb-gaa  nuaed  to  «  veryhi^  t<iiinniirtii>,  oriMfaatad  to  tito 
action  of  aserifsof  mdnction-pparks.i=i  conTrrted  into  acetylenr,  which  contains  twice 
the  quantity  of  carbon  in  the  same  Tolunu^ :  2Cfl*  «-  C^H*  -i-  H*.  The  ooiu^flnmrtiffn 
«f  ■nrii  gw  MTf,  iMimiin,  b»  eaukd  eoaridenliljr  fMia;  Mid  made  to  yield  ntph- 
fhalenc,  a  hydrocarbon  containing  ten  times  ns  ranch  carbon  in  tht)  same  vi/ltmn  : 
lOCH*  »  C"JGl*  -¥  H"*  via.  by  oidoeiQg  the  nuush-gu  in  a  tube  of  Teiy  re&ao- 
torjr  glass,  and  lEeepfa|^  fl  ftr  mmnl  ham  at  •  tonqMntan  as  near  as  poarfbb  to 
that  at  which  Bohemian  glass  softens.  Tho  condensation  may  also  bo  efFect^'d  tgf 
aubjecting  the  Tspour  of  bromofonn,  CHBr*  (tribromiuated  su^hylic  hvdride),  to  tiba 
MtnB  of  coppcv  at  a  nd  liea^  ao  as  to  nmofa  flia  IffOttfaMi  ^Hia  laarai^,  CH,  then 

snfffrs  a  ^ix-fuM  rondcnsation,  yielding  benzene,  CII*. 

b.  Bj  the  union  of  two  aimple  moleettlet  into  a  more  complex  molt  culo.  Thos^ 
irtiMf  aairt—  at  iMwili  gM  and  Mtboaia  mdda  la  dvily  paaatd  through  a  taba 
haated  toloiriadmM^  tritylene,  C?H*»ii|Nroducr-d: 

2CH«  +  CO  =  c'H*  +  n»o. 

This  reaction  may  perhaps  eiplain  the  formation  of  a  small  quanti^  of  tritylene  in 
the  distillation  of  formate  of  borimn ;  and  it  is  doubtless  to  reactions  of  the  same  order 
that  we  may  attribute  the  production  of  hydrocarbons  of  tho  mmf  s<  i  i  ^,  which  has 
been  experimentally  demonstoited  as  high  as  amrlene,  in  the  distillatiou  of  acetates. 

Tbere  are  also  other  ways  in  which  complex  hydrocarbons  may  be  built  up  by  the 
■aion  of  those  of  more  simple  constitution.  Wurts  has  shown  (^Vnn.  Ch.  Fharm. 
cndu.  202 ;  cxxrii.  55),  that  amylan«^  0*A**,  may  ba  jiodaead  by  kba  nion  of  tlw 
aloohol-rai^es  ethyl  and  aliyl :   

this  combination  being  brought  about  by  the  mutual  action  of  zinc-ethyi  aod  iodide 
of  allyl.  A  number  of  other  hydrocarbons  are^  hovaffli^  ftnaad  at  the  mma  tine^  tiia 
following  hanng  been  isolaled  and  analysed : 

0*B*        0*JS"       CWEP*        f>M**       OfH»  (?*B^ 
MgHMi     liVilnn     la^wa*    "'mijI.  DimiiIwi. 
Hie  uQQImm  mA  taMflM  in  vcodaaed  bjUw  untul  aflUoii  «f  the  adqd  nd 
anyl  groups:  QrQ$  +  qih*    -    CH*  +  Cm*. 

Decatylene,  CH'*,  r^lts  from  the  condensation  of  two  molecules  of  amyleneinto  one. 
Besides  these  compounda,  there  aro  also  formed  other  hydrocarbuns,  boiling  above  %^ 
SOO^  (decatylene,  the  least  ^polatib  of  those  above-mentioned,  boils  at  160°),  and  con> 
taining,  like  allyl,  a  smaller  proportion  of  hydrogen  than  the  olefines.  The  formation 
ctf  these  hydrocarbons  explains  that  of  hydride  of  amyl,  in  which  the  proportion  of 
l^ydwigaa  ia  la»gep  tiiaa  in  ttaekflaea. 

The  hydrocarbon,  C*H"»,  obtained  in  the  reaction  just  described,  popnesses  the 
mineipal  phj^dcal  and  chfrmical  properties  of  amylene  produco4  from  amyiic  alcohol 
It  the  aetkm  of  cUoiida  ef  afaM,  and,  <hawfoie,  is  not  merely  an  isomer  (ethylp 
aUyl)  of  that  compound.  Tliis  formation  of  amylene  from  two  hydrocarbons  of  lower 
mfflirriilar  weight  is  analogous  to  that  of  chloride  of  heptyl,  C^H'*C1,  by  the  action  of 
eUorine  on  eOiyl-amyl,  a!H*.0*H»,  aad  of  eUorida  Of  daeatTl,  fMPKJI,  by  flial  «f 
c' '  -■  [  on  amy!  itseU^,  obserred  by  Schorlemmor. 

BT9SOCASBOZTXZC  ACZBS.  (L  erch,  Ann.  Ch.  Pharm.  cxxiv.  20 ;  H^n. 
Chim.  pure,  1863,  p.  143;  Jahresb.  1862,  p.  276.) — This  name  is  applied  to  tliree  acids 
produced,  together  with  others,  by  the  decomposition  of  eurVioxide  of  potassia^  tbB 
bb.'^k  am orphous  pulistanco  formed  in  the  preimrntion  of  putassium  in  the  ordinaiy  nmr, 
and  likewiiW  by  the  direct  combination  of  j>ota.sHiuni  with  carbonic  oxide.  This  illD- 
■tanee  remains  unaltered  when  kept  in  rock-oil  or  in  a  dry  vacuum,  but  when  exposed 
to  the  air,  it  absorbs  moisture  rapidly,  acquiriiicr  a  eherrj'-red  and  finally  a  yt  llow 
colour :  it  absorbs  osEygen  only  when  moist.  >Viien  treated  with  water,  alcohol  or 
ether,  out  of  contact in£  the  air,  it  gives  off  gas,  and  leaves  a  black  glutinous  substance, 
whieh  t!ini«!  red  on  exposure  to  the  air,  and  dissolves  in  water  with  red  colour  e.nd 
wiliiout  diwngageraent  of  ^aa.  This  muKS  yields,  besides  oxalic  acid,  three  straa  of 
adds,  including  croconie  aad  (ii.  109). 

Perfectly  unaltered  carboxido  of  pota.«<sinm,  to  whieh  Ero<lic  assigns  tho  formula 
OH'K"  yields,  when  treated  with  hydrochloric  aei<l,  an  acid  crysrallisiug  in  white 
oeedlee  and  having  tho  composition  CHiH)**;  this  is  trihydrocarboxyfic  acid. 

If  the  carboxide  of  potaasium  be  first  treated  with  alcohol  an<l  tlien  with  liytlrf>- 
ehkxie  acid,  it  yields  bhu^k  needles  of  dihydrocarboxy  lie  acid,  C^ii*u'  or  C<"ii'U". 
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irtlwa&liMluidafleinto  IftttfliM  btlbMor  lAir  tiMtvntBMt  wilhll«DlNl»  ti 

afterwards  yields,  with  lo^^x^odilorieieid,  daik  pmatMl  ctj^tah  of  hjdrooftt- 

boxylic  acid,  C"«H«0'* 

Lastly,  if  tiie  mass  has  been  left  in  contact  with  tiie  afar  tiH  it  fam  bcatu>d  quit*  feci,  and 
it  is  then  treated  with  hydrochloric  acid,  a  fourth  acid  is  ul>t;iin.'.l,  ('.ilkd  o;<  rboxyl  Ic 
acid,  the  potassium-salts  of  which  are  composed  according  to  tho  formulse  C'*HK*0'* 
and  C>*K*0>«.  On  attempting  to  isolate  this  acad,  fim  ooionxleM  pramaof  rhodiBoaio 
acid,  0*H*0*,  are  obtained,  btittgiMy9dftm,th»]BMMdhighf  tiMatkn^mUTt  ^ 
•piittang  ap  of  t]i»  molecule : 

C'H'O"'  +  2H»0    «  2eil'0«. 

In  addition  to  these  acids,  cro conic  ooid,  C*HK>*  (formed  from  carboxyiic  add  by 
diviatoii  of  the  aoleeiitoX  ud  osalie  add,  ave  oliCdiMa  aa  final  pradneta  of  the  oadd^ 

tion. 

The  formatioo  of  dibjdrocarboxyUc,  hjdrocarbozylie,  uid  carboxyiic  acida  bj  ooddft- 
t»o& of  tdbjitocuboxjM  aeid ii  nqnMteitfed  hj  tlu -toUawiiig  tqujAidom: 

(WO^  +0  -  C'-II»0'«  +  H«0. 
C"HH)"  +  0  =  C'-II'O"  +  H«0. 
C»«H«0'«    +    0       =      C"H'0'«    +  H^O. 

Trihydroearhoxylie  acid.   C«»H'«0'»  -^"^^jo*.— This  acid  is  prodaoed,  as 

alri\idy  obftcrred,  by  the  action  of  hydrochloric  add  on  cnrboxido  of  potassium 
h.'w  not  been  exposed  to  tho  air;  aljso  by  the  redaction  of  dibydrocarboxylic  add.  It 
forms  white  silky  needles  which,  when  exposed  to  moist  air,  quickly  turn  red,  and  are 
ultimately  oonvcrtod  into  dihydrooarboxylie  add.  Its  solution  is  acid,  colour! t.-ss,  and 
very  sensitive  to  tho  action  of  oxidising  ageuts.  I]y  nitxata  of  potua^iiuui,  it  is  converted 
into  oxycarboxylic  add,  with  evolution  of  uitrogea,  Of  the  10  at.  hydnfj^  oontiiUiBd 
in  its  moleetiiC,  G  at.  uro  easily  reruoved  I'y  oxidation,  giving  rise  to  new  rMdicles,  viz. 
tliose  of  dihydrocaj-boxyl  ie.  hydrociirl>oxylic  and  carboxyiic  aods,  whereas  Une  reuiaituag 
4  atk  are  basic,  and  ea^iily  r<  ]>lac<  a1  >le  by  metals,  bat  oo(  removable  by  oxidation.  In 
thrpotn'5RiTnii-saU  also,  (j^'lv'^O'*,  G  uf.  K  may  bn  removed,  two  at  a  tini»'.  by  oxidjitiou, 
whtuciis  ttiH  remaining  4  at.  K  app^ix  tube  irreBiovable :  hence  the  rational  formul* 
of  tho  m-id  ultove  given.  In  like  nuinner,  dih^drooacboijlio  aoid  ooataxaa  4  at,  and 
Igrdrocurlioxylic  add,  2  nt,  H,  roinovabb^  by  uxidiition. 

The  trihydrocarboxylatcs  of  thn  alkali-metals  are  solnble  in  water,  the  other  salts 
•fo  raaringly  soluble  or  insoluble :  tibcj^  aU  beeone  eokmred  bj  aqpoaoxa  to  the  air, 
jieldn^  aaiba  of  the  fDUowiag  acids : 

3HAfdr0carhQ9fU0  wid,    0>fHK)»  -  ^^«^|ov-!Ihio  add  ftcma  Uaek 

mctiHi '  'binitifr  monoelinic  crystals,  grouped  in  very  thin  tufts;  the  thinner  crystala 
have  a  wood-yeUow  ooloui:  and  exhibit  trichroiMB.  Thejr  are.  panniuient  in  the  aii^ 
even  at  10(>^,  dinolve  laadlD^  In  iiater  and  aleehol,  dovfyin  elfa»;  theaolntMaaaia 
led  by  transmitted,  violet  by  reflected  light 

The  aaks  of  this  add  are  as  nnstabie  aa  those  of  the  preceding.  Those  of  the  alkali- 
aaatato  aie  biUdt,  aelttlile  in  water  and  g^atalHaaMe;  ^xaataMmaoried  precipitates; 
th^  ace  mj  aadfy  aonvavtad  bj  osidation  into  rhodizoaataa  or  eaibo^lstea. 

B^dtMrhoM^lU  atid,  CmO^  «^'*gI^{o<.  was  oUnbed  aoeidentd^  in 

the  preparulion  of  the  pn^cdlng  aoid  from  a  black  mass  which  had  undergone  partial 
ulteeation*^  It  orprstaUises  Arom  alcohol  in  long  brown  needles,  which  in  contact  with 
-  '^—1  iM  iaunadiately  reeedved  into  dihydrocarboxylic  and  rhodixonic  adds : 

2C'»n«0»«  +  2H*0    -    C'lI^O'"  +  2C'II*0«. 


0»»H*'0.  (Hnsemann,  Ann.  Ch.  Pharm.  cxvii.  200j 
Jahreeber.  1861,  p.  7M)v**A  aabstanco  cnnfained,  together  with  earotan  (i.  906),  in  tiie 
root  of  the  carrot  c<7r/>fa).    To  obtain  these  substances,  the  cnishf  j  carrofs 

are  pcessed,  the  residue  is  repeatedly  washed  out  with  water,  luid  the  united  solutions  ax« 
nixed  with  a  little  dilute  sulphuric  aoid  and  tinetare  of  galls  (whidi  fiiclUtatea  the 
Eopariition  of  the  coagnlum);  the  platinnus  precipitate,  fn-f-d  by  prrs«rare  ftoni  the  en- 
closed liquid,  is  boiled  dx  or  seven  times  in  the  half-drv  state  with  6  or  6  voL  of 
aleohol  of  80  per  cent;  and  tiievendae  is  treated  whfa  eolpiude of  eaibeB  to estraot  the 
car-^t'ii  The  ^cohoHc  extract  contains  hydrooaK>t;n  fogofhor  wit';  Tr.annltr  (if  the 
carrotii  are  ayear  old,  but  not  if  they  are  &whj,  sugar,  a  fljwd  oil,  and  a  small  portion  of 


Hydr<->carotin  crystalli.sofl  from  fho  aleoholle  extract,  after  Innp  sfanding,  in  laminar 
oqpsUls,  which  maj  be  £reed  from  mannito  (if  present)  by  rec^stallisation  team 
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hot  alcohol,  and  finnllyln-  hoilinp;  with  water.  It  is  tast olr«is  nn<3  inoflorous,  rrrstalHsf^ 
iu  large  colourlfsa  silky  laminao,  from  etiier  in  flsit  rhombic  prisms;  ia  lighter  th^^^ 
VlMr  (which  does  not  wet  it);  mdtoat  126-8^;  dissolves  in  alcohol,  and  noMCMfly  fai 
ether,  sulphide  of  carbon,  benzene,  rolatilo  oils,  and  ( Idomform.  When  hputod  :tW>vo 
100°,  it  turns  yellow  to  yellowish  red ;  after  fusion  it  remaioa  amoiphotu,  and  then 
diflaolTffl  less  easi^  in  brnzono  and  Hulphide  of  carbon. 

Hydrocarotin  Ls  not  precijiitatcd  fmm  its  alcoholic  solution  by  metallic  wilts  or 
tannic  acid ;  it  is  not  altered  by  the  action  of  caustic  alkalia,  strong  acids^  or  ozidiaing 
■gents:  with  fuming  nUHo  mM,  it  cppMM  to  ftmn  ■  aftPo-ooBiponid.  Strong 
»ii/pAttrn?  rtnVi  colours  it  red  and  dissoln  s  it  completely  at  a  gentle  heat,  forming  a 
aolntion  from  which  it  ia  predratated  hj  water  apparently  nnalterrd,  but  in  the  amor- 
BkooiftrtBb  WithdU!or4«tt1bmnnnriiiOMraMtiitfo^ 

bromine  a  tfaaikr  body,  C"H"BrK),  whose  ethereal  solution,  when  treated  with 
akoholic  potaA^  ^Te«  up  bromine^  aod  forms  a  yellowiah-red  substance  soluble  witii 
Myd-wd  coloar  in  ■■IftuJ*  '"j^  Jbibm  also^  in  sunshine,  appeats  to  fonn  > 
nbilitotioB>piodnot  mtn  ^fdnonoliB* 

BTSKOCBXVOVS.    See  HmiiBQWOW; 
BTSSOCHXiORS.    S  ,  T  vBOOELOBB. 

HYSROCHXiOIUC  ^CIX>.    Pee  CirLORHYDRlc  ACID  (i.  890X 

BTSROCHKYSAMXSa.  C'H«2«»0".  (Schunck,  Ann.  Ch.  Pharm.  Ixv.  231.) 
—A  compouud  produced  by  the  sction  of  redndng  agents  on  chrysammic  acid  (i.  Qori). 
ft  aMj  be  prepared  by  adding  dn^eammic  acid  to  a  boiling  solution  of  sulphide  of  po< 
tait)«inm  containing  excess  of  caustic  potash  ;  or  to  a  boiling  solution  of  protivhloride  of 
tin,  aiterwards  removing  the  excess  of  acid,  dissolring  the  residue  iu  boiling  potash, 
snd  Itswring  the  solmtioo  to  qyittlHii  Itisdiflbal^Mwavei^  bytkelattarsMuwdto 

obtain  it  frre  from  nxide  of  tin. 

Hydrochrysainiilf  forms  n'-wlle-shapod  crystals,  of  a  fine  blue  colour  by  transmitted, 
and  metallic  red  by  reflected  light.  Heated  in  a  small  tube,  it  giTSS  off  Tiolat  Tapoin% 
which  condense  in  crj'stals  on  the  coM  jiarts  of  i\v  tnho;  the  greater  part,  however,  is 
decomposed,  giving  off  ammonia  and  leavixig  charcoaL  It  is  insoluble  in  botliug 
water,  and  sparin^y  soluble  in  boiling  alcohol,  to  which  it  imparts  a  fiunt  Mos  tfaiL' 
It  is-  di««olvod  by  stronfj  sufpJmric  acid,  and  reprecipitatod  in  lilue  flakes  by  water,— 
It  is  decomposed  by  boiling  nitric  acid,  and  by  chiorine  in  presence  of  water.  It 
fllMftTrss  in  jpotesA  and  in  aUeakm  eatbonatu,  forming  solnBOM  <tf  tfit  saloo  «f 
»i«i.u».iL«.iin      •  Miiii  iMmiiuiists  il  thiiiiiftwin  in  Wiis  flsiiis 

anrSSOCZWirAimBE.  C"n«N''  =  N'((yiP)».  Cmnhyflramule.  Ht/dndc  of 
jMoewnamyl.  (Laure nt|  Bev.  scient  z.  119.) — ^Frodooed  by  the  action  of  iLmnu>«u 
OB  Igrdnde  of  dnnamyl : 

tOVO  -I-  INH*  -  ir*(CH>)*  ♦  iBKX 

Wlm  pwilled  by  rocrystallisation  from  hot  alediol  and  ether,  it  forms  colourless  liji^ 
prisms  with  rectangular  base,  but  having  their  bases  replaced  by  two  triangular  facets, 
w>iM»t.iiig  at  a  very  obtuse  angle.  It  is  inodorous,  in»oluble  in  water,  fusible,  and  soli- 
dites  OB  oooHng  to  n  iMoi^arait  sm<nphons  mass  like  gnm.  It  is  deoomposed  by 
diftillation,  yif>lding  an  oil  aii'l  a  solid  Fubstance.  It  is  not  decomposed  by  boiling 
hydrochloric  add,  or  by  alcoholic  potash ;  but  boiling  nitric  acid  decomposes  it,  yieldii^ 
n  vnAut  irtdeh  Bkfllto  in  boiUn^  wstar. 

Pumas  and  Pcli^'  t.  by  trf  nting  oil  of  cinniinion  witli  dry  ammonia  gjis,  obtained  a 
nodnet  which  oystallised  from  alcohol  and  ether  iu  silky  tufts,  and  to  which  they 
Mrinsd  ths  «Mk  OVOXD*  b«  it  pNbdU^  ooa^ 
(MMTslMllifLaad.) 

BTSSOCOTTXiZ:  A8ZATXCA.  A  plant  used  in  India  as  a  remedy  against 
Tsrious  cutaneous  diseases.  According  to  Lepire  (J.  Pharm.  £Sj  zxviii.  47),  it 
CQBliiDS  n  t>eeaHsr  frhuiple^  99Umri%  (from  the  TbbvI  name  of  the  |dant, 

VaU&rai),  which  he  (b^«>^ribes  as  a  bitter,  Stlong-smelUn^  oil,  soluble  in  womTc  alcolinl 
and  in  ethe^  t.h*ek^»«»g  on  exposure  to  the  sir,  solubLe  in  sq^aeous  ammonia,  insoluble 
in  potash. 

snmooBOOOVIO  AOn.  0»HH)*«^]^'  |  O*.  (Lereh,  Ann.  CBl  Hunau 

cxziT.  20.)  —An  add  produced  by  the  actJon  of  bydnodie  add  on  efoeoasto  of  potas- 
ainm  in  closed  vessels.  On  mixing  the  prmluct  of  the  reaction  with  alcoholic  potash- 
solation,  hydrocroconate  of  potassium,  C^U'K'O*.  separates  as  a  dingv  red  pedpitate, 
niuch  czystallisee  from  hot  water  in  crimson  noMbf^  His  Uood-Rd  aoloUon  of  tfiis 
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■dfe  if  60«wtid  Into  <w<aM>>  («d  m  ■mall  quantity  ot  ooHltte)  of  potMriMi  m 

tKDOBUTi'  til  the  air,  cx^tecially  in  presence  of  alkali 

^jdroooconic  addu  aoloble  in  water,  alcohol,  and  ether,  and  does  not  crystaUue. 
Tbm  iaHim  mU,  C^WBtW,  h  ft  paeony-red  precipitate  weMAt  bk  lqrdMBliiniii\ 
ioMlable  in  acetic  acid.   The  kad-scUt,  C»H'Pb*0*,  if  also  a  red  pcidpitilto. 

EiTDROcrrAirBAXKAUVB.   Sec  Hakxauxb  (p.  8). 

BTZ>aoC7AJ0'ZO  ACZB.    Sec  Ctaxihe  of  HmnooFN  (ii.  214). 

BTSSiOIMIIiAMlTaL  A  hydiom«£peeite,  having  part  of  the  magnesiom  zeplaeed 
Ij  eilfliiiii.  Oeett»  on  Bonma  Ib  kofated  mer>l{ke,  (p^olralir  or  stakefitie^  eaith j 

tuiLsso.'*,  having  a  wliitc  or  yollowish  white  colour.  According  to  Kobe  11  (J.  pr.  Cheni. 
zxxvi.  304),  it  contains  '2d'22  per  cent,  lime,  21-28  magnesia,  33*10  carbonic  anhydride^ 
and  17-40  water:  vfaenoe  tha  fomiiaa  3[(Mg';  Ca')00*JTO]  2MKHa  (Baan- 
■laUber^) 

BTl>ItO-BX.i:CTRXC  MACBZWS.    Se«  EUKTIIOBT  (il  408). 
BTSROFSXtStXCTAKTIC  ACZS.    See  Fkrrictaktdks  (ii.  244). 
BT2>ROria«OCTAarZC  ACZI>.    See  Tmuocyxywv.s  (IL  226). 
BTOBOFlirOBOSATZSS.    See  Bonox,  Fixokidk  of  (L  632). 

Soo  iSiucoN,  Flcobioe  of. 

An  «mngan«nt  ^kMrlbed  hy  Zanii^elt 

(Johrb.  pr.  Pharm.  xx.  65  ;  Jahresb.  1850,  p.  619)  for  determining  the  amowl  of 
water  added  to  normal  milk.  The  milk  is  coagulated  by  a  few  drops  of  hydrocbloriio 
acid,  and  the  Tdfame  ol  the  curd,  seporaled  by  filtcation  thioogh  flannel,  is  oompared 
with  ^f>%  ntitikwi  in  ■  rtnihr  miUM  ftiBi  ynrt  Bfflr. 

BTBBOGB17.  Afnmic  weight  =  1.  Symbol  H.  (/n/fii WII8I1  Wasferst^f, 
JSjfdineMaUum,^-'^^  o^c^  aldiemists  do  not  aspear  tohiiTe  been  aefidBtsd  with  this 
gas.  The  erolalion  of  an  air  during  the  tohmott  of  iron  in  snlplmis  neid  was  fnt 

iMlifNxl  in  the  sixteenth  century  by  Paracelsus.  The  inflammability  of  the  air  thus 
produced,  was  obeerred  in  the  seventeenth  century  by  Tnranet  de  Mayerne^  and 
afterwards  (1672)  by  Boyle,  in  his  *^New  Experiments  tonoiing  the  relation  between 
Flame  and  Air."  L emery  in  1700  obeerved  the  detonating  pn^Mrty  of  this  inflam- 
mable gas.  But  the  first  exact  experiments  on  its  nature  were  made  in  1766  by 
Cavendish,  who  showed  that  it  is  a  peculiar  kind  of  air,  which  be  called  infiammabU 
air;  that  it  is  nroduoed  when  iron,  zinc,  or  tin  is  dissolved  in  dilate  snlphnric  or 
hydrochloric  acia;  and  that  ditferent  metals  evolve  different  quantitiei*  of  the  gas.  Ho 
uls<j  e.stiiiuilcd  its  specitic  grurity  at  ^  of  that  of  common  air.    (It  is  really  about  -j'^.) 

The  inflammuble  air  gcnemted  in  tnese  processes  wa%  tewaver,  f<  >r  .sume  time  con- 
founded with  other  kinds  of  inflammaMe  air,  such  as  those  produced  1  y  tlie  destructive 
distillation  of  organic  Wlie.'*,  by  the  inipt-rl'ect  combustion  of  charcoal — with  vapour  of 
other,  &c.,  all  of  which  were  suppoeed  to  consist  nsnnniiillj  «f  the  sane  iidsmnaMe 
principle  nioditit  d  ly  the  adniixtnn^  of  other  substances.  Moreover,  it  wa-s  Kuj^pnijed 
that  the  inflammable  principle  developed  in  the  solution  of  metals  in  acids,  pn>c««ded 
from  the  metal,  and  that  it  was  either  pWogjwtnn  or  intimately  nlnted  thereto. 

The  pr(.»duction  of  moisture  in  the  burning  of  hydrogen,  appears  to  have  been  first 
noticed  by  Macqaer  and  De  la  Metherie^  in  1766 ;  but  no  one  at  that  time  sup- 
poaed  that  the  only  peednet  of  the  combustion  was  wntea.  LnToisier  supposed  that 
m'drogen,  like  other  combustible  bodies,  produced  an  acid  in  burnin.^ ,  and  made  several 
unsuccessful  eacperiments  to  obtain  this  acid.  But  the  mand  disoovexy  tha^  water  is 
the  sole  prodnet  of  Um  combaation  of  hydrogoi  wm  bms  by  CaTsndish,  in  1781, 
and  jmlilished  in  1783.  Cavendish  nhowal  that  423  volumes  of  hydrogen  required  for 
combustion  1,000  volumes  of  air  ^which  contain  210  Tolames  of  o^gto,  and  will,  there- 
teeh  ban  exactly  480  Tohnnes  of  hydrogen) ;  and,  mowom.  Hut  wben  hydrogen  mid 
OnMn  gases  are  burnt  together  in  certain  propordona,  nearly  all  the  pas  tlisaiipears, 
ao^ag  but  slight  impurities  remaining  behind.  These  results  were  afterwards  fitUj 
Mnflzmed  by  the  experiments  of  Lavoisier  and  Laplace  (see  Qas,  ii.  780). 

Source*,  -  Hydn-tren  is  never  foimd  in  the  fret*  state.  The  compound  which  contains 
it  in  the  greatest  abundance  is  marsh>gas,  of  which  it  forma  one-fourth.  Of  water  it 
forms  one-ninth.  It  occnzs  in  smaller  qnantitiea  in  combination  with  phosphorus, 
mlphnr,  isdin^  bfomins^  cmImb  midnitneBn,nnd  Is  an  MMwitial  eoastitnwiitcf  neaiHir 
all  organic  compounds, 

iVf;jarrt/<o«.  -Hydrogen  is  generally  obtained  by  the  decomposition  of  water,  or  of 
dilute  a.  ids.-— 1.  It  is  prodnead  in  tha  Stats  of  greatest  pmiiytjilstlw^yrii^  as  atoea^y 
exphiined  in  the  article  .Analysts  of  Gases  (i.  285). 

2.  By  passing  vapuur  of  water  over  iron  nails  or  wiro  contained  in  a  gun-barrel,  laid 
tflriaontaii^yinnftuBincsbanAlMaladtobtf^iediiMi.  TlwinaittiiMjtaBftrted 
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into  ferro9o-£BKxic  codde,  f 0*0*,  while  hj6rogm  gM  jmm  ont,  ■ad  miqr  firfltfftfA 


3.  By  introducing  pota^iom  or  sodiiiin  into  an  iiirert«d  tnbe  or  cylinder  fflkd  with 

wat*T  or  alci^hol,  aixJ  staiiflincif  in  n  VfmsA  of  the  ^anu-  liquid.  It  is  best  to  wwp  tim 
metal  in  a  yi*»co  of  paj^r  U^fore  plunging  it  ander  llio  mouth  of  the  ejlinder: 

H«0  -f  N»   -    NaHO      +  H. 

Hydr.Uf  of 

OTO)  +  Na    =    C»H»NaO  +  H. 

Ilihrf       k  Klhyl.itp  of 

4.  By  duMolTuiff  sine  or  iron  in  sulnhurtc  add  dflatod  with  an  •^jht-Jbld  quaulity 
of  water,  or  in  l^ydttwhloric  acid  diluted  with  twioa  itf  «f  water: 

mo*  +  Za«     ^  Zii^O'  +  H* 
and  HCl  +  Zn      »    Zi.(  1    +  H. 

This  it  fhft  moat  cemwrnnuA  metKod  of  cAilaniing  ike  ga&  for  gt^neral  purposes. — 6.  By 
dissolving  ziuc,  in  contact  vr'iih  imn  OT  plirtuuiiiL  in  ifff>^^iff»  of  oaaitic  pfttanh.  stnGnta 
of  potaasLom  being  thfiBformeti: 

KHO  4-  Zo   -   ZaKO  -»>  U. 

flfdnit«er  ZhMil*«f 

The  use  of  the  iron  is  to  form  an  ckctxic  oou^  with  the  sia^^  the  latter  then  acting 
•n  tba  poaikiT«  or  active  nataL 
6u  Bj  acting  on  cqmoa  l^diida  with  I^dzoeUoric  acid: 

Cn*H   i-   HCl     •»      CWl   '¥  H*. 

7.  Bjr  i«***itig  fonnatia  or  oacalatoa  with  oomm  of  l^diato  of  potaannm,  aodiaai,  or 

falfjnWi  * 

CHKO*  4-   XHO   -       CE«0*  *  R\ 

TonnaM  of  Carbonate  of 

potanlUH,  potatdiuD. 

cvo«  ^  woo  -    aCSTO*  •!>  H*. 


8.  By  the  action  of  hjjrdnte  of  potaannmoneerCain  organiebodifa  hnrlag  a  teiid«mf 
to  finm  acids  hj  oaddatkm : 

C*H*0    +  KHO    -  C^H>KO»  +  H*. 
Bfdridaiif  Bcoxoiiteof 
asaiofL  potsMiun, 

Piirtfu-ntioH.-  TTy<!rrgen  prepnivd  T  y  (lis.s  iMag  zinc  or  iron  in  sulphuric  aoul — 
which  ia  the  method  vaoA  need — ma^  contain  the  fuUowiug  impuritiee : — I.  BtUphurous 
and^  it  tbia  acid  is  prcaant  in  the  colphnzie  acid  need. — i.  Niiroiu  oxidt  or  nUHo 

oxide  gas,  if  the  sulphuric  acid  contains  nitric  oxide,  nitrous  add,  <>r  nitric  acid.— 
3.  Sulphydric  acid,  if  the  zinc  contains  sulphide  of  zinc,  or  if  the  sulphuric  acid  oon- 
tuins  sulphurous  acid — or  if  a  fresh  quantity  of  strong  sul^hnrio  add  be  added  to  the 
diliit4'  acid  already  nrting  on  the  zine,  without  mixing  it  well  with  the  liquid.— 
1.  Ph'j!ij)//r'rt tffd  /ii/iirn(/f /I,  if  tin- ztnc  rontains  jilux'^jili'inifi.- — o.  Ararndt'cf  hijilri.qm, 
ii"  tiie  aiuc  coutaiiis  arscuic,  or  if  the  sulphuric  ;u'id  coiitaius  anieuiuuii  acid. — (i.  C'ar- 
hems  anhydride  has  occasionally  been  ohftiTTe<l  in  hjdragen  prepared  with  p«>w»HfHr 
kinds  of  zinc.  These  irnjniritii  s,  which  tjivc  the  srns  an  Tinpfeasant  odour,  may  b<» 
removed  by  |mi»ing  it  ovtr  ttubuiauces  which  aL»orb  or  ducoinpose  the  adventtiious 
gases.  Dumas  piuwed  the  gas  through  two  U-tubes,  each  about  three  fret  long,  and 
Blh  dwTtii  bruk»'n  ^lass.  the  jjlii^.s  in  tin-  first  tulx'  Ix  in^'  nioisti  ncd  with  nitr.if.  of  lead, 
which  remoTca  the  suiphvdric  acid,  and  that  in  the  second  with  sulphate  of  sitrer,  bv 
wUdi  tha  araenetted  hydrogen  is  eeparated ;  then  tbtoag^  a  third  U-tnhe  filled  with 
fracrmt-nts  of  {jurnici'-stont'  >aftirat('(l  with  strung  iK'tash  ;  and,  lastly*,  tn  render  it  anhy- 
drous, first  through  a  tube  containing  fingments  of  hydrate  of  potassium,  then  throu&h 
anoCiier  eoatalning  phosphoric  anhywide  or  pondco-atono  aoafcad  in  oil  of  Titriol*  To 
a  void  the  {>r(  senc«  of  oaodfla  of  uitMigen,  it  la  beat  ta  vm  ao^mie  add  perfoo^y  fraa 
Sxom  those  oxides. 

Hydrogen  gas  obtained  by  the  use  of  uon  may  contain  the  same  imparitiea  aa  tiiat 

Jtrepared  with  zinc — and  in  addition:^!.  Ferruretted  hydrogen—Xo  be  removed  by 
uming  nitric  acid  or  solution  of  mcrrnric  chloride ;  and  2.  The  vapour  of  an  oily 
hydrocarbon,  which  is  produced  in  larger  qnantity  as  the  iron  contains  more  carbon, 
and  OQBinninicatcs  a  peculiarly  repulsive  odour  to  the  gas.    It  mny  be  removed  by 
passing  the  gaa  UmNwh  aleobol  and  fehe  alcohol  na^  be  afterwacdB  eeparated  by  water* 
Vot  in.      .     .  0 
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According  to  Babereiaer  (Sdnr.  J.iiL  877),  the  guB  oMnid  iridi  eitliir  sine  or  fno 

may  be  deprived  of  all  odour  by  24  hours'  contact  with  moist oii<  tl  clmrcoal  j  <jw  c1<  r. 

In  whatever  manner  the  gaa  may  be  prepared,  it  ffenerally  contains  a  small  quantity 
ot  ainifi&phehc  air,  proceeding  from  the  liouida  useain  the  prej^ration.  The  nitrog^B 
cannot  be  removed ;  but  the  oxygen  may  w  acpttAtcd  If  Uvna^  the  ans  for  a  while 
in  contact  with  ap'Mig}  {latinum,  which  cauMS  Uw  oaLjigni  to  mute  iriuh  a  poKtum  ci 
the  hydrogen  and  form  water. 

Proper Hydrogen  la  a  colourless  gas,  of  specific  gravity  0  0693.  It  is  the 
liplit«st  of  all  known  Bub?*taricos.,  L«-ing  about  14.^  times  as  light  us  atmoiipheric  air:  it 
may  tiierefore  be  used  for  intlatiug  balloons.  Soau-Lubblt^ii  filled  with  it  ribe  rapidly 
in  Hm  tir.  It  escapes  rapidly  out  of  iwmcU  with  their  mouths  turned  upwardit ;  but  a 
wide-mouthrd  vessel  filled  with  it  may  be  carried  ^ith  its  mouth  downwards  for  a 
ooDuderablo  distance  without  tlie  gw  eecapii^.  For  the  same  reason,  it  ia  eaaito 
eoUeeted  by  displaMnntiiit,  witbovt  the  i»e  water,  via.  Ij  holding  the  TMd  whi^ 
is  to  reeoive  if,  oTOP  the  aslTCniity  of  a  TMtieil  tabe  attached  to  the  aovtb  «l  the 
generating  vesseL 

Hydro^^en  is  odonrieee  when  qoite  pure,  but  w  aeually  prepared,  it  haa  a  dieegreealile 

odour,  arising  from  impurities.  Small  animals  introduced  into  the  gas  die  instantly. 
In  man,  the  pure  gas  exeitr^,  after  two  inspirations,  disagreeable  sensations  and  loea 
of  muBcular  power;  when  mixvd  with  air,  it  may  be  breathed  for  a  longer  time,  but 
imparts  a  peculiar  eqnealring  tone  to  the  voice.  It  is  not diiectly  ii\juriou8,  but  so  lung  aa 
it  w  inhaled,  oxygen  jms,  whieh  is  es.-ential  to  life,  in  prevented  from  entering  the  lunp*. 

Hydrogen  is  very  iufluTnina  tjle,  and  burub  iu  the  air  with  a  pale  blue  flame.  It  dues 
not  support  the  combustion  of  those  bodice  irikieh  bom  in  the  air:  for  instance,  if  a  jar 
fidl  uf  hydr  u"  n  V  'u  1!  with  its  ntouth  downwanls,  and  a  lighted  taper  plunged  into 
it^  the  hydrogen  will  bo  set  on  fire  at  the  mouth,  but  the  taper  will  be  extinguished. 
A  jet  of  oxygen  wiD,  however,  hara  in  hydrogen,  as  well  as  a  jet  of  hydrogen  in  oxygen, 
though  with  a  .^mewhat  different  aj<peaninco.  The  experiment  may  be  made  by 
setting  fire  to  hydrqgra-gas  at  the  mouth  of  a  bottle,  and  then  directing  a  jet  of  oxygen 
UiTOogh  the  flame  into  tte  body  of  the  gas.  A  flune  win  then  be  formed  at  the  ovmee 
of  the  iet,  and  will  continue  to  burn  till  the  liydropen  is  exhaustfxl. 

Hycuogeu  and  oxygen  unite  to  form  watar,  in  the  ponortion  of  2  vohunes  of  hydrugeu 
to  1  TOhnne  of  oxygen ;  and  when  the  gases  are  mixed  in  tbeue  proportions,  they  may 
be  made  to  unite,  either  slowly  or  rapidly,  the  entire  volume  of  gas  disappearing.  On 
bringing  a  burning  body  in  contact  with  the  mixture,  or  posiiing  tin  electric  spark 
through  it,  combination  instantly  takes  place  throughout  the  whole  mass,  attended 
with  great  and  sudden  rise  of  tempeiatare^  whereby  the  mixed  gases,  or  rather  the 
watery  vapour  resulting  f3pom  theirnnion,  are  expende<l  with  a  force  ifnifficiont  to  shatter 
the  containing  vetwel,  if  not  of  great  strength.  If  the  vessel  is  entirely  closetl,  and 
strooic  enough  to  resist  the  eaqpaosiTe  force  of  the  gas,  no  noise  is  heard;  but  if  the 
montli  of  thi' A'csscl  be  h-ft  open,  or  the  pas  hv  able  to  force  for  itself  a  pa?'*npe  iiit«*  the 
air,  a  loud  detonation  i^  tlie  result,  arising  from  the  concussion  of  the  air  by  the 
escaping  gases.  The  same  effect  is  prodnced,  though  with  mneh  lees  intensity,  when  a 
mixttjre  of  2  vol.  fiylrop  n  and  6  vol.  atniospheric  air  (eontaininj*  1  vol.  oxygen,  tho 

auantity  required  to  unite  with  2  vol.  hyilrugt>D)  is  exposed  to  the  action  ot  tlame  or 
lie  eleetrie  spark.  Hmee,  in  manipulating  with  hydrogen,  great  ears  nmet  be  tdcen 
to  prt  vi  ut  accidental  admixture  of  air,  as.  if  sneli  admixture  takes  place  unknown  to  the 
operator,  eiqtloetons  of  dangerous  character  may  emne  when  the  gas  comes  in  contact  with 
flame.  In  eolleettng  the  gas,  a  oonddwable  quantity  shoold  be  soiRsed  to  esei^  before 
any  of  it  is  cillected,  so  that  the  air  in  the  apparatus  may  be  completely  eliminated. 

The  rapid  combination  of  hydrogen  and  oxygen  may  be  brought  about,  not  only  by 
the  contact' of  flame,  but  ahjo  by  the  heat  of  a  red-hot  iron  wire,  or  a  coal  hot  enough  to 
exhibit  h  risible  glow  bj daylight,  Ae(M>rding  to  Bio t  (Gilb.  Ann.  zs.  99\  the  Jieat 
produced  by  suddenly  compref^ini^  the  (h.  f  onatintr  £rn«i,  is  sufficient  to  cause  the  explosion. 

The  presence  of  eerlaiu  metals  cau&cti  the  ^ases  to  unite,  even  at  ordinary  tempera- 
tttres.  This  etl  ct  is  exhibited  most  strikinL'ly  by  platinum,  in  the  form  of  platinum- 
BpTinrr'*  or  plaf  iiiUTn-bl.ick  (sc*-  Platixtm'i  ;  \>\\\  it  is  alsn  {>roduev<l  by  a  plate  ..f  tho 
metal  rendered  perfectly  clean  by  rubbing  it  while  hot  with  fused  potash,  then  washing 
it  with  water,  dipping  it  into  hot  oil  of  vitriol,  and  again  washing  with  water.  Similar 
effects  are  exhibited,  thonph  witli  less  fncilify.  by  sponpi"  iridium  and  osmium,  finely 
divided  palladium,  gold  in  the  form  of  leaves  or  dust,  and  silver  leaf,  This  peculiar 
aefioa  of  platinnm  and  other  metals  appears  to  be  due  (in  part  at  least)  t»  Ilia  ahooep- 
tion  of  the  gases  by  the  met^il.  and  their  eondeoMtkii  withiB  its  pOMH  (See  Qijm, 

AfiSOBFTIOM  OP,  BT  SoLIDS,  it.  804.) 

The  flame  of  hydrogen,  though  lj«t  feebly  luminous,  is  intensely  hot,  and  when  a  jet 
ot  oxy^cu  is  directe<l  tlirough  it,  as  in  the  oxy-hydrogen  blowpipe,  the  proportions  of 
the  two  gases  being  prope^  a4iosted  so  that  neitber  of  them  ia  in  exeea^  the  heat 
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produced  is  the  highmt  that  can  be  obtained  bj  chmicai  oombimution.   (Bee  Blow 

mB,  OXY-HYDBOOEN,  i.  616.) 

Hydrug..n  likewise  iinitta  very  energetically  with  vfilorinc,  forming  hydrooh  I  uric  add. 
The  gases,  in  equal  vulames,  may  be  mixed  m.  the  dark  without  uniting,  bat  on  expo- 
«ne  to  dittned  daylight,  eoni1»BiitMm  fakes  place  gradually,  and  exposure  to  the  direct 
niys  of  the  sun,  or  tu  the  light  uf  the  electric  an*,  or  of  lime  ignited  by  the  oxy^hy^og^ 
fUuoe,  causes  ioatant  combuiation,  attended  with  violent  explosdon.  Expiation  i;;  nl^o 
ptodneed  bj  eontaet  with  flame,  or  whh  a  bride  heated  to  160°  C.  With  bruminv- 
vapour,  hydrogen  docs  not  unite  at  ordinary  tompetitOM^  even  in  sunshine;  but  partial 
combination  is  effected  by  contact  with  a  red-hot  wim  With  iodine,  it  nnitos  wlifti  a 
mixture  of  hvdrogen  aud  iodiue- vapour  in  pH*»ed  iJirough  u  rod-hot  tulK>,  and,  according 
ta  Bluidell  (Po^.  Ann.  ii.  216),  at  ordinary  tempemtures  under  the  ihfhmm  of 
tfponfry  platinum.    "With  other  elements  liydropon  docs  not  nnite  directly. 

Hydrogen  is  an  etuiential  couatitueut  of  ucidi^propiTly  iio  called — these  bodies  being 
in  net  nlte  of  hjvlrogeii.  (See  Acids,  L  39.)  It  also  &fXBS  basie  oompomkla,  inbi» 
ammonia,  ai^en  t't  !.  antimonetted  hydro^n,  &c.;  and  ualtM  witll awtal* and  MgUiia 
radicles,  forming  eompounds  called  hydrides  (p.  180\ 

r,  AVTXMOH U>S  or.    Sre  Antimony,  li\uiui>B  ov  (i.  322). 
Jf  •■■■Willi  <MP.  flee  ABmno^  Hnumsor  (I  371)1 
HYi>ROCETir.  BROiVTli>B  OP.   See  BaoicroB  of  Htdboobn  (i.  672^ 

HYDROGEKT,  CHLORIDE  01».     Sco  Clll  oniTTDmC  ACID  (L  890)t 
a¥S&OG£W,  X*l.tf  0&XX>£  Or.    ^e  FlvOASTDBZC  AjQQ>  (ii. 

See  loMmnMO  AOBi 

Hydrogen  ftmi  two,  or  peilitipg  Ihree,  com- 
pounds with  oxygen,  viz.  the  Profta-idr  or  water.  H'O ;  the  (livruh  or  prroridf^  H^O*, 
and  perhaps  Oecmt,  which  accordiug  to  Baumert  \m  a  triojcide  of  hydrogen,  H^*. 

Water.  BK>.— The  propeitiea  of  water  will  be  deenibed  itt  a  eepovto  aztide; 
■wf  -hall  h*  ro  sjx'iik  only  of  its  composition.  We  have  already  .stated  that  when  pniv 
oxygen  and  pure  hydrogw  are  mixed  in  ihe  proportion  of  2  vol.  H  to  1  rol.  0*  and 
exi»ded,  the  eottre  Torame  of  gaa  disappcara  axid  nothing  is  prodveed  l)iit  water. 
Now  the  density  of  oxygen  is  16  times  as  great  as  that  uf  hydrogen :  hence  water  is 
eompoeed,  by  weight,  oif  8  pta.  of  (ug^gen  to  I  pt.  of  hj'drogen.  This  compoaition  has 
faitlMito  M«i  most  ganenlty  represented  liy  the  fbnxnda  HO,  watm  being  thus 
regarded  as  a  compound  of  hydrogen  and  oxygen  in  equal  numbers  of  atoms,  and  the 
atom  of  oxygen  being  KUpposc>d  to  weigh  8  times  as  much  as  that  of  hydrogen.  But 
there  are  many  reasons  &r  supposing  that  a  molecule  of  water  contains  2  at.  of 
hvdzegn  writad  with  1  at.  of  uxygeu — a  etnapoaitioii  TC|BfMBted  hj  tha  fbcnmhi 

§0  or  B*0.  tFhaaa  teaapna  ham  atieadj  heea  givnt  in  tha  arlida  Atombo  Wsmm 

(i.  461X  and  need  not  hero  be  repeat^   Wo  Will  merely  aMotiOD  thai*  aoeovdiBg  lo 

thf-  formTda  H*0,  the  atomic  weights  uf  nxyp^n  and  hydrogen  are  to  one  Hnother  as  the 
denvitiee  of  the  two  gases,  which  is  the  most  simple  supposition  that  can  be  made 
lespecting  then,  and  IB  in  aoeordanee  vidi  tiia  ooDdaaioiiB  okbeed 

theory  of  heat  fp.  1^1). 

The  composition  of  water  bjr  weight  and  volume  may  be  ascertained  in  Tarious  other 
wBjra,  beatdea  the  direet  eombmation  of  tihe  eompotiMt  gaai!8L  When  water  ia  deeoni- 

potted  Vy  elect ri (lysis,  tlie  gns4  s  are  evolved  veiy  nearly  in  the  projiortion  of  2  vol.  H  to 
1  ToL  O,  but  the  volume  of  oxygen  is  always  (somewhat  less  than  it  ahould  be  on  account 
of  fte  greater  ahaoilwbillty  in  water.  The  comporitioii  iaS0A  dao  ha  aaeertaiaed  hj 

passing  vapour  of  water  over  red-hot  iron,  measuring  the  rohnna  of  tho  hydzogeA 
erolreo,  and  determining  the  increase  in  weight  of  the  iron. 

But  the  mo$<t  exaet  method  is  that  adopted  by  Berzelius  and  Dulong  (Ann.  Ch. 
[S]xr.  sr.)  und  by  Dnaias  (Ann.  Ch.  Phys.  [."^l  viii.  ISO),  whidi  consists  in 
p&<M[ng  pure  and  <lry  hyJnifren  gas,  obtained  as  do«crib«d  at  p.  193,  over  red-hot  oxide 
of  copper.  This  oxide  tUeu  y^ives  up  its  oxygen  to  the  hydrogen,  and  forms  water,  which 
il  collected,  parfl^r  in  a  small  receiver  attached  to  the  end  of  the  \\\\,v  containing  the 
oxide  of  copper,  partly  in  a  tube  containing  dty  chhiriih-  uf  eah  iiiin.  The  quantity  of 
water  thus  produced  is  weighetl,  and  the  loss  of  weight  which  the  oxide  of  copper 

riaa  dateimuied.   These  experimento  ^w 


hj  partixig  with  ite  oigrgeii,  ia  likewiaa  datennined.   These  expennuaito 
that  water  is  eom^aod  anwtlj  m  the  proporthm  of  8  pta.  hj  weight  of  ooTgan  to  1  pt. 

of  hydrogen: 

Cstallattoa.  Diiinns.  Q^rie1iu<    aHi  Pulong. 

H«  .  .    2  .  .    nil    .  .    nil    .  .  Ill 

O     .    .    16    .    .     88-89     .    .     88-89     .    .  889 
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For  «ha  aomponnds  of        laa  Hiniina  (p.  179). . 
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BloxMe*  or  Peroslde  of  ^jdrofoa.  HO  or  H*0*. — This  remarkable  eom- 
pound  was  discorered  bj  Th^iiftrd  CDM  de  Okmt*,  4».  M.  I.  41). -It  i» 
prodaoed  wlion  peroxide  of  potassium,  sodium,  barium,  strontium,  nr  calcium  is  <lif!;o.«ted 
m  any  acid  whu  li  forms  a  ooluble  salt  with  tbe  baao  resnltiiig  from  the  decomposition 
of  tbo  peroxide,  the  excess  of  (ocygm  not  escaping  as  gas,  but  passing  over  to  ft  poctM» 
of  th0  irrtiRv  aad  MBfolaikg  it  iato  pci^^  ft.^.: 

BftO  ^  HCL  »   SBftCl  *  H0« 

Rrtparatiom, — Pare  barjta  i»  pMptMd  l>,v  igniting^  ia  «  pc»c«lain  rdort,  nitrate  of 

barinrn  froo  from  iron  nn  i  minpanr««'     Tht'  Imryta,  bi^en  into  piecos  about  the  size 
of  a  uut,  in  tli«n  pat  into  u  c-oated  glatit*  tube  and  heated  to  low  r«dneaa,  while  a  current 
of  oxyg«n  gas  fne  from  eariwiiie  and  and  dried  hf  mtuui  of  quicidiao^  to  poaied  am 
it.    For  the  first  eight  minntrs  the  ca-**  is  «  a>^«'rly  ali'-orlH'il  by  the  barytA.  Aftor  it  has 
b«ffun  to  eooftpe  tma  the  £uthec  end  of  the  tui^e  (to  which  &  gas  delive^-tttbe  paaaing 
voderwrter  is  ittedX  tlie  otrauB  k  atill  kept  lip  IwilM  opftoo  of  taBOPflftcfQ  minBtw* 
Hie  peroxide  of  barium  obtained  by  this  process  is,  after  cooling,  preser\-ed  in  a  bottle. 
In  the  next  place,  200  ^rms.  of  water  are  mixed  with  as  much  hydrochloric  acid  as  will 
neutralise  about  15  grnis.  of  baryta.    Into  this  liquid,  contained  in  a  cylinder,  or 
better,  in  n  dish  of  silver  or  platinum  kept  cool  by  surroundii^  it  vith  ice,  1 2  grms.  of 
peroxiile  of  bariuin,  t-lightly  moistened  and  rublnHl  np  in  an  agate  mortar,  arp  intro- 
duced bj  means  of  a  wcnxien  Kpatula :  on  agitating  or  stirring  the  liquid  with  the  pestle, 
tlio  whole  diMolTefl  eompletely  ami  without  effervescence.    The  barytft  it  iMxt  pw- 
cipitated  by  milphiiric  acid,  Mildcii  dmp  l)y  (Imp  lill  sH^litlv  in  pxcf?««::  the  prr>«frnfe  of 
an  excess  of  the  acid  may  be  known  by  the  sulphate  of  barium  falling  down  more 
quickly  than  before.   12  gnu.  moFB  of  th«  peraodde  em  theai  diseol'ved  m  tlie  wmo 
liquid,  .'dhI  likruisc  |>rcci[,i(at»d  by  suli  huritr  :icid.    Tlu-  liquid,  which  now  contains 
hydrochloric  acid,  sulphuric  acid,  a  hurge  quantity  of  water,  and  a  uudl  qiuuitttjf  of 
peroxide  of  hydrogen,  is  next  aepuBted  by  tttntioik  from  the  sulphate  of  nrivat,  the 
precipitate  washed  with  e  little  water,  and  the  last  wash-water  retained  for  futuro 
washings.    The  filtrate  is  again  mixed,  as  above,  twice  With  peroxide  of  barium,  and 
twice  with  sulphuric  acid.    The  filtration  is  then  repeated,  and  the  process  continued 
in  the  same  way,  till  90  or  100  grma.  of  the  peroxide  arc  oomnned.   Tbe  liqaid  thus 
obtained  wuiil*!,  on  dor-ompo'^iTion,  yjf"!d  fnnn  2.>  to  .10  mf-asnres  of  oxygen  To 
sepHmte  ^tliea,  lilumiuti,  ssf^jqUioude  ut  iron,  ik^^quiuxiJo  of  manganese,  &c.,  wiiich  pro- 
ceed from  the  porcelain  retort  in  which  the  nitrate  of  baryta  was  ignited,  the  li<piid  ii 
jiiixt'd  with  concentrated  solnti<tn  of  phosphoric  acid  (2  or  3  pt^.  uf  ji!ii>^phi>ric  acid  to 
100  pts.  of  peroxide  of  barium)— then  aurroundcd  with  ice,  and  supersaturated  with 
pounded  peronde  of  bariwn^  tdlloa  and  tlie  pliosphatee  of  iron,  maaganMet  and 

ahnainium  flicn  separate  rjipiidly  in  flakes,  and  mu'-t  he  separated  from  lh»?  liqnid  by 
filtration  through  linen,  and  if  necessary  throxigh  paf&r.  The  presence  of  a  larj^e 
qoaatitf  of  snlMiate  of  bariwn  renden  the  iUtntioti  dilBeiih.  (u  no  f^bo^ocie  aeid 
were  present,  the  sesquioxides  of  iron  and  manganese  would  fell  down  by  themselves, 
and  ^ve  rise  to  a  rapid  evolution  of  oxygen  gas  ;  but  wlien  they  are  mixed  with  phos- 
phoric add,  they  do  not  produce  this  effect.)  Should  the  liquid  still  contain  portions 
of  theae  oxidea,  they  must  be  separated  the  addition  of  a  slight  excess  of  baryta- 
water;  whereupon,  the  liquid  must  bo  immpdiat«^ly  and  nipidly  filterevd  tlirough  scv.  ral 
filters  at  once,  and  tlie  llitert*  squeezed  betweeu  linen  to  get  all  out.  The  whuli!  uf  iho 
bfti^ta  must  then  be  h>  parated  bgreawftdly  adding  sulphnrie  add  in  rety  slight  exceei» 
and  filtering.  The  I'dtrate  no^  contains'  nofliint:  l.ut  water,  peroxide  of  hydrDg.-n,  hy- 
drochloric acid,  and  a  very  little  sulphuric  add.  To  separate  the  hydrochloric  acid, 
(he  liquid  is  ranounded  with  ice,  ana  nixed  with  oidphateof  ailver.  In  tbeiint  plaei^ 

sulphate  of  hilTor,  ol>fained  by  heating  nitnife  of  silver  ir;  i -ntacf  with  oil  of  vitriol  in 
a  platinum  crucible,  is  introduced  in  the  form  of  powiier  iuto  the  liqnid— the  whole 
beutt  oonatantly  atinvd  till  the  liquid  beoomea  dear,  a  sign  that  the  h^dRMUorie  add 
is  wholly  or  nearly  precipitated.  Any  hydrochloric  acid  that  may  still  remain  mu«t 
be  separated  by  cautiowdy  adding  more  sulphate  of  silver.  If  the  latter  has  been 
added  in  excess,  it  moet  be  precipitated  by  carefully  dropping  in  a  dilute  solution  of 
chloride  of  barilOtt.  The  liquid  should  contain  neither  hyan>clii<^ricacid  nor  silver,  and 
should  therefore  ^ve  no  precipitate  eitlur  with  solution  of  .«:ilv.'r  or  with  hydroehlorio 
add.  The  chloride  of  sdver  is  sepurated  by  filtration  aud  pre&iiure,  any  portion  of 
liquid  which  comes  thronigh  torbid  being  filtered  over  again.  Toremore  toe  sulphuric 
acid  alpo,  and  obtain  a  pure  n'Txtiirf  of  water  and  peroxide  of  hydrogen,  the  liquid  ie 
placed  in  a  glass  mortar  surrouiidod  with  ice^  aud  rubbed  up  with  slaked  uuTt* 
previoaelypoinided  and  diffluedtfaroogfa  water ;  the  bar>'t4i  badded  till  the  anlphvrie  toA 
1.1  very  nearly  saturated.  The  liquid  is  then  filtered,  the  filter  pre.ssed  between  linen, 
and  bttiyta- water  added  in  slight  exoeoa :  tbia  often  oooeatoas  the  prudpitatioo  of  oxide 
of  irm  aad  ooddd  of  imnganei^  at         mlpliata  of  hwiumi  hmo$  tlm  fit* 


Digitized  by  Google 


HYDROGEN,  PEBOXIDE  OF. 


197 


must  be  n^dJj  pecfbniied.  The  excess  of  baiyta  is  remored  hj  ctntinnmLj  ftdding 
jfilnte  ittlplivrie  acid,  ao  dut  tlun  M^r  be  ndier  *  very  slight  sawiei  of  Ae  add  thaa 

of  the  bftryta.  The  whole  of  the  sulphuric  add  may  likewise  be  removed  by  means 
of  carbonate  of  banom  obtained  in  a  finely-divided  state  by  precipitation,  instead  of 
by  slaked  baryta  and  baiyta-water.  Fintdly,  to  separate  the  whole  or  nearly  the 
whole  of  the  water,  the  vessel  containing  the  liquid  is  placed  in  a  diah  eootataiag  cal 
of  vitriol,  and  the  whole  placed  iinJi  r  a  root  ivt  r  of  the  atr-pamp:  the  water  then 
evaporates  before  the  peroxiUw  of  hydrogen.  Tiie  fluid  is  afritat<id  from  time  to  time. 
If  it  should  deposit  flaki»s  of  fttkli  which  give  rise  to  the  esrn)>o  (if  oaiyifett  gas,  it  ma$t 

flfiennted  off  frum  tht^ni  I'V  Tn«»ans  of  a  siphon  :  if  it  shouM  *«vf)lvp  oxypen  -  whifli  it 
will  do  as  soon  as  it  is  so  far  ouacentrated  ss  to  contain  about  260  times  its  volume  of 
oxygen — two  or  three  drops  of  sidphurie  add  aiui^  be  added  to  it.  The  eoooentmtXNi 
must  hi'  stopped  after  a  few  days,  wh<  n  the  liquid  is  l>roug!it  to  mirh  n  state  tliatwli'  n 
decomposed  it  would  evolve  47d  volumes  of  oxygen  ^ ;  for  this  residue^  if  left  lon^ 
in  Tievo,  vottld  e^aponte  at  a  wbele.  TVe  perazide  of  hydrogen  niMt  bo  hapb  in 
long  tubes  closed  with  stoppers  iin<]  purrounded  with  ice  ;  but,  even  undvtiMaa 
eizcttmstances,  it  deempotes  slowi^  and  e^-olves  oxygen  gas.    (Thenar d.) 

S.  Peronude  of  barinm  ia  dfleompoaed  by  hydrated  hydrofluoric  acid  or  sofariion  of 
Indrofluosilicic  acid,  the  wholabdli^keiit  constantly  cool :  in  this  case,  insoluble  fluoride 
or  barium  or  double  fluoride  of  Hihcinm  and  barium  ^parutes  at  once.  As  soon  as 
sufficient  quiiutitiea  of  acid  and  pemxide  of  barium  iiave  been  mixed,  the  peroxide  of 
^idrogen,  still  oontalniHg  a  large  (quantity  of  water,  ia  filtered  Arom  the  precipitate  aad 
Moeentrated  in  vacuo  over  oil  of  ntrioL    (Pelouze,  Berg.  Lehrh.  i,  411.) 

Propertirs. — Colourless  transparent  licjuid,  of  speetfic  gravity  1  ■{52;  it  does  not 
freeze  at  —30°;  evaporates  in  vacuo  at  ordiuiiry  temperatures  withuiit  decoiufK>- 
sition,  thoitgh  much  less  readily  than  water;  does  not  redden  fitmos,  but  gradually 
bleaches  both  litmus  and  tnrmcrie  paper;  has  a  harsh,  ]>ittcr  taFtc,  similar  to  that  of 
tar^-emetic;  whitens  the  toi^e  and  thickens  the  saliva;  when  placed  u^on  the 
hand,  ft  inatently  twni  flw  entide  white,  and  after  a  time  imduoea  violent  itching. 
(Th/nard.) 

Peroxide  of  hydrogen  is  mlscible  ia  all  proportions  with  vmier^  part  of  the  water 
fkoeong  out  on  expoamo  to  eold.   A  idlvlicn  containing  eight  thnea  ita  ova  lolume  of 

oxygen  gas  be^in:)  to  evolve  gas  at  60^,  and  subsequently  gets  into  a  state  of  violent 
rbnUition,  ana  when  this  has  ceased,  nothing  is  left  but  water.  The  peroxide  likowuM 
nnitce.with  acidi,  e.^.  phos^^oric,  sulphuric,  hydrochloric,  nitric  acid,  &c.,  Ibnnxiig 
mixtures  in  which  it  is  1^  easily  decomposible  than  when  alone. 

It  is  doubtful  -whpthcr  peroxide  of  liydidgen  has  ever  been  obtained  quite  free  from 
Water.  Thenard,  however,  fouikl  iu  a  tjpeciiaen  prepared  as  above  described,  6'02  per 
cent  hjteigen*  and        oa^gen,  tbafonaola  HO  laqniiing  6*88  H,  and  M'12  O. 

Decompositions. — The  second  atom  of  oxygen  is  retained  hj  the  hydrogen  very 
loo-<  ly.  Under  various,  an*!  oft.  n  enigmatical  cirounisfancos,  it  separates  fmm  the 
water  in  the  form  of  eas,  the  volume  ol  which  at  U°  and  0-76".  K'lr.  ( 29  8  itiches) 
amottnla  to  476  tiMea  uat  of  the  Hqoid.  The  gas  often  escapes  wit  h  such  nipidity  as 
to  produce  violent  efP  rrescfi'nce,  and  even  explosion.  Great  heat  is  aiao  davelopad^ 
and  when  the  experiment  is  made  in  the  dark,  even  li^t  ia  apparent. 

The  sercral  nwdea  of  deoompoaltion  are  aa  fblloivi : — 

1.  In  the  circuit  of  the  voltaic  battery,  peroxide  of  hydrogen,  like  water,  is  gradually 
icecdved  into  hydrogen  at  the  negative  and  oo^'gen  at  the  positive  pole— only  that  the 
proportion  of  oarfgen  is  grmter  than  in  the  deeompoaition  ofwaKff.  (Th^&aard.) 

2.  By  a  certain  elevation  of  temjurature.  At  freezing  temperalures,  pentxide  of 
hydrcwen  is  but  very  slowly  decomposed ;  at  ordinary  temperatures,  it  merely  evolves 
a  bubble  of  oxygen  now  and  then,  the  decomposition  not  being  complete  fbv  nontha; 
at  20°  the  escape  of  gas  becomes  more  perceptible.  By  suddenly  raising  the  tempera- 
ture  to  100°,  tnis  gntdual  escape  of  gas  may  be  converted  into  a  kind  of  explosion. 
Finally,  there  remains  b<?hmd  nothiug  but  pure  water.  Sunshine  does  not  appew  to 
arcelemte  the  decomposition  at  ordinary  temperatures.  (Thenard.) 

3.  By  contact  with  certain  substancfs,  wiiieli  <  ithf-r  remain  unaltered,  or  take  raff 
of  the  oxygen  of  the  peroxide,  or  on  the  contrary  themselves  evolve  oxygen.— 
rapidity  with  which  these  substances  indnea  tha  eepazation  of  oxygen  from  the 

|^<■roxide  dep<'nd«  partly  on  their  chi  mieal  nature,  partly  on  the  minuteness  of  their 
mechanical  division :  the  further  this  is  carried,  the  more  rapid  is  the  action.  (Theuard.) 

POwHoda  of  hydrogen,  whoUier  pure  or  in  aqueous  Kolut  ion,  acta  aa  a  powerful 
oxidising  ngent.  It  converts  arsenious  acid  into  arsenic  acid,  sulphurous  acid  into 
sulphuric  acid,  aulphide  of  kad  into  sulphate  of  lead,  and  the  hydrat«d  protoxides  of 
manganese,  ivoo  tfid  oobtlfc,  Into  the  peroxida  mid  seaqnioxideB  respectfTdj.  Tha 
HfirtSrtdfT  tt  hmSBsm,  aboatiiaa^  nd  calflinn  ica  tnaaMiad  inlo  the  aoaaipottding 
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pCfOdkUi^  wMA,  Wng  UMoMik,  are  prMlpiteted.  TIw  eowwntwtod  lolatioii  of 

oxidt*  of  hyilm}i;f'n  nets  witli  firvnt  vioU'rii-o  upon  c«"rfaiii  of  \}i<-  *  l<  i[\*>iits.  selenium, 
anenic,  mol^rbdenum,  chromiain«  &a,  coaTerting  tli«ia  at  ooce  ioto  their  hi^hegft  oxidM. 

b.  Certain  bodies,  among  whidi  am  ineliiaad  duaranl,  many  metala,  and  floni« 
VMlaUie  oxides,  induce,  bj  their  aero  contact,  a  more  or  less  violent  decomposition  of 
the  peroxulo  into  watrr  and  oxypc".  without  themselvea  undergoing  any  change :  gold, 
platinum,  aud  ailver,  particulurlj-  whuu  in  the  precipitated  or  spongy  stute-,  act  most 
vkdently,  and  MOM*  great  disengagement  of  heat  ▲  sU^tly  aioa  aoliitioBOif  tlio 
perrixide  is  leas  amennWc  to  tlic  a .  tion  of  these  agenta  than  is  the  pure  Hqn'-on«t  solu- 
tion ;  aliLalis  on  the  other  hand  faeilitute  the  decompcMution.  The  action  of  thtt  aliove* 
BMOtioMd  tM»di«a  in  eatniiidt  <^  daeomtKNntion  of  tlie  pcnnide  ia  tamed  orfatytie. 
Its  nutnrp.  however,  ifl  not  nt  prrsmt  nndrrsfoor!. 

c.  But  the  motst  remiukuble  circumstance  conuected  with  peroxide  of  hydrogen  is  ita 
property  of  acting  as  a  reducing  af^t.  Whan  peroxide  of  hydi^c^en,  or  iti  analogue^ 
peroxide  of  liarluni,  ig  added  to  any  one  of  the  follow iny:  j'uT'Stanops,  namely,  the  pro- 
toxides of  ttilrer  or  merco^,  the  peroxides  of  manganese  or  lead,  the  chronuc^  peroum- 
ganic,  and  ferricyanie  acida,  or  tiidbr  aalta,  not  only  it  oxyg«ti  erolTcd  from  tha 
poroxide  of  hydrogen,  but  also  fnim  tin-  other  oxidised  body.  Several  of  th(  so  r<-.icfion«! 
were  noticed  by  Tllinard  in  1818,  but  they  were  first  nuQutely  examined  and 
azphiDod  by  Brodia  in  1860  (PhiL  Trans.  1850,  p.  759 ;  Chem.  Soc.  Qu.  J.  iv.  194 ; 
farther,  Chem.  Soc.  Qu.  J.  vii.  304).  In  accordiuice  with  his  views,  it  seems  that  the 
second  Btrtm  of  oxygen  in  the  peroxid«^s  of  hydmi2;pn  and  bnritim  is  not  rnorely  retainoii 
iii  au  unstable  state  of  cotnbination,  but  that  it  is,  bj  iii-suciuliou  with  the  oxide  of  an 
electro-poaitiTe  element,  lika  bjdrogan  or  barium,  thrown  into  a  polar  state,  opposite 
to  the  polar  state  of  the  oxygen  in  unstable  ]  i 'foxides,  and  to  tliat  of  tlio  loosely 
combined  oxygen  in  the  more  or  less  chlorous  penjxides,  Honce  when  the  peroxido 
of  hydrogen  or  borinm  is  brought  iuto  rt-ktion  with  one  or  otbar  of  thaaa  oxygenised 
cnmponnds,  the  two  oppositdy  polanaad  oagfigeaa  vnita  vith  ona  tnoUiar,  aa  indicatad 
in  the  foliowiug  formula :  — 

Mn»00  +  H'OO     -    MsflO  +    U'O  +  00 

AgAgo  iroo  B  AgAg  +  sro  oo 
{$»d>&  4'  H«o«o*  »  6t»QF  ^  mb  ^  sod 

!•      +  5^0     «    2HI    +    00  * 

Brodie  has  shown  that,  in  the  third  and  fourth  reactions,  the  amounts  of  nxTgen  set 
frea  correspond  exactly  wift  tha  above  expressions.  In  the  other  two  reactions,  somo 
additional  oxygen  is  set  free  catalyticallv,  from  the  decomposition  of  the  penndde  jyr 
For  finely-dirided  metallic  silver  has  the  property  of  decomposing  pernt^ide  of 
hydrogen  catalvtically,  whence  tlie  oxygen  liberated  acoording  to  the  second  equation 
has  not  been  nnnd  to  institute  more  than  49,  instead  of  par  eent.  of  dia  total 
quantity  of  oxygen  evolved.  If  i«i  oliHomible  that  in  no  case  can  the  oxy^r^n  from  the 
peroxide  constitute  less  than  one-half  of  the  total  oxygon  liberated.  The  above  re- 
actions are  perfectly  comparable  with  adadttad  veaetioat  ahoiring  tha  formation  of 


hydtogm  and  tha  aloohol^cadiolaa  (aaa  CmacAi.  Arwoaxt  L  B87),  in  ttampla:— 


Cn^       -I-  Hd  CvKl  -t-  HE. 


XnimP,       (C-ii»)I   =    Znl      +  (CH»XC*H»). 

Schonbein,  apparently  unaware  of  Brodie's researches,  haa recently  drawn  attention 
to  the  phenomena  of  daoxidatioii  effcet«d  Ijy  tha  parandM  of  hydrogen  and  barium, 
tad  hia  abown  thit  cam  ii  nadafod  inaetiTa  hj  tham.  Ha  ngixda  cmma  aa  parin*- 

nently  ne<iative  oxygen,  O,  which  can  form  oionidos of  dbar,  of  nia&ganous  csidc^  Ae^, 
and,  in  the  ahiova  xaaction,  is  neutraliaed  bj  the  pefmancntly  positiva  OOTgan  or 

antozonf,  O,  of  the  peroxide  of  hydrnn-f>n  ;  wherrns,  nrrordlnj  to  Broili< .  the  polarity  of 
the  oxygen  depeuds  upon  the  nature  of  the  body  with  which  it  is  assodated,  and  is 
nianif.  sted  only  at  the  instant  of  it«  disaaK>eiation.   (Schonbein,  Veihand].  d.  naturf 
Gesellsch,  in  Basel,  ii.  113,  403,  472;  Ann.  CLPharm.  cviii.  157;  J.  pr.  Chem.  Ixxvii! 

1860 ^^^^4^862^^'  W*)'  ^'  ^  ^838i  p,  68;  1869,  p.  60; 

Pehoiibein  has  cr.nfirmed  tli.  olwervations  of  Meidinger  and  others,  that  peroxide  of 
hydrogen  may  sometimee  be  detooted  in  water  which  has  undergone  electrolysis.  He 
alao  to  hava  ahcnra  that  tnMt  of  peroxide  of  hydr(^  ar«  produced  in  many 
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cases  of  blow  oxidation  ooanBria^  in  the  presence  of  moisture ;  for  example,  those  of 
photphorai,  ether,  sine,  4m.   Thu  prodvedoo  of  peroxide  of  hydrogen  £•  «OMldc» 

to  lif  (Xinrlative  of  the  other  oxidation.  Thus  when  nmist  zinr-filintxs  aw  oxidised  by 
exposure  to  air,  a  quanti^  of  peroxide  of  hjdrogen,  which  majr  be  dissolved  out  by 
vitar  and  mhtmM  t9  dMsnied  teifei^  is  Ibmed,  seoordiDg  to  the  MIowing  equatiiNis 

Zn*  +  ho  +  U-0  00    =    ZnllO  +  ZnllO  +  H^O. 

Pinoxide  of  hydrogen,  even  in  a  very  dilute  states  may  be  recognised  either  b^  its 
oxidising  or  by  its  reducing  properties;  Thwftdeooloi^MasolQtion  of  indigo,  ^penally 
in  the  presence  of  sulphate  of  iron,  which  apparently  serres  to  convey  the  oxygen  fnjin 
the  peroxide  to  the  indigo  ;  and  similarly  it  liboratw!  iodine  ftxjm  a  solntion  of  iodide 
of  potassium,  starch,  and  sulphate  of  iron.  On  tl)c  other  hand,  it  decolurisos  a 
■oimtion  of  pemungaiuto  of  potassium  by  reduction,  and  eam;efi  a  blue  precipitate 
In  a  solution  containing  f»osqnichloride  of  iron  and  ferricvanido  of  potassium.  It 
eftntuallv  reduces  chromic  acid  to  the  state,  of  chromic  hydrate,  but  its  first  action 
is  to  proonee,  by  oxidation,  a  very  unstable  perchromic  add.  This  oomponnd,  iHiiA 
has  a  d<  ('p  1  !uo  colour,  is  readily  noluble  in  ether,  riml  its  ethereal  solution  ha.'^  a 
certain  degree  of  stability ;  so  that  the  presence  of  peroxide  of  hvdroepn  in  any  liquid 
nsy  ^  asoertained  hy  niziiig  it  widi  ether,  and  fhen  addioff  a  lew  £ops  of  a  sohttioii 
of  chromic  acid,  wlicroby  the  <  ther  a.^sumes  a  bri^rht  blue  eoT/ur. 

The  compound  radicle,  peroxide  of  hydrogen  HO,  is  equivalent  to  the  simple  radicle 
chlorine  CI,  and  in  a  great  number  of  reactioiiB  is  eacchangoible  for  chlorine  and  its 
congeners.  One  of  t  Id-  most  generaUy  usefal  modes  of  oxygenating  different  compounds 
ronsists  in  first  su})>tituting  a  halogen  in  exchange  for  hydrogen,  and  then,  by  means 
of  water,  substituting  peroxide  of  bydroffen  in  exchange  for  the  halogen.  Thu«,  by  thu 
■oltoi  of  l»BMi>oipoaneBtbndd^w»«>lMnlwwMostieadd:— . 


Tbsob  hj^mddaa  of  irate  vpoa  bnanieatle  ad^  vo  obtain  ^ooDic^  or  osTaoetfo 


C«H»BrO«  +  MO    -    CH«t^HO)0«,  or  C»H*0«  +  HBr. 
{OMi^t  Mmuud  0/ Okmistry,  p.  124.) 

Moxide  orsTdragmi.  H*0*.— lius,afleardbf toBammort(Bo|^Aan.bDaabL 

88\  is  the  composition  of  Ozonf.  /  r.) 

BT9XOGBW,  FHOSPBZSES  OF.  Three  of  those  compounds  are  known, 
Tm^hoq)horett^^drogen  gas,  PH^,  liquid  phosphide  of  liydn^en,  PH^,  and  the 

1.  nioopboretted  Bydrorea  or  Pbosptaamlne.  PH*.  — Tliis  gas,  flio 
analo^e  of  aaunonia,  is  produced  by  the  spontaneous  decomposition  of  plioq^orised 
organic  bodies,  decaying  fish  for  example.  Its  natoral  ovolvtion  appears  to  1»e  ^e 
came  of  ipnetfittui  and  similar  luminous  npprarnnces.    The  gas  is  also  liberated  in 

many  cht  mieal  reactions,  but  it  is  very  difficult  to  obtain  pure,  being  always  mixed 
witli  a  greater  or  lesser  proportion  of  free  hydrogen,  and  frecjuently  with  the  vapour  of 
liquid  phosphide  of  bydxogen,  which  renders  it  spontaneously  inflummuVde,  a  property 
which  it  does  not  possess  when  free  from  the  liquid  phosphide.  The  spontaneously 
ioflammable  gas  was  discovered  in  1789  by  Gengembre  (Crell.  Ann.  i.  450),  and  the 
Bon-spontaaeoasly  inilammaWa  ns  hy  Davy  some  jmn  mm, 

Proditrtion  n  f  ffie  ftpontnnrmitJij  inflammahh  <ja.<t.  1.  The  compounds  uf  phosphorus 
with  the  alkali-metals  are  resolved,  in  contact  ^ith  water,  into  an  alkaline  hypophos' 
pWto  and  phosphoretted  hydrogen.  An  impore  phosphide  of  caklvfli  is  geDenwased 
fV.r  the  purpose,  prepared  by  heating  phosj-honis  with  lime  (i.  71  ^^).  "^ln^nit  istbrown 
into  water,  spontaneously  inflammable  phoephoretted  hydrogen  is  slowly  liberated,  and 
the  bubbles  of  gas,  as  tiiey  n  ach  the  sorfiftce,  take  flio^  bcvn  with  a  highly  faninoiia 
flame,  and  prodoea  thick  douds  c/t  white  smoke,  whidi,  in  n  qoisfe  ataMq^hcn^  aaeend 
in  the  form  of  suocessiTe  gradually  expanding  rings. 

2.  Phosphide  of  zinc,  tin,  or  iron,  with  aqueous  sulphuric  or  hydrochloric  acid,  yields 
a  metallic  sulphate  or  chloride  and  phosphoretted  hydrogen  gas. 

3.  Phosphorus  heated  in  an  aqueous  solution  of  a  fixed  alkali,  yield';  plinsphoretfed 
hydrogen  gas,  together  with  a  hypophosphite  and  phosphate  of  the  alkali-roeUiL  Such 

/  an  aeaon  Is  CKcrted  hy  potash,  soda,  lithia,  baryta,  strontia,  and  lime,  and,  aooocdiag 

to  Raymond,  by  oxide  of  zinc  and  protoxide  of  iron.  The  primary  decompodHion 
jrieldsphoiS^horetted  hydrogen  and  hypophosphite;  thus  with  lime-water;— 

aCaHO  +  P*  +  311'0    -    3CaH»P0'  +  PH" 
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But  from  the  very  t)<*prinning  of  tb«  action,  th*©  phn^^phoretted  hydrogen  gat  ii  nuxecl 
'with  more  or  less  fit  .  hvdp^fen,  and  thire  h  HkowiHe  a  certain  quantity  of  phospliute 
produced  ;  and  as  the  boiling  is*  mritimud  and  the  solution  becomes  more  concentrat«*d, 
lixe  quantity  of  hydrogciv  gai*  eoutiuually  increases,  because  a  greater  and  greaUv 
quantity  of  the  alkaline  hypophosphite  is  lenhed^  hy  boUing  ui  tlM  alkalma  Jiqiiid» 
into  fajdngMi  and  an  alknfinc  pho<«phate,  e.ff. : 

KH'PO*  +  aKHO    -    K»PO«  +  B\ 

Hjpo|>bo»phlM  rhoiph«t« 

of f>ot  f'itjm.  of piitassium . 

This  sccondaiy  decomposition  takes  place  especially  with  the  inrpoph(»Bphiteii  of  the 
tme  alkali-metab ;  henea  adlntuma  of  the  auuIiiM  eaitiia  af»  Msfc  ttcla{>tad  for  tba 
preparation  of  ^>luv  jtliosj.horctted  hyilro<xoii. 

i.  When  hrpophoaphitca  are  heated,  phosphoretted  hydroffcn  is  evolved,  generally 
flie  aiore  uifluBnutMe,  jxum  larclj  of  the  tesa  inflaminaMe  Tariety,  mixed  irita  • 
certain  quantity  of  vapour  of  phosj  iiorus  and  free  hydrogen  fjaa.    (IT.  Tvose.^ 

The  non-ejKtntaneotulif  inflaiwnablc  aas  is  produced — I.  When  hypopho^tioroas  or 
phosphorous  acid  is  heated,  tbeae  adds  being  thai  xeablTed  into  phoaphonc  add  and 
phot^howtted  lqrdiQg«ii»  which  maj  be  oolk^ted  over  water: 

2TTTO«   »  +  H*PO«. 

phnroiiK  mcid.  . 

4H«P0»   -   PH«  +  aH"PO». 
Ittoiphorom 

add. 

According  to  Dum&s  and  H.  Bose,  the  first  ^rtions  of  gas  evolved  by  thin  prooeas  are 
pntt,  bat  the  l^ter  portioiia  contain  a  considerable  qmntity  of  five  hydrogen.  The 

phosphorous  acid  should  be  geii'ly  1n  :if<'il  in  a  flri'-k  of  luin]  Lrlas<.  wlicn  softor  frlnse 
IS  used,  a  phorohite  of  alkali-meial  is  frequently  formed,  which  is  di  c  oniposed  by  tlie 
heat  and  yielcb  free  hvdrogon.  The  mixtnm  of  phosphoroos  and  pliospborie  adds» 
sometimes  called ^A/As;»Afl/<c  actd,vr'h\ch  is  produced  when  phosphorus  is  left  to  oxidise 
slowly  in  moist  air,  may  be  used  for  the  purpose.  By  the  application  of  a  stronL'-  r 
heat,  hypophosphites,  us  well  us  hypophosphorus  itself,  yield  phosphoretted  hydroj^iu, 
but  the  gas  produccrl  fr  >in  the  salts  is  usually  spontaneously  inflammable  and  anzcd 
with  fr«  «>  liydrogen. — 2.  When  zinc  or  iron  i«s  di««olvi  d  in  aqueous  phopphnrous  acid, 
or  zinc  iu  a  mixture  of  aqueous  phosphorous  acid  aud  sulphuric  aeul,  oi'  whcu  phos- 
phoric acid  is  deoxidised  by  potas«<imu  or  sodium  (Wohlc  i  ).— When  phosphorus  is 
l.oili-d  witli  liydmto  nf  {nifas-iiuiti  ai:d  ali'oliol,  tho  urin-tiiflauiiiiaiilc  ^a«  is  cvdIv.  d,  mix-  il 
with  hydrogen  gas  and  alcohol  vapuur,  and  there  remains  hypophowphito  of  put-H^»sium 
and  a  small  quantity  of  phosphate,  togetherwith  excess  of  potash  (H.  Rose). — 4.  When 
phosphide  of  calonim  h  drvnmposi-d  I'V  mncfntrated  hydnx-ldorie  acid  (Prim as).  — 
Phosphorus,  under  liie  iuflueuce  of  light,  dt  i  oitip -  ses  water,  producing  pbosphorio 
oxide  [t  led  phosphorus]  and  phosphoretted  hydr>  >g<  n  gaa,  whidi  zemaina  duBolved  in 
the  water. 

Spontaneonslv  iuflammabh)  nhosphoretted  hjdrogcn  may  be  freed  £rom  the  com- 
|Mrand  PH*,  and  nnderid  son«ttilknnmabTe,  hj  peanng  it  throti^h  a  freadng  mixture  of 

li  e  and  salt  ;  but  according  to  Graham,  tin-  addition  of  a  minute  quantity  of  nitric 
oxide  gas  will  confer  on  it  the  property  of  spontaneous  inflammability  J^?  by  oxidising 
a  smaU  quantity  of  it  to  PH"].  It  is  also  deprived  of  its  spontaneous  inflammability 
by  exposure  to  sunlight,  by  contact  with  charcoal  and  other  pulverulent  bod  its,  and  hf 
aamixture  with  the  vapours  of  ethylie  chloride,  ethylic  oxide,  alcohol,  turpfiitine,  &c. 

Propertus.  Phosphoretted  hydrogen  is  a  colourless  gas  of  specific  granty  1'214 
xeClRvedtoaar,orlT  25  rcfoned to  lgwm)gen(Pnmaa);lDgr  ealciilatwp fegaecndepaatioa 

to  S  Tolnmea  it  Si  ^^.±  A  .  17.  It  ia  liqneiabH  b«t  hM  not  yet  been  aotidillcd 

08).  Itamdh  like  stinking  fish,  or  nAhertheflah  in  a  state  of  deeompealtion  have 

le  odour  of  the  ^af<,  sinci-  thiy  evolve  it.  It  is  sparingly  solublo  in  %vat»  r.  nion^  so  in 
akohol,  ether,  and  volatile  oils,  l^either  the  gui  nor  its  aohttkms  have  asjr  action  upon 
bine  or  red  litmus  paper. 

J)f compositions , — 1.  When  a  serie  s  of  dfctric  sparks  is  passed  throogh  the  gas,  two 
volumes  of  it  are  converted,  with  d<'p<isifion  of  phosphorus,  into  three  volumes  of  hy- 
drogen.— 2.  Most  ntftals  heated  ia  the  gas  combine  with  tlie  phosphorus,  and  liberate 
the  hydrogeQ*~-3.  Phosphoretted  hydrogen  is  ^<Ty  inflammable,  burning  with  A 
brilliant  flame  nnJ  f  \  olTing  a  whito  smoke  of  phosplioric  acid.  A  mixture  of  the  non- 
i^ntaneoaul|-  iutlammabl©  gas  and  oxygen  standLug  over  water  is  ^'radnally  abaorb*^!. 
With  production  of  phosphonma  aoid.  The  mixture  of  the  two  prases,  tliongh  changing 
very  prndually  at  ordinnrr  preFPTtrr?!,  underpocs,  wht n  suddenly  rarefied,  an  insfan- 
taneous  deoompositioa,  attended  with  violent  explosion. — 4.  Phosphoretted  hydrogen 
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qviddj  rednces  manj  oxidised  bodies,  e.g.  nitric  oxieU,  nitric  add,  tuljjkurous  ankv- 

and  thr  alkaline  hypoohlorites. — 5.  It  preeipitatCfl  tile  solutions  of  many  metallic  »ali$ 
thoM  of  Uad  T9ty  slowly,  thoer  of  copper  more  qniekiy,  and  thoee  of  the  noble  metaU 
mort  qoicklj  of  all.  1%e  preeipitatos,  ssTe  thoee  pndiioecl  with  meieaij-Mlts,  are 

Hack  or  dark-coloured.  Thej  consist  of  metallic  phospliido,  as  in  tlw  ctio  of  copper; 
of  mixed  phosphide  and  metallic  salt,  as  in  the  case  of  mercury  ;  or  of  reduced  metal, 
as  in  the  cue  of  silrer  and  gold.  Solation  of  sulphate  of  copper  w  often  used  for 
CitiBMting  the  proportion  of  free  hy  h-t><::i  >n  in  ordinary  piMMpbonttsd  liydvo|[0nf  \/f 
olwerving  the  quantity  of  £ri«  whicli  it  leaves  unabsorbed. 

6.  Chlurine,  hrowinr,  and  iodine  decompose  phosphoretted  hydrogen,  abstractiug  its 
hydrof^on.  If  in  excess,  they  also  combiuc  \rith  its  phosphorus  to  form  tiiawepeetive 
chloride.s,  bmmides,  and  iodides,  or  their  pnxluctH  of  <leeom{)08ition  with  water.  When 
babbles  of  phosphoretted  hydrogen  are  introduced  into  a  receiver  of  chlorine  they  in- 
flame with  a  shaip  explosion,  prodacing  hydrodilorio  add  and  penteduoride  ot 
phosphorus.  Many  metallic  chlorides  al^o,  when  gently  heated  in  phosj  hor'  tted 
hydrogen,  produce  hydrochloric  acid  gaa—  the  volume  of  which  ia  three  times  as  great 
as  Hwt  vimb  phosphowtted  hydrogen — and  aneldKe  pho^>hMe;  w lite hydgodHaric 

acid,  frcr  phosphorus  and  fn-i' motal. — 6.  Sulphur  b :i t m  jhftfphflilf ttW  hydKIgm 
forms  sulphide  of  hydrogen  and  sulphide  of  pboephorua.  , 

PhoaphoNteed  hydrogen,  though  dafoid  of  any  aOtiliiMmelioii,  itia  ofhar  Mpects 
closelv  analogous  to  ammonia ;  hence  it  is  calb'd  phoaph amine.  Thus  it  unites 
direcUy  with  hydriodic  add  to  form  the  hydriodate  of  phosphamine,  PH'.Hl,  or 
iodide  of  phosphonium,  PH*I,  and  a  corresponding  compound  with  hydrobromie 
itnd.  Moreorer,  like  ammonia,  ]iiiosphaminc  unites  with  the  penhlorides  of  many 
metal?^.  forming  white  saline  bodies  of  similar  constitution  to  the  nmmonin-chlorides. 

HydritHlate  of  Phosphamine  may  be  obtained  by  the  dir*  ct  rumliinatiou  of  the  two 
gases,  or  by  adding  a  little  water  to  eqnal  atomic  proportions  of  iodine,  ground  up  with 
pounded  plass,  ana  phosphorus  cut  up  into  small  pieces.  Vapours  of  hydriorlatc  of 
phosphamine  mixed  with  hydriodic  acid  are  immediately  given  oS,  the  former  condensing 
as  a  crystalline  depont.  A  better  mode  of  preparation  hi,  hawvnt,  that  gmn  by 
Hofmann,  whidi  conoila  in  gently  heating  iodine  in  a  oaiant  of  diy  phospoorattsd 

Iqrdrogen  gu:   

4Plff  +  P   -   W*  4  SH*PL 

Tlie  salt  crystallises  in  cubes,  which  ftise  when  moderately  heated,  and  out  of  access  of 
air,  may  be  sublimed  without  change.  Thej  an  deliqweent  and  aze  doeonioasd  hy 

water  into  hydriodic  acid  and  phosphamine. 

Hydrobrt^mate  qf  Phosphamine,  PIP.IIJJr  or  PH*Br,  is  also  obtained  by  direct  com- 
bination, or  it  may  be  prepared  by  introducing  bromide  of  silicon,  together  witha  littla 
water,  into  a  jar  of  pho'^plioretf ed  bydrog«  n  fSerullas).  It  crj'stallises  in  cubes, 
•ometimes  transparent,  sometitues  opaque;  boils  at  about  ^O*^.  Vapour^density,  obs. 
B  1*906 ;  calc.  (2  vol.)  »  3  98  ;  hence  this  compound  allbrds  an  example  of  aaomidova 
Wpour-density,  probably  arising  from  di-*association  (i.  469  ;  ii.  H16). 

Derivative*  of  Pho*phumine. — The  three  atoms  of  hydrogen,  like  those  of  ammonia, 
in  phosphmaine^  may  be  replaced  by  metals  or  organic  radidea,  ^.g.  tricupric  phot' 
phidr,  PCu»;  tn'cuprou.<  ph'sphich,  VC\\*  or  PCcu* ;  triffhylphnsphine,  P(C^n»)'.  The 
metallic  pbosphamines  are  obtained  by  passing  phosphoretted  hydn^n  gas  over 
the  heated  oHMds  or  their  ozidea,  or  into  soRitiom  of  the  re^ModTe  salta,  or  by  treating 
the  m«  fals  directly  wifli  {  liosphonis.    (See  PnosrHiDEs.) 

The  oiganic  derivatives  of  phoaphamine  oonstitote  a  more  important  class  of  com- 
pounds, exactly  analogous  to  the  tertiaty  nonamhiea  (i.  175).  Phosphonis-basea 
analogous  to  the  primary  and  secondary  monamines  have  not  yet  been  obtained.  The 
tertiary  phosphines  an>  olitained  by  decomposing  tho  sinossompounda  of  Um  aloobtd- 
rddiclea  with  trichloride  of  phosphorus,  e.  : 

3C=H»Zn  -f  PC1«    -    8ZnCl  +  r(C-H»)\ 

llari  Sttill  Trii  thvl- 

phoiphlae. 

Tliey  are  volatile  strongly  basic  compounds,  which  nnite  readilty  with  adds,  forming 
erystaJline  salts,  analogous  to  those  of  triethy lamina,  ftc  Tnethylphosphine  (lika 
triethylamine)  unites  din^ctly  witli  iodiflc  of  ethyl,  formingthe  iodide  of  tetn  thvlphos- 
phonium,  P(C^Ii*/l,  from  which,  by  tiio  action  of  moibt  oxide  of  silver,  the  hydrate  of 
tefaallqiphoeplKmimB,  F(OV)*HO,  may  be  obtained.  (See  FnMPKOBua-BAna.) 

Xiqvld  Ptioepblde  of  Hydrogen.  This  compound,  whidi  communicates  sponta- 
neons  inflammability  to  phosphoretted  hydrogen  ns,  wai  dieeovered  bv  Paul 
Th^aavd  (Am.  Gh.  Pbys.  [3]  xiv.  0),  icgeidM  by  him  as  FH*.  liy  some 
^li— Arf^  famrwrar,  it  ie  enffoeed  to  eontein  ooiygia  m  well  ae  hydingen,  and  to 
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constitute)  the  hydtogm  representatire  of  oxychloride  of  phosmhorui,  namely,  H'PO. 
It  is  prodnoed,  together  with  spoDtanmnstj  inllMiunable  pnoapsoMltod  bjdr^n  gas, 
bj  tBA  mcAm  of  whtcT  on  pliospiildA  of  calcium  (i.  719)  : 

6PCV  +  511-0    =>    5Ca'0  +  5PH^  (P.  Thenard), 

and  may  bo  aoparated  by  passing  the  gas  throagh  a  U-tube  cooled  by  a  freezing  mixture. 

Into  the  middle  tubulure  of  a  threO'iieeked  vTonlfe's  bottle,  holding  about  a  pint,  is 
inficrtcd  a  gluss  tube  12  inches  long  and  half  an  inch  wide,  so  as  to  roach  nearly  to  the 
bottom.  To  thf  Bfi'ond  tubtilurc  is  adai*!^!  a  tubn  fwice  bent  ut  rij^^lit  angles  :  this 
tube  dij»  into  water  and  .serves  ivr  a,  safctj-Lubi\  lulu  the  third  in  litltHl  u  I'-tube  of  * 
^indl diameter,  immersed  to  the  depth  of  d  or  6  inches  is  a  freedng  mixture.  The  ptzt 
which  projectfi  al">vf  tlie  freezing  mixture  is  bont  at  a  not  rcrj  tictito  angle,  and  drawn 
out  at  two  puiiit^uut  fai-  from  each  other  and  near  the  end,  so  that,  at  the  conclusion  of  the 
opemtion,  the  liquid  may  be  introduced  into  the  intermediate  part  of  th«  tilbfl^  and  the 
parts  which  have  1m  in  drawn  out  olosfd  hy  the  blowpipo.  The  apparatus  being  thus 
arranged,  the  bottle  is  three  parts  flJled  with  water  aad  placed  in  a  water-bath  heated 
to  between  60*  and  70^;  the  iBat-mentbned  tabe  is  dosed;  isd  a  tmr  drops  of  pboe- 
phi<h'  of  oalcitini  are  thrown  throutrh  the  middle  one  into  the  V-ottle.  The  gas  evolved 
takes  tire,  and  drives  out  the  air  through  the  sa£etj*tube.  The  U-tnbe  is  now  to  be 
ofwned,  and  from  400  to  600  grshis  of  phosphide  of  eelcittm  gndnaUy  mferadooed  Into 
the  bottle:  'in  a  few  minutes,  oily  drops  of  liquid  are  seen  to  collect  in  the  part  of  the 
tube  nearest  to  the  bottle.  The  process  must  be  stopped  after  15  or  20  minutes, 
because  water  condenses  in  the  tube,  together  with  the  phosphide  of  hydrogen,  and 
often  slope  it.  The  tube  ia  maw  to  be  sealed  at  the  narnjwed  neck  nearest  to  its 
extremity,  fhen  rf'moTed  from  the  bottle,  and  1k1<1  by  the  fiuger  (covered  with 
caoutchouc  to  save  the  operator  fh>m  being  burnt)  in  such  u  position  tliat  any 
renminiug  ms  may  escape;  it  is  then  warmed  by  the  hand  to  cause  the  portions  of 
liquid  which  have  been  separated  by  particles  of  ice  to  run  tngetlier,  and  again  placed 
in  the  freezing  mixture  to  solidify  the  water,  and  prevent  it  ninniug  back.  This  being 
efl^ted,  the  liquid  is  made  to  flow  towards  the  f-ealed  end  of  the  tube,  and  th'-  other 
neck  of  the  tube  is  cloeed  1^  the  blow-pi]^  ▲  Weil-Conducted  opemtioa  jfields  about 
no jrains  of  liquid. 

^ind  phosphide  of  hydrogen  is  ooloiirless  and  does  not  soVdify  at  "-tfP ;  at  80^ ov  ^ 

40**,  it  appears  to  volatilise  and  to  be  cIocOTn[x»sed  at  the  8anie  time;  refracts  light 
strongly.  It  is  insoluble  in  water.  Alcohol  and  oil  of  tur^^entine  appear  to  diae(^Te 
itk  bot  it  quickly  deeomposn  in  the  solutton.  Itbwns  ^ntsneoosfy  n  the  air,  with 
un  intensely  Tiright  white  fliinie,  and  produces  dense  white  fumes.  It  communicates 
roootaneoiu  inflammability  to  600  times  ita  weight  of  pbosphoretted  hydrogen  gas. 
AH  eembnstible  gasce  SK  rendered  spontaneously  inflammaUe  by  admiztore  with  liquid 
phosphide  of  hydrogen. 

By  the  action  of  light  it  is  resolved  info  mWA  nnd  pnseonjs  phosphide  of  hydrogen, 
P*H  +  SPH'.    It  is  also  decomposed,  like  pcroxido  of  hydrogen,  by  contact 
with  variflfOB  onbstaBces.   An  indefinite  quant itv  of  liquid  pbosphids  of  hjdrogsii  waa^ 
be  decomjv,v;»>d  by  a  euluc  centimetre  of  hydnjchloric  add  gas. 

Solid  Pboapblde  of  Bydroffen.  F^H?— When  spontaneously  inflammable 
phosphoretted  hydro^'cn  is  exposed  to  sunshine,  a  solid  yellowish  compound  is  de- 
posited on  the  sid(  s  of  the  glass,  the  gM  at  the  same  time  losing  its  property  of  spon- 
tiineous  inflammalulity  (Lererrier.  Ann.  Oh.  Phys.  Ix.  175).  The  same  solid  com- 
pound is  obtained  iu  larger  quaulify  by  irt^iliug  liquid  phosphide  of  hydrogen  with 
Lydrochloric  acid,  or  by  dissolnng  phosphide  of  calcium  in  strong  hydrochloric  add, 
the  liquid  phosphide  being  then  resolved  into  the  solid  and  f^f^rrms  phosphides  (ncr> 
above).  Hence  spontaneously  inflammable  phosphoretted  hydrogen  passed  through 
aq IK  ( >U8  hydrochlone  aeid  loses  its  spontaneoos  inllammabilify  and  j^eids  a  deposit  of 
solid  phosphide. 

This  compound  is  in.'?uluble  in  watejr  and  in  alcr»hol.  It  dinolves  in  warm  potash, 
with  libentMm  of  non-spontaneonslT  inianmable  phoBphofsttod  hydrogen.  It  takes 
Are  at  about  1  no".    ( V.  'I'  h  t i  1 1  ! ,  f(x\  cit. ) 

BTBAOGSS',  Si:Z.Z:Z7ZI>I2  or.  H^e.  S<l<vh/(fric  or  Hifdrosdrmc  acid.  ^ 
Sfknictted  Hydrotim. — A  gaseuua  coiupouud  uiiak>guus  to  salphydrie  acid,  produced 
by  the  action  of  dilute  hydrochloric  or  sulphuric  add  on  selenide  of  polassiunt  iron,  or 
other  metals.  It  is  colourlef^s  and  inflammable,  soluble  in  water,  and  cannot  long  be 
preserved  over  itiercury.  It  has  a  most  offensive,  acrid  odour,  impairing  or  even  de- 
Btrojing  tlie  sen^e  of  sroenftvseToral  howra,  and  produdng  inflammi^on  of  the  eyes.  Its 
aqueous  .'.olution  abnorbs  oxygen  from  thn  air  and  deposits  ."elenium.  Tt  ]v\n  a  iiepatfc 
take,  a  slight  add  reactioai,  utd  ^ves  with  the  solutions  of  moet  metals,  predpitatcs 
eooskting  of  metallic  sdenidei^  those  of  mangnnese^  sise,  and  eoimn  beiiig  fledi- 
coloDzed,  the  z«in«iiider  bmn  or  blaek.  (Beraelinn.)  { 
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WmKBLOasXt  smUPHISBS  or.  BtUphnr  nnite«  viUi  hvdn^n  in  two  proper* 
tiom^  iomaiig  the  ppotowilphide,  B?B;  and  the  perBolphida^  piobtbly  HS  corH^. 

PrOtOSulpllIde  of  Bydrogen.  H'S.  SulphfiJric  an'iJ.  TJyrfrr.mt^phurir  acid. 
Hifdroikionic  tund.  Stdpkuretted  hydrogen. — This  cornpomid  may  be  formed  in  small 
qumtity  by  Iranriiig  gulphur-Taponr  in  hydrogen  gas,  or  hydrogen  gas  in  sulphir- 
vapmr.  precisely  ah  its  aaalogo^  vitar,  upKodqcad  Wider  mikff  diottiiHtaDeM  fkn 
oxygen  and  hydrogen. 

The  gas  is  ordinarily  prepared  by  the  action  of  an  add— sulphuric  or  hydrochloric 
for  instance— upon  a  metallic  sulphide,  usually  that  of  iron  or  antimony.  Dilate  sul- 
phuric acid  acts  readily  upon  sulphide  of  iron,  ptodnoiiig,  even  in  Um  eold,  %  up»d 
effervescence  of  sulphydric  acid : 

Pe«  +  HWO*        m  +  FeWO*. 

Inaamiich  as  sulphide  of  iron  is  an  artificial  product,  nearly  always  containing  an 
excesff  of  metnllic  iron  in  admixture,  th<-  ^^ulphydric  acid  obtained  from  it  is  generally 
contaminated  with  free  hydrogen ;  but  i\x<d  native  ciystalliue  trinulphide  of  antimony, 
being  a  nonnal  anlpliide^  vfaen  acted  upon  by  boiling  Igrdioehkde  addijields  thegM 
in  ■fpiwtaion  in  a  fuy  pure  staff,  thn<? : 

Sb=S»  +  6UC1    =    3H*S  +  2SbCl» 
The  sulphydric  acid  obtained  from  cither  of  these  sources  mt^y  be  passed  through  a 
oiall  quantity  of  water  to  wash  it,  and  om  ehlodde  cf  eelehun  to  ntider  it  <iry.  It 
may  be  collected  in  the  gaaeons  itote  orer  neicaiy,  or  abflOfbed  at  onoe  into.wator,  in 
which  it  is  rezy  soluble. 

Snlphjdrie  aaid,  more  frequently  sulphydrate  of  nmmonia,  results  fW>m  the  aponta- 
neoTw  deeompoftition  of  fmlphuretted  organic  componnils  ;  alsri  from  (riMfinjr  Tion- 
sulphuretted  or^^nic  compounds  with  sulphor.  Beinsch  recommends  a  laboratory 
piecKKa  for  obCatning  pore  mtlplijdrie  acid,  by  hinting  in  a  ^aaa  fladc  a  niitniie  eif 
equal  pnrt*i  of  sulphnr  and  ^not. 

Sulphydric  acid  occurs  naturally,  and  is  not  unfirc^uently  evdved  from  fiimaroles  and 
vole«noe&   It  exiBts  toaeoneidenbleeaAeotriBoeTCamnunradifat^ 
V.     rj<,  tlioso  of  TTarrogatf,  for  instance.    It  is  !i!«o  produced  spontancun-ly  in  maaj 
waters  duucged  with  organic  matter  and  sulphates,  usually  sulphate  of  calcium. 

furptHim, — At  otdiMiy  tanpatatome  and  ycninres,  sulphydric  edd  is  gaseooa.  It 
may  be  obtained  in  the  liquid  state  by  generating  it  in  one  limb  of  a  scaled  tube,  IVom 
sulphuric  acid  and  sulphide  of  iron  freed  from  metallic  iron,  and  condensing  it  in  the 
other  limb,  which  should  be  immersed  in  a  freezing  mixture,  that  of  ice  and  suit  being 
sufficient  for  tlic  fjurpose ;  or  liquid  perHnlj<lii<l<>  at  h3rdrogen  may  be  gently  heated  in 
one  limb  of  n  bent  s.  ali  d  tulte,  when  it  breaks  up  into  sulphur,  which  remains,  and 
sulphydric  ;icid,  which  ma^-  be  condensed  in  the  other  limb  kept  cool  for  the  purpose. 
By  tnie  powerful  refHgeration  resulting  from  the  evaporation  in  vacuo  of  a  mixture  of 
^nltd  carlM-iiiio  anhytlride  and  ether,  it  Tnay  be  solIilifitvL  Solid  sulphydric  arid,  or 
sulphur-ice,  is  a  while  tmnsparent  mam  which  mt  lls  at  —  8o-5°.  Liquid  sulphydric 
add  is  a  colomrless  transiMHent  fluid,  remarkable  for  ite  eortreme  thinness  or  mobility. 
Its  specific  p-ravity  0  9  cnmpnred  with  tliat of  wator  as  1.  Pulphydric  add  gas  is 
transparent  and  colourless.  Its  density  is  somewitai  greater  than  that  of  atmospheric 
air,  being  1  -1781  wferred  to  air,  or  17  referred  to  hydrogen,  as  unity.  It  ia  characterised 
by  an  offensive  odour  rrst'tnWin^  that  of  rotl.  n  <  f.'L"<,  the  smell  of  which  indeed  is  due 
to  the  erohitioQ  of  this  gas,  or  of  its  compound  with  ammonia.  In  the  concentrated 
slate  it  cannot  be  breaaed  with  impunity,  and  even  when  much  dihrted  it  freoueutly 
gives  rise  to  nausea  and  vertigo.  An  atuMMphew  comtainiwg  ^  per  c«nt  of  thie  gu 
proves  fatal  to  the  lower  animals. 

Sulphydric  ncid  is  readily  inflammable.  It  bums  with  a  bluish  flame,  forming  sul- 
phnconi  ari  l  r  1  frequently  deposits  free  sulphur  from  the  imperfect  across  of 
oxygen.  Most  tiutaU  when  heated  in  the  gas  absorb  the  sulphur  ana  leave  the  hydro- 
gen. Cadmium  or  tin  is  generally  used  for  tlie  purpose:  C5<l'  +  11*8  =  Cd*S  +  H'. 
The  bnDc  of  the  resulting  hydrogen  is  eoual  to  that  of  the  original  sulphydric  acid ;  or, 
in  other  worths,  two  volnnuN  df  snlpliynrlc  acid,  H-S,  M-lmn  acti  d  on  by  metal,  leave 
two  volumes  of  hy(.b^jgeti.  Sulphydric  acid  in  the  tfo&eous  state,  or  dissoivetl  iu  vvatt-r, 
it  deeompoaed  by  chlorine,  bromine,  and  iodine,  with  liberation  of  sulphur  and  fonna<- 
tion  of  hydroclilorio,  hvdnilirumie,  and  hydriudie  aeid^^  respectively.  In  a  similar 
manner  it  is  decomposed,  with  liberation  of  sulphur,  by  nearly  all  vxidisiny  at/en  is; 
tad  even  M^pAtmwt  aoH  whidi  nsnally  aete  aa  a  deoxygoiant  by  ebeocbing  oxygen, 
adn  in  tfaii  Mia  M  n  oagpgenant  by  afn>rdiri:'  ^xyq;en : 

2H-S  +  SO-  =  2H^0  +  S'. 
In  some  cases,  bowevez,  a  peculiar  sulphur-acid,  the  pentathionic,  is  formed  iu  addi- 
Him,  tbni  • 

iSm  ^  C80*  -  4B>0  +  ^  9. 
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A  afttorated  aqueous  solution  of  aulphydHc  acid  ooaitains  about  ihtee  tunes  its  rolumA 
of  the  gaa  It  k  a  dear  eokrarlees  liquid,  hariag  a  slight  Mid  icMtkm,  uid  tike  smdl 
and  t;isf>' of  llie  jj.i.s.  It  is  gradually  dffornjx>?<ed  by  exi>o.^un'  to  air,  its  hycln:>e«Mi 
being  oxidised  into  water  and  its  sulphur  set  iree,  Sulphjdric  acid  vhen  burnt  viclda 
sulphurous  acid,  aa  m  IiftTtt  Men ;  but  Jiioift  mlphjdno  idd,  nuud  witii  air  or 
oxygen,  and  exposed  to  a  modemtefy  iram  tempenlank  fiwa  4€^  to  90^,  ji  contatted 
into  8ul|)Iiunc  acid. 

Sulpliydric  acid,  like  water,  is  capable  of  giving  up  the  half  or  the  whole  of  it.s  Iiy- 
drugen  in  exchange  for  a  metal,  the  resulting  compound  being  a  sulphydrat«  or  a  std- 
phide,  HCPortliug  as  1  or  2  at  H  are  thns  rcj-Luvd;  f.  g.  ev^yhi/drate  of  bar  'tuiu.  Balls  ; 
sulphide  of  barium,  Jin^.  It  is  only  the  ulJuili-metals  and  idkaline-earth-tneUik  tliat 
appMT  to  be  eapablo  of  forming  dcAnite  sulphydrates,  all  of  which  are  soluble  in 
vatar  and  m*stallisaM<>.  Tlir  hfa^*T  mrtals  form  lnH()ltible  sulphidtV'i,  which  may  Itc 
demad  from  a  single  or  a  multiple  molecule  of  sulphvdric  acid,  just  as  the  currc  spv>nd- 
ing  ooddfla  arademad  from  a  suda  or  miltiDle  aiMceale  of  water:  e.  g.  sulphide  of 
silver,  Ag*S;  mcrcKric  sulphide,  Bg'S  or  Hli^;  trwdphii$  ^  miUmM^,  Sb^«  ^ 
(See  SuLPHiDBS  and  Sui^ydbatbs.) 

The  su^hidetof  the  heayy  matob  aia  piaeipitat^  haa.  aolatioa  qlniBtalUc  ealto  by 
ittlpli(ydrie  add  or  an  alkaline  sulphide  or  aolphjdnio: 

Cu^'O'  +  H«S  -  H*SO«  +  ru«?. 
2Sbc;i«    +       aH*S        -         6HCI       +  Sb"S'. 

flonaiaetaban  pm  ipitat«diiitluaiiiaiui«r  ftom&eiraaidifledooliitioiubf  oalphTdrio 

acid  pas  or  its  aqueous  .solution ;  uthcra  only  from  neutral  or  nearly  neutral  eolntion.-*.  1-y 
an  alkaline  sulphide  or  ailphjrdrate,  in  some  oaaea  ««  aulphidet  (nidMl,  cobalt,  manga- 
nese, sine,  uranium),  in  otben  aa  bydntet  fcluoiiiiiiiB,  and  tba  matola  of  the  earths 
proper) ;  and  and  lastly,  there  are  some  metuls,  namely  those  d  the  alkalis  and  alkaline 
earths,  which  are  not  precipitated  either  by  sulphydric  acid  or  an  alkalinr  snlphydratf. 
On  theise  reactions  is  founded  a  division  of  the  metals  into  groups,  wlueh  lurms  the 
basM  of  t  he  mode  of  aqpiiwtiiig  thamuaoally  adopted  la  analyoio,  (SeoAjiALTni^Iinw* 
OANic,  i.  217.) 

Sulpliydi'ic  acid  i«  reeomiisod  by  the  black  discoloration  it  produces  on  paper 
moistened  with  folatiofla  oflead  or  bieointh,  and  by  tke  black  tanuah  itgiTeito  dhei^ 
Ibil. 

Praqlphtrto  of  Bjaroyoo*  H'S*? — This  compound  seems  to  bo  the  sulphur- 
repreesMtetiye  of  peroside  of  bydrooen,  wbieh  it  niiieh  reeemUee  in  its  properttea.  It 

is  madr  hy  jxradually  adding  t  he  suTnfioii  of  a  pi-^rsxilplnde  of  alkaline  earth*  OT  alkali* 
metal  to  an  exoesa  of  hydroL-hlohc  acid  diluted  with  twioc  its  bulk  of  watar: 

Ga'S»  +  2HC1  2ChC1  +  IT\S-  -f  S«. 

The  persulphide  of  hydrogen  is  formed  without  any  evolution  of  gas,  and  separates  iis 
a  yellowish  ofly  floi^  beaTi«r  than  water.  It  baa  tlie  property  of  diaaotving  Mil{  li<ir 
to  a  considerablo  fxtcnf,  o\nng  to  wlrich  circuin'-tjinf'e  it.s  composition  has  not  been 
aatisfactorily  established,  Persulphide  of  hydrogen  has  a  peculiar,  sulphuious,  disagree* 
able  odottr.  It  prodoeea  anpcradal  white  eediaia  on  tiie  akin  and  mondk.  It  ia 
insoluble  in  water,  but  soluble  in  ether,  forming  a  solution  which  soon  decompoaca  and 
deposits  cr}'stals  of  sulphur.  It  is  readily  inflammable,  and  burns  with  a  blue  flaaMb 
It  is  possessed  of  bleaching  properties  analogous  to  those  of  peroxide  of  hydrogen. 

PeBMdphida  of  hydrogen  ia  a  Tery  unstable  substnnc<\  and,  es^ciallv  at  increased 
temperatMr*>t,  undergoes  wpontaneous  dcciinpostf  Ion  into  sulphydric  acid  and  sulphur. 
By  effecting  this  decoroposlt  ir>n  in  a  ij^'ait  d  tube,  ii4uid  tsuiphydric  acid  msy  be  obtained 
(p.  SOS).  The  stability  of  tlio  persulphide  is  increased  I17  the  praaenoe  of  moderately 
strong  acids.  Alkalis,  on  the  oth.  r  hand,  promote  it^»  decomposition.  Hence  if,  in  its 
preparation,  the  hydrochloric  acid  be  added  to  the  alkaline  persulphide,  instead  of  the 
peranlpbt^  to  the  add,  no  persnlplude  of  hydrogen,  but  only  sulphydrie  add  and  ml- 
phur  vc'iW  ho  obtained.  Under  the  influence  of  catalytic  ap  uts,  such  a.s  finely-divi<l.  d 
pktinum,  gold,  iridium,  luad  charcoal,  which  elfect  tlie  similar  decomposition  of  peroxide 
of  hydrogen  into  oxygen  and  water,  persulphide  of  hydrogen  intdeinoea  an  inatantaneona 
decomposition  into  sulphur  and  .<^ulj)hydric  acid.  It  reduces  peroxide  of  manganese 
and  the  oxides  of  silver  and  gold,  the  last  two  with  great  violanct^  and  freq^aant^ereo 
with  ignition.    (  OdJirufs  Mmuol  CJMstty.) 

HTSROGBV,  TfiX.x.ilBIM  OV.  HTTe.  HiOwJifiiie  or  ^ftbfvtelluric  add, 
TtUureitcd  htfdrogm. — This  compound  i.s  erolvod  nfi  n  pas,  when  certain  metallic  toilu- 
ridee,  the  telluriae  of  ^inc  being  generally  used,  are  treated  with  t^droohlonc  acid: 

Zu'Te  +  2I1C1    =    H»Te  -i-  2ZnCl. 

It  doaafy  MioniUaa  Iti  Mofeguee,  sulphydria  and  aalenh^rdzk  adda,  amells  rerr  ipnch 
like  the  fonaw,  buna  with  a  Una  Bmm^  haa  a  alig^  and  leaotioa,  and  diiaifil  ria  la 
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Water,  forming  a  colourless  liquid  which  d^osits  teliuriain  when  ezfjooed  to  the  air. 
It  preeipitatM  aiMt  OMtela  horn  Hmx  solttioM  in  the  fotm  of  t«llitride«  {f.  v.) 

BTSftOHAUen*  A  Mttva  liTdnted  dikmde  cf lodiiiiii,  HtdSffO.  (Dua, 

ii.  506.) 

See  HvDttoQUiMONS. 
LCm.  Am  Ozjbo  AdD. 

Syn.  with  Omklixitb  (ii.  924). 
BTSROMAOITESXTB.  Hydrat^d  carhvnute  i,f  mnqiumim,  4  >r^r»0.3C0-.  l  H-'O 
«  3(il4;=COMI-0).2MgHU  ur  3(M^'  H-CO').2M{tH( ).  — It  otcurs  Utttivo  iu  Bmali 
aMJOoclinic  crystals,  usually  acicular  or  bhided  und  tufted,  ako  atnorphouaoraas  dudkjr 
cnist.  Specific  gravit).'  =  2115.  Hardntss  of  crystals  3*6.  Lustr?  Titre<itisi  to 
biiky  or  aub-pt'tirlv  ;  ^hso  earthy.  Colour  and  stneak  white.  It  is  fouud  Lu  Mrpentino 
at  Hrubecbitz  in  Moravia  ;  near  Kumi  in  N<  gTopont«;  at  Hoboken,  New  Jersey,  and 
(A\\vr  localities  in  Nortli  America  (Dana,  ii.  457).  A  specimen  from  Texas,  Lancaster 
comity,  PennsylTania,  analysed  by  Smith  and  Brush  (Sill.  Am.  J.  [21  xv.  207X  ga'^e 
M-00  per  cent:  00*,  48*M  Mg<0,  19*68  water,  and  <h8e  nlica.  AiQ&iaUy  preparad 
hydrocarbonatc  of  mat  in  -  iuMi  l  a-  sometimes  the  same  composition* 
KlTDHOMAGTa'OCAXiCXTZ:.     Svn  witli  TTvni'oT>oLoilITJI. 

HYI>aOniAS.GAItXC  and    BYSROBKASGA&XTXC  ACXSS.     Acids  of 

doubtful  constitutimi,  wMeh  Fr^my  obtained  by  triiaf  ing  oliTe-oil  with  itvong  aol^fanrie 

at'i'!      S.  (  "NIauoaric  Arm  and  PAr.Mmc  A.en>,) 
KYDKOMSXtZiONB.    See  Mklmikb. 

B'Zl>ROMXiT£S  (piup,  water ;  fUrpov,  measure).  Gravimeter,  Pese-liqwur  ;  on 
the  Continent,  most  commonly  called  the  ArcomeU-r  {Apaihs,  tim,  anbtle).  An  instru- 
mcTit  wliich,  on  bein^  placed  in  a  licjuid,  shows  its  ^eeific  gEantgv  either  bydireet 
insj><:vtion,  or  by  simple  a^jtistment  and  calculation. 

Its  action  depends  on  the  simolt-  i^nnciple  of  hydroittttics,  that  a  floating  bodjr  mwt 
displace  its  own  weight  of  liquid.  The  truth  of  this  principle  is  pecn  if  consider 
that  any  ^rt  of  a  mass  of  liquid  at  rest  must  be  support^  by  the  pressure  of  the 
eonovndiDg  liquid,  and  wQl  eeHamfy  eontinne  to  be  supported,  ee  long  ae  it  baa  the 
same  weiphf  and  Tolnme :  hence.it  may  bo  conceived  !o  t-eeome  si.lid  witlmnt  altering 
the  conditions  of  equilibrium.  Now  weight  is  mere  downward  pressure,  and  the  eoUd 
haniened  in  a  liqnid  need  not  weigh  so  mndi  ae  an  eqnal  Tolaae  of  liquid,  provided 
that  the  difference  is  exactly  made  up  by  downward  pressure,  or  weif^t  communicated 
from  another  part  of  the  solid,  above  the  surface  of  the  liquid. 

Thus,  in  jig.  567,  suppose  the  solid  AB  to  hare  the  same  weight  ae  a  volume  of 
water  equal  to  the  volume  of  the  part  AC.    When  placed  in  water,  the  loUd  witt  ^nk 


up  to  the  point  C :  for  tho  npward  prf«isure  of  the  water,  which 
usually  supports  a  voluuie  of  water  equal  to  AC,  will  then  be  exactly 
sufficient  to  support  the  weight  of  the  solid  AB.  If  we  now  place  AB 
in  a  liqnid  of  less  specific  gravity,  the  wei^dif  <jf  AB  will  be  greater 
than  the  weight  ofthevolumeACof  the  liquid,  and  equal,  fur  instance, 
to  the  weight  of  the  volume  ACf.  Then  by  similar  reasoning,  AB 
will  sink  into  this  h'ghter  liquid  np  to  the  point  (  \.  Again,  if  AB 
sink  in  a  third  liquid  onlpr  up  to  the  point  it  is  obvious  as  before, 
that  the  vohnne  of  fiqnid  AO,  is  fqnal  in  weight  to  the  solid  AB. 

Now  the  specific  gravities  of  bodies  are,  by  definition,  in  the  propor- 
tion of  the  weij^ta  of  equal  volume  of  the  bodies,  or,  whieh  is  the 
■unev  in  the  inverse  proportion  11m  volnrnsa  of  eqnal  weights.  In 
other  words,  the  specitic  gravity  is  less,  as  it  reipiires  a  larger  volume 
to  make  a  ^ven  weight.  Now  the  volumes  AC,  AO^  AC^  of  the 
Mqtectire  hqnids  are  all  of  one  weight,  that  of  the  solid  AB :  hence 
the  ^edlle  gravities  have  the  inverse  proportion  of  AC,  AC^.  AC„, 
or  if  we  assume  the  first  (water)  to  have  the  speoifie  gravi^  1-0^  the 

^eeifle  gravities  of  the  otJiets  <u«^n 

The  hydrometers  commonly  used  do  not  differ  from  llie  solid  body 
AB  above  described,  except  that  the  part  which  meets  and  cuts  the 
tnflweof  dte  Hqnid  ia  usnaU^  of  veiy  narrow  seetkitt,  ui  order  that 
blight  difllri^ncew  in  the  dfusify  of  the  liquid  may  cause  the  hydro- 
meter to  rise  or  sink  through  a  considerable  space.  The  form  of  those 
MTts  of  the  hydrometer  below  the  liquid  hag  no  effect  upon  the  acduracy  of  the  result, 
DQtiir  oonvenience  the  lower  parts  are  usually  much  expanded,  in  order  that  they  may 
be  proportionally  shorter.  Several  different  forms  of  the  hydrometer  are  sliown  in 
fiai.  558, 5C0,  The  hydrometer  in ^.668  would  indicate  specific  gravities  »lit!t  ring 
through  a  considerable  range,  but  wilibonc  much  accuracy.  It  is  accompanied  by  a  tube 
TS^  which  holda  the  XtngaeA  nndar  onninalion.  That  va.fig,  669,  on  the  oontrary,  has 
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u  very  lender  0tom  (fiH),  and  would  indicate  witih  greal  accnracj  anj  specific  gravities 

Mithin  :i  certain  nanTiw  nin<rp.  llydromoters  aro  usually  made  of  litrlit  plass  tubes 
and  bulbs  blown  in  a  bingle  piece.  The  chief  purl  of  the  weight  ia  given  by  Bniall  shots 
or  mercTuy,  cireAilly  adjusted  so  that  the  instrument  sluill  sink  to  a  oonTOiMnt 
depth  in  the  required  liquids,  and  tin  n  ah  d  up  in  a  small  bulb  at  the  lowermost 
extremity.  In  other  caaev,  the  hydrometer  is  made  of  thin  ffilt  brass  or  silver,  as  in 
fig.  560,  but  the  weight  is  still  placed  bdow,  in  Ofdsr  that  the  inatmmaiit  9Uij  float 
upright  and  stiiHy. 


.-n 


■u 


V 


Graduaiiofi. — We  hare  yet  to  consider 
the  nature  of  th<'  [zmiluation  ou  the  stem 
of  any  hydrometer  which  is  to  give  by  iu- 
Bpectiou  the  specific  gravity  of  the  liquid 
in  which  it  floats.  Keverting  to  f;/.  ;)57, 
let  the  distance  AC  to  which  the  hydro- 
meter sinks  be  succeiisively  x^,  a-^,  a:,,  &.c 
when  AB  atanda  in  liqaida  of  tfw  doaitifla 


Then 


*e.  Qftheae 


1  00 


quantities  let  pg  bo  the  density  of  distilled 
water  at  the  temperature  G2°  F.,  which  we 
assume  as  l  UO;  cull  the  corresponding 
length        the  unit  of  length.  Then 

«i  —  — , — ,  me^t  and^i—  • 

Pi         ft  Fi  Fs 

Tina  wa  aee  that  equal  diflfefeaeee  of  9p«^ 
dfla  gravity  are  indicated,  nut  by  any  equal 
intervals  on  the  scale,  but  by  the  differences 
of  the  reciprocals  of  those  speeifle  gravities^ 
or  by  quantities  pi"ojx»rtional  to  them.  The 
scale  which  must  then  be  employeil  is  to  be 
obtained  by  calculatiou,  and  its  character  is  shown  with  some  accuracy  in  the  divided 
line  \BJiff.  661. 

Until  recently,  indeed,  it  was  eustomnn-  to  pratbuite  the  stem  of  every  hydrometer 
into  some  series  of  equal  divibions  arbitrarily  clio.stn,  and  the  indications  were  either 
used  conventionally,  without  reference  to  specific  gravity  at  all,  or  the  corresp<>nding 
specific  j2T!ivity  was  aR*ertained  by  calculation  or  letVrence  to  a  table.  It  is  oliviously 
desirable ,  however,  to  adopt  the  true  scale  of  specific  gravitiei,  since  this  can  always  ba 
obnstructed  with  facility  and  snffleient  acouracy. 

A  mode  of  graduating  h^'dromet'  rs  with  ac<'uracy,  as  practised  by  Mr.  Ackland,  is 
described  in  the  Beports  of^  the  Jurors  of  the  iiohibition  of  1861  (p.  26).  It  consists 
of  liiefiolknriiig]  
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1.  Ascertaining  the  exact  ^)o#iUou  of  thre«  or  moro  poLuts  of  the  scale,  accordiag 
the  stem  of  tho  hydroinqter  u  more  or  IcM  tmlj  cyliDdrical. 

2.  Biviiling  with  gn-at  TitTuncj  n  9c:\\o  on  MKVOOdf  tO  tfanr  lh«  qpedfle  grayitlM 
r«^uir«4i  to  be  iudicattHl  hy  tha  hydrometer. 

3.  Making  *  redaead  copj  of  th«  bootwood  scale,  so  a«  to  form  a  fealty  tlie  |Muili  of 
'Vhicli  -'i  '!  conrspornl  with  the  ascfrtiiiin-ii  ]>oinf.«i  (.>ti  the  hvdr'jmeti^'tBfiOb  Ul* 
teale  lio  torniod  on  paper  ia  ready  to  be  engrared  on  the  hydrometer. 

For  oxample,  suppose  it  bo  nqoivod  ftr  m  hydmnioter  to  ohov  wpomBc  gnrntieofron 
100  to  0'7<)0.  A  bulb  is  chosen  with  u  stem  iis  imiform  a«  possible,  and  f Tin  f  |>-Mnt« — 
for  iiuiaiicok  *700,  -860,  nod  I'OOU— are  ascertainod  wfoUow :  Load  tlie  hydrometer  till 
it  nikaindiitaDod  wfeirof  tbotc^fliiM  ftr 

1*00  K  » 


tfaod^l^lHW;  kttbawiigbtor  tbeinstranontthcii         To  ascertain  tho  point 
of  the  dogMM  *86^  liter  tlMVO^ht  of  tile  bydioinotomilfl  it  ii-^ 
ItinvntR^iMricvliiMitiiCiitbrthAMnAM.  iMtly^  a]l«  tb«  v^gfat  to 


,«Bd  ]]lMiBg 

100  X  » 


•70  • 

and  Bunk  tho  pouit  asbefcto^  -whSiA  will  oomapondivith  the  aoedfie  gnmty  *700.  Tlie 

original  weight  x  of  tlit-  li^droTiieter  may  then  De  restored  and  the  tube  sealed.  This 
method,  requiring  the  use  of  no  liquid  but  water,  i«  racj  ooomuonti  oad  was 
ni^estcd  to  Mr.  Ackland  by  Br.  Clarke  of  Aberdeen, 
^e  remainder  of  Mr.  Aiddaud's  processes  are  perfonnedby  calculating  the  reciprocali 

of  f!io  specific  gnivities  rrquirod,  forining  thoin  into  a  FcnU',  aiul  f!'.'  ?!  rr<liu'iug  thin 
&c:il"  and  trans^rriiig  it  tu  the  glass  lube  by  a  dividing  cugiiie  of  pt  culiai  ..ud  ingvmuus 
const  ruction. 

We  have  fomif  d  tho  followinpr  table  of  the  reciprocals,  and  Huit  difievanoia.  Inter- 
nediate  degrees  can  easily  be  interpolated  when  necessaxy. 


SpscMe 


200 

1-90 
1-86 
1-80 
175 
170 
1-65 
I'W 
1-55 
1-60 
1-46 
1-40 
1-36 
1-80 


•600 
•613 
•626 
•5H 
'6o6 
•671 
•688 
•606 
*0S5 
•646 
•««7 


of  I 


•714 
•741 
•769 


•013 
•013 
•015 
•016 
•016 
•017 
•OlS 
•019 
•020 
•023 
•023 
•024 

•028 
•081 


Speciilc 
grarity. 

1-25 

•ROO 

1-20 

•833 

116 

•870 

MO 

•909 

ro5 

•002 

1-00 

1-000 

•M 

1  058 

•90 

IIU 

'86 

M76 

•80 

1-250 

'7« 

1-338 

•70 

1*420 

•M 

1-638 

•60 

1667 

'66 

1-818 

'60 

2-000 

Din^eore  of 
Reciprocals. 


•033 

•037 

oay 

•043 

•ois 

•063 
•OM 
•066 
•074 
•088 
•096 
•109 
•129 
•161 
•182 


We  shall  now  describe  a  graphical  method  whieh  tiie  ehcuiat  ean  eaaOy  naa  as  • 

subetitufe  fur  3Ir.  AokhmdV  divjdinp  engine,  so  as  to  gradnato  his  own  hy«lr«.nir>tiT9 
with  accuracy.  I>raw  a  line  Aii  661)  on  a  sheet  of  good  p^er,  and  lay  oil  uponit^ 
with  nactaeae,  aa  many  of  theiedproeal  nunlMni  or  dtfcwBoaa,  giTon  in  tiie  tMt>,  aa 
an-  likely  to  be  mjuired  within  tin-  range  of  thf  liydnmietcrs  to  Ix-  grathiat^  d:  this 
may  easily  be  done  with  the  aid  of  a  decimal  or  diagonal  scale  and  a  pair  of  c(«upasses. 
The  ahaohile  ana  of  tiik  aeale  ia  of  no  in^Kntance,  except  tiut  thel^^ 
aocorate  will  the  result  probal'ly  be.  '* 

Now  su[)poee  tho  pomta  on  a  hydrometer  hare  been  determined  for  the  specific 
ffraTiti*  8  -700,  1*00  and  1*80.  Draw  a  line  exactly  parallel  to  A6,  and  measure  off 
distances  PQ,  QR,  equal  to  the  absolute  distance  of  the  points  on  the  hydro nid  rii  si  .  in, 
placingthe  points  P. Q, R,  m  n>  ar1y  as  jvissihle  opposite  the  specific  gravities -700,  TOO, 
rSO,  on  the  scale  Ali.  I/raw  liuea  through  P  aiad  fh'-  d.  gree  ^70,  and  through  Q  wd 
the  (h>gree  I^OOl  ff  tlwiBtHnnn  BSTcr  meet,  the  scale  on  FC|  mil  be  identical  with  that 
on  AR.  Hat  suppose  thpymept  in  S:  draw  lini-s  through  S  and  the  pereml  dr>grees 
on  AB  between  '7u  and  1  00.  Then  the  iut^rbtH.lions  of  thi'm  lines  and  PU  give  the 
required  points  for  the  scale  FQ.  Next  draw  a  Ud4i  through  R  and  the  degree  1*3.  If 
this  also  pass  through  th**  point  S  it  will  indicate  thiit  tlie  stem  of  the  hydrometer  is 
perfectly  uniform.  But  wherever  8',  the  point  of  intenection  of  Q  — 1^00  and  B>*1'20 
WKW  be,  dbnw  Unea  frcm  6>  thwn|^  the  dagwae  of  AB,  giving  by  their  intwaection 
wit n  QR  the  required  points  of  graduation. 

If  neooaaaiy,  other  points  beaidee  P,  Qi      might,  for  the  sake  of  accvrocy,  be 
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deUtrminedon  tli««t«di  of  die  hfttroauter,  and  th«  gmSmJ&m  canli  be  performed, 
with  but  little  extra  trouble,  from  many  succenire  points  of  intersection. 

Th«'  hydrometer  scale,  when  once  obtained  on  paper,  can  be  transferred  to  the  glass 
stemufiJie  instrument  by  the  usual  j-rucess  of  etching  with  hydrofluoric  acid.  The 
glUB  must  be  covered  with  bees'-wax,  and  firmly  fix(Ml,  at  a  proper  distance,  in  tlie 
same  stmght  lino  with  the  divided  scale,  the  degro  ?  of  which  may  then  be  easily  and 
accurat^'ly  taraosferred  bv  a  beam-compuss.  For  lullcr  directions  on  the  method  of 
graduating  f^M$  tnbfla^  tlM  reader  niui«t  consult  Buusen's  Qasontetiy  (p.  25),  also  the 
artiflo  AxAr.YSTS  OF  Ga5KS  in  this  Dictionary  (i.  269).  Wer»'  it  dokind  often  to 
graduate  hydrometers,  it  would  ha  beat  to  engraTo  the  aoale  AB  {Jiff.  601)  upon  a 
|;liM  platw,  tOMther  with  490OTerging  Uom  dmwn  timrai^  UiedegveM^  and  than  to  om 

it  as  iJiinscn  (Tcscrihcs. 

Xhe  smaller  intervals  of  a  hydrometer  scale  may  always  be  subdivided  into  equal 
parts  hf  flatamatton,  or  otherwiM^  withoat  approciaDlc 

The  dt  Hcicy  of  the  hydrometer  may  ahrayr*  ha  increased  to  an  imli  finite  cxti  nt.  by 
lessoning  the  diameter  of  the  stem ;  but  in  the  same  proportioii  it  becomes  more  limited 
in  range,  and  troublesome  to  use.  The  adhesion  ci  au^babUea  is  a  great  aonrcse  of 
discrepancy,  especially  in  the  metal  instnimente,  and  for  this  reMOB  u.  fajdMmotert 
ah(>ula  he  nindo  with  as  smooth  and  small  a  snrfar*»  as  pos«ib]r>. 

Again,  tlie  attraction  of  the  glass  or  metal  atcm  for  the  water  causes  the  surface  of 
water  to  >iM  vp  against  the  iltiii  in  a  parabolic  curve.  This  phenomenon  alone,  by 
pn>vpntTng  -ns  frnm  ^jetting  an  exact  rejidinp;.  is  almost  enonj^h  to  condemn  the  hydro- 
mtttr  as  a  standard  instrument  of  measurement.  Fortunately  the  hydrostatic  balance 
and  the  speetfio  geavitj  bottle  are  means  of  determining  apedfie  gravitieo  with 
unlimited  accuracy  and  considenible  e.me.  The  hydrometer  talci-.s  a  subordinate  rank, 
and  ia  chieflv  employed  in  approximately  determining  the  strength  of  solutions  or 
mixtures  <tf  hqnidii.  It  often  eflbets  a  wondearAil  saving  of  time  or  tremble,  and  any 
portion  frequently  occupied  wifli  llrjuids  of  a  variable  .stnMi^th  or  ooiajKii^il ion  should 
iULvo  hydrometers  suitablv  constructed  in  range  and  delicacy  for  testing  them.  To 
treat  the  luatrnment  aa  tnitaUe  tar  aooust  sdentifleitteanmnent,  and  to  invcbt  i^at.^  and 
deteniiin*'  eorrcetldns  for  every  little  error  whicli  mi^'ht  a^^^>^  would  be  a  mistalce. 
We  accordingly  proceed  to  deacribo  various  well-known  forms  of  the  hydiometar,  which 
arc  extensively  used  Ibr  practical  purposes. 

Sjkes'  IlydromettT  is  of  importance  becanMt  1)J  Act  of  Parliament  (68  Geo.  HL 
«.  28  ;  see  also  3  &  4  Will.  lY.  e.  51  §  123)  it  is  employed  in  tlie  collection  of  the  ex- 
ci8<>  revenue  of  tlii  United  Kingdom  levied  upou  spixituou.-*  liquora, 
of  which  of  course  the  stitrngth  must  be  determined.  It  ia  mMie  of 
brass  y^Cy2)  with  a  spherieal  bulb  A,  l^inch  in  diameter,  a  weight 
(B)  to  »iiik  it  and  maintain  it  upright  in  the  liquor,  and  a  Hat  uui- 
nrm  stem  C,  3^  indliefl  long,  divided  into  ten  parts,  each  of  which  is 
again  divided  into  two  paiin.  A  series  of  nine  weights  of  tlifl  iiom  D 
accompany  the  instrument,  having  the  proportions  10,  20,  30,  .  •  • 
90.  Theae  weighto  are  |daeed  ia  ■oeoeMion  at  E,  uitfl  the  Inatni- 
ment  is  found  to  sink  in  the  liquor  up  to  some  point  of  the  divided 
acale.  The  namerical  reading  of  the  acale  at  the  point  where  it  ia 
out  by  the  enrfiwe  <rf  the  liquor,  added  to  the  mtmbw  on  the  we^t 
employed,  pives  tlie  required  result.  But  the  tempc-ratnre  of  the 
liquor  must  also  be  obeerved,  and  the  proportion  of  spirit  it  contains 
•seertained  bj  a  taUe  in  wbi<^  the  variables  are  the  degrees  of  the 
hydrcnneter  and  thermometer. 

The  stipemtimernry  weight  F  may  be  placed  on  the  snmmit  of  the 
stein,  and  then  causes  the  hydromettT,  loaded  with  the  circular 
weight  60,  to  sink  to  the  same  point  in  pure  water  to  which  it  would 
otherwise  sink  in  proof  ppirits.  Conceniinit:  the  ile termination  of 
the  proportion  of  alcohol  contioned  in  a  mixture  with  water,  See 
A£COa0fX>MBTBT  (i.  81). 

Jones'  HyJrciiirft  r  is  an  improvement  on  that  of  Sylve.«.  It  is  ac- 
companied bv  threo  detached  weights,  so  that,  according  as  these  are 
iiaedoriMl,tlie  hydroaetermayhaTolbiipdiflbrratdegreeeof  wrig^ 
Corresponding  to  thef:e  .w  four  ^eparafe  scale?  on  the  sides  of  the 
stem,  which  is  made  square  for  the  purpose.   A  thenoometei^  also  with  four  different 
eealen^ia  ineliided  in  the  lower  part  of  the  inBtraneat,  and  the  wlwle  is  aoeontrired 
that  the  number  of  gallons  in  the  100  under  or  over  proof  may  be  read  off. 

The  iollowing  formulae  apply  to  any  hydxomotar,  aa  fpr  inataaoe  Qjlutf  or  Jones',  in 
whiA  weights  are  added  below  the  liquid. 
Let  w  =.  weight  of  hydrometer. 

V  •  volume  of  hydrometer  up  to  the  l»of  t'"»m  of  the  acale. 
*•     area  of  section  of  stem  (supposed  uaiiorm). 


Digitized  by  Google 


HYDBOMBTEB. 


£09 


In  liquid  A  let  the  hydrometer  loaded  with  the  weight  to^  sink  to  the  degree 
(mearared  in  incbes  ftom  the  bottom  of  scale),  and  in  liquid  B,  when  loaded  with 
let  it  sink  to  x^.  Also  let  c>t  «  Tolniiie  ot  weight  Wi. 


Then  the  Toluiue  of  A  diiflaoed  is  F  +      +  Xi.m. 

Tb»  vetgiit  Qt1h»  wIonM  of  A  diaplMed  is  W 


+  to. 


IV +w 

TImd  (F  •1'  «s  4-  md  (r  «h  «t.m)  -^^^  tiM  TolnnMi  of  «qiial 
vs^toof AandBl  Andipeluive 

■pectfie  gr»Tity  of  A      (V  *  ^  *  XprnXW-i-  Wi) 
apedfic  gnrrity  of  B  "  (F+  i^i  +  Xi.m){Tf^  +  vj^)' 


Fiff.  663. 


»0  _ 


30 


20 


10 


30 


40 


»i  + 

Hydmnictcri?  could  ♦'asily  bf  (instructed  in  which  weights  rnipht  be 
added  above  the  liurfact-  of  tlit>  liquid,  so  that  the  volume  of  the  lower 
putt  of  the  instrument  sliou  Id  not  be  altered.  The  abtff  ftwmula  would 
thpTi  npply,  aftt  r  oniis>-ion  of  am!  A  hvdrnmptrr  of  this  kind, 
giving  any  specihu  gravity  I'rum  0  to  2  0,  was  shown  in  the  Exhibi- 
tion of  1851.    (Jury  Reports,  p.  296.) 

Banm^'s  Hi^druiii' t'.r  isfxlfiislvi-ly  fniployf  fl  on  f]if>  Continent,  and 
was  <»igiiiallj  deiicribed  by  Baum4  in  his  Mimcns  de  .tAarmacUtj^  466. 
Separate  nwtitiin«mtB  are  nsnallj  eonstmetecl  far  liquida  heavier  and 
lighter  than  wat^-r.  altliou;,'!!  it  is  ol<vioua  that  tins  is  not  ni'('«'ssary. 
For  li(|iuds  heavier  than  water,  the  graduation  is  as  on  the  right- 
hand  side  of  Jiff.  563,  and  is  determined  by  marking  as  0  the  point 
to  vhieh  the  hydrometer  sinks  in  pure  water,  and  as  15  the  point  to 
which  it  sinks  in  a  solution  of  1.5  pf*;.  by  wc-ifzht  of  salt  in  85  pfs.  of 
watt  r.  The  iuteiTid  is  divided  into  15  »>(pial  parts,  and  a  scale  of 
similar  i qnal  parts  is  extended  as  fkr  SB  desirable. 

For  liquids  lighter  than  water,  the  pradnation  ifi  as  on  thp  left -hand 
aide  of  jiff.  663.  The  degree  10  is  now  detomiinod  by  pure  wat(  r,  while 
tiia  decree  0  is  the  point  to  which  the  hydrometer  sinks  in  a  solution 
of  10  pts.  of  salt  in  90  pt«i.  of  watt-r.  The  interval  is  dinded  into 
10  equal  ports,  and  the  scale  in  extended  as  in  the  former  case. 

The  degrees  «f  Baam^'s  hydrometers  being  entirely  arbitrary,  the  ^ 
foUowing  taVdrg  mtt^t  hr-  n^ed  to  ascertain  from  tlltdr  indicatiQaiS  tho  apOCiflB  gHnitMS 
of  liquids  with  respect  to  water  as  the  standard: 

C^pmntomqftktPigrmofB&nmyB  Hydro  mrfer  niih1i$  real  Sptoffic  €hm9iim 

of  liquids  heavier  than  toaUr. 


DegreM. 

1) 

Specific  1 
gravity. 

Drgrees. 

8|>ecl0c 
travttr. 
 1 

Degrees. 

Specific 
fMflty. 

Degree*. 

S|ifciflc 
grsvUf. 

0 

1000 

20 

1182 

39 

1-345 

68 

1-617 

1 

1  007  1 

21 

MGO 

10 

1-357 

59 

1-634 

2 

1013 

22 

11G9 

41 

1-369 

60 

1 -(5.-/2 

S 

1-020 

23 

1-17H 

42 

1-382 

61 

1-670 

4 

1-027 

24 

1188 

4;j 

1-396 

62 

1-689 

5 

1034 

25 

1187 

44 

1-407 

63 

1-708 

e 

1-041 

26 

1-206 

46 

1-421 

64 

1-727 

7 

1  048  ; 

27 

1-216 

4fi 

1-434 

65 

1-747 

8 

1066  1 

'28 

1-226 

47 

1-448 

66 

1-767 

9 

1-068 

29 

1*286 

48 

1-462 

67 

1-788 

10 

1-070 

30 

1-246 

49 

1-47C 

68 

1-809 

11 

1078 

31 

1-266 

60 

1-490 

69 

1-831 

12 

1086 

82 

1-267 

81 

1*605 

70 

1*864 

.  13 

1-094 

33 

1-277 

52 

1-520 

71 

1-877 

14 

1101 

34 

1-288 

53 

1-636 

72 

1-900 

15 

ri()9 

35 

1-299 

64 

1*881 

7t 

1*924 

1« 

1-1  IB 

3G 

i-;uo 

55 

1  567 

74 

1-040 

17  j 

1  126 

■M 

1-.T22 

56 

1-683 

76 

1-974 

18 

1134 

1  38 

1-333 

67 

1-600 

2-000 

19 

1-143 
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V,  a  u  Til  6' 8  Hydrometer  for  liquids  lighter  than  waiter. 


SiweiOc 

l^pecific 



cm^lty.  1 

1 

Dt|gNM>  ' 

1 

S|>ecific 

10 

1-000 

23 

•918 

36 

•849 

49 

•789 

11 

0-993 

:  24 

•918 

37 

•844 

50 

'78ft 

12 

•986 

:  2.> 

•907 

88 

'839 

51 

•781 

13 

•980 

26 

•901 

39 

•834  1 

52 

•777 

U 

•973 

27 

'896 

1  40 

•830  • 

68 

•778 

15 

•ye.  7 

28 

•890 

!  41 

•R2.'> 

54 

•768 

16 

•9()() 

29 

•885 

42 

•820 

55 

•764 

17 

30 

•880 

43 

•818  : 

56 

•760 

18 

•948 

31 

■S7t 

44 

•811  ! 

57 

■7'j7 

19 

•942 

32 

J.J 

•807 

58 

•753 

20 

•936 

33 

•801 

4G 

•802  1 

59 

•749 

21 

•980 

84 

•869 

47 

•798 

80 

•74ft 

9a 

•924 

35 

•854 

48 

•794 

OaTtier's  Hifdrometer  is  Bometimes  nsod  on  the  Continent.  The  degree  of  ita  scale 
22e(nncide8  with  the  (h-grf-e  22  of  Baum^,  but  above  and  below  this  point,  the  degrees  of 
Buumo  uro  diminished  in  the  ratio  of  lf>  to  1-5.  Thi??  hydrometer  is  only  const  nu  tod 
for  liquids  lighter  thuu  wuter,  and  any  who  may  requine  il  cau  L-asily  reduce  its  ri.a«Iiugs 
to  tll.i^'  of  Jj;ium6,  and  make  use  of  the  table  idrwmy  given  for  Buumi's  hydrometer. 

Beck's  }{ij(!rc),ii»ter  has  a  scale  of  which  0  correspond-  to  the  specific  gravity  I'OO, 
aad  30  to  that  of  -850,  and  the  scale  is  extended  in  equal  parta  above  or  below  0,  as 
ftir  as  deaiwMft.  The  fbllcnniig  tablea  az«  nocoiflMyt 


TahUfor  commrting  degrees  of  Beek'i  SpdrtmOer  Mo  md  Bpeei/to  (jhwitie$. 


i 

Spodflc  gravity. 

1  . 

S 
« 

S|>eclfic  gravity* 

i  i 

Speeiio  tmvttjr. 

M 

ti 

Greater 

Lett  ttian 

<  t» 

r.rc.xter 

Lett  than 

Greater 

Let*  than 

Q 

than  1-000. 

I -oca 

'. 

lUaii  1-000. 

1  000. 

than  1  •000. 

1  000. 

1 

1-006 

-994 

■  25 

1172 

■872 

'  48 

1393 

-780 

2 

1012 

•988 

26 

11»1 

•867 

1  49 
ftO"" 

1405 

•776 

8 

1-018 

•088 

27 

1-189 

•868 

1-417 

•773 

4 

1024 

•977 

28 

1197 

•859 

51 

1429 

•769 

ft 

1030 

•971 

1  29 

1-206 

•854 

>  62 

1*441 

766 

6 

1-087 

•966 

1  80 

1-214 

•860 

;  ft8 

1^8 

•762 

7 

1-043 

•960 

31 

1-223 

•846 

54 

1-4(jG 

•7.59 

8 

1*049 

•965 

32 

1-232 

•842 

i  55 

1-47S 

•766 

9 

1<066 

•960 

88 

1-241 

-837 

66 

1-491 

•752 

10 

1063 

•944 

34 

1250 

•833 

;  67 

1-604 

•749 

11 

1069 

-939 

35 

1-259 

•829 

i  ^ 

1-618 

•746 

12 

1-076 

•984 

36 

1-268 

-825 

1  59 

1632 

•742 

13 

1083 

•929 

37 

1-27H 

•S2l 

1  60 

1-546 

•739 

14 

1-090 

•924 

38 

1-288 

-817 

\  61 

1  -SftO 

•7S6 

15 

1-097 

•919 

39 

1-298 

-813  , 

1  62 

rti74 

733 

16 

1104 

•914 

40 

1^308 

•810 

1  63 

1-589 

•730 

17 

l-lll 

•909 

41 

1-318 

•806  ' 

1  64 

l-60i 

•727 

18 

1118 

•904 

42 

1-328 

•802 

1  ^ 

1-619 

•723 

19 

1126 

•899 

43 

1839 

•798 

1  66 

1-636 

•720 

20 

M33 

•895 

44 

1-349 

•794 

67 

1-651 

•717 

21 

1-141 

•890 

45 

1-860 

•791 

66 

1-667 

714 

22 

1-149 

•68ft 

46 

1*871 

•787 

69 

1'688 

•711 

23 

1-157 

■S81 

47 

1-882 

•788 

70 

1^700 

•708 

24 

1-101 

•876 

Twaddell's  I/t/e/ro/ndcr  is  often  used  in  England  for  testing  liquids  d.  iis^  r  than 
water.  It  is  graduated  in  such  a  manner  that  the  reading,  or  number  of  degrees, 
mnltipliod  6  and  added  to  1000,  gives  the  specific  gnirity  with,  reference  to  water 
80  1000.  Thus, 


lo''  TmiddoU  indieatas  the  qpedfie  gniTity  l  n.'o  or  l  05n, 

90°  „  „  1460  or  1450. 

(E.  Dingier,  Poly  tech.  Jour.  Ixii.  329.) 
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Doparpfoux's  Ili/dromefer  i>  an  in.stnimontwith  n.  liirpo  T>ull>  and  very  narrow  st.m, 
ns«d  ibr  determining  the  specitic  gravity  of  water  Irura  varioua  spnugs  or  otiier 
<Pron7*iilf«A<to0tftir«.fl^NlrW/vtM-,  torn.  i.  |  614-627.) 

Thf-  Marine  HydnymtO  r  j.s  adapf<  J  (o  takint;  tin-  ."^{luoitic  gravity  of  so!%-water.  In 
MX  i»  showii  Mka«oiirat«  inBtnuncot  of  Ihu  kind  iiiade  of  giit  bram,  the  flat  stifia 
of  idiidl  ii  diridsd  UltO  40  parte,  from  S  or  mort-  poiuts  experimentally  determined. 
£ach  degree  corresponds  to  a  point  in  the  third  place  of  decimals ;  thus  the  degree  27 
represents  the  specific  gra?i^  1*027|  and  the  vluile  MBgeof  the  iaitnuBciit  ii  aeeoid- 
ingly  from  1000  to  1040. 

The  hydrometers  nqiplied  bj  GofCcmnMit  to  ^  littfj  and  menutild  shipping  are 
slender  ^jlass  instrumrnt??,  Trat  thf^ir  acf-tinicy  is  secured  by  comparison  and  determi- 
naii<>n  ot'iiie  error,  if  :uiy,  ju»t  a^^  iu  tlie  ca:»c  of  barometers  and  tnenuoaMters.  Tiiej 
art'  <  m ployed  in  daily  or  hooriy  obeervations  on  the  vatcr  of  the  oeeen. 

The  Lftrtomrt,  r  is  a  hvdronu  tt  r  closoly  resenddin;^  Syke?'  hydrometer,  but  adapted  by 
l>icas  of  Livetpoul  for  determining  the  quality  of  milk.  By  mraat  of  a  aeries  eig^ 
wei^te»  the  acale  has  a  range  of  80  degreee,  and  a  thermomeCfr  and  an  vmf  aUdiiig- 
nilc  a. -company  the  ins«trniii.'iit  in  order  that  fho  milk  may  be  tested  at  any  tempe- 
niture,  and  the  result  reiiuctHl  to  the  standard  t^tupontture  of  65°  without  ctucohttioa 
(Bremiei'9  Edinburgh  Cyciopadia,  or  Jj^*  Atmy  ,/ t4metakirr\  Thil  iiiBtraaMnt 
must  not  1m'  ronfu^rd  with  fill' uth<  r  lactometerfirst  describodby  Sir  Joseph  Banks 
{BramU!'*  JourtuU,  iii  pd.  393-4),  and  oonaiatiJig  of  a  simple  graduated  teet-tub^  in 
^lieh  fhe  jmw  vdSk  ia  allowed  to  ataad,  until  tbe  erem  naea  to  tJM  top  and  its  pro- 
portional amount  may  be  directly  measured  off! 

Wi  Iso n '  8  Beads  consist  of  a  serieit  of  little  balloon-shaped  glass  bubbles,  adjusted  to 
certain  d<^;ree8  of  specific  gravity.  When  a  number  of  them  are  thrown  into  a  liquid, 
flwoa  viiieh  are  of  greater  specific  gravity  than  the  liquid  sink  into  it,  those  wfaien  are 
of  lw«?  !«fp*»<nf!p  gmTify  float,  whllt*  only  fh**  single  l  -  id  wlii<'h  corresponds  in  fpo^ifi** 
gravity  with  the  liquid  remains  indifllrently  iu  auy  part  of  the  liquid,  or  at  i<L^>t 
sinks  or  risc-s  very  slowly.  Upon  each  bead  ia  aofwred  tha  specific  grSTi^  vfaieh 
it  indicates.  Ih«M  naeniL  littla  inttcantanfei  veia  nmdi  impKntd  and  patantsd  bj 
Mrs.  LotL 

Fahrenheit's  Hydrometer  differs  somewhat  from  and  is  eren  simpler  tibantiiaaoni* 

moQ  hydronietCir.  In  place  of  a  soak-,  it  lia.^  oidy  a  .singli:' mark  onthe  ataniihDt  attho 
top  of  the  stem  is  a  ranall  scale-pan  on  which  wcighta  are  to  bo 
placed  nntflthe  hjdnnneter  sinksnp  to  the  mark  in  the  liqmd 
which  is  bf  inf?  tostod.  By  this  means  we  measure  the  w«  i;:ht 
of  a  constant  voiuni*  of  the  liquid  displaced:  for  this  weight,  by 
tiie  prineiplee  of  hydrostatics,  is  eqiml  to  tiia  whole  wei|^t  of 
the  loodea  hydromettr  supported  by  tlu'  liquid.  Hence  the 
ratio  of  this  weight  for  any  given  liquid  to  the  weight  for 
pure  water  at  62**  F.,  is  the  specific  gravity  required. 

Tfaia  hydruawter  vtmld  admit  of  more  aoourate  results  tfian 
the  instrwmnnff  hnltraald  he  inoonTeniant  hi  oonunan 

Nicholson's  Hydrometer  (fig.  664),  invented  by  the  siuthur 
of  the  "  Chemical  Dictionark  /  U  an  inprHuious  modification  of 
Fahrenheit's  hydrometer,  by  which  it  is  rendered  capable  of  de- 
termining specific  gravities  of  solid  bodies  as  well  as  of  liqmda. 
It  ha.H  a  single  mark  on  tlio  frtrm,  and  bears  three  scale-pans, 
one  at  the  summit  of  the  stem,  above  the  surCaoe  of  the 
liquid,  and  the  other  two,  me  of  which  is  concave  down- 
ward^, at  the  lower  ixtrt-mity  of  the  instrument, 
it  is  placed  in  water,  the  air  must  bo  allowed  to  escape  from 
this  lowest  eoale-psn. 

In  taking  llu*  sjioeific  gravities  of  liijulds.  this  liydronu-ter  is  identical  witli  that  of 
Fahrenheit.  The  weight  of  the  instrument  is  generally  from  the  first  adjusted  so  that 
1,000  grains  placed  in  the  upper  dish  wiB  esnsa  it  to  abk  in  pnre  watw,  at  F.,  up 
to  tiia  mack  on  the  st^n.  Let  the  weight,  however,  required  for  this  purpose,  \^  hat- 
ever  it  may  amount  to,  be  cnlled  w,,  the  weight  of  the  instrument  itself  being  W. 
When  placed  iu  a  liquid  of  which  the  specific  gravity  differs  from  that  of  water,  and  is 
SBQ^ied  Co  ba  knowi^  a  less  oar  greater  tmui  m  mast  be  phued  In  tha  vfipar 

pan  to  sink  H  to  tiie  wm  viaA,  Hum  ^p—p     obvioiislj  fha  apedfl«  gvavitj 

required. 

To  take  the  specific  gravity  of  any  solid  snl^sfanee,  a  p)rfion  of  it  ■welirhlng  lesstiian 
f^,  is  plaeed  in  the  upper  pan,  with  such  additional  P*>  k/dxw 


meter  will  sink  in  pure  water  up  to  the  zero  nuirk,  as 
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Theu  tlip  weight  of  the  Bubstance  is  o1)Tiou-]y  —  ?r,.  Xow  transfer  the  siiT:tstance 
to  one  of  the  lower  pans,  that  which  is  concaro  downwards  being  used  when  the 
mkhatrnw  in  lighter  Uttii  watnr,  and  h$»  to  be  fbreed  under.   The  isstrmnent  most 

again  he  adjusted  so  as  to  float  in  water  at  the  u^ual  level,  and  it  will  be  found  that 
some  further  weight  has  to  be  added  lur  this  purpose.    Let  the  weight  now  in  the 

pans  be  w^.   Then  the  epeciflc  gnvitj  of  the  substance  is  —  ^  "  ^ 


This  instrument  become?*  m"rf  and  tnon^  Trllcate  and  accurate  in  its  indications  m 
the  stem  is  of  smaller  dianit  ti  r.  As  actuiiUy  cunstructed  by  the  inventor,  the  stem 
irfts  a  piece  of  hardened  steel  wife  ^  ineh  in  ^Uetneter.  But  the  more  detkale,  tiie 
more  troubli'Homo  (lo«-s  th«.'  instnimrnt  hfcomo  in  u.'^i' ;  the  adlifrpncr  of  wator  to  the 
parts  above  the  surfoce,  the  adherence  of  air  to  those  below,  and  the  inevitable  chances 
of  temperafcnre  in  the  water,  are  sources  of  muToidable  ei'fov.  The  chemist*  in  hie 
balant  f  and  speciflp  pnirity  bottle,  has  always  at  liaiul  the  means  of  a.'-i^i'rtaining 
^ecillc  gravities  with  anjr  degree  of  accuracv,  and  is  not  likelj  to  use  Nicholson's 
hjdfometer.  Bat  this  instrnmetit  is  ft  talimble  eompeuifln  to  Ihe  seieBtafle  tntTsiler; 
since,  besides  its  use  in  taking  specific  gravities^  it  mej  be  empkg^ed  in  place  of  • 
balance  for  ascertaining  any  small  weight. 

Having  now  given  all  that  it  is  likely  to  be  practically  useful  concerning  the 
hydrometer,  we  uiink  it  quite  needless  to  d.  rihe  all  the  minute  varieties  of  construc- 
tion and  arbitrary  scales  proposed  by  IlomlH  r;:,  Chirke,  Oay-Ln'^sar,  Hien.  I?ichtfr, 
Adie,  Quin,  Guvton,  Speers,  Charles,  auU  otliors.  MuAi  inloniiutiuu  i»  given  in  the 
Handuiirterbuck  dtr  Chf-mif,  2**  Anfl.,  &c.,  ii.  16tf-19o. 

The  hydromrtrr  i*?  to  hnvp  heeii  first  invented  by  H^*patia,  daughter  of  Theon 
Ak'xaiidrtmjis,  who  tiourished  about  the  end  of  the  fourth  century,  but  the  discovery, 
is  sometimes  ascribed  to  Archimedes.  However  this  may  be,  the  English  philosopher 
Robcrf  TJcyle  appears  to  h  ne  first  brnight  it  into  use,  having  desenl>ed  it  in  Phil. 
Trans,  for  1676  /x.  329),  or  Boyle  s  works  (1772,  iv.  204^.  His  iustrument  was  almost 
identical  witii  Ntehohmn'e  hydrometer,  and  was  espedelly  intended  to  detennine  tiie 
finono^s  of  t^oltl  al!oyH.  Va-inu;  hence  eallftl  a  "K-w  Rssatf  Inainini 

Many  references  concern ing  tlic  histoiy  and  varietiee  of  the  hvdrometer  will  bo 
Ibnnd  m  Ymm^9  Lecturrs  [1845]  i  2iO,—Biiioif»  TMorie  GMrde  df»  BMigmHrt 
[1821],  is  a  work  we  have  not  been  able  to  meet  with.  Clarke's  hydrometer  (PhiL 
Trans,  xxxvi.  [1730jLp.  277),  Brewstc r*s Capillary  Hydrometer, Staktometer,  or I)nip- 
measnrer,  are  described  in  ^e  Edinburgh  Cyclopaedia,  xi.  pt.  ii.  p.  412.— W.  S.  J. 

VTllSOWlCIXmtAMnMm^  abo  called  PietutiU.  A  Tsriety  i  1  .ydroddo- 

mite  (p.  191)  enntainin;i  2  per  cent,  or  less  of  carbonate  of  nickel,  with  water.  It  forms 
pale-£rcen  or  whitish  iucnibtatious,  having  a  sur&ce  of  minute  spherule^  and  occurs 
togeuer  with  emould-nidcel,  into  which  it  graduatee,  also  with  ehromie  iron,  at  Teonw, 

I^ancastcr  e<iuuty,  Pennsylvania,  and  according  to  Heddl»',  at  Swinaness,  in  Untst, 
.Shetland  Hermann  found  in  it  44-64  CO',  2010  Cn*0,  27  02  M^'-O,  1-26  0*70 
FeH),  0-40  Mn»0,  0-16  A1'0»,  and  5  84  H»0  -  100.    <,Daua,  ii.  4J7.) 

WnmwwmAMM,  A  satiety  of  opal,  which  beoomee  tranepafent  when  imnwseed 

in  wair". 

HYDROPHllirri:.     A  name  ap]il;.-(l  to  ehlori.lr-  ofcalrium. 

BTSKOPBZTB,  also  called  JcnMnsiU.  A  hydrated  uihcate  of  magnesium  and 
iron,  which  oecvn  massive,  and  eoraetimea  fifaraus.    Specific  gravity  2'46'>2'65. 

TTanl  nrss  —  ?>'f^.  Taistre,  ft-fbh'.  subvitreous.  OoiLoorp  'nff*<Wtei*P-grP1'B  tO  bliigkllfh* 
green :  streak  pole  ;  translucent  to  opaque. 

SO*  Fii20         Mn!0        Mk'O  "V«0»  H^O. 

a,       36-19      22-73       1-66      21  08      2-896      O'lStf       ie«08  «-  100*75 

h,        38-97       19-30       4-36       22  87       053  ,   .  =  OOriS 

e.        37-42       20-60       4  05       22  76       0  98         .    .         13  IG  =    90  28 

fl.  Hjfdrophite  from  Taberg,  in  Sweden  (Svanberg,  Pogg.  Aaa.  ii.  63«). — b.  Jtri' 
kkmU  from  O'Neil'e  miDS^  Otunge  eountjr,       ^\>rk  (Smith  and  Brut h,  Silt  Ann. 

J.  ii.  m).  TheeeanalTeeeleadtothe  frnmuk  ^|^|^Q|«a8iO*.SH>0;  whiehregazding 

2  at.  water  as  basii^  maybe  leduced  to  the  fbtm  of  an  oitimsilieata  8(2MK>.8iO^B*0. 

or  ^M'siO'.TI-O. 


A  silicate  of  manganese  with  excess  of  manpanons  oxid**, 
containing,  aceordittg  to  Da  Menil's  analysis,  64-37  per  cent  SiO^  41  3^  Jdn-'O,  0  92 
Fe=0.  and  1  -25  Ca^T).    ( RamnuUUrff*  Mincrcdchemu,  p.  489.) 

_HT»»OPSm.  The  nnme  pivrn  hy  Garnal  (Schinr.li'.s  Jahrb.  d.  pes.  M4L 
cvi.  8)  to  an  albuminous  substance  which  he  obtained  from  a  dropsical  eliusion. 
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BTOKO^VxarOlTB.  IhfdrocAinone,  H^drokimM  (Wuhlcr,  Aon.  Cli.  Fborm. 
xIt.  aM;  fi.  150;  HM8^  M.  ex.  194 ;  esdv.  2d2)^TIu8  luune  ifippVed  to  two  tab- 

•tanc<>s,  one  colon rl<-ss  and  the  oth*  r  i^uu^n. 

CoLODKLXss  Hybjumu^ikoxb  {PjfroquinuU),  C*H*0*,  iBomeric  with  oxyphenic  acid, 
» tbe  ehiflf  prodvct  of  the  dry  difltUlatioii  of  qvinie^  eKrbohydroquinunic,  and  ox^-suU- 
v\Y\r  aoids  (<y.  P.),  and  is  likewise  prodaml  by  the  action  of  rednciiiu'  agonts  (stannoug 
chloride  or  suIphuroM  acid)  on  qumone,  from  which  it  differs  by  2  i»f  H  ;  Lt!>o.  f  .  irpther 
with  »  brown  crystaUipe  body  cootainiog  C'*H'*N^O^,  by  the  actioa  oi  |>itvuyiuzuiue 
OB  qihioM  (A.  W.  HofttftBii*  Vmo.  Rqj.  floaziii.  4): 

2C''irX  f   .HCn'O^    =    C'"H'*NH>»  +  2C«H«0* 

Pheisj  hun^tu'.       (Jiitiume.  IJrown  rrritt^'f.      Ilfrf  rnf;ii'ti'irit'. 

Preparation. — 1.  The  dislillalf,  mixed  with  soiid  particles,  which  is  obtained  by 
the  dry  dMtnUrtion  of  quinic  acid,  is  filtered  from  tw,  and  aguD,  after  eooling,  to 
S('}>:irato  l'<-ri2oii'  aci'I :  tin-  yrllow,  heavy,  oily  inixtum  of  bcnzfiio,  plu  nii.'  aciil  ajid 
saiicvlous  acid,  ia  distilled  fivm  the  tiltrate ;  the  brown  reaiduc  in  the  retort  is  eTa|x>- 
ntad  and  left  to  ooot  tin  bensoie  acid  cEystaUiflee  out;  the  motfaer'Iiqnor  is  diluted 
with  water,  wliicli  makt  s  ihv  li.jnM  milky  and  separates  tar  ;  and  the  n-sulting  filtrate 
i»  evaporated  till  the  hydroquiuone  cry8tidli«e»  oat — 2.  Sul^uxoiui  acid  gu»  is  passed 
thiouffh  warm  water  eatatated  with  quinone,  and  having  quiaooe  aJeo  BU!<{Mfnded  in  it, 
till  all  the  quinone  is  dissolved,  and  the  liquid  appears  colourless;  the  solution  is  theil 
gently  evaporated  to  the  cr^-stallising  point,  and  the  crystals  are  purifietl  by  prrsAure 
and  reciystallisution. — It  is  not  necessary  previously  to  remove  the  sulphuric  acid  by 
carbOMtoitf  barium. — saturated  aqueous  solution  of  (|uiiioiif  may  abo  be  mixed 
with  aqncous  hydriodic  acid,  and  the  wateiy  iiqiud,  after  filtration  Aom  the  iodiM^ 
evaporated  to  the  crj'stallising  point. 

Properti(». — Hydroquinone  forms  tzan^wrent,  colourle^^<.  rhombie  crfrtale  ex- 
hiliitinp  thf  romliinati'Hi,  Dcf*30.  ocf^oo  .  P.  oP  (Ilf^Hf).  It  sublimes,  when  heated, 
in  ^luIiing  laiuiua;,  like  benzoic  acid ;  mehs  at  177  and  solidifies  to  a  cnstalJine  maea 
at  163°.  It  is  inodotona,  has  a  sweetish  taste,  and  is  neutral  to  vegetable  ooIoofB.  It 
di'^solvcs  easily  in  vain-,  pepfrialty  wlien  hot,  also  in  ulnJml  aii«l  in  'f^i'r.  Fnun 
solutions  of  alkaline  eidphius,  it  crystallise  unaltered,  sometimes  however  in  sulphur- 
yellow  riiombohedrons  or  long  fow^ded  ptiiiBa,  reaenAiiliog  the  sulphydmtea  of  hyw 
droquinone.  (Hesse.) 

^  DtcompouU&n*. — 1.  Hydroquinone,  tuddoolj  heated  above  the  boiling  point,  is  par- 
tially  deeompoeed  into  qidnoBe  and  green  hydroquinone.  When  paemd  in  the  state  of 

vapour  through  a  f.'la>s  tube  at  a  low  red  heat,  it  is  n  s<ilved  intn  quinone  and  liydropen 
(Hesse). — 2.  Ckadmng  a^entSf  viz.  chlorine^  chromate  of  potassiam,  pewjuichlorido 
of  iron,  or  nitrate  of  iilTer,  convert  hydroquinone  diesolred  In  water  into  grt>en  hydro- 
quinone, with  formation  of  hydrochloric  acid,  chromic  oxide,  or  protochloridc  of  iron 
and  hydrochloric  acid,  or  with  precipitation  of  silver. — 3.  Strong  nitric  acid  converts  it 
almost  wholly  into  oxalic  acid  (Hesse). — With  kjfdrodUoric  acid  and  eMorat*  <>f 
poiMjfium  it  yields  tetxaehlorquinone  (diloranil)  (Hesse).— 4.  The  aqueous  sohitioii 
nf  liyflrr^ninone  impnrf«i  ti  s-aflrfm-yrllo-w  rolnnr  to  rt'pric  nettafr,  and  wlu  n  heated 
throws  down  ou[>niu.s  uxide,  quiuout-  vulaulii*ing  at  the  samo  time. — 6.  Ammotiia 

imparta  to  it  a  Imiwn-rcd  eoliavr,  and  ^iekb  on  evapatation  a  brown  masa  like  nlmie 

acid.    Potash  acts  in  like  matinrr.    (^^  <;iilrr.) 

Hydroquinone  dissolves  in  a  moderatelv  concentrated  hot  solution  of  neutral  acetate 
of  Imi^  and  tha  aidntion,  on  codling,  yielda  priama  eontaining  C*H<'0*.2(7H*PbO*  -i* 
|^H>.  Thcae  eKyatala  giya  olT       per  aant  of  water  (nearly  |  at.)  om  mdphnria 

SiUphi/drateg  of  Hf/drot[tdmmf. — There  are  two  of  tfaete  salta.  The  lint,  containing 

4C*H*0-.ir-:^,  is  obtained  in  r(-l.  nirtcsx  prisms  bypassing  siil|ihyilric  acid  gap  ii'?o  a 
lataratedsolut  ionof  hydroquinone  heated  to  4U°. — Ineeecond  SC'H^CF.U"^  is  obtained, 
bf  pasting  sulphydrie  acid  into  a  oold  satnmted  solvtion  of  hydroquinone,  in  small 
shining  crystals,  which  n  ilis^ulvf  wln  n  h<  atr<l  if  the  passage  of  the  gas  Ix'  continued, 
the  solution,  as  it  cools,  yielding  the  compound  in  vety  regular  coiourlree  rhombohe- 
drona.  These  crystals  remain  unaltered  when  dry,  but  water  eliminates  snlphydric 
add ftoni  than,  end  on  boiling  the  aolotioii,  hydroquinour  is  r>  |.n>  1urr<l. 

rrnrrx  Hydboqutvokr  r,r  Qi  irrrn-DnoxE.  C'-TPO*  ^  C^H'h  i-'.C'H'O^— This  com- 
potind  may  be  regarded  eitlu-r  as  a  compouad  of  quinone  and  colourless  hydroquinone, 
tt  88  a  dooMe  molecule  of  the  latter  compound  «mmi»  3  at.  H,  <v  again  aa  a  donUo 
molecule  of  quinone  (C"H»0«)  pJm  2  at  H. 

It  is  produced : — I.  By  mixing  the  aqueous  solutions  of  quinone  and  h>'droquinone, 
wheiMpcMBi  it  ia  insMdiately  prtHripitatod  in  the  erystnlh'ne  form. — 2.  "m  combining 
aqaeoos  quinone  with  a  quantity  of  hy-lmgrn  not  sufRcic  nt  for  the  formation  of 
eohmdeaa  iigrdio^uiaone;        aqueous  quinone  mixed  with  sulphuric  acid  at  the 
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Begiti've  pole  d  the  pthnaaSe  obeait ;  quinoM  mixed  witii  nnlpharie  fteid  m  eontaet 

with  zinc;  aqoe<ius  solution  of  (juinonc  with  prailuul  ad«litinn  of  dioliloride  of  tin  or 
protosulphnto  of  iron,  or  stilpiiurouH  acid,  or  aiioxantin,  the  latter  being  conT(»rt<^  iato 
alloxan. — 3.  By  the  partial  dehjdrogenation  of  aqueous  h^droquinone ;  e.g.  when 
spongy  platimun  or  Miiiial  chMroixil  moistened  with  the  solution  i»  exposed  to  the  air; 
when  chlorine  p;ns  ?«  passed  through  aqueons  liydroqnitione,  or  that  liquid  is  mix«xlwith 
nitric  acid,  ciu-ouiate  of  potassium,  aeequicbloridf  uf  iron,  or  lutratc  of  silrer. — The 
mixtures  prepared  acconUDg  to  (2)  or  (3)  with  conotntn^ed  solutions,  assume  for  a 
whilea  black-red  colour,  and  then  bncomo  filled  with  lonp,  pre'T.  *  ^?'ic-lookiiitf  prisms 
uf  quiohydrone ;  but  if  the  solutions  are  too  dilute,  the  quiuliyoruuc  remains  dissolred 
ana  is  decomposed,  raiittiBg  the  odour  of  qninoae. — ^The  larf^st  eryttele  ai«  obtained 
by  at  onee  adding  to  asaturaf<^d  aqueous  solution  of  quiiioni'  (or  erontoits  mother-liquor) 
a  quantity  of  aqueona  suljihuruus  acid  just  half  sufficient  for  the  Ibromtion  ci  l^ydro- 
qomone. 

Prop'^rfits. — Qninhydrone  forms  very  long  and  thin  grern  prl.snis,  having  a  metalllt.' 
lustre,  like  the  wings  of  sold- beetles  or  humming;  birds,  and  brighter  even  than 
morexid ;  they  appear  zed-DXOwn  by  transmitted  light  when  Strong  magnifled.  It 
melts  easily  to  a  brown  Uqnid,  imA  fobtimes  partly  nndeoompoeed  m  gMen  Uuniniit, 

Smolls  slightly  lilc"  <!n!nnne,  and  ha?  a  pnncrfnt  taste. 

It  diiisolvcs  sparingly  in  cold  water,  abuntliuiLly  and  with  red-brown  colour  in  hot 
vntor,  separating  as  it  cools.  Alcohol  and  eth^  dissolve  it  readify,  lisnnicir  yellow  or 
rod  solutions.  Ar/ii/nmia  dis.nolves  it  with  gr^'cn  colour.  The  nqttPOTis  folution  forms 
with  acetate  of  kad  a  bright  greenish-yelKJw  pn^fipitate,  quickly  cluuiging  to  dirty 

Dccojnpr'Sr'fhns. — -1.  When  qni'nhjdrone  is  heated,  it  sublimes  partly  undecomposed, 
partly  converted  into  yellow  quinone. — 2.  Whea  it  is  boiled  with  water,  auinone  distils 
over,  and  fhe  remaining  dark  red*1nown  l&)n!d  eontaiBs,  togwtiier  wiHh  a  lai^e  quantity 

of  hydroquinone,  a  bmwii  tar,  wln'eh  ,'-o|>arate.-<  partly  on  cooling,  partly  on  sul>H<-<{uent 
addition  of  water. — 3.  The  green  solution  of  quinhydrone  in  ammonia  quickhr  assamee 
a  daric  xvd-brown  ooToar  on  eocpoenre  to  the  air,  and  leayee  a  Innwn  amorpoone  nam 
when  evaporated.— 4.  Quinhydrone  is  converted  into  colourless  hydroquinone  by 
aqueous  sulphurous  acid,  stannous  chh>ri<l<\  or  rinr  ayuf  stdjJutrk-  acitJ,  Imt  not  by 
hydriodic  acid  or  tellarhydric  acid. — o.  Xh^  aqueout>  solution  quickly  reduces  nitrate 
o/Hhir,  on  addition  of  ammonia. 

JkrivatiDu  Bgdroqukumt^ 

Ann.  Ch.  Fharm.  eni.  527,  cziY.  292;  cxzii  22;  B.  Lantern  a  nn,  ihid.  cxx.  Z\6\-^ 
An  acid  prodneod  :  —1.  By  the  action  of  bromine  on  aqueou'^  quinir  acid. — 2.  By  heat- 
ing quinio  acid  to  above  2U0°.— 3.  Small  quantities  of  it  are  likewise  obtained  by  the 
acQon  ofehtorato  of  potaninm  and  bydraieMlorie  add  on  dilnte  aqneona  fidnio  add* 
or  of  peroxide  of  manganese  and  sulphuric  acid  on  aqueous  qninate  of  oalclutn.  (ITesis,.") 

Preparation, — ^Bromine  is  added  to  aqueous  quinicacid  by  portions  of  10  drops  each, 
till  a  portion  of  it  mnains  undissolved,  even  aftor  the  liqmd  has  benn  frequently 
agitated  and  left  to  stand  for  VI  liourn.  The  solution  is  then  decanted  firom  the  un- 
dissolved bromine,  diluted,  filtered,  and  mixed  with  carbonate  of  lead,  as  long  as  a 
brisk  evolution  of  gas  is  thereby  set  up,  and  bromide  of  lead  produced.  The  filtrate, 
evaporated  to  a  thick  syrup  on  ue  wato^bath,  and  shaken  up  with  about  6  vol.  otlu  r, 
yields  to  this  liquiil  earhohydroquinonic  acid,  which  after  the  ether  has  been  distilled 
oflEi  remains  a  bruw  n  crystalline  residue.  It  is  puvititHl  by  re-crystallisatiou  from 
water  containing  hydroohl  lie  aeid,  with  help  of  animal  charcoal.— Or  the  solution, 
treated  with  brftmine  and  filtered,  is  mixed  wifh  earlionate  of  lead,  till  this  salt  brains 
to  take  up  oi^ganic  substau^;  the  filtrate  is  precipitated  with  solution  of  neutral 
acetate  of  lead,  and  tiien,  after  this  precipitate  htm  twen  ooUeeted,  a  ftutlier  precipitate 
is  oTitalnt  d  by  addition  of  ammonia.  By  d(  eompiosing  the  preciiritate-^  susjH'n'led  in 
water  with  inilphvdric  add,  then  boiling  u^  and  dtiatiitt  the  filtrate,  carbohydro- 
qtdnonte  add  is  omained  ftom  the  first  precipitate.  The  aoM  olMaansd  ftom  the  second 
1  ad-precipitate  still  retsons  unaltered  qninio  add,  ftom  trliidi  it  may  be  sepSMted 
by  ether.    (Hesse.)  • 

Proprrties. — Carbohydroquinonic  add  crystallises  ttom  its  aqueous  solntioa  witll 
1  at.  water  (C'H*0*.H''0),  in  furcate  groups  of  needles^  also  in  riioinbic  laminsei 
gramilar  m  sta1«.  It  is  dimorphous.  The  gmntilar  errstnls  are  distorted  twins, 
beloaginir  lo  the  monoclinic  system.  The  neeille.s  ure  rhombic  prisms,  having  the 
acute  edg>  s  ]^erpendicu]arly  truncated,  cleavablc  at  right  angles  to  the  pnsmatie  fteaa 
(Hesse)!— The  cijrtaUised  add  disaolvss  in  40  or  60  pt&  of  iMrter  at  17^*  v«7  Mdlj 
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in  boiling  wator  and  in  alcohol^  but  is  inaolublo  in  rthrr.  It  a  sour  and  bitter 
tMte  and  r«>il<l<  ns  litmus.  Heat(Hl  to  100°  it  gives  ofL,  on  the  avmgis  10*0  per  «ent. 
wator.  b^avin;r  the  anhydrous  acid,  C'^H'O',  whii  li  mAXn  at  207°  (corrrctiHl)  with 
partial  deoomposition,  and  solidifieii  in  the  radio-crystalline  form  between  160^  and 
170^  (Hesac).  Whm  oratioMlf  heated,  it  eolifimee  vith  putld  deewporititm. 
(Lautemann.) 

Ikcompo9itwH». — 1.  Carbohvdroqoinonic  add  ie  reBolved  bj  fusion,  and  with  jgreat 
fceghy  mhm  heated  to  S4<P,  vbHo  eaHMMus  enhTdzide  and  bjdroqninone,  « 
CII'O'  +  CO' (Hesse).  ^Mien  it  is  heated  with  pumice,  pynxatechin  is  obtainod 
iostrnd  of  hjdroquinone,  the  foniif  r  i>ein^  apparently  capable  of  passing,  under  circum- 
stance not  exactly  known,  into  hy<iroquinone  (Lautemann). — 2.  It  is  not  altered  by 
boiling  dilute  nitric  acid  ;  the  concentrated  lu-id  contorts  it,  with  rise  of  temperature 
and  evolution  of  nitrous  add,  into  oxalic  acid,  together  with  a  trace  of  a  yellow  sub- 
stance.— 3.  Sulphuric  anhydride  dissolves  it,  without  evolution  of  gas,  furming  a  hlue 
y^pdd,  Univaish  by  reflected  light  No  coi\jugated  sulphuric  add  can  be  obtained  trtm. 
this  solution. — In  oil  of  ritnol,  car^ohydroqiiinonic  acid  di.swilves  slowly,  and  chars 
when  heated. — 4.  Bromine  dissolves  slowly  in  the  aqueous  acid,  with  evolution  of  gaa. 
—4.  Aqnaaoa  eafbohjdroquinonic  acid,  iu  contact  with  add  earhontUe  of  eaMtm  aad 
air,  acqnizaa  a  dark,  nearly  blai  k  colour,  and  deposits  a  Maek  yif  cij.itate,  which 
efferveacea  with  acidjj  (Hesse). — 6.  From,  euprio  kgdraU  vavl ^UisMo-cuj/ric  tartraie 
aqaaotti  eattnhydroqninonie  add  n|iaiatea  eaprouacadda;  ftom  wmvwio  and  etfwt^ 
rtrfr it  separates  the  metal.  Dihife  nQU<  (jus  carliohydroquinonic  acid,  mixed  at  8°  nr 
IHR  wilh  neatral  solution  of  nitrate  of  sUvert  becomes  dark-coloured  in  a  quarter 
of  aa  hon^  em  ia  the  dail^  and  in  three  hoaza  aeiawatea  wafaHin  drer  (Haaaa)» 
Aeeocdias  to  Laitmaaa  it  ladiaee  nitiate  of  eilver  vluo  heated,  hn  not  in  the 
eoU. 

The  earbohydroquino nates  are,  for  the  most  part,  easily  aolaUe  in  water, 
nariag^  soluble  or  insoluble  in  alcohol.  Ht^se  r^ards  the  acid  as  monobasic,  and 
ue  ammonium-salt  as  a  basic  salt,  in  which  1  at.  ammonia  takes  the  place  of  water  of 

erystaUisation,  C'H»(NH*)0«.NH«.    The  fornuila  ^^'^^',^^"|o'  represents  it  as  tria- 

tomic  but  nionoba8ic.  like  glyceric  acid  (ii.  87-5 ).  St  reck er  {Handuorf>  /  A.  ii.  [2  ],  996),  'tSi 
reganLs  the  acid  as  diliasic  CarlMihydroquinonic  acid  decomposes  tlie  ciirL>uuat<;s  of  mi 
the  alkaline  earths.  Its  Htlt.s  turn  bn^wn  in  the  air.  In  contact  with  a  eauU  ^ 
quantity  of  Stffiuiehloride  of  iron,  they  acquire  a  violet  colour:  with  a  larger  quantity,  7^ 
a  fine  pu^e- violet  to  chrome-green  colour  especially  in  neutral  solution.    (Hesse.)  ^ 

Ammomum  mlU, — ^Wben  dry  ammooia-gaa  ia  paeeed  ofnv  dfy  carbohydroqninonie 
acid.  TOO  pts.  of  the  acid  take  up  from  22  ;^  to  22-7  pts.  of  ammonia  (2  at.  =  22-08 
KH*),  without  givins  off  water.  The  retmlting  compound,  freed  from  excess  of  ammoniA 
hf  elandiiig  oter  ou  of  Titriol,  eontaina  44*7  per  cent.  C,  and  6'8  H,  coweaponding 
to  the  formula,  C^H»(NH*}0«.XTP  fcalc.  4lfiS  p^'r  cent.  C,  and  638  H).  AVhen 
exposed  to  moist  air,  it  quidtlj  gives  off  ammonia,  and  dissolves,  with  alkaline  reac- 
tion, in  water  and  aleohol.  Hie  latter  solntion,  when  eraporated,  deposita  small  arid 
crystals.  Hydrated  ether  }>artially  dissolves  the  ammoniura-salt,  leaving  a  jMirtif.n, 
jwrlmps  consisting  of  C'H*(NH*)0*.H'0.  An  ethr  r-alcoholic  solution  of  carbohydro- 
uuinonic  add  l>ecomeB  turbid  when  anunonia  gas  is  passed  over  it,  and  then  clear, 
oepoaiting  concentrie  groopa  of  priama.  Brown  anbatencea  are  frimed  at  the  aama 
mom.  (Hesse.) 

Lead-folt. — From  aqueous  carbohydnvjuinonic  acid,  an  aqui  ou.'*  or  alcoholic  solntion 
of  nentral  acetate  of  lead  throws  down  an  amorphous  yellow  precipitate,  easily  soluhle  in 
nitrii-  acid,  with  difRcnlty  in  arr'ie  nc'ul.  Part  of  the  carV>ohydroqninonic  acid  dissolves 
at  the  same  time  in  the  acetic  ucid  which  is  set  free,  so  that  the  filtrate  still  gives  a 
predpitata  with  ammonia.  ^Hesse.) 

T!:*  j>"taMium-salt  is  precipitatc-d  from  its  nqueona  solufiou  by  alcohol  in  the  form 
of  a  syrup. — The  mangunoM  $aU  forms  small  prisms,  easily  soluble  iu  water. — The 
'Ifcrma  '* 


tfifte^M/f  fcrma  hminttj — Aqueone  aafbohydroquinonie  add  yields  a  greytsh-jrellow pre- 
cipitate -vith  tartar  tm'-tic  ;  audynth  f  n  i  ■  hi/ilr"<  h^orafr,  a  dark  pn  en  nolufion  chang* 
inc  to  violet  on  addition  of  add  carbonate  of  sodium,  or  of  tartaric  add,  ferric  hydxo- 
diSanite,  and  ammonia.   It  doea  not  precipitate  gdaim. 

The  following  adds  give  n-actions  very  similar  to  those  of  c;ir1)ohydroqtiinnn5c  acid. 
^1.  Aforiniannic  acid  and  Morin^  which,  according  to  lilasiweta,  are  isomeric  with 
carbohydroqninonie  add.— 2.  Deuterooateekuil!  acid,  Cn3!K>\  and  JSMetkuie  acid, 
C*W*0*.  These  two  adds  are  supposed  by  Strecker  (Ann.  Ch.  Pharm.  cxviii 
28(M  to  exi.st  in  cateehti,  inasmnch  n«  he  regjirded  the  pyrocatechin,  first  as  the  one, 
then  :is  tiie  other  of  these  acids,  and  finally,  as  a  mixture  of  the  two. —  3.  Proto- 
egteckuie  aeid.  This  add,  according  to  Lautemann  (Ann.  Ch.  Pharm.  cxx.  315% 
aniat  ba  legaidad  aa  ideatkai  with  cttbobjdioqEainoiiie  add,  dnea  the  lattor  acid,  when 
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heated  with  pumice,  is  capable  of  yielding  pyrocatechin.  Bnt  according  to  Ho<t« 
(Ann.  Ch.  Pharm.  cxxii.  221),  tlifi  two  adds  react  (litr.  n  ntly  with  eupric  tartrate,  and 
must  therefore  bf*  n-gardfil  a.'<  only  i^omenV. — }.  Ojv/.v<? //■>///>•  n<-ii!.  With  rcpird  to 
this  acid,  Lautemauu  tliinktt  it  prubnblti  that  it  may  he  (^a|>alil)-  of  pacing  iuto  ciirbo- 

lgrilioi|uittOiiie  —id  (or  the  laltar  into  oiqrwJMylie  »aid).—  .3.  ll /po^dUk^U. 
Efhgi'earhckfdrcquinonie  acid,  OWHi*  ^^^J^^^ ^Q^.^CkrM^dnguf' 

mitie  dktr.'^To  pn{Mi«  tUs  oompoond,  ouiioliydioqiinHmie  aeid  is  diMohod  in 

alcohol  of  90  yu^r  c<  iit. ;  the  suliitiun  is  ■:;itiir.it<-il  witli  hy<lroohh'ric  acM  ^a,«i ;  tho 
alcohol  is  distilled  oft  in  the  water-bath ;  the  residue  is  shaken  up  with  ether,  as  Iojj^ 
m  Hui  liquid  tdtoM  up  a  aobatancd  whidi  ooIoob  ferxit  cUorido;  tho  ether  io  then 
distilled  oflf;  thr  bnmn  ervstalliiie  n  siihie  is  shaken  \\p  with  l^'iling,  very  dilute 
alcohol,  and  a  smali  quantity  of  carbonate  of  sodium;  the  solution  is  left  to  cooi; 
and  the  acid  is  again  exhausted  with  ether.  Tbo  othtreal  solution  when  evaporated 
leaves  colouro  1  crystals,  which  may  bo  drcohnKSed  by  apiin  treating  them  with  dilute 
alcohol,  soda,  and  trther.  It  forms  colourless  prisms  unitt'<l  in  radiate  groi^oy  nOBlnly 
melting  at  I'i-k^  (currt?eUti),  and  becoming  cry«tidline  aL'ain  at  12A  ;i^. 

The  ether  mollB  in  boiling  water  beftm  dissolving;  dis-^ol^os  easily  in  alcohol,  and 
especially  in  common  ether.  The  nqnwn''  so'nition,  addi  tl  to  nrnd-til  arf^tate  of  lead, 
ianoM  a  white  amorphous  precipitate  soluble  in  acetic  aciii ;  it  colours  /ern'c  hydnt- 
ektomte  Tiolet^  ehanginfir  lo  pnipto^violet  on  addition  of  a  hii^r  qi^dty  of  the  iron- 
Falt,  and  finally  to  chrome-gri  f  n.  It  mluces  morowic  MoritUt  nUmU  ^ mlwr,  and 
^ia,s.iiu-ciiprit.'  ttirtrati .    (lies  so,  lor.  cit.) 

Clilorinatoil  Bydroqainones.  (Wohlcr,  Ann  Cb.  I'Uanu.  li.  155. — Stadeler, 
ibid,  boK.  1S2,  909,  821.) — These  compounds  are  produced  by  the  aetionof  redndng 

appnts  on  thf^  corresponding  ehl>)i-ina{»'d  dprivnttv!?  of  qtiinono:  they  are  most  enwly 
prt-pared  by  means  of  sulpn\iroui>  a<  id.  They  bear  a  greator  resemt4aace  to  hydro- 
quinone  in  proportion  as  they  contain  1.  ss  chlorino.  ftey  act  like  wvok  acids,  their 
alcohoHi'  sclntiouM  yiflJinLT  white  jirccipitatcs  with  acetate  uf  li  ;id,  tlif^  quantity  of  th>? 
precipitate  being  increased  by  addition  of  ammonia.  The  chlorine  in  thehe  compounds 
does  not  ozhibit  iti  ooaal  Noctioii  with  nitrate  of  ailTer.  Bj  oxidising  agents,  Tis.  hj 
nitric  acid  and  sfsquichloride  of  inni.  thiy  nr.'  convci-tcd  ritlu  r  into  tlio  corresponding 
chloriuatrd  qninuues,  or  coinjx'unds  of  these  with  the  fhlurinatrd  hydnhjiiinones. 

Monochlori nated  Ih/'i ruquinone,  C*H*C10',  forms  tufts  of  ealt/urlesd  prisms, 
Tory  a<dQble  in  water,  alcohol  and  ether,  and  liquefying  in  contact  with  the  vapour  of 
fthcr.  Tt  nu'lts  easily,  and  snl'Iinn  s  in  wliifc  l;iriu"n;e.  with  j\'irti;il  dei<mip<^'<ition.  Its 
aqueous  solution  reduce^i  uiiiate  of  silver.  It  dissolves  in  ammonia,  forming  a  dark- 
nne  sbhitian,  dmnging  to  green,  yeUow,  and  red-hrown. 

Dichloriv  rt  f  <  (I  Bydroq  uinone,  C'H'Cl'O',  forms  benutifbl  niCMOlis  crystali^ 
which  melt  at  and  lerrin  to  sublime  at  12(H,     Tt  rt-ddcn!*  litmtis;  dinfiolves 

sparingly  in  cold  wattr,  ea*ii^  in  boiling  water,  also  in  alculn.l.  in  ether,  and  iii  hot 
noetic  acid;  sparingly  in  boiling  bydrodiloric  acid  :  it  is  sdhiMr  al^-o  in  hot  concen- 
trated sniiiliuric  acid,  and  separates  on  cooling.  With  dilute  |M>ta>ih  it  l\>rni>  a  c.  lour- 
less  solution,  which  on  exposure  to  the  air  turns  green,  then  red,  and  deposits  a  violet 
powder.  With  anmooin,  it  Ibrma  n  yellow  aolntiMi,  trhidi  reddona  in  oontnet  with  the 
air,  and  deposits  a  bnnrnidi  prectpdtnte. 

Trichlorinatfd  ffydroquinonf,  CH'Cl'O*  forms  eolonrless  laminae,  or 
flattened  prisms  melting  at  a  little  above  130°,  and  subliming  in  iridescent  scales.  It 
dissolves  readily  in  alcohol  and  in  ether;  the  akobolic  solution  reddens  litmus.  It 
dissolves  in  potash  and  in  ammonia,  forminjr  preen  snhiiions,  which  tun  flut  red, 
then  brown,  and  yield  copious  precipitates  with  hydrochloric  acid, 

Tetrachlorinat  111  H^dro^uinonf,  CH'Cl^O*,  forms  colourless,  nacreous  lamime, 
insohiMe  in  water,  very  soluble  in  nksi^ol  and  ether;  its  solutions  redden  litmua. 
When  heated,  it  hetiins  to  torn  brown  at  160^,  the  colour  l>ecoming  stronger  towards 
220'' ;  it  then  sabiimes  rapidly,  bat  does  not  melt  till  more  stronglj  heated;  the 
melted  mass  crystnlliiMO  on  cooling.  It  diMolTN  in  potuh  and  in  ammonia.  Tha 
P  !  h  solution.  saturat^Hl  h<y||  dt^j^ti  ott  coolf&g,  |«unmtio  OityBtali^  ajipaMitij  ooB- 

sisting  of  a  polattsiuin-salt. 

Octoehlorinated  Acciyl-dihydroguinouc,  C'«1I"C1«0»  =  C"H\C*H'0)a"0* 
^ResBc,  Ann.  Ch.  Pharm.  cxiv.  ^2). — ^Produced  by  |)assin£  sulpboroiw  anhydride 
into  a  niixtuie  cC  tetnohkroqninone  and  facial  acetie  acid,  then  eraporaluv  and 

subliming: 

acna^o*  +  c»H«o«  +  n»o  +  2S0«  =  c"ji«ci«o*  +  2So». 

It  ftnne  eohmriesa  lamime,  which  melt  at  230^,  dissolve  easily  in  etlier,  idcohol, 
hot  beMcne^  and  atoong  aoetie  add,  hut  are  nearly  inaolnhlo  iniMtar. 
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Oet0eki0rinmi§d  EiM^dikydroguinone,  C^HKa^O*  ->  0»H^G*H*)CTO« 

(Hesse, /<?c.  «7.). — Obtained  by  pai^siiig  sulphurous  anliy^lride  fciraOBie  fiino  throu>ih  a 
heated  mixtare  of  tBtrachloroqaiooae  with  20  pta.  alcohol  of  92  percent.  The  tctrachloro« 
^riaonetiMO  dtenlTes,  andtiie  M^tiQamized'widiiPiier  yidds  the  oetochlorinat«d  ethjl- 
hydn^piinone,  wliicli  crystallises  from  benz«i»  in  colourless  rhombic  laminae,  often  an 
inch  long,  and  exhibiting  the  combination  <x?oo  .  ooP  .  mPao  .  The  compound  melts  at 
236®,  sublimes  almost  unaltered  at  210'';  is  nearly  insolable  in  waU  r  and  in  solutions  of 
sulphites,  bat  dinolyet  tMily  in  aloohoV  ether,  hot  betuene,  and  acet  ic  aoid.  The 
alcoholic  solution  after  a  while  b^oomes  acid  and  brown-colonrf*!,  and  ultimately 
depoaita  black  prisms  having'  a  nu  tallic  lii>tre  ;  on  adiHtiou  of  hypochlorite  of  sodium, 
the  adhitioiii  yields  gn^en  cr}.sfals,  and  then  totrachlon>quinone.  Octochlorinated  edq^* 
hydroquinono  niix'  d  with  quifiklime,  and  moirtened  wilh  •  inr  dvopt  ct  wtUt, 
exhibits  a  dno  green  colour. 

Chlorinated  Quinhydronei, — ^The  chlorinated  hydroqui nones  combine  with  the 
dilorinated  quinones,  forming  eompounde  wlliali  may  be  regarded  M  dUhnUifted 
quinhydrones  (p.  213).  These  compounds  are  profluce<l  by  mixins:  the  aqneous 
solutions  of  their  components,  or  by  the  action  of  oxidising  a^i  nts  on  the  chlorinated 
hydroqui nones,  or  of  reducing  agents  on  the  chlmasted  quinmu  s.  Tho  dichlorinated 
compound,  CnH'U '•'.CH'CIO*.  sublimes  in  brown  nocilh-s.  which  colour  the  skin 
purple,  and  redden  litmus. — The  telrachlorinatcd  cumpound,  C*H*ClH)*.C*H.''Cl-0*,  iu 
the  aahydrona  state,  forms  yellow  crystals  \  in  tiie  hydmted  state,  with  9HH>, 
it  fonns  violet  crystals. — Tho  h':T€M<>nru>(  rl  compound,  C*II'C1*0'.CHCI*0',  appears 
to  he  formed  by  treating  tricldoroquinone  with  a  quantity  of  sidphnroiis  aad  not 
sdBeiait  to  ocaiyert  it  completely  iato  tiklikrinated  hydroqninone ;  and  tho  oeteMo- 
rvuii-  fj  comp<>und,0W3m<>GK)*  by  the  MtaonoT  nitrate  of  rilmon  podilorinated 
hydroquinone. 

Pliosiiboliydroqiilnmile  aeid.  C^*PO*  «  C*H*0'.PHO*  (Hesse,  Ann.  Ch. 

Phann.  cxiv.  292). — QuiniesBid  dissolves  in  cold  dOnto  iqneow  ]^iOiq>horio  add  with- 

out  decomposition  ;  but  on  eraporatinR  the  wjlution,  a  copious  evoltition  of  pa«  takes 
place  at  a  certain  degree  of  concentration,  and  the  ri'maining  brown  solution  contains 
imaflid,  whose  calcium-Halt,  which  separates  partly  cryfitallimv  Partly  amorphous,  has 
the  ooBfontioD  CH'CaPO*.  The  formation  of  the  add  is  lepreeented  by  the 

(rfl"0«  ♦  PHK)*  -    O-H^PO'  +  00  +  4H«0. 

Pbosphohv  iro-  I  University 

QofBfeacid.  qnin.)  tc  V       ...  ^.^ 

a.m.  X^CHIGN^ 

■mpblta  of  Bjdrovolnoiie.  C'*H'"SO'  -  3C«H«0».S0'  (A.  Clemm,  Ann.  Ch. 
Phinn.  ex.  846).— When  flnlpfaniiOQB  anhydride  is  passed  through  a  soHition  of 

rone  till  that  comf)Ound  is  comphtcly  iMiivi  rtod  into  colonrlevs  hydroquinone,  and 
passage  of  the  gas  is  then  further  continued,  the  liquid  again  turns  yellow,  and 
deposits,  aft«>r  conoentration,  yellow  riionibohfdnl  ayWM  having  the  ahora  oomDOoi- 
tiun.   Thi.*«  compound  is  very  easity  decomposibla^  and  givaa  off  aa^^uotts  anhyotida 

when  heated,  leaving  coIonrIf!*f«  hydroquinone, 

Solplioliydroquliionio  aolda. — Acids  containing  the  elements  of  hydroquinone 
and  sulphuric  anhydride;  produced  by  the  action  of  sTilphnric  aeid  or  anhydride  on 
qainic  acid  and  hydroquinone.    (0.  11  esse,  Ann.  Ch.  Phnrm.  ex.  194;  cxiv.  292.) 

1.  Ditulphqr'hydroquinonic  acid,  C*H«S»0»  -  C»H«0*.2S0".— iV<yflraiMwi  of 
fie  hmimm  saftL — ^Faming  sulphorle  add  is  ponied  into  fhsed  or  flndy  pnlterised 
quinic  acid,  till  a  fresli  addition  no  longer  causes  any  considerable  evolution  of  gas ; 
the  liquid  is  gently  warmed  towards  the  end  of  the  operation,  diluted  after  cooling  with 
a  large  quantity  of  water,  nentraltsed  with  carbonate  of  barium,  and  erapomted  to  tha 
cmtalliaing  point  The  cr}<4tals  which  flr-t  ;  ,  te  take  up  a  laxga  q[nantity  of 
colouring  matter,  .«!o  that  the  mother-liquor  yields  a  less  coloure*!  salt. 

The  aqueous  acid,  obtained  by  decomposing  the  barium-salt  with  the  exactly  equiva- 
Isat  qnanti^  of  stdphuric  acid,  or  the  lead-salt  with  sulphydric  add,  fanns  an  add 
pymp,  easily  soluble  in  alcohol,  insJoluble  in  ithrr. 

The  acid  is  dibasic,  but  only  the  diinrtallic  trails  have  been  obtained.  The  salt.s  and 
the  aqueous  acid  prodnoa  with  ferric  hydrochlorate  a  fine  blue  colour,  which  di><appf  ara 
on  heating,  :ind  reappears  with  a  dingy  tint  on  co<ding.  The  bine  colour  is  also 
destroyed,  slowly  bv  access  of  air,  or  by  addition  of  nitric  or  acetic  acid,  quicklv  by 
addition  of  hydrocUoHe,  snl|drario,  or  tartario  add.  A  shnilar  action  is  exerted  by 
wd-ammoniac,  chloride  of  luirium.  chloride  of  calcium,  sulphate  of  magnesium,  phosphate 
of  sodium,  neutral  acetate  of  lead,  and  ferric  hydrochlorate.  The  salts  separate  metallic 
dim  Ibom  tha  nitrate. 
Tha  amnion ixim-mlt,  obtained  by  decomposing  tlie  barinm-snlt  with  caibonata  of 
sqpaxates  fcom  the  eoneentrated  solution  in  huge  crystals. 
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The  fMrinm-s  .  '  i  i '  I  !  l  \S*0».4HK),  forms  beautiful  moiMMiiBM:  prismB,  irith 
anglos  of  111^  r.  Wlu  M  lnMfotl,  it  gives  oflP  suffoiMfinfr  raponrs,  livdrnqninonc, 
quiiihjrdronc,  and  water,  leanng  a  residue  of  chareoal,  The  salt  dried  in  the  air»  or 
OTW  oil  <^ritiiol,  gIvM  off  at  90®  from  10*8  to  lid  per  cent,  water  (S  at;  «  ll'Sl  per 
cent.  WO),  tYu'U  hptwfK'n  ]'20°  and  \00°  an  a(Mitioii:il  p<»r  c.  nt.  (1  at.  =  3'77  ["'f 
otttt.  H'O),  corresponding  in  all  to  i  at.  The  salt  dissolves  readU^  in  boilinf  water^ 
tritli  diffioBlty  in  eold  valer,  and  in  akobol  Mtkcr  eold  or  boilinft  W  it  iaaMnUa  m 
•thfr. 

The  calcium-salt  resembles  the  barium^salt. 

The  lead-salt,  C*H*Pb*S»O».2PbH0,  ia  separated  from  the  concentrated  solution  of 
tlie  barium-salt  by  neutral  acetate  nf  lead,  as  a  bulky  precipitate,  which  quickly  diangai 
into  yellowish  microflcopic  crystals  h.n-inp:  :i  nlkylustn  .  ^\^en  heat^,  it  aitsumes  a 
lemon-yellow  colour,  and  becoua-^  carlniuibi'd.  It  in  nearly  insoluble  in  wabor  and 
wM/diB  aeid,  canly  aoluble  in  nitric  acid,  precipitable  by  ammonia. 

The  'pj^fns.nvm-salt,  2C*H*K^'^f  >^3'^•0,  is  obtain «  <]  I'y  neutralif^inp;  the  aqnooTW 
acid  with  carbonate  of  potassium,  and  separates  with  the  same  ccHnposition,  even  from 
aoltttioiis  oontaining  2  at  add  to  1  at  potash.   It  ibnoat  Mkmrleas  prisms  lumng  * 

saline  taste,  fiislly  solulil.'  in  waft  r,  sjianiu':ly  in  alt'(jhol.  Tlu'y  retain  C-9  per  oailti. 
water  over  oil  of  viLriol,  give  ofl'  the  whoi6  at  lau'^,  and  decompose  wiieu  melted. 

2.  Sulphodiht/droquinonic  acid,  C'«H'«S0»-2C*H«O».S0«.2H'0.— Produced 
liy  the  action  of  fnining  sulphuric  acid  on  hydroquinone.  Thf  solution,  which  is  furnu'd 
without  evolution  of  gas,  viol  In,  when  saturated  with  carbonato  oi'  Ijarluni,  ii  liariuni- 
•alt»  which  crystallises  iu  coiicfutiieall^  grouped  needles  containing  C'-H'*liabi>*. 
TUa  salt  is  easily  solnble  in  water  and  in  aqu<^ous  aloobol,  spaitngly  aolnble  m  abao* 
hite  alcohol,  and  is  precipitated  therefrom  In  fl  oks  by  rther. 

^.  Disulphodihudroquinonioticid,  C'*H'*S*6' ' - 2(/H*0».2SO'.H*0.— Hydro- 
quinone exposed  to  toe  vapoor  of  aalphvrie  aaliprdrkls  Miqiaseea  and  yields  this  add. 
The  pofamium-saU,  CH^KS^O",  crystallises  in  colourless  monoclinic  prisms  or  in 
flattened,  sharp-point^ed  needlr^,  pasily  soluble  in  water  and  in  hot  alcohol.  The  nohi- 
tion  treated  with  ferric  hydrodilorate  acquires  a  transient  dark-blue  colour ;  it  furmb  h 
vUte  pradpitate  with  anwnfflniiawil  aestata  of  laad,  and  lednees  atlnr  ftom  tho  ateate. 

nMOAMnmAMZBB.  C^W^O*  «  ^\Cn[(k>y.  Salkydranndg,  SttUcy' 

limidr.  Hydride  of  A.-osnluy^  (E  f  1 1  i  n  g.  Ann.  Ch.  Pharm.  xxxv.  2G1 ). — This  coni|KMiad 
is  pxodoced  by  the  ai  tion  r)f  ammouiu  on  hydride  of  sulicyl  (i»aIicylous  acid): 

3(  -II-O^  +  2NH»    -    C»'H'«N*0«  +  3H«0. 

The  hydride  of  salicjl  is  disHolvinl  in  3  or  4  times  iU  volume  of  cold  alcohol,  and  a 
quantity  of  ammonia  is  added  equal  to  that  of  the  hydride  of  salicyl  employsd.  The 
solution  then  ini:  V;  ifely  yields  yello\vi>.]i-\vliite  needles,  and  fexm  solidifies  in  a  mass. 
On  applying  a  eeutle  heat,  the  pnxluct  dissolves  completely,  and  the  liquid,  on  coolings 
d«ponts  or^teu  of  bydrosaUcytamide. 

Hydrosidicylamide  erystiillist  s  in  tricllnic  prisms,  without  wodiflcation.  An^lo 
»;P  :  a»p;  -117°  30' oP  ;  os/P  -103°  80' ;  oP  :  »P;  =93^  au  .  It  appears  to 
bs'insolaUe  in  wotep,  and  diasolvM  bat  spaiiagly  in  eold  atcoAol,  but  quickly  lo  about 
50  pts.  of  boiling  alcohol.  At  300^  it  melts  to  a  yellow  and  brownish  mass,  yielding 
a  white,  verj-  light  sublimate.  At  a  higher  temperatiin  it  carbonises.  It  is  not 
decompo8»-d  by  weak  potush-lry  in  the  cold,  but  on  boiling  it  gives  off  ammonia  and 
forms  Kalic^lide  of  potassiunu  Dilute  an'ds  also  do  not  decompose  it  in  the  cold,  but 
on  licatine.  Mmmnnm  is  produced,  and  liydride  of  salieyl  is  set  free.  WitJiao  ftlwhoUff 
solution     tiul^Jti/Ji  iv  acid,  it  yields  hydride  of  sulphosalicyl: 

C*'H'«N=0«  +  3H»S    m    8C»H*OS  +  2Nn«. 
Hfdrosaliryl-  Hydride  «f 

amtde.  sulpho-Sdiiti;)  U 

Hydrosalicvlamide  forms  several  salts  in  which  part  of  the  hydrogen  is  replaced  by 
mrtaUie  ladidsa. 

Th*-  rffprn-ntprammmiTc  ,<fa7f,  r*'n'*Cu'(NH'Cu)'X'0',  is  obtained  by  mixing  a  very 
dilute  and  slightly  cook^  alcuLolic  solution  of  hydi-utsiiliejiaiuiJe  with  ammoniacul 
aostate  ct  eopp&r  (acetate  of  cuprammoniiun).  The  liouid  immediately  aoqnixM  »  fln« 
emprald-pTe<''n  colonr,  and  gradually  dopujsit.s  lu-illiant  laminx  of  tho  fanif  colour,  the 
solution  beii^  at  the  same  time  decolorised.  The  ciystals  are  insoluble  in  water  and 
in  aleohol;  tmy  diaaohe  in  cold  dilate  adds,  but  are  repreetpitated  on  aMtsmting  tbo 
solntinn  with  an  alkalL  Strong  mineral  iicids  decomiKisi-  (h-  ni  coniplet'  ly,  liboratinc: 
hydride  of  salicyL  Dilute  potash  does  not  deeompose  them  without  the  aid  of 
beat  uid  then  bvt  dowly.  Thtr^  mdt  irbcn  hraled,  and  yield  by  distillatioB  an 
oil  wliicli  siilidifies  on  cooling',  in  a  erystalHne  mass  having  the  odour  of  gum-benzoin. 

Jt'crrifio-JirricaifHtKmie  stUlf  Cr''iI'y(.\2<iiJiy{)K-0'.—Xo prepare  this  sak^an  aqoeoos 
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flohition  of  feme  «hkrid«  ia  wJatfd  with  n  quantitj  at  tartaric  add  saAnflnl  to  prpnwit 

if'^  {^r.cljiit;»t  i< >n  hy  a  larsTf"  rxrf---«  of  nmnvMiiri ;  a  ^.if  nraft-.l  aloohoUe  solnfiini  of  Ii  vili.>- 
wUcjlaiaide  is  then  mlxecl  with  a  quuntitv  of  ummonui  sufficunt  to  enublo  it  tu  be 
tTMSed  with  80  or  40  tones  ita  Tolvme  of  cold  water  wttiMnAbeoominf;  rurUd ;  ttod  tba 
twn  solii'ii.ns  aiv  mixed.  The  mixture  iimtuMltntcly  iioquires  a  deep  blood-red  colour, 
and  after  some  timo  depoaita  a  yellowiab*red  floccolent  pdrodj^itate  which  graduallr 
beeomea  darker  eotoiired  and  gramihr.  This  precipitate  ia  partiallj  adnUe  in  alocAfU. 
It  is  not  decompoiied  bj  cold  dilute  hydrochloric  add,  Imt  tha  hot  omoantntad  acid 
decomposes  it,  with  separation  of  hydride  of  salicyl. 

Lrad-saltg. — ^Two  of  these  salts  appear  to  exist.  One  of  them  \»  obtained  by  mixing 
a  aolation  of  licet  ata  of  lead  with  ton  times  it8  volume  of  alcohol,  heating  the  mixturr, 
pouring  in  a  little  fimmonifl,  and  adding  an  alcoholic  Kohiti m  hydmsalicyhimide 
containimr  a  small  (jiiaittiiy  of  ammonia  till  the  preeipit  itr  wljich  forms  at  first  no 
longer  rt  "ii-'^olv.  in  the  hot  liquid  ;  this  liquid  on  i'  H.linir  d,  poi-its  a  yellow  grantdar 
powder. — The  other  lead-.«^ilt  df  hyilroj^alii'vLniiMi'  is  olitaiiii  tl  l.y  mixiiii:  a  sdltifinn  nf 
the  h^dramide  with  aqocous  ammonia,  and  adding  in  the  cold  a  solution  of  acetate  of 
laid.   lA^t  yelknr  ftoeka  aie  then  Ibnned,  which  beeoiBa  atrong^jr  eleetiie  hj  frietioii. 

Tirmnmosnlicffl.  Bromosamidt. — Obtained  by  the  action  of  ammonia  on  hydride  of 
bromosullcyl  (bromosalicjlons  acid).  Its  proi>erties  and  reat^ona  an»  pxedacily  aiiak>- 
gons  to  those  of  the  following  compound.    (Pi  ri  a.) 

mr^MObloroaaUoylamlde.    C"il'»Cl»N-0«  =  N'(C'ri'*aO)".     Hffdrid^  «/ 

Chlorazom?r  '^;l.    CMorotamid  Ann.  Ch.  P'ly*  f'2'1  Ixix.  m (if)).™. Produced 

the  action  oi  ammooia-gas  on  hydride  of  chioruMtlieyi  (^ciiloraeiilieylous  acid): 

On  {  'svinpr  a  mrmd  of  dry  ammonia  gaa  over  dry  diloroaalieyloitB  add,  the  gaa  ia 

absorbe  i  and  a  yt^ll^w  r'^-in  niH  nia'->  i>  f  u  riied.  To  complet.e  the  reaction,  it  is  neces- 
av^  to  withdraw  tiie  nia.s»»  from  Ume  to  time.  |mlTmee  it,  and  again  sulunit  it  to  the 
action  of  the  gas.  The  prodact  ia  then  crystalliaed  from  aibeolate  alcohol,  or  better 
from  hot  anhydrous  ether. 

Hydrochlorosalicylamide  crystnllisos  in  small  yellow  .•scales,  tasteless,  nearly  insoluble 
in  water,  Imt  soluble  in  alcohol  and  ether,  especially  with  aid  of  heat.  Absolute  alcohol 
dinalmi^  without  aRetation;  but  hot  aoueous  al  '  I.'  1  deoompoeea  Ht  eliminating 
ammonia,  especially  in  presence  of  arid  or  nlkalinf  liquids. 

BTMMWIIilOXTX.  A  h^droos  variety  of  angite,  oocnrriog  in  amorphous  massea 
or  aa  aenist  on  the  plagonit«  tnfa  at  Palngonia  and  Ad  OaateUo  ia  Sicuj,  aaeodated 

or  mixed  with  herschelite,  phillipsitr  and  calcite.  According  to  v.  Walt.  r>lian-Mi.  it 
contains  42  02  8iO^  4  94  A1*0»  2719  Ca^O,  3*41  Mg'O,  2  ol  Na'O,  2  67  ii*0,  15-06 
water  and  carbonic  acid,  and  2*19  insoluble  matter.    {KammeMtr^t  Mineratektmii, 

p.  8ei.) 

HTSHOBTsaam  a  ata^tita  ftom  qapfeg^jrai^  in  which  Baproth  found  69^ 

ptr  i-fi!'  "■'lii'^' 

HTX>&Ox.a.l«CXTi:.  A  talt  -Iikc  iiiincral,  tranflucenf  in  tliiiifuliii,  from  Snanim 
in  Norway,  where  it  occurs  imbcddetl  in  serpentine.  Hardnt-s  —  2*0  (Hochetetter). 
?^}Hcif;i'  jiTavjTv  —  2  HOI  fix  a  ru  iml  «}<  i-v^;.  It  dissolves  easily  ami  m  ith  effrrrr««rrnce 
iii  iLcidn,  retaining  its  Huhtbiiity  after  ignition.  Hermann  exafnuKd  a  uiiiu-ral  (^vvltich 
he  calle^l  VStkm^He)  evidently  ideotied  with  thia,  from  Schesohemskaja  Gora  m  the 
Ural,  where  it  occnr«  in  th.  mi  -a  slate,  together  with  .'Mi>r  ispin' I.  liydrargillite,  and 
i^her  miii€«al8,  and  is  said  sometiuHs  to  form  six-sided  prisms  cleaving  perfectly 
parsQel  to  the  terminal  Hum.   Specific  gravity  —  9*04. 

Amltf»r».  a.  by  lloph  St-  f  r  f  r  f  J.  jir.  Clicin.  xxvii.  ^T^i — b — r.  by  Ban  molaberg 
{MtumUcktmuTf  p.  165).—;/.  \<y  ilermanu  (J.  pr.  Chtm.  xlvi.  237). 

Akonfaia      .      .  12iD0  19-35  1778  18-00  18^87  16-06 

Ferric  oxide  ,  .6-90 

Magnesia      .      .  36*30  37'27  3818  87*80  37  04  37  08 

Oarbonio  anhydride  10-84  2-61  6-05  7'32  7*80  8-02 

Water  .               .  32  06  41-80  87-00  87*88  87*88  42  04 

laadoble  reaidae  .  1-20           

»9-60  100-72  100  00  100  00  100  69  10000 

BaauQcIsbcrg's  and  Hermann's  annlyRcs,  abtitracting  the  carbonic  acid,  lead  to  tfaa 
f9f««hkAl«0».8H»0  +  6— 6(Mg''0.2ri»0)  or  2A1=H»0» .  6— 6Mg»HH)». 
BTBSOtrs  AiVTBOFBTUblTE.    \  n  dtered  Ibm  of  aabeetiform  tzemoUto 

(p.  l^)))  found  ou  I*«cw  York  Ldaod  and  in  Scotland. 
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■nMMWBNim.  See  ^nvBtooic. 

■IJDWBHiXC  AOn.  CH'N^O'.— An  aeid  belonging  to  the  uric  acid  group 
dipcovered  V>t  Schlieper  (Ann.  Ch.  Phiirm.  cri.  II),  and  iiirth.  r  inrcBtigated  by 
Baejer  (ibid,  cxxvii.ll).  JSchlieper,  who  assigned  to  it  the  formula  C^*WJS*(y*^ 
onoe  obtained  it  aecidentdly  in  treating  nrie  acid  with  dilute  nitric  aeid^  and  eoneen- 
traf  iiig  tlio  mother-liquor  remaining  after  the  alloxan  (i.  135)  h:ul  crvslallis- d  out; 
but  he  did  not  succeed  in  prpDuring  it  a  second  time.  It  was  really  poduccd  by  the 
deeonpoeitlon  of  dialnrie  add^  which  ia  one  of  the  prodnets  of  the  action  of  nitric  add 
upon  uric  noiti  ( ii.  Ofi  )),  ami  in  Schlieper's  experiment  was  (b  composed  by  the  heat  of 
the  sand-bath  in  which  the  syrupy  liquid  had  been  allowed  to  n mnin. 

Bueyor  obtains  hydurilic  acid  by  heating  dialuric  arid  with  glyceriu  (whidi  acta 
mere^  aa  a  aolTent)  to  about  160°,  the  dialuric  acid  then  wflitt***g  np  into  bydnrilata 
4^  aaUBOninm,  formic  acid,  and  carbonic  nnhydrido  : 

Dtalurk  acid.  H/durlWe  of  am- 

moaiam. 

Preparation  from  Uric  ncid. — The  iirie  acid  ir<  fir^f  oonvertr-d  into  alloxan  by 
Schliepers  method  of  oxiflttion  with  hydrochloric  acid  aud  chlurutc  of  potassium 
(i.  135) ;  and  the  alloxan,  after  being  diawlved  in  Inkewann  water,  filt^^red  frcMn  thenn- 
altered  uric  acid,  and  dccnlorisfd  if  ncccssan'  with  pure  animal  charcoal,  i-s  convcrtpd 
into  dialuric  acid  by  reduction  with  stauuouij  chloride.  For  this  puri>ose,  a  quantity 
of  tin  equal  to  the  weight  of  orie  acid  employed,  ia  diMolved  in  exce^  of  strong 
hydrochloric  add;  the  still  hot  liquid  is  added  all  at  once  to  the  alloxan  solution  ;  and 
more  hydrochloric  acid  is  added  till  the  volume  of  the  liquid  amoonts  to  4  litres  fur  a 
ponnd  of  nrie  aeid  decomposed.  The  pieeediug  proportions  mnsfc  be  eareftilly  obeerved, 
for  with  a  .snialltT  proportion  of  tin,  alloxantin  is  obtained  instead  of  dialuric  acid  ; 
and  unless  a  largo  excess  of  hvdroohloxic  acid  is  used,  dialurate  of  tin  separatee  in 
hard  cnists,  very  difficult  to  deoompoee.  On  leaTing  the  strongly  arid  aolntion  to 
stand  for  a  day,  dialxiric  acid  crystallises  out  in  yellowish  stellate  g^*oups  of  short  four- 
aided  prisma,  which  must  be  quickly  washed,  and  dried  in  a  racnnm.  The  q^oanti^ 
obtained  amounts  to  alx>ut  50  per  cent,  of  the  uric  acid  employed. 

To  convert  the  dialuric  acid  mto  hydurilic  acid,  9  pts.  of  the  perfectly  dry  substajico 
is  mixfKi  in  a  capacions  flask  with  5  jits.  of  concentrated  glycerin  fas  If  is  obtained  by 
evaporation  in  a  basin  till  its  temjieratury  ribcs  to  160°),  and  heated  iu  au  oil-bath  to  140° 
^IM^.  A  briak  andtegolar  evohition  of  carbonic  anhycbide  then  takes  place,  and  aa 
soon  nn  this  ceases  and  the  contents  of  the  flask  hare  become  solid,  the  tcmprmtnrc  is 
raised  for  a  short  time  to  IGU^,  and  the  glycerin,  after  cooling,  is  removed  by  washing. 
A  yeUowisli-white  granular  powder  is  then  left,  oonsistto^  of  arid  hydorilate  of 
nmrnoniann  (p.  221).  The  glyooin  takea  no  part  in  Uie  reaction,  but  acta  meialy  as  a 
solvent. 

To  obtain  the  free  arid,  it  ia  beet  to  convert  the  arid  aminoninni-flalt  into  a  oommvealt 

«nd  decompo??C'  this  salt  with  liydrochlrjric  acid.  Thf  orud-- aninionium-^alt  is  dissolved 
in  boiling  water,  anuaooia  added  in  slight  excess,  and  solution  of  ciipric  sulphate  ia 
added  to  the  fUtrate.  The  liquid  Uten  assam«  a  dark-green  erionr,  and,  if  hot,  deposita 
oil  cooling  rod  warty  crystals  of  neutral  hydurilate  of  copper.  This  salt  is  then  de- 
composed by  hot  hvdrocUioric  arid,  and  the  hydurilic  acid  which  ciyatalUaee  out  is 
waaned  with  dtlnto  hydrodilorie  acid  and  dried  over  Uio  water-bath. 

Properties. — Hydurilic  acid  prepared  as  above  forms  a  bulky  white  pciwder  having  a 
yellowish  tinge ;  by  once  re-crystallising  it  from  water,  it  may  be  obtained  quite  pnre 
and  colourless.  It  is  very  sparingly  soluble  in  cold  w^^r,  f^omt  wliat  nioro  iu  hot  water, 
and  crystallises  therefrom  on  cooling  in  small  four-sided  prisms  containing  4  atL  watei^ 
C*H*N*0*.4H*0.  It  ifl  also  btit  very  slightly  soluTdc  in  a}ro}u>l,  which,  however,  does 
not  precipitate  it  from  the  uqufoue*  solutiuu. -  Sulfuric  nad  diiijiolvefe  it  without  de- 
composition, and  on  adding  water,  part  of  the  hydorilie  acid  separates  out  again.  In 
hydrochloric  acid  it  is  own  less  s^ilubh-  than  in  water,  and  is  i^Tadually  pr.ripifat-ed 
by  it  from  the  aqueous  soluliuu.  i<  rom  a  hot  concentrated  solution  in  h^'drochloric 
arid,  or  from  aa  ammoniacal  solution  deoomposed  by  hydrodilorie  arid,  it  aepanfea 
as  a  crystalline  powder  consistincr  of  rhombic  tablets  containing  2  at.  water  of  crys- 
tallisation :  C'H«N*0*.2fi*0.  The  watery  amounting  to  6  36  per  cent  (2  at  »  677) 
is  given  off  at  IVP. 

Hydnrilie  acid  bears  a  tolerably  high  temperature  without  decomposition;  it  like- 
wise offers  considerable  resistance  to  the  action  of  alkaiis,  being  attacked  but  alowJy 
and  without  bhidceoing,  by  melting  potash,  with  Amnation  of  malic  arid.  It  ia  not 
iiftacked  liy  reducing  agents ;  but  ('.ridising  agnits^  such  as  chlorine,  bromine,  nitric  acid, 
vxtfh  of  .nlvcTt  jperoxide  qf  lead,  and  sesqtiiohiorid*  mm,  atteck  it  very  quickly, 
>iciaiug  variovu  pMdiMta.   When  heatod  with  fmiD  iMt^ide,  it  yields  oxyhy- 
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durilic  acid,  an  add  not  xff  pxatiiinc*!,  hnt  characterised  t'V  flif-  l-I-^oil-n-il  colour 
which  it  prodaces  with  t'errie  saitH.  With  a  mixture  hj/drochiortv  acui  and  cMorate 
vf  potoMittm,  hydurilic  add  yields  dichloro-bydarilie  acid,  CH*CPN'0*. — 
fuming  nitric  aciif  cunTorts  it  into  alloxan  withotit  any  other  prodnct;  but  with 
uitne  acid  of  ordinary  strength,  it  yields  alloxan  Together  with  violaric  acid, 
Tiolstttin  tuid  dilitnric  acid  (ii  96d).  If  the  aettmi  bft  eaniid  on  to  tlMMid, 
with  aid  of  heat,  the  only  prrxluot  is  dilituric  acid  •  ;  but  if  it  be  intorrutjtod  at  an 
earlier  stagey  a  mixttirc  ia  obtained,  Taiying  in  oompontion  aceoidiog  to  the  anration  of 
theaetioA: 

C"H«N«0-  +  FHO"   -    C*H»N»0«  +  C«H»N«0«  ♦  HK>j 
Bidarttteaeid.  Viotaria  AUoaao. 


C«H«N«0«  +  SNHO*   -   C«H«N«0*  +  C^H«N*0«  +  MHO»  +  WO, 
HvduriNc  DUiturle  Altoaan. 

add.  aeM. 

Dilitaric  acid  niay  imb  ed  Ik?  regnrded  as  a  prodnct  of  the  omdatioii  of  lioloiie  Mid, 
Cn W)^  =  C*H»N*0«  +  O  :  and  violantin,  C''H»N«0»  is  a  componnd  of  rb(>  two  With 
ntirous  acid,  tho  some  products  are  obtained.  With  nitrite  of  potassiium  aud  cxeeiMuf 
■itgona  >ddt  the  prodaeta  ateTiolmate  of  potawiam  and  alkgant 

OTMf*0"  +  NKO«  +  i»HO«  -  C'H'KN'O*  +  C«H'NK>«  ♦  2H*0  +  2K0. 
Qjrdutllk  Vlulunu*  of  AUoiae. 


I 


Hydnrilie  add  is  moat  distinctly  characterised  bj  the  splendid  daric-fiTCen  colour 

^vbit  h  tlif  ac'iil  and  its  salts  j.ri>tltiL't>  in  ;i  solution  of  fi  rn'r  rhb>ridr.  The  ool.nir  Is 
desUXijed  by  strong  acids  and  alkali^  also  by  heat»  the  hydunlic  acid  then  decomposing 
aad  tiSe  eoloor  dianging  to  ted.  Obafaetemtie  also  are  the  cliallc-irhite  prrripitates 
produced  on  adding  hydrochloric  ;u  id  to  tho  alkaline  .solution,  and  tlic  roai  timis  with 
hydrochloric  acid  and  chlomtp  of  pot;vs;*ium  and  with  nitrio  ariil,  ju>t  rn*-i)tiont'd. 

BydorUatee.  Hydurilic  acid  is  Uiba.'-ic,  yi'  Kling  Itoth  acid  and  neutral  salts.  It 
dissolves  easily  in  aaBDotiia,  p<>t;ish,  and  soda,  forming  moderately  aolnble  aalta;  the 
other  hvilurilatc^  aro  sparingly  soluble  or  insoluble.  These  s^alt.';  cannot,  however,  in 
;enenil  be  obtained  by  double  dcoomposition.  since  the  acid  has  a  great  tendency  to 
arm  doaMe  aalta ;  ther  mnat  titenlbre  bo  prepared  with  the  Hree  add.  The  add 
decomposos  mo.st  metallic  chlorides,  fanning  aci<l  salts;  also  acetatt-s,  with  fomuilioil 
of  n<"ulnil  jsalts,  excepting  in  the  ca.sc  of  the  ammonium-  and  pota.'^sium-salta. 

Hydurilates  of  Am  inoniuia.~~T\\c  acid  *a/^,  C'iI*^NH')N*0",  obtaim^d  by 
hffatfng  dialuric  acid  in  glycerin  (p.  220),  is  nearly  pure,  having  only  a  faint  yellowish 
colour.  It  is  moderately  solublf  in  boiling  water,  and  separates,  on  coolinp;.  in  crusts 
and  granules.  By  solution  in  hot  dilute  ammonia,  and  urccipitation  with  acetic  acid. 
It  ia  obtained  quite  pure,  in  small  oetahedral  eiyateli,  which,  however,  soon  lose  their 
9agm.    Strrinpr  acids  remove  <mly  part  of  the  ammonia.    Tlie  crystals  are  anhyJrons. 

The  neutral-saltf  (?H*(NH*)'0*,  ia  obtained  by  mixing  the  acid  salt  with  ammonia, 
and  aaperatea  from  a  hot  aaturatad  eolation  by  rapid  ooohnff  in  needles  eootaininf  2  at. 
water ;  it  is  also  obtnincil  in  the  same  form  by  precipitation  with  sulphide  of  iumnonlum, 
in  whicli  it  is  insoluble.  The  solution  when  Idt  to  stand,  or  slowly  evaporated,  depoitits 
large  shining  monodintc  porisms,  with  dihedral  aanunita^  containing  4  at:  water,  and 
efflorescin-.:,  with  loss  of  water  and  anuuonia,  when  exposed  to  the  air.  (For  T^animels- 
berg's  determination  of  the  form  of  these  crystals,  see  Ann.  Ch.  Pharm.  cxxvii.  19.) 
The  selt  is  moderately  soluble  in  water,  very  easily  in  ammonia,  and  is  completely 
precipitated  thenfrom  bj  aUsalul  in  amorplums  flocks  or  in  needles. 

H_idnri!ate  of  T^arinm  (neutral),  Cn'Ba'N«0*.2rnO,  is  obtained  as  an  anior- 
photts  precipitate,  which  soon  becomes  crystalline,  on  adding  a  hot  solntion  of  hydurilio 
add  to  aoetate  of  baritun. 

Hydurilaiea  of  Calcium,  — The  acid  salt,  C'H'0aNK)*.8H>0,  a^MuratM,  Ml 
adding  hydurilic  acid  to  a  solution  of  chloride  of  eah.-inm,  in  smnll  phininfy  prisms, 
insoluble  in  water.  The  neutral  salt,  C'H'Ca'N^O*  6H'0,  is  obtained  by  decomposing 
aeetate  of  oaleiam  wiUi  hydurilic  acid,  aa  an  amorphoaa  paedpitaieb  whidi  beoomea 
aiiystalline  on  standing.    It  gives  oflF  2  at.  wat/r  at  1 30^. 

Hydurilates  of  Copper,— Tha  acid  salt,  C''H»CuN*0*. 8H«0,  is  obtained  by 
adding  cnpric  acetate  to  excess  of  hydurilic  acid,  or  by  mixing  the  acid  with  cui  ric 
sulphiite.  From  concentrated  solutions  it  ^epiiratcs  in  green  needlei;  from  more  dilute 
solutions,  in  thin  prisms  of  a  shining  yellow  colour.    It  is  decomposed  by  excess  of 

•  Schl!f>T^'t  "  ritro.hydurUic  acid,"  otiUiMd  by  ttMaetkmof  holaltrte  seld  oa  h|il«rUte acid, «a« 
soft  pruuu&iy  dilituric  acid  containing paMih|4sn«edf^o« the tapOMh|dailHasiUaMi.  (Baerer^ 
Aan.  Cb.  Pbana.  casrltaiU} 
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etrong  acids.  When  heated,  it  gives  off  the  wliolt  of  it  s  water,  and  is  conTerted  into 
a  ivd  powder  of  (be  anfaydroiie  ult^  "wMcitk  is  abo  ^  roc  ipitated  iaimediatdy  from  hot 

solutions. 

The  neutral  salt,  t»H«Cu'N*O«.8H'0,  is  obtained  b/  addii^  hvdiurilic  aoid  to  excew 
of  cupric  act>tHte,  or  by  mixing  the  veatnd  ammomixni-  or  aoaiinn*«aH  wlHi  eopno 

8ul]'h;iU'.  Cold  dilute  solutions  yield  a  red  precipitate  of  thehydrat<nl  siUt,  consisting 
of  short  n»'<'<l]o5!:  warm  crmcentrated  <;olntion«?,  a  dark  brown-re«l  {ir<  oipif;i,t«!  of  the 
anhydrous  ijult.  Tliu  r«.'d  salt  is  convort<xl  by  heat  into  the  bruwu  ball,  giving  off  ita 
wat'  r,  but  recovers  it  in  contact  in  water.  The  salt  is  deoompOMd  bj  OXOeM  OK  h jdio- 
chloric  iii'i  J,  \-ieIding  hydurilic  acid  and  chloride  of  copper. 

Hydurilatet  o/  Iron. — The  ferric  salt  is  a  dark  green,  easily  decomposible  pre- 
cipitate ;  the  ferrous  $aU  is  a  white  precipitate  which  soon  turns  green. 

Hydnrilat«  of  Lead  is  a  white  precipitate,  inaoloble  in  acedo  ioid^iiuwlnhlo  in 
watrV,  M)1uble  in  nibne  add;  obtained  by  adding  hydnrilie  aoid  to  ncintnl  aMtate 

of  lead. 

H^durilate  qf  PoiastiuM  has  not  been  obtained  in  definite  farm.  A  wjluiiou  of 
hydimUe  add  in  potaah  mixed  witii  .tt-  'tic  acid,  yields  hydurilio  add  containij^ 

variable  qTinntitirs  nf  piitnsh  ;  al'iibol  also  throws  down  fmm  tbo  same  oolufcion  a 
substance  contuiiung  more  potash  than  the  neutral  salt  would  contain. 

Hyduriln  te  of  Silver. — ^Acetate  of  diver  forms  with  hydnrilie  add  small  shininjg 
piriMttB,  which  soon  turn  grey :  with  a  cold  solution  of  hydiirilate  of  ammonium,  it 
lorm"  a  white  precipitatf :  with  a  warm  solution.  ory«tals  wliich  sonn  turn  black.  On 
boiling  the  silver-salt  with  water,  silvcj  is  reduced,  aud  the  hydurilic  licid  is  oxidised, 
tomingoxyhyduriiie  acid  (p.  221). 

Hydurilate  of  SorfiM;n,  C*H*Ntt*N*0*.H'0,  is  obtaini  d  by  acidulating  n  solution 
of  hydurilic  acid  in  strong  soda^ley  with  acetic  acid,  and  adding  aloohoi.  The  neutral 
salt  thm  separates  in  simUl,  oolonrieaa,  shining  prisms,  which  am  modcntel7  solnUe 
in  cold,  easily  in  hot  water.   The  add'aalt  does  not  appear  to  esist 

Hj/(h(  rifntcs  nfZine. — The  acid  salt,  C*lT^ZnN*0®  orvstal!i!'c«t  from  a  solution 
of  zinc-chloride  mixed  with  hydurilic  acid,  in  beautiful  feathery  groups  of  needles 
having  a  sfcrong  Itwtre.  The  fifit^M  Cna^*yH)".4H*0,  seporatea^  on  uiiiiH 
by  dun  lie  acid  utith  excess  of  linci  flfiibtinin,  as  a  white  anotphoiui  piedpitBt^  whkm 
soon  becomes  crystalline. 

IMohlorotiydiirlUo  aoid.  C*H^CrN^O*. — This  compound  in  prepared  ou  adding 
chlorate  of  potassium  by  small  portions,  and  with  constant  stirring,  to  a  pasty  mixture  of 
liydurilic  and  strun<i  hTdroeliloric  acid.  A  snovr-M'hite  powder  i.'^  thus  nbtained^M  hieli  is 
veiy  slightly  soluble  in  water,  either  he(  or  (x>ld,  uid  is  most  easily  purified  by  dissolving 
it  in  strong  snlphnric  add,  which  exerts  Trat  UMle  action  on  it,  hnt  toiefcens  inien  heated 

with  it  over  tlie  water-bath,  and,  on  frnidual  additinii  of  water,  dejiosit--^  the  chlorinated 
add  in  small  rhombic  crystals,  containing  (J*H'CPN*0''.411'-'U.  It  is  especially  per- 
manent in  add  liquids,  is  not  attacked  by  chlorine,  and  bnt  dowly  by  warm  nnarfe 
acid,  with  formation  of  dilituric  acid,  but  is  easily  decomposed  by  alkalis. 

DichlorohyduriUc  acid  is  a  stronji  dib.a«25r  acid,  which  dissolves  in  alkalis,  esprcially 
with  aid  of  neat,  and  Ls  repreLipitat*  d  by  hydroeliloric  acid.  The  solutions  turn  red 
on  boih'ng,  yielding  a  metallie  chloride,  and  an  acid  not  yet  examined. 

The  nrvtral  potassiuyn-gtrit,  C''ir-K''Cr-NH>.  iH-O.  crvsialliseg  from  a  warm  folntion 
of  potash  baturated  with  the  acid  in  smail,  beautiful  six-sided  tables.  It  dissolve 
sparing^  in  cold,  more  readily  in  hot  w  at  er.  It  retains  its  vater  of  qrystalliwilion  at 
120^ ;  at  a  stronger  heat  it  tuns  red  and  deoomposes. 

BTOSnra.  (Wohler  and  Lop^n,  Ann.  Oh.  Phnrm.  cxxi.  371.  Lossen, 
JHsserkUionA — ^An  organic  base  occurring,  together  with  cocaine,  in  eoca-ieaves 
(L  1059).   To  extract  the  two  bases,  the  uaTes  si«  exhansted  with  nun-water  at  a 

temperutnri-  of  60°  to  80°  ;  thi  united  oxtracts  are  precipitated  Vith  nentral  acetate  of 
leaa  and  filtered;  the  filtrate  is  precipiliated  with  a  saturated  aqueous  soltilion  o^ 
snlphate  of  sodium,  again  filtered  and  concentrated ;  and  the  coaceotrtted  liquid,  after 
beinf^  rendered  slightly  alkaline  by  carbonate  of  sodium,  i>  aptated  four  or  .'^ix  times 
with  ether  to  extract  the  eooiine.  The  remaining  liquid  mixed  with  an  additional 
quantity  of  carbonate  of  sodium,  and  again  shalten  with  ether,  yields  hygrine  and  a 
neutral  oil  having  the  odour  of  tobacco.  These  substani « s  n»main  when  tne  ether  is 
distilled  off;  and  on  further  heating  the  residue,  till  it  buils.  i!ie  teniijerafnre  quickly 
rises  to  above  280°,  and  a  brown  aUudine  oil  distils  o\  er.  wbib  a  black  ri.siu  is  left 
behind.  When  the  distillate  is  maintained  at  140^,  t  'l-  >uiiie  hoiu^  in  a  stream  of 
hydrotrpn,  the  prrater  part  passes  over  of  a  yellow  cr)lour  (fO.  ^vhilc  the  remainder 
volatilises  only  at  140°  to  230^,  aud  condenses  to  a  thick  brown  oil  (A).  Hygrine  is 
eomtained  in  iMth  portions;  that  in    howeref,  is  oontaminated  with  a  neotxal  oil ; 
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that  in  a  with  aa  easily  ToUtilised  aubstaoce.  To  lemoTO  a  little  ammonia  pzcsent*  a 
h  eoDTeitcd  into  <nDuate,  th«  ailt  ia  diHoltiad  in  abaohita  aloohol,  the  Mixtion 

•■va}«>rat«Hl,  and  the  re»icliit>  mixed  with  caustic  potash,  whicli  separates  the  hygrine 
in  the  form  of  oil.  The  alkaline  solution  is  heated  to  boiling  in  a  stream  of  hydrog<  n, 
whitn  the  hygrine,  dissolved  in  the  water,  passes  over  (by  adding  water  to  the  re»icluti 
and  again  distilling  to  drriiMl^  ft  Itaitber  (quantity  may  be  obtained),  and  is  extracted 
from  the  distillate  by  ether;  on  aprain  distilling  the  ethereal  solation,  the  hy^ne 
remaimi  beliiiid.  The  neutral  oil  in  6  is  removed  by  dissolving  b  in  water  contaming 
hydrochloric  acid,  shaking  the  solutMNi  wMi  etbrn,  md  svparating  the  ethereal  layer ; 
after  which,  the  aeid  sclutioti  is  8uper8aturati>d  with  cavifeio  flooi^  and  the  hj^dnM 
taken  up  by  ether,  as  in  the  treatmient  of  a.  (Lossen.) 

Hygnne  ia  a  thick,  pale-yellow  oil,  having  a  atrong  alkaline  saaeHoo,  a  Immiiig 
taste,  and  an  odour  of  irinifthylamini-.  It  pro<lticcs  white  clouds  with  thi'  volntilo 
aoida;  distils  xerj  slowly  with  vapour  uf  water.    It  does  not  appear  to  be  poisomHU. 

Hjgrine  doaa  not  diaaotve  in  voto*  in  all  propovtkMia.  Hie  aqoeoaa  aofaitieQ  ftma 
a  white  precipitate  with  dkhloridi  of  tin,  yellowish  with  sulphate  of  iron,  light  blue 
with  sulphate  of  copper ;  on  boiling  the  solution,  the  copper  precipitate  becomes 
gi&nnlar,  bat  not  brown.  Hygrine  forms  white  precipitates  with  chloride  of  mercury 
nod  nvfraft  qfmlmr;  the  silrer  precipitate  qnickly  turns  broun. 

Hrprine  rriinhinM  "with  hi/dnKhl&ric  aciil,  forming  deli«|UtS(»ent  crystals.  The 
nqutioiis  liydroc'hionite  foniis  a  brown  flocculeut  precipitate  witii  di-iodide  of  paiassium^ 
red-white  willi  (lirhloridr  <f  tin,  white  with  corroaiw  sublimate,  partly  flocculent  and 
partlv  in  oily  di-ops.  Witli  (h'rhhiridt  (f  pfiifi/iit,it  ii  forms  dirty  whitt  -ycIKnv  (or  n-d) 
flakes,  which  are  decomposed  by  heating  the  liquid,  and  do  not  apptmr  iu  vt^ry  dilute 
•ohrtiMHL  iVsHi^  tuid  mown  down  from  hydraclilaffato  of  hjgane  a  yellow  powder ; 
galfoidtmic  neid,  a  white  poecipitate. 

Hygrine  di-^solves  in  a/cohol  and  in  ciher, 

WnOMO M BT JMIU  STCMM>mTBT«  A  Hygrometer  (iiyp^Sf  moi^t ;  fUrpor, 
neaauie)  ia  annr  inatraaMot  whidi  meaauiea  tbe  aaMmnt  op  degree  of  mojafeare  is  the 

iitmosplu  re.  Tliere  are,  however,  several  kinds  of  hygronief  t  rs  wliich  measure,  or  are 
said  to  measure  moistare^  bj  entirol^  difieront  modes,  and  the  problem  itself— to  esti- 
mate tfie  degree  of  moiatlMm  of  tfw  an^-lafnnMl  on  exMnination  to  be  quite  ambiguous. 
It  ia  tiiereibre  necessary  to  attend  to  the  principles  of  the  subject. 

Principlts  of  Ilf/f/mmffn/. — Water,  both  liquid  Jind  solid,  always  t.  nds  to  n«??UTne 
the  gaseous  form,  and  in  so  doing  exerts  an  elastic  force  increasing  a»  the  tt  tupcriiture 
tima.  hkjfy,  566  the  curve  ABC  is  drawn  so  as  to  represent  the  iair  of  the  ehutie 
fMoeof  aqvaoosTapow:  if  the  diririana  along  the  honaontal  axia  npiaaant 
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pantota  of  Ae  water  in  degrees  Faln^  tba  per(>endi>mlar  lines  drawn  from  them  to  the 

CTjrrp,  beinq:  meaTOrod,  •vrill  (r\re  the  coTTf«<pondi!if;  force  of  its  rnpoor  eatimatedin  the 
height  of  the  column  of  mercury  which  it  would  be  able  to  sustain. 

The  elastic  force  obviously  inereaaoa  in  a  higher  ratio  than  the  teraperatora,  and,  in 
order  that  such  inoreasinj:^  force  may  be  exerted  when  water  is*  cniifiiKvl  in  a  piren  space, 
it  is  neceasazy  that  a  largi^r  and  laicer  quantity  of  water  should  become  va^ur.  It  ia 
Ine  diat  if  the  weight  of  vaponr  pa  not  incmued,  ita  ehutie  ifarea  will  nae  with  ila  ^ 
temperature,  but  in  a  much  less  ratio.  For  aqueous  vapour,  like  any  other  ^^as,  ten<ls  to 
expand  by  ^^^th  part  of  its  volume  at  Z2°  F.  for  every  degree  of  incieaaed  tomperaturo. 
^Htna,  if  the  Taposr  which  tiaea  from  water  at  the  temperatnie  of  60^P.  andhaa  the 
elastic  force  of  '518  inch  be  confined  in  the  same  space,  but  apart  from  M  ater,  and 
heated,  its  elastic  force  will  rise  in  a  manner  roprefsentcd  hj  the  ntraiiiht  line  BE 
ify.  6&6\ ;  bat  if  more  water  be  present  to  supply  udditional,  vapoui',  the  elastic  force  of 
tat  whole  Ti^Kmr  woold  riae,  aa  shown  bj  the  curve  BC. 
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On  the  other  liaud,  if  the  vai^ovir  ut  CU^  F.  bo  cooled,  it  will,  as  a  gm,  tend  to  exert 
ftn  eUurtie  force  &Umg  as  the  straight  line  BD.  But  the  ela«tie  linve  wiiick  liqud 
■vrater  exerts  falls  morf  niiiilly.  as  shuwn  1  v  tho  curve  BA;  honce  pnrt  of  fh<>  vapour 
mxist  be  condensed  to  thi>  U^uid  condition  until  the  elastic  force  ot  the  remainder  is 
nut  i^ater  than  that  which  risea  from  mter  at  that  temperatorei.  The  following 
definitions  will  now  bo  undr-r^tood.  .Aqncous  vapour  is  saia  to  be  saluratrd,  anil  of 
maximum  dasticforce^  when  anj  reduction  of  temperature,  or  anj  increase  of  pressure, 
would  QMuw  aome  of  tha  Ytponr  to  be  oondeiuod.  Tha  temperatnio  of  aatmafeed 
vapour  is  said  to  bo  at  tlx-  iL'w-point,  Thus  aqueous  vapour  of  6o°  F.  and  of  an  cla-^tic 
force  of  *dl8  ioch  iis  saturated,  and  60°  is  its  dew-point  Any  portion  of  aqueous 
vapour  haa  a  daw-point ;  for  the  temp^mtum  may  always  be  redoccd  so  low  that  a 
portion  will  bo  condensed  by  any  further  reduction. 

What  is  true  of  aqueous  vapour  alone  is  also  true  of  aquoous  vapour  mixed  vn'th  air: 
for  it  i»  ii.  law  that  mixed  gases  do  not  exert  their  pressuro  upon  each  oiher.  The 
only  differenoe  ia,  that  ^w^wat  doea  not  spread  so  rapidly  into  a  space  occupied  hy  air 
as  it  does  into  a  vacuous  5pare.  In  an  huh  fin  id  J 1/  small  space,  then,  the  vapour  and 
air  may  be  considered  piirlVctly  independent  of  each  other.  The  larger  the  volume^ 
the  longer  do  «e  need  to  wait  until  diffturion  haa  peodvuMd  patfect  mtxtora*  Aur  ia 
said  to  l><'  saturated  with  luoi.stun'  when  th«^  aqueous  rapour  it  contains  is  of  maximum 
elastic  force.  The  temperature  of  the  air  is  then  called  ii^  d<  w-poiut— for  any  reduc- 
tion c€  tempcfwtVM  would  on  no  tha  aondaosatioB  of  Bome  vapour  ia  the  fo/tm  of  i2e«ey 
Policies. 

The  degree  of  humidity^  or  f(f  saturation,  is  the  ratio  whidi  the  vapour  in  the  air 
bean  to  what  it  might  oontaiB.  (Sea  HniiT,  pp.  81,  83.) 

CmiAensliiC  Hycro«at0M  an  thooa^ich,  bfOOoUng  the  air  until  the  contained 

vapour  Itff^'ns  to  1.f  c  .ndonsrd.  indiratn  the  df»w-point^  and  thus  fn.ible  us  to  1<  nrn  tho 
elastic  force  of  the  vapour.  i)alion  hrst  proposed  this  method  of  Hygrometry,  using 
a  cap  of  eold  watra*.  Le  Boi  propc^ed  the  um  of  ion  for  tiiia  purpose ;  and  in 
the  ulistMii^o  of  any  !  v  :~omotiT,  tlio  dew-point  may  be  a'^i'<Ttaip.i"I  \vry  a(X'umt«  ly,  by 
exposing  to  the  air  a  small  bright  metal  cup,  for  iostuuce  a  platinum  crucible, 
erataiiiing  water  eoded  tnr  lee  or  1^  some  salt,  sndi  aa  Bal>anunoniao  or  nitrate  of  am* 
monium,  aissolved  in  it.  The  water  is  to  be  stirred  with  the  bulb  of  a  small  thermometer, 
and  the  degree  noted  at  vhich  dew  b^;ins  to  form  or  to  evaporate  on  the  bn^^fatmetaUio 
surface. 

Daniell's  ,%^rr(>m^^  waa  die  fliBt  accante  inatraraant uvoit^ 

to  detemune  tha  dew-point  with  <v>n<»idenible  ease  and  exactness  (DanitWs 

^tkorvioi/H'al  K-<s(i)/s^  p.  127).  It  consists  (yJ^.  666)  of  a 
small  glass  siphon,  at  each  end  of  wtiioli  is  a  thin  glass 
!ndb  alx'ut  1:^  inch  in  diametrr.  Tho  liui^cr  leg  ah  i.^ 
about  4  inches  loitt;  and  contains  a  small  but  very  delicate 
thennometer,  the  bulb  of  wlitoh  ia  within  the  teraioal 
glass  ball.  Tin-  sljihon  rontains  i^o  mnoh  common  eth<T 
aa  when  poured  into  the  lower  bulb  c  will  rather  more 
than  ban  ooTer  tha  aneloaed  tliennoDMter>lMl1x  Btton 
the  tube  is  scaled  Vp,  the  ether  is  boiled,  so  as  to  drive  out 
the  whole  of  the  air.  The  essential  part  of  the  instru- 
ment is  completed  by  covering  the  upper  bulb  d  wiUi 
Binslin  and  gilding  a  part  of  the  low<*r  bulb.  It  is  now 
usual,  howt  vi  r.  to  mnVr  thi.';  lower  bulb  of  black  gUu^ 
The  siphon-tube  id  placed  for  wnKi  upon  the  little  stand 
iHudi  eontaipa  the  second  thermometer /,  in  order  that 
yrv.        r  the  tempi  ^  *  r  of  tha  air  may  bo  obaerred  at  the  fame 

/    I  ^  time  as  its  dew-point. 

r    0    1     '  /  To  make  aa  obaorvation,  all  the  edier  within  tho 

^y^^      J     i4  instrument  is  first  poured  into  the  lower  bulb.  Tlion 

^""^  taking  a  bottle  o£  oonunon  ethasr^  a  few  drops  arc  ptnired 

upon  the  nraslia  of  the  npper  balb.  Its  evaporation  ooob 
the  bulb  and  condenses  the  ether  vapour  within.  Fresh 
vapour  flows  along  the  bent  tube  from  the  lower  bulb,  and, 
in  the  manner  of  WoUaston's  cryophortis,  the  tempera- 
tnre  of  tbia  lower  bnib  is  .  lually  reduced,  nntil  the  dew-point  of  the  surrounding 
air  is  renchfd,  and  dew  mny  be  observed  formin?  npon  tlic  gilded  or  blackened  surface 
of  the  bulb.  The  dew-pcint,  as  shown  by  the  included  tiiermometer,  is  then  to  be 
read,  bot  aocuaey  is  <»ily  to  be  attained  bj  obierving  aevenl  aoeeeeaiTa  depoiitioiHl 

re  M  eaokm 
MgtMpf  ow 


iff,  m. 


*  A  nefclect  of  this  fact  bai  Iml  mwof  ■ 
BOMd  or  two  (nilepeiidtm  MOMMpbciiib  asmelror 
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eraporatiiMUl  of  dew  in  a  manner  folly  described  under  the  hc^ad  of  Begnault'a  . 
Hygrometer. 

The  hygTotnctcr  of  Danioll,  how*>Ter  elegant  and  pleasing  in  theorv,  has  many 
sources  of  inconvfnu-noe  and  inaccuracy.  The  expenditore  of  ether  is  considerable  and 
costly,  and  in  a  hot  and  dry  climate  it  is  very  difficult  to  obtain  any  depoiidon  of  dew, 
during  the  long-continued  manipulation  and  close  ob8er\  ation  of  the  instruTncnt  wliich 
is  always  necessary.  The  warmth  and  moisture  of  tJie  hand  and  body  are  sure  to  atiect 
the  in<Ucatioiw  of  both  tlMnB0inet4>r8.  The  cold  ether  vspow  flownff  from  the  upper 
bulb  may  also  cansf  inaccuracy.  The  last  and  most  iinportant  objection  is  that  cold 
is  produced  only  at  the  attdace  of  tha  ether  in  the  lower  bulb,  and  there  is  no  agitatioa 
of  4(0  liqvM  to  fomm  vmSbmdty  of  t— iperatnre.  Henee  the  intmial  thermometer 
may  often  indicato  a  temp^Tatun-  s>on)e  degrees  different  from  that  at  whicli  dew  is  being 
deposited.  This  ol^ectioa  is  partially  remedicMl  by  making  the  lower  bulb  oblique,  so 
one  pot  of  it  dial!  be  nearly  in  ocmtact  with  the  thermometer-bulb  within* 
Darnell,  well  aware  of  this  objection,  remarks  that  dew  will  first  be  depoaitod  in  m 
circle  round  the  bulb  near  to  the  t^urface  of  the  ether,  nnd  directs  that  the  tMndiOnte(er> 
bulb  shall  be  placed  so  as  to  b«  cut  by  tlxe  surface  of  the  ethor. 

SnbseqiMBt  tp  JDaiiieira  inrentioii,  aevenl  dew-point  in.strumonta  were  devised,  in 
which  the  evaporation  of  ether  was  inade  to  cool  the  Indb  of  a  thennomet^'r  and  cause 
fB.  deposit  of  dew,  either  upon  the  bulb  ur  a  metallic  capsule  iu  a  mure  simple  manner. 
Swhia  that  of  Jonea  (PhiL  Trans.  [18261  cxvi  pt  ii.  53).  Of  a  similar  nature  ave 
the  Jfygrom^fre  a  capsule  and  the  hyqro.iH  tre  ii  virulf  iTvr  of  Pouillet  (El^m.  da» 
[7th  ed.  1866]  ii  739).  That  of  M.  Belli  tAuu.  Ch.  Phys.  UJ  xv.  6U6)  ia 
diflerant  and  very  iogenions,  giring  a  contiBiial  indieaaoii  of  Ihe  dew^pMBt. 

Con  n  ell's  fii/(fri>incter,yejj  lately  piH^posed,  and  to  some  extent,  we  believe,  brought 
Into  use,  consists  of  a  thermometer  with  its  bulb  immersed  in  ether,  contained  within 
a  amall  matal  i^be.  A  eoauium  axhanatbg  syringe  is  used  to  cause  the  evapoiatioii 
of  the  ether,  and  the  dew-point  is  then  ascertained,  exactly  as  in  Daniell's  or  Rc^anl^a 
hygrometer.  This  methcxi  presents  some  slight  advantages  otpt  DanieU'f,  Tnit  retains 
all  its  worst  causes  of  error  and  inconvenience.  It  is  ah>o  an  expensive  instrument,  and 
eamiot  compare  with  Regcault's  Condenser  Hygrometer  either  in  theory  or  in  practice. 
It  \s  described  in  the  TnuMadaona  of  the  IBiipl  Sodety  of  Edinbufgh  zzL,  and  PhiL 
Mag.  [4]  vtii.  81. 

.  Dr.  George  Cnmming's  JIij(jro)mUir  (Quar.  Jom.  of  Sci.  &c  1828,  Jan.  to  June, 
p.  403)  seems  first  to  have  introduced  a  method  now  flaally  adofted  aa  the  bMtb  ik 
0(»8isted  O^.  667)  of  a  thin  glass  or  metalLLc  tnbe 
aomtawmig  a  deHasate  thenttometar  enveloped  in 
sponge  or  other  ponjus  substance,  upon  -which  a 
httle  ether  was  to  bo  poured.  Almost  any  degree 
of  artiflewl  eoid  eottld  tneD  be  prodneed  by  a  atamoa 
of  air  fnwn  a  pair  of  bellows,  or  other  pneumatic 
eontrivance.  The  only  important  objection  to  this 
instrument  ia  the  presence  of  a  spongy  or  porous 
anbalOTCKV  which  would  present  paiMiiaiftimily  of 
temperature  within  the  tube. 

livbereiner  further  proposed  a  hygrometer  in 
wiueh  a  euueut  of  air  from  a  forcing  pump  is  made 
to  traverse  the  ether,  disposed  as  in  Danicll's  in>(tni- 
mMit»  and  thus  produce  cold  by  evaporation.  (Pogg. 
Ana.  ber.  9S9.) 

Rognanlt's  Comlrmi-r  Ih/gromfter  (Ann.  Ch. 
Phys.  [3j  XV.  12^")  may  be  described  as  a  perfect 
faaCnmieaA  of  ita  Idnd.  Ib  iti  eomplete  fbm  {fig. 
668)  it  conMifst.s  of  a  very  thin  and  brightly  polished 
mknx  thimble  a,  id  nun.  high  and  20  mm.  in 
diameter,  fitted  to  tiie  ^haa  tobe  ft,  which  again  is 
fixed  by  the  small  lateral  tube  and  the  metallic 
tobe  at,  to  the  stand.  The  upper  end  of  the  glass 
tube  b  is  closed  by  a  cork,  bearing  a  thin  ^lass 
tube  e,  descending  nearlv  to  the  bottom  of  the  silver 
thimble,  and  a  very  delicate  and  accurate  thermo- 
meter, the  pear-shaped  bulb  of  w  hich  is  in  the  centre 
of  the  thimble.  A  seroml  ex;vctly  similar  thermo* 
meter,  similarly  placed  within  agla?<stube  and  silver 
thimble,  is  mounted  on  the  other  side  of  the  stand, 
but  the  oofk  is  not  penetated  by  any  glass  tube. 

To  maka  an  ob•smt^Ol^  aQ  maah  good  ether  ia  poiaad  intothatabe  6  aa  wi^ 


Fig.  667. 


Fig.  668. 


1^ 


H 


Digitized  by  Google^ 


226 


HYGROMETRY. 


more  than  fill  the  thimble  to  the  level  /,  and  the  cork  being  fitted  in  air  tight,  the  in- 
Btrument  is  put  in  connection,  by  means  of  tlie  caoutchonc  tub«  ^,  with  a  common  aspi- 
rator, by  which  an  exactly  regulated  flow  of  air  through  the  instrumflnt  ma^  be  obtained. 
TJm  aqpintor,  vbich  may  have  a  capacity  of  8  w  4  litres  (3  or  4  quarts)  it  placed  dote 
to  the  observer,  and  flic  hysromoter  may  bo  at  some  distaaoB^  inatUM  oafcade  s 
window,  being  observ  cd,  if  uec<  ssary,  with  a  telescope. 

Now  when  water  is  allowed  to  llow  finm  tha  mpbataK,  air  is  dnwn  throui;h  fhe 
tuli(',  au<l  bubbling  uj«  (lirou'^h  tlie  ether,  ranses  a  vnrwe  or  less  rapid  evaponif  ion.  Th>' 
Uiiip«-niture  of  the  ether  is  thus  slowly  reduced,  and  from  its  constant  agitutiou  by  the 
stream  of  air,  tha  atlvar  thimble  and  the  tihtennometeaNbiilb  are  maintained  at  an  exaedj 
siiriilar  tomporaturf.  After  a  mijmto  or  two  at  thr  most,  dew  will  bepin  to  form  on 
the  thimblo  and  will  be  very  visible  on  its  bnghlly  polished  aur&ce.  The  ihw- 
moarlar  vt  UMtaatly  to  be  i«ad,  and  the  etmun  ftom  the  asptntor  to  be  atofyped. 
Suppose  that  tho  r»MtHiiii  observed  is  48-1"  ]■'..  t!ic  doj  osit  of  dew  may  increasr  for  u 
few  moments,  but  will  soon  b^^iii  to  e^-aporate  agaio,  the  thermometer  rising.  At  tho 
tnoment  tiiat  the  dew  entirely  disappears,  read  iSb  themometw  again  ;  lei  it  be 
ConsideriGjt:  th;it  ilcw  ri  quires  a  short  time  to  form  or  i  vaporate  in  a  visible  <l('u^rfi-,  it 
k  obvious  Uiat  tlie  dew-point  lies  between  48*1  and  49  3.  Let  an  exceedingly'  slow 
cozrent  of  a&  be  now  drawn  through  the  ether,  so  that  die  thvrmomeler  ia  Tcoy 
gtadaally  reduced  to  49'2,  49  1,  49*0,  and  bo  on.  Tho  point  at  wliich  dew  first  appears 
may  now  be  observed  with  much  greater  accuracy ;  let  it  bo  48 'S.  Still  it  is  probable 
that  48  8  is  somewhat  below  the  exact  dew-point,  U,  when  the  current  is  stopped,  tho 
•malldeposit  oi  (low  vaaithoi  at  49*0,  we  may  conaider tha  mean,  or  48*9,  to  be  thatma 
dew-point ;  but  if  necessary  we  msy,  by  still  slower  procednre.  approximate  even  more 
closely.  "  All  these  operations,"  observes  M.  Rc<gnault,  'Make  more  time  to  describe 
than  to  execute;  with  alitth-  pi-ncfico,  three  or  four  minut«s  are  RdBiBMSt  fiw  date^^ 
mining  the  dew-point  almost  within  ^  of  a  degree  Centigrailo." 

At  uie  same  time,  the  second  thermometer  is  to  be  read,  to  give  the  common  tempe- 
rature of  the  air.  Viom  its  parallel  oireuraatances  and  positkm,  its  indieadons  would 
br>  fTnetly  similar  to  those  of  the  other  :  hein^f  the  diflTerenfe  of  the  two  frives  th«*  ib  {ire«- 
sion  of  thfl  dew-^int  trom  almost  all  kinds  of  error.  It  is  obvious  that  all  the 
olgaaljonable  pomta  in  DanMlTB  hygrometer  are  aToided  in  tin  adTtiimMa  instm- 
menf.  The  only  n'maininp:  objt'cfli  .n  ia  t1io  inei>nveiii«Mie.' of  keepint;  or  earryiiii?  ftVxiuf 
a  laige  aspirator,  and  fhH^uexuIy  filling  it  with  water.  In  the  K.ew  Obi>erTatox;)r,  the 
aajyimrtior  ia  in  the  Ibim  of  a  drenlar  bdlowa^  to  tin  hnwer  morable  boaid  of  wmieli  m 
weijLjIit  is  attache"!.  ^Tr.  Welsh  also  proi)Osed  to  expand  the  upper  end  of  tha  tuba  a 
into  a  amall  fimncl  by  which  fresh  ether  may  readily  be  introduced. 

laeaL  Noble  has  obtained  dew  with  this  hygrometer,  at  all  temperatorea  down  to 
—  35®,  the  limit  of  graduation  of  his  Uiermometer,  the  only  requisites  when  tha  daw- 
point  is  very  low  being  patience  and  pure  ethpr.    (Phil.  Mag.  [4]  xi.  306.) 

Several  London  instrument -makbrt*  huve  rondert^  this  instrument  less  expensive  by 
omitting  the  second  ttiennDineter  and  its  appendage.-*.  They  have  likewise  sub«titutad 
a  closed  ttibo  of  black  glass  for  the  polished  silver  tliimbh".  This  is,  on  tho  whole,  an 
improvement,  for  the  dow  is  even  more  viaible  on  the  black  sorfaci',  and  the  difficulty 
of  maintoining  the  alTet  bright  ia  avoided;  but  on  tha  other  haii«l  tli«  onifiovmity  of 
Fia  M9  temperature  is  not  "o  ri:mrnn«ily  ensured.    As  rcf^nrd'^  the 

^*      '  temperature  of  the  air,  we  think  it  is  best  leaml  by  tiu  orUiuary 

thennometer  freely  expoeed,  and  that  Bcgnault's  parallel  »»• 
rangement  of  the  second  thermomr-ter.  althoii;_'h  beautiful  in 
theoty,  is  actually  erroneous  and  imdesirable  in  the  ordinary 
nae  of  the  inatrmneirt. 

Exi-ejif,  liowever,  for  refined  reaenroht"'?;  or  loii<i;  eontinued  series 
of  observation,  a  much  simpler  apparatus  will  serve.  Tho  prao- 
tioal  chemiat  haa  only  to  take  a  common  test-tnbfli,  oootminn^ 
about  1|  inch  depth  of  ether,  insert  somewhat  loosely  iidelk-ato 
tQbe-thermomcter  and  glass  tube,  as  shown  in/ig.  609,  and  gently 
blow  with  the  mouth  through  the  bent  tube  a,  sad  the  whom 
process  of  observation  can  be  conducted  almost  as  well  as  in 
Begnault's  complete  instrument.  It  is  necessary  to  have  the 
tobe  a  of  considerable  length,  that  the  moistness  and  warmth  of 
the  body  and  the  breath  may  not  a£RMBt  the  air  surrounding  the 
tribe.  The  writer  had  H-i>-d  Mn-h  an  npparatus  daily  for  mnny 
mouths  betorw  uuticiug  iliat  lieguault  jiieiitiousi  its  sueeessful 


HygTometry  by  Svaporation.— Dr.  Tfutton  of  Edin- 
burgh first  sugge8t(»i  that  the  degree  of  cold  produced  by  the  evaporation  of  water  in  the 
air,  wmdd  depend  ii^Qii  and  thaiMliMaindieata tha  moiatnaaso^  Laalia  again 
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Tery  distinctly  stated  this  principle  (Leslie,  On  the  Rfhitiam  of  Air  to  Hmt  trnd 
Mcisturt,  1813,  p.  39),  and  reduced  it  to  pructicc  by  covering  uue  of  tbe  bulbs  oi"  iiis 
diflmntaal  an^tBermoineter  witli  wet  musUn.  Toe  notion  of  the  column  of  watar 
towards  thf  moist  bulb,  of  course,  shows  thn  dr>prt««sioTi  of  the  temperature  of  ovnpo- 
ration.  Tkit>  hygrometer  might  yet,  we  think,  be  oftcu  uM^d  iu  citrLain  research*)^  and 
nii^ht  be  added  to  the  commgn  weathtr-glass. 

Th''  Drt/'  and  Wei-Btdh  Ih/ffrometfr,  callr*!  un  tlio  Continent  thf-  Vft^kromettr  {^XP^^* 
cold ;  furpovt  measure),  is  formed  of  two  simiiar  delicate  thormometers  placed  in  a 
gantle  cuBwilt  cf  air,  the  bolb  of  coa  tiharaMraetflr  bain^  covered  with  muslin  and  kept 
TMOHt  hy  a  cotton  thread  loitding  fn>ni  a  .small  rt-s.  rvuir  of  ruin  or  distilled  water.  The 
diy-bulb  tiMmioineter  indicates  the  true  temperature  of  the  air;  the  other  will  be 
fMad  to  laBMin  atatiflnaiT  at  a  tempsfatnia  said  to  ba  that  of  avafMwatioo,  whish  is 
U-suully  s»  veral  dc^rwa  b^ow  that  of  the  air.  In  8aturat.ed  or  motHt  air,  the  thermo- 
meters read  alike ;  the  diffanoos  inoraasfM  insome  ntoportioB  to  the  drynm  of  the  tdx, 
and  any  ba  wed  aa  »  sttAoiMit  nsasiua  of  the  dijuess  in  nan j  praotiea!  naltcts^ 
such  as  the  ventilation  of  dwelling-houses,  halls,  plant^houses  and  so  on. 

Prom  observations  of  the  dry-  and  wet-bulb  tbermometors,  it  is  further  possible,  by 
Bicans  of  tables  previously  determined  b^  experiment,  or  by  calculation  from  a  priori 
nriiidplei^  to  determine  the  existing  tension  of  aqueooa  TH>oar»  and  Other  hTgromsttia 
data.  The  most  trustworthy  ta!»h'  for  i^uch  reductions  is  the  following,  which  ha."  hron 
obtained  by  Mr.  ainisshor  frum  ilic  combination  of  all  the  sinmliuncous  obncrvuiiuuii 
«f  tba  dzy-  and  wat>bulb  t!i«-niioin<'ters  with  Daniell's  hygxoflMilav  taksn  at  the  Koyal 
OWrmforr,  Greenwich,  from  thi  yt  ar  isil  to  1854^  wim. aona  obaarratioBs  taken  at 
high  ton)]><  mtures  in  Imba,  ami  otlurH  at  Toronto. 


Tablb  1.  To  obimn  tk«  detD-poinL  multivly  the  difference  o/  reading  of  the  thermo- 
meters  by  the  factor  opporita  tfs  orf-htuh  reading,  tmd  subtnut  tke  product  from  ik» 
dry-bulh  readitiff. 


Dry-bulb 

Dry -bull: 
thinnno- 
meter  K. 

Drr-butb 
tbsraiCM 

10© 

878  1 

330 

301 

1-94 

78° 

1-69 

11 

373 

34 

3-77 

67 

1-98 

79 

i<eo 

13 

878 

85 

2-60 

58 

1-90 

80 

13 

877 

36 

3-60 

59 

1-89 

81 

1-68 

14 

8-76 

•  87 

2-43 

fit) 

1-88 

83 

1-67 

15 

876 

38 

2-86 

61 

1-87  1 

83 

167 

16 

870 

39 

2-32 

62 

1-86 

84 

1-66 

17 

8-62 

40 

3-29 

63 

1*86 

86 

1*66 

18 

8-50 

41 

2  26 

64 

1-83 

86 

1  66 

19 

8-34 

42 

2  23 

60 

1-82 

87 

1-64 

20 

814 

43 

2-20 

66 

1  81 

88 

1-64 

21 

7-88 

44 

218 

67 

1-80 

80 

1-63 

22 

7G0  \ 

45 

2  Ifi 

68 

179 

90 

163 

23 

7-2S 

46 

2  14 

69 

178 

91 

1«2 

24 

6-92 

47 

212 

70 

1-77 

92 

1-62 

25 

R63 

48 

210 

71 

1  7(i 

93 

1-61 

26 

608 

49 

208 

72 

17i 

;  94 

1-60 

27 

6*61  1 

50 

206 

73 

1-74 

96 

1-60 

28 

512 

61 

204 

74 

173 

96 

1-69 

2» 

4-63 

52 

2-02 

75 

1-72 

97 

1-69 

30 

4-l« 

A3 

S'OO 

76 

171 

98 

1-58 

31 

3-70 

54 

ins 

77 

1-70 

99 

1-63 

33 

3*39 

55 

1-96 

• 

As  an  mmml^  kt  tfaediy^bvlb  tbimoaMtor  stand  at  84<3^F^  and  tin  wrt^telb  at 

Wrw* 

6 1-3  -  60-8  =  3-0  =  difference  of  readings. 


Xheii&ctor  to  be  used  is  1*83  oppoaito  61°,  thf  nearest  degree  to  64'3. 

64-3  —  3-5  X  1-R3  =  o7-0°  ^  dL-w-ix>inf. 

In  the  PhiL  Mag.  f  4J  xi.  304.  ia  a  table  for  reduction  of  diy  and  wet-bulb  readings 
linai  61«  P.  down  to  -  16«,  giving  also  ths  probaUaenor  and  mcistura  of  pradsioo  af 

the  results  detenu  In  ed       Lieut.  KoLl.-  from  ol)?.rrvations  at  Tonmtn. 

Tha  diT-  and  wetrbolb  thcnoom^  having  loog  becomo  the  ordinary  working 

'  aa 
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hygrometer  of  the  meteorological  obsezrar,  Itx.  Qlaiahcr  has  paid  mach  aUenttim  to  the 
peiftdang  of  the  iiMtnmMiit  in  smy  d«<talt   He  Iiim  flnalfy  ttdoptod  «  pur  ct  rnj 

(l.'Iioate  th«Tmf>rii' t rrs  (sim' /./.  riTO)  about  cm.'  foot  lon^',  and  with 
Fiff.  370.        small  nfbeadfial  bulbs  of  tlua  glsM  of  about  i  inch  diameter, 
lliey  «ra  iiio<mt«dti|Kn  mcftalsed^ 

to  +  130<*  F.  and  fixed  parallel  to  each  other  from  2  to  4  incbea 
t        1  apart  upon  a  metal  cross  piece.    Care  is  taken  that  each  pair  of 

r  thermomcten  is  as  exactly  similar  as  possible.    The  bulb  of  the 

^  w«t  thenmometer  is  ooTered  with  thin  muslin,  round  tbe  neck  oi 

■which  is  twistM  n  ponrlncting  thread  of  lamp  wick,  common  dam- 
iug  cutlou,  or  floss  hilk ;  this  pn«seB  into  aii  ii<lj;icom  vcsv.'l  of 
water  placed  about  three  inches  distant  from  th*  w.  t  liulb,  a 
little  beneath  it,  and  on  the  njipositc  siilf  to  tlic  ilry-lmlb  tht^r- 
luomettiT.  It  i«  a  Terr  objectionable  practice  to  place  a  lou^ 
(^«w  dsteni  b«t««en  the  two  thonnoiiioten ;  for  toe  water  will 
srMom  be  of  exactly  the  same  tempfraturo  as  the  snrrv)un»iin>r 
air,  aad  will  tend  slightly  to  ntiatA  tho  readings  of  both  thermo- 
nofesm  writer  ^hIhfi  for  ft  dstem  ft  shott  ttftirow-neelceA 
glass  bottle,  from  which  but  little  evaporation  will  take  place. 
The  water  must  be  either  rain  or  distilled  water.  Care  must  be 
taken  ncrer  to  record  any  readings  when  the  bulb  is  not 
thoroughly  moist  u]l  over.  Am  dust  awl  Sftline  particles  gradually 
settle  on  the  wet  muslin,  it  is  well  to  re-eover  the  bulb  and  smpplv 
a  fresh  wick  about  every  month.  J'nforc  use,  too,  each  wick 
•honld  be  Wftdied  in  a  solution  of  carbonate  of  soil  i,  and  pressed  whilst  under  water 
thmMg:hoQt  ita  len^rth.  The  sup^  of  Wftter  to  the  balb  can  be  eoiiJj  regokied  Ij 
raising  or  lowering  the  cistern. 

In  taking  an  observation,  the  dry-bulb  thermometer  is  flnt  to  1>e  lead,  beeense  it  is 
roost  liaMc  to  chani^c  ;  the  wct-Lulb  Is  tlicn  tn  be  read,  tlie  two  readilij^s  to  bo  recorded, 
and  a  comparison  with  the  thermometers  made,  to  secure  the  correct  number  of  whole 
degrees.  The  oheerrer  must  fellow  the  direetioiiB  under  tiie  artide  TnsMoianrHB, 
n^ards  placing  the  instniment,  correcting  the  thermonioter-readin^^v,  &c. 

Tho  dxy-  and  wet-bulb  hy^^^rometer  continues  to  act  even  when  the  water  is  frozen, 
sinee  eraDontion  still  tak>  phice ;  but  especial  care  mnat  betaluothat  the  bolb  lenlly 
is  coverea  with  ice,  and  if  not,  water  must  be  poured  upon  it,  and  the  observation 
delayed  till  the  water  bo  frozen,  and  th-'  (liermometcr  sink  to  a  constant  reading.  In 
frosty  weather  it  is  best  to  wet  thu  bulb  ufter  every  periodic  ub&crvaiiuu,  or  at  least 
ten  minutes  before  the  next. 

Themy  of  the  T*9m-hroiii<  tcr.  -Althmic:h  we  may  ascertain  the  dew-|>oint  frvini  read- 
ings of  the  dry-  and  wet-bulb  thermometers  on  puif  Ij  t^xpcrinu^ntal  grounds,  Hit  in  using 
Oaidior' x  f  aoton,  the  snbjoct  also  admits  of  mathematical  investigfttioB.  fb.  iTOry 
first  Bolv.-ii  the  problem  (Phil.  Ma<r.  f3]  Ix.  Sii)  \\ith  snl'staiif ial  oorrectnc«s.  ATiprn?«t 
ttf  Berlin,  and  iiohnenberger,  showed  the  coincidence  of  the  thi>un'  with  experi- 
ment, and  determined  the  constants  with  eeennuiy  (Angnst,  Oeier  ik  Pbrfytkrittt 

der  IJj/frmmrfnr  in  (frr  yeuisf.ni  Z' it,  IhrU.i,  lS3n.  —  Bohnenborger,  Tu^'inq' n  ynf. 
Hist.  iH>c.  Memoirs^  voL  iL).  But  the  aiibject  is  beet  known  in  England  from 
Br.  A  pj  ohn's  exceBent  mnlts  (FhiL  Ma^.  [3J  vL  183 ;  viL  206,  470 ;  xio.  Ml). 

Wc  new  ^n'Te  the  imreitigvlioii  M  it  u  »tated  bj  BegnnnH  aifter  tho  metliod  of 
2tL  August. 

The  eTftporatKm  of  a  liquid  involvee  the  oonTersion  of  wnsible  into  latent  heat,  and 
the  supply  of  heat  must  be  drawn  from  the  lii^uid  evaporated,  ftt)m  the  remaining 
liijuid,  or  from  snrronndinir  objretM.  When  air  js  in  contart  with  the  inoi^fen.'d  bulb 
of  u  tliiTmometer,  the  eviipt>ratiuu  of  llit-  water  will  reduce  ihe  lotupt>rature  of  iht  bulb, 
but  the  fall  of  tempemture  will  be  checked  by  heat  communicated  from  the  remainder 
of  t!ie  air.  At  "omc  point,  \}u-  amnnnts  of  hi  iit  subtracted  and  comraunicftted  Will  be 
ec^ual,  and  an  invariable  temperature  of  evuponition  will  be  the  result. 

Let  OS  BOjppoee,  with  M.  An|{Qst,  that  the  porti«»M  of  air  aooeessively  in  eootnei 
with  the  moist  therm r.metcr-bnlh  become  thereby  periiBetly  Bfttonted  wiu  BMHOtnre, 
and  are  reduced  to  the  tcmpexaturc  of  the  bulb. 

Let  IS    weidit  of  stntitm  of  dij  air  raixonndiDg  tho  bnlb  at  0^  C,  aaid  wdcr 
the  pressure  of  0-760. 
h  m  height  of  barometer. 

t  —  tempemtnre  of  eiiivonnding  air  given  by  the  dry-bulh  thermometer. 
t  =  temperature  of  eTa|Mmtion,  or  the  reading  of  the  wet-bulb  thermoraelir. 
fusAf'^  the  elastic  ftnora  of  satonted  aqneons  Tspour  fur  the  temperaturea 
i  and  t. 

«  a  the  actnal  elaatio  IbMo  of  imponr  in  tho  air  at  tlie  time. 
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In  tliestntainof  air  sunotinduig  the  bulb,  the  aqueons  Tapour  exerts  the  elastic  force 
/,  «ttd  tha  air  eonw^iieiit^  exerti  the  alastic  force  h-f.  The  weight  of  dry  air  is  theo 

1  A—/' 

1  +  a  ^'  30 

«  beiiig  the  ooeffideat  of  eimnsiozt  of  a  gas  for  eveiy  d^preo  of  tomperatuie.  The 
vqg^  of  vipoav  afaMify  ill  aia  «ir  ia 

Wo  •   ;  •  —  ; 

l  +  a/  30 

in  which  B  repreamta  the  specific  gravity  <^  aquoons  rapotir  in  rdation  to  air.  The 
weight  of  Taponr  addad  bgr  eontact  with  wet  bub  Btmilarly  ia 

!^ow,  if  7  be  tbo  sp«  oifta  Int  of  lii^  tiM  ipaal^  cf  haafc  diaa^0^(ld     tha  ^  av 

in  cooling  ftom  tUtt'm 

Similarly  k  being  the  specific  heat  of  aqoeooaTipoar,  thaqiMVli^of  iMltdlaCBgi^ 
117  the  Tapoar  yefiouily  in  tha  air  k 

Laalij,  lei  X  be  fhe  latent  beat  ibanbed  by  walei^  viieti  beooming  gaseow  betvam 

th<-  tvnqH'rn'uri-  (  and  f. 
The  9,Qai)ti.ty  of  heat  absorbed  will  be 

1  -l-ar  SO 

NofviriMD  tfie  temperaton  of  tfapoHtioii  ia  conalml)  tine  bait  abmbed  ia  ev^fK 
xatioQ  niwt  bo  eqwd  to  tint  givmouft  Ijthoaic  iiid  tiio  other  portaoikof  f^ow; 

ovmbm^l^ogpiati^gllMBiandflMldi^otttllMlbfite  .  ^. 

jr^  1  f  J  *• 

.  1  +  ^  (<-o  i+|(<-0 

Inserting  raluee  of  the  known  quantities,  namely,  for  0*2669,  for  Xr,  0-2669  (the 
^lecifle  beat  of  aqueous  Tapow  bMng  assumed  eqnal  to  toat  of  air),  fbr  8,  the  speofie 

gravity  of  aqueous  vapour,  0*6235,  and  for  X,  the  latent  heat  of  aqueous  vapour, 
640  — according  to  the  law  of  Watt,  and  neglecting  some  of  the  smaller  tenai^ 

▲ogpat  obtains  the  fbrmnla  #  «  /  .  ^  ^M)^^^  ^  *  ^  ^  tempenterM  boinf 

expressed  in  centipnidr-  <l.'prf*'S. 

Begnaalt,  uaing  more  accurate  data,  namely,  for  8,  0*622,  and  iat  h,  610  <* 
(V  «  *  -  Om«  M  beftuoX  Bodifict  titio  to 


BilMriiMnHj,  Begnaolt  boo  fimnd  that  tiio  ftnwOo  tt^f  ^  ^—^    ^  *h 

gives  an  obooit  perfeet  ooincideDce  betwoen  the  eoleolotod  and  troe  remits,  when  tbe 
•>'r  b  not Bore  than  ^oofiontod,  OthitwliotiioflnleoeaeUMitO^M  lo  to  ba  pre- 
ferred. 

The  Ibnnnbi  which  haa  been  moet  wed  is  the  zednettoa  of  dir*  and  wet-bnZb 
r.Ls.  rvafioiiH  is  that  oMiiud  bj  Dfe,  ABjobn.  In  Am  Otoevwioli  ODMrfotafino  it  io 
given  aa  IbUowa : 

w     ^     ^    ^       jp    f    ^  ^ 

The  flntllmnda  ia  tobe  used  when  fbo  Madias  of  tbo  irat4ni]b  ii  above  999 

find  the  srrond  when  below.  In  the  abOTe.  ff  is  the  differencft  of  the  dry-  and  wet-b^ilb 
reading  A  tUc  Uf  igliL  of  the  barometer,/  tia-  clastic  force  oj^pour  for  the  t<-"niperalur« 
of  tibe  wei-buib,  to  be  taken  from  Table  II.,  and  F  the  elastici  force  of  vapour  it'  tlio 
doiT'foiii^  ftomipiiieh  thodov-point  maj  boloiaiid,  if  aecuiiiiy,  I7  tbo  taUe. 
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the  errors  of  rfsiilt.s  ubfained      A|golm'0  mmilla^  ' 
obtained  by  G^laiBher's  factors. 
Taking  the  ej^tregnon  in  Uxe  fimn 

tiMtanuivith^  bemg  liiooiwidcMbb  «iNft  aft  giMt  hMg^tai,  flw  ftainiing  nbiM 
of  die  BOaflMint  m  have  beea  fl^ven  (Ibr  d^yeai  Ealub) : 

Ivory   -OUO 

Apjohn — ii  priori  calculation    ....  '011^9 
„     experiments  <m  dew-point      .       •  • 

n         n  nhSgmitioii  .     .     •  oiloO 

„     other  PxpcHments  ....  '01 140 

Boliuenbergcr— first  56  ubsorratious  .       .       .  '0114 

second  45        ^         ...  -011398 

KMBfttl        above  32°  F   -0118 

„  below  32  F.       ....  "0112 

above  S2  F.       ....  *0118< 


The  supposed  great  aoeoncy  of  m:uiy  of  thoso  determinations  has  been  somewhat 
shaken  by  the  later  experinu  iits  of  Uegnault  (Ann.  Ch.  Phys.  [3]  xv.),  for  he 
finds  that  the  temperature  of  evaporation  in  uvt  iuvuriabie,  but  sinks  lower,  the  greater 
the  zapidity  with  whidli  the  air  eanoaBdng  the  wet  balb  is  nHmng.  lie  is  thus  led 
to  doubt  the  soiindnpss  of  AiigTist's  assumption,  that  the  strattim  of  air  .snrroundinc:  the 
wet  bulb  is  always  saturated  and  of  the  same  temperature  as  the  bulb,  and  he  considers 
that  the  ladiaBfe  heat  fidling  on  the  hoSb  is  ea  dement  not  to  be  ne^eeted.  The 
ordinarj'  formulae,  however,  may  be  considon^d  suffleipntly  accimite  as  loqg  ai  tfaa 
velocity  of  the  air  does  not  eacoeed  6  or  6  metres  (16  to  20  feet)  per  second. 

Wequite  agree,  however,  with  Dr.  Drew  (''PndiealM^rtearology,"  p.  169),  that  the 
ptobleoiof  thedry-  and  wet-bulb  theriuometers  is  still  quite  open  to  firesh  investigation. 

Hf/fjrnmpt rir  Calculations. — Having  found  the  (low-point  of  the  air,  it  is 
usually  required  to  deduce  other  data  concerning  Uie  moistness  of  the  air.  The 
neeee— »y  flalcnTeticms  are  a  Itttle  intricate,  bub  haTemen  bto^gfat  to  a  rery  satisfiictory 
state  of  accuracy  by  Mr.  Glaisher,  whose  oxcellrr."  ^vT^rometrienl  t  iVles  for  the  dry- 
and  wet-bttlb  toermomoters,  give  all  the  necessary  deducti<»us  from  the^  reading  of 
the  tiiemnometm,  almost  wfthont  eatontadoD.  Them  taUea  are  qnite  sndiflpeneafie  to 
any  person  who  has  frequently  to  make  Iiygfrometrical  calculation i*,  but  the  inpenious 
hygrometric  sliding  rule  of  Mr.  Welsh  (Brit  Assoc.  1861";  Trans.  Sec  p.  42),  aa 
manufactured  by  Adie,  will  also  give  most  of  the  required  results  mechanically.  We 
can  here  only  enter  the  subject  Im^y. 

The  ohistie  force  of  aqtipoiis  vaprrnr  in  tho  air  is  the  same  as  the  maxiraam  elastic 
force  at  the  <lc\v-{Kjiut,  und  wv,  thurefure,  aAeertain  it  by  refen'ing  to  the  temperature 
of  the  ihnr-point  in  a  table  of  the  maximum  ehutic  force  of  vapour.  The  following 
uble  f  II. ),  ]\a\-iivj^  been  cakolated  from  the  experimental  zeenlta  of  Begnanlt»  ia  tht 
most  reliable  of  the  kind. 

If  there  bo  a  fractional  part'of  a  degree  over,  multiply  it  into  the  neat  following  difir- 
mc  in  the  tliird  cobinin  (dividing  i^  10  if  ft  decimal),  and  add  the  zeanlt  to  the 
number  opposite  the  whole  degree. 

This  table  &Wm  somewhat  flram  that  adopted  by  the  Bomd  Society  ia  their 
"  Report  on  Physics"  (p.  8f)),  and  fmm  .several  othoM  oalenlated  ftom  older  and  lees 
trnatworU»jei|p«ciments  than  those  of  liegnault. 

To  ind  ne  wdght  of  a  cubic  foot  of  aqueous  vapour  of  maximinn  temrion  at  say 
temperature  t,  let  Et  be  the  elastic  force  at  that  t<'mperaturo.  Then  since  2oS  148 
grains  is  the  weight  of  a  cubic  foot  of  vapour  at  212^,  of  an  elastic  fbroe  of  30  inches, 

258*448  grains  x  ^  would  be  the  wei|^  of  a  eobio  Ibot  of  the  Ta^w  oataiated  at 

temperature  t,  after  it  has  been  heated  np  to  212®  and  lc*  pt  under  the  same  pressure 
it  as  before.  Sinoe  a  gas  expands  0*3665  of  its  own  volume  from  32^  to  212%  or 
OIHMtOStfl  Ibr  eaeh  d^^  Fifdu*., 

258-448  gratns  x  -  x  t^.^H)a0361  x  (<>.>20) 

will  lie  thft  weight  of  a  cubic  foot  of  vapour  saturated  at  the  tempemtwa  f.  IBVUIA  this 
fonimla,  the  numbers  in  Table  III.  (p.  232),  column  %  yrete  obtained. 

^Mit-n  the  uu-  is  saturated  with  vapour  and  llie  tempegatnreof  the  air  of  er^KSitiott 
and  of  Oie  dew-poat  coincide^  the  rrqnired  w«%iit  of  Tapow  In  a  mIm  Ibotof  air  amy 
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TiLBLB  II.  Shounna  the  Maximum  Elastic  Force  qf  Aqueous  Vwour  in  inches  qf 
Mtremffor  099ty  degr€$  Fakt./rom  0*  to  10(r, 
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be  taken  at  once  from  fin-  fjrniulu  or  talile.  In  all  other  cases,  IwvBTa^  rfllCO  T^OttV 
abATf  it«5  dew-point  expands  like  any  other  ^s,  we  moat  haro 

Actual  weight  of  a    >  ^  Weight  of  a  cubic  foot  J   Volnme  at  dew-point 

adne  foot  of  vapour  J       of  Tapoor  at  den^poiBt)   ^   volume  at  tempcruture  of  air. 

The  weight  of  a  cubic  foot  of  dry  air  ia  easily  calculated  from  the  following  data  of 

Begnault.     Dry  air  expands  by        ^      or  •OO'iO^Gl  part.s  of  its  volume  at  tJ2°  F.  for 

'1      1    I  *i 

cTery  increaee  of  1^  of  heat,  and  a  cubic  foot  of  dirj  air  at  32°  under  a  preisttre  of  30 
indhfa  of  mereniy  we^ha  666*86  gnuns.    Tiraa  aro  eateolatad,  fat  a  yieMUia  of 

80  inchee  of  mercur}-,  the  nurnlh  rs  in  eolumn  3  of  Table  ITT. 

If  a  cubic  fool  ist  dry  air  and  a  cubic  foot  of  aqueous  vapour  of  the  same  tompcra- 
torelM  mixed  tog<ri2ier  and  comprotaed  ioto  a  enme  fi»ot  of  space,  tha  alaatie  fbvee  of 

the  mixture  -will  be  thi»  sum  of  the  elastic  forces  of  the  air  and  vapour.  In  onler 
that  the  mixed  or  moist  air  may  have  the  same  elastic  force  as  the  dry  air  previously, 
it  must  be  allowed  to  expand,  in  the  proportion  of  the  elastic  force  of  the  diytur  to  Ao 
ama  of  ihe  elastic  forees  of  the  air  and  vapour. 

Ilin«,  if  K,  —  .  la.stie  force  of  vapour  at  ternpemture  i, 

and  jp  as  eliibtic  furec  of  moist  air — suy  the  atmospheric  pres&ure  as  shown  by 
the  barometer 
"wt  hKnp  ^      M  alaittc  force  of  dry  air, 

volume  of  moist  air  p 

volume  of  dxy  air  "  p  —  ^* 
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Tabu  IIL 


1 

2 

S 

4 

1 

2 

3 

4 

Teinp«- 

Weight  of 
aculnc  foot 

Weij(ht  (iit  a 
cultic  foot  of 
dry  air. 

OraliM. 

Weight  or  a 
eubtc  foot  of 

viih  t«ponr. 

Tempe. 
•F.  ' 

Wrlftht  of 
acttbicfoot 

vapo«r. 
OralM. 

Wpight  of  a 
cubic  foot  of 
drj  air. 

OiiIm* 

Weight  of  a 
cubic  foot  of 

trittwjpoiir* 



0 

0-55 

606-37 

60603 

56 

504 

540-45 

537-45 

6 

0-68 

599*88 

699*40 

67 

6*21 

689*40 

686*30 

10 

0-84 

693  41 

592*94 

68 

5*39 

538-36 

630-15 

15 

104 

687-18 

5H6-65 

59 

5-58 

537-32 

534-00 

20 

1-30 

581  05 

580-26 

60 

6-77 

536-28 

582-84 

26 

1-61 

.')7o<>.') 

674*08 

61 

5-97 

;,3.V2') 

531-69 

30 

1-97 

569  17 

567  99 

62 

6  17 

r)34-22 

530-55 

32 

213 

566-85 

665-68 

[  63 

6  38 

533-20 

529-42 

S6 

2-89 

568-42 

661-09 

64 

;  65 

6-59 
6*81 

53218 
53117 

528-2S 
627-14 

40 

2-86 

667-77 

566-03 

66 

7-04 

530-16 

526-01 

41 

2^7 

566-66 

664^6 

1  «7 

7-27 

629-16 

624-86 

42 

308 

55556 

653-69 

G8 

7-51 

528  14 

623-71 

43 

3-20 

554-44 

652*62 

69 

7-76 

627*14 

622-66 

44 

3-32 

553-84 

661-36 

70 

801 

628*16 

621*41 

45 

3-44 

552-24 

55019 

71 

8-27 

525-16 

620-27 

46 

3-56 

56115 

549-02 

72 

8-54 

524-17 

519*12 

47 

3-69 

55006 

647-86 

73 

8-82 

623  18 

617-98 

48 

3-82 

548-97 

04G-G9 

74 

9- 10 

522-20 

61G-83 

49 

8-96 

547-S9 

54.V,3;i 

76 

9-39 

621*22 

616*69 

50 

4-10 

546-81 

544-37 

51 

4-24 

645-74 

543-21 

80 

10-98 

51639 

609*97 

52 

4  39 

r,  4  4-67 

542-06 

85 

12-78 

511*65 

63 

4-65 

643-61 

540*89 

90 

14-85 

506-99 

4Ui>43 

64 

4*71 

642*66 

639-76 

06 

17-18 

602-41 

492-66 

66 

4-87 

641-60 

638-60 

100 

19-84 

497-98 

488*66 

TbaaM  one  cubic  foot  of  dry  air,  aft«r  becoming  a«tiii«ted  irith  moistariH  wyiidii  into  tbe 
^      if  it  b«  wfflflnnd  xaAu  Qm  mom  ypMiiiw  m  befbra. 


1-5 
P 

We  may  r\ovr  find  the  weight  of  a  oabic  foot  of  «ar  ntumted  vitii  mtpuooM  vtfUmr  «t 

any  temjH'raturo  :  for  it  if*  obviously 

(Weight  of  cu1.>ic  foot  of  dry  air  +  w«^ight  of  cubic  foot  of  vapour)  x  . 

Thus  are  obtained  the  numbers  in  colnnm  4  of  Table  III.  When  the  dry-  and  wet- 
haih  thermomeierti  read  alike,  ve  have  at  once  the  weight  of  a  cubic  foot  of  the 
atmosphere  for  the  barometric  pressure  of  30  inches.  For  any  other  height  of  the 
bap^metor  -vrp  nui>.t  lunlfiply  l)y  this  hfight  in  inches  and  divioA  by  30.  WImb  IIm 
air  ia  uut  saturu.U'd,  we  muttt  subtract  the  following : 

Weight  of  cubic  foot  of  vapour  at 

/^Weight  of  cub.)  (w«i|^tcfeiib.ft\  

ViLof  diyair   >  ~  (of  Mtonled  air  /    Weight  of  euVic  foot  of  raposr  at 

perature  of  air: 

from  thft         of  a  cnUe  fbot  of  diy  air,  and  i«diioe  tb»  veanlt  as  baitoa  to  dio 

barometric  pressure  at  tho  tiOMi. 

TTic  Dnjnr  of  Humidity  reprpsents  \\\p  pmpnrtion.il  saturation  of  the  air  with 
moisture,  dcviiiially  oxpresscd,  so  that  saturated  air  has  the  degree  100,  and  perfectly 
dnr  air  the  dtprfo  O.  It  is  found  by  dividing  the  weigbt  of  vapour  (Table  III. 
column  2)  at  the  dew-point  by  ihc  -weifilif  which  wotild  hr-  prrjsfnt  at  tlif  tcmpfrj^ttin* 
of  the  air,  if  it  were  saturated  Some  writ^  use  the  cojTesTOndinjg;  elastic  forces  of 
the  vapours  at  the  dew-point  wod  temperature  of  the  vat  (Twla  IL)  ia  flaea  of  tfaa 
weights  of  vnpntir,  but  tlir  rt\«snlts  arc  nrarly  tlio  samp. 

^  Chemical  Method  o/  Uugrometry,  The  chemist  may  always  a-void  the 
difllenltua  atteadfag  Ao  oaa  of  hygrometers,  by  absorbing  the  aqueous  vaponr  from 
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Fig,  571. 


ray  giTon 

actually  weighing  it  upon  the 
chemical  balance.    The  necessary- 
apparatus  {fig.  671)  consists  of  a 
ttnmnou  a«{)irator  a  and  two  U- 
sbapeU  '!rviT:p-  tubes  6,  con- 
taining fra^iiii-nts  of  pamice^stone 
ioakeii  in  stroiip  sulphxiric  acid. 
The  8s})init<)r  ln'ing  full  of  \rater, 
the  second  tube  c  la  detached, 
winghed  Meocmtcly,  and  agaiii 
attach  Of!  on  one  siilo  to  the  other 
diying  tube  b,  on  the  other  aide 
to  •UBg  perf«alv  <lfy  tube 
by  means  of  whleti  air  fr<jm  any 
required  point,  as  for  instance  _ 
Urom  the  open  atmosphera  9Dt>  jxSp 
side  tlu'  Liboratory  window,  maj  f  j 
be  drawn  through  the  apparatus. 

Th»  fixed  dmng  tube  6  is  employed  to  prerent  any  vapour  passing  back  from 
the  aspirator.  Kegnault  took  great  pains  to  ascertain  the  least  necessary  size  of  the 
weiphtnl  dryinfj  tube.  He  generally  indeed  employed  two  weighed  tubes,  each  0-18 
nietrti  in  LeighL,  tilled  with  larffe  fra^ents  of  pumice-stone.  But  the  second  tube 
Tartly  gained  I  or  2  milligrammes  in  vaigll^  and  i^efly  served  to  afford  a  proof 
that  til.-  ri'  <j  rptinn  by  the  first  tube  was  complrte.  It  is  jiroliably  best  thrrefort* 
to  dispense  with  a  aeco&d  weighed  tube,  as  the  iacreastd  errur  iu  weighing  the  larger 
apparatus  will  probtlify  be  gvMler  than  the  minute  weight  of  vapour  wluch  aMj7>M 
lo<;t  Additional  accunu^  mij  alvija  ba  bad  bj  inoaaaiag  tba  volaiiM  of  air  paiwod 
through  the  tube. 

A  detcimiiuite  volume  <tf  vater  having  be«i  alknred  to  ioar  akmly  and  uilftvnify 

from  the  aspirator  by  the  tap  an  equal  volume  of  air,  of  coursi-,  [vt-'^sos  thrnugh  the 
tube  r,  and  becomes  desiccated.  The  weight  of  vapour  abmirbed  is  leamt  by  again 
weighing  the  tube  o,  but  to  detetniiiA  the  eorrHponamg  weight  of  air  with  aeenracy, 
\r<'  muj't  read  the  temperature  at  the  end  of  t!io  experiment  by  a  thermometer  plaeed 
in  the  centre  of  the  awnrator,  and  likewise  observe  the  bannnetor,  then  pei£>naiag 
tba  esleaktioo  aa  diiaeled  on  page  230. 

This  method  may  also  be  u»ed  to  determine  the  amount  of  wat^r  suspend^  in  the 
air  in  the  form  of  mist  or  cloud.  The  weight  of  the  watery  particles  is  the  excess  of 
the  whole  weight  absorbed  over  the  maximum  weight  of  vapour  (saturated)  m  given 
in  Table  III.  column  2. 

The  rheinicnl  determination  of  vapoinr  has  bean  folly  oonsidefed  hj  Bm  nnar.  (Ana. 
Ch.  Pbys.  [3)  iii.  309.) 

The  chemical  method  laSf^t  obviously  be  used  to  detemdna  the  averaga  amooot  of 
mpour  in  the  air  during  any  period  of  time.  It  is  only  nee*^»arv  for  this  purpose  that 
a  perf*«tly  uniform  stream  of  air  pass  through  the  dryijip  tul-e  tnrouj^hout  the  period. 
The  total  weight  of  vapour  absorbed,  ditidodbj  llio  total  woi^riit  of  air  passed  through, 
gives  the  r^q':i-'"H  r'sulf.  Such  a  process  wns  proposed  l)y  Dr.  Andrews  fKrit. 
A.-.'ioc  ISol,  Iraus.  of  Sec  p.  29^  who  has  also  descrilwd  an  aspirator  fiuitabie  for  the 
purpose  (FhiL  Mag.  [4]  iv.  990\  and  tro  know  not  why  it  u  not  adopted,  at  least  in 
Some  of  the  prineijr.il  ol>servatories. 

a;jgxtMe«9lo  liotflea*  Most  organised  ^structum  capand  or  contract  according  to 
Hwir  atate  of  moistom  or  diTBMBi,  and  many  organie  snnrtaaoM  to  sneb  a  degree  raat 
tliey  affjrd  ver}'  delicate  indieations  of  hy^xrometrio  cliaiifxe.s.  Thus  a  thin  Hbavirik:  of 
whalebone  laid  on  the  band  instantly  curls  up,  and  a  »lip  uf  whalebone  tarnished  with 
a  multiplying  index  fbrmed  the  hygromet^  finally  adopted  by  Deinc  (FhiL  Tnms. 
[IT'Jl  ]  Lxxxi.  419).  An  ivory  hygrometer  was  also  constructed  by  Dal  no  (Phil.  Trans. 
[1773]  p.  404)  and  Lefilie  (Ann.  Ch.  Ph.  i.  468).  A  hygroscope  formed  of  pieces  of 
flbal-wood  wan  dt'sigiuiHl  in  1676  by  John  Coniers  (PhiL  Trans,  xi,  716).  Chimney 
are  often  seen  in  which  certain  figures  are  canaad  to  move  by  the  contraotioil 


or  expansion  of  catgut,  thus  indicating  the  approach  of  rain  or  fine  weather  The  awn 
of  the  Andropwfon  contortum  has  been  used  for  similar  purposes  by  Cupt.  Kater;  the 
*wa  of  tfao  .^awMyi(<iH^  or  wild  oat,  by  Hooke;  the  internal  membranoof  tha^fruniio 
Tkraffirdff'ft,  or  common  reed,  \>\  A  <1  i  e  ;  and  the  FStnaria  lt>i(jromrtrira,  orcommon  eord- 
mofls,  th<'  arista  of  the  seed  of  the  HUpa  pennita,  or  common  feather-grass,  by  others. 
The  hvgroscope  omallj  placed  at  the  top  of  the  common  barometer  or  woathar-glaaa 
consists  at  ma  awv  or  niBWilo  Alomaiit  wbiohi&twiitiagortuitwia^^ 
index. 
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BeMttm^t  Bair  l^gnmdtr  is  the  only  insUntment  of  thii  eUuuwhk^  Hm  been  iop- 
poted  in  Itte  jMiM  to  possess  nny  SiMentifle  aoearacy  or  importance.  To  construct  it, 
lonjr.  soft  and  straight  human  hairs  must  be  procured  and  boUed  for 
hall  an  hour  in  a  litre  of  water  containina:  10  jrrammes  of  crystallised 
carbonate  of  soda.  After  beingwellwaslK^l  in  [  vjitor  and  dried  with- 
out heat,  tlip  hc-^  hair  is  chopfn,  nf  a  length  of  about  24  rcntiiiiotres. 
One  end  i»  fixed  to  the  tup  uf  the  instrument  (  7^^.  672),  and  the  other, 
being  passed  round  a  pulley  of  th«  diimeter  of  6  millimetres,  is 
attacln  d  to  a  ■vrr  lY'ht  of  ,\hoMt  0'2  grammf  (3  grains).  An  index 
fixed  to  the  pulky  muve*  over  a  divided  circle,  the  divisions  of  which 
an  datemined  by  placinnf  the  instmnent  4Mt  over  water  and  then 
over  sulphuric  aoid,  that  \h  in  jn'-rfectly  moist  and  perfectly  dry  air,  and 
dividing  the  space  which  the  index  in  thus  cauaed  to  move  over  into 
1 00  equal  parta.  When  well  and  ddieately  oocntmeled,  mieh  an  inatra- 

ment  will  prnmptly  sliow  the  slitrhfesf  <^hanp;es  of  moisture  in  the  air. 

B^nault,  iu  iiis  ''Etudes  de  rUygrom^rie,"  has  spent  much  labour 
and  ingenuity  in  trying  to  render  me  Hair  Hygrometer  adendflkjally 
u-^i  ful.  He  has  only  sufcceded  in  showing  that  two  of  these  instruments 
will  give  very  different  results,  if  there  exists  the  slightest  difference 
in  the  nature  of  the  hairs,  tlieir  preparation,  or  the  weight  by  which 
they  are  extended;  that  the  most  carefully  constxiuted  inatnL* 
nit  iitfi  are  Tnit  little  acrnrdant  ;  tivA  that.  aRrr  all.  tin*  de<rrf^  are  quife 
arbitniry,  and  can  only  be  reduced  to  truo  de^r.'es  of  liuniidit^'  or  force 
cf  at^ueous  vapour,  by  a  table  speeiany  d*  terinined  by  experiment  for 
each  instrument.  Such  a  table  mar  be  found  in  Ponillet's  FJernf-nU 
de  Ph^iqM,  7th  ed.  ii.  p.  742,  having  been  prt  pared  by  G.iy-Lu^c,  and  supposed  by 
him  ta  apply  to  all  Hair  Hygrometers. 

Recrniiull.  indeed,  has  found  that  tlie  zero  of  the  Hair  HygroTneter.  at  which  it  shonld 
atamd  in  perfectly  dry  air,  is  quite  illusory,  for  the  hair  will  continue  to  shrink  more  or 
lata  even  when  it  haa  been  exposed  ftr  flone  nHWtfha  to  the  diy  idr.  Be  tberfilbM 
Commenee.s  tlie  trradiiMtlon  f<ir  <u*r  about  I  saturated,  or  of  20  dctxn'cs  tif  huiniditv. 

Kasmts  i^MetiorotogU,  Paris,  1868,  p.  74)  compares  the  table  of  Gay-Lussoc  with 
oUieia  ealenfilted  for  fi&vMare*8  Hygrometer  hy  Fnneep,  KeUoni,  and  Angnat  There 
is  very  little  aeeordanee. 

A  great  number  of  experiments  on  hygroscopea  and  hygroscopic  substances  are  given 
in  the  three  elaborate  papers  by  Beluc  in  the  Philoaophical  'banmeHons  (1773  (wd 
1791),  and  he  says  (Ph.  Trans.  [1791]  Ixxxi.  40),  "I  have  concentrated  in  these  pagea 
an  aceonnt  of  twenty  years*  assiduous  latMHoa  in  lijfgrwmlTff,  nuwtly  oocttrioned  ^  Uie 
auuuialies  of  the  hygroscopic  fhrc/tds" 

There  is  a  complete  and  learned  history  of  hygrometry  by  Sucrman,  entitled 
' '  Commeotatio  da  aefiniendi  Quantitate  Vaporia  aqnei  in  Atmoi^erl,"  4U>.  LagL  Bat 
1831. 

In  Prof  Forbad  8up]>h  ,it'  ntasrff  Brport  on  M'  tMrology  (l?rit  Asioe.  BofMnt^  1640. 
pp.  95-101)  is  an  excellent  rh""'nf  of  th*'  theory  of  the  wet-liulh  thermometer. 

A  general  account  of  hygrometry,  with  examples  of  the  calculations  required  in  me- 
teoxtMgy,  ia  to  be  fimnd  in  Dr.  Brew'a  JPtwtkei  Meteorokgjf.  W.  S.  J. 

aWOCBUfc  AIilCI  AOUIb  Slyn.  with  HtocKOOO  Aao. 

KTOCBO^IC  ACX1>.  C-'IT^'O'. — An  acid  obtained,  together  with'glycoeine.  l>y 
the  action  of  potash  on  hyt^yoocholic  acid.  It  is  insoluble  in  water,  soluble  in 
alcohol  and  ether,  and  oyataUiaeB  in  mammallatifid  granules.  Its  bummi-taU  dried  at 
IW^  oontaina  C"H*BaO*.  (Straekex;) 

BTOOXtTCOCHOXZC  ACZB.  C**IT'*XO'.  Formerly  called  H>/orho!i'c  ad<f. 
(Strecker  and  Oundelachf  Ann.  Ch.  Pliarm.  Ixii  205.) — An  add  which,  in  the 
form  of  a  iodiQm<aalt,  oonatitntea  the  principal  parte  of  the  bile  of  tiie  pig :  hfnee  itf 

name  (from  ts,  v6s  a  piir,  and  \o\ij  bih  ). 

To  prepare  the  sodiura-salt  in  the  pure  state,  the  fresh  bUe  is  completely  saturated 
with  sulphate  of  sodium ;  the  mixture  is  heated  for  some  botrrs  on  a  8and*bath,  and 
than  left  to  oool;  and  the  resultii^  precipitnte,  consisting  of  hyoglycocholate  of  aodinm 
mixed  with  mucus  and  a  small  quantity  of  yellow  colouring  matter,  h  rrn^ihrd  vnfh  a 
eoneeut rated  solution  of  sulphate  of  sodium,  first  by  decantation  and  thcu  uu  a  tilter, 
after  which  it  is  dried  at  110°  C.  and  treated  with  abf-olutf  :dcohol,  which  dissolves  the 
hyoglycocholate  of  sodium.  The  nlrnhnlir  ^ohition  is  de(>oiori.sed  With  animal  ohnooalf 
then  precipitated  by  ether,  and  the  prc^cipilalt  is  dried  at  100°, 

The  free  acid  is  obtained  by  precipitating  the  aqueous  solution  d  tho  aodima-ealt 
with  dilute  sulphuric  aeid,  dissolving  the  pn-M'ipitatf  in  alcohol  and  precipitntinf?  with 
water.    The  liquid  is  milky  at  first,  but  becomes  limpid  after  a  while,  and  deposita 
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traQspxireut  dropii.  It  must  be  left  on  Hkb  sand-lu-itli  for  sereral  days,  because  ih» 
precipitaticm  is  not  eomplete  till  the  last  tract's  of  alcoln  il  nn  erapontod.  Bf  vspMt* 
lug  this  operation  rwo  or  Ihnv  tiiiK-s,  the  acid  U  oLtaiiic-d  quite  pure. 

Hyogljcochoiic  aeid  in  a  white  resinous  body  which  melts  in  hot  water,  and  thea 
pMento  s  tOky  aepect.  It  solidiflMi  ifttr  mnaining  tor  m  few  dmji  onrar  the  watei^ 
b.ith.  and  aft  or  it  hiia  lost  all  traces  of  water;  does  not  melt  even  at  120*'.  It  wi  bnt 
alightly  soluble  in  water,  imjMitui|^  however,  wt  acid  zeactton;  etsily  ecdubb  in 
OMMoJ;  hot  <fa6St»  bmmkiAA*  In  eft«r.  It  dissolTM  iwdHy  in  ammnitL  uA  in  dihito 
solutions  of  the/.r.'(/  n!k-aUt<  or  their  ••(trl^maU*.  According  to  F.  Hoppe  (Jahresber. 
1868,  p.  568),  the  solntions  of  the  free  acid  exhibit  an  optical  rotatory  power 
a  4-  7*;  that  of  the  sodium-salt  does  not  act  on  polarised  light.  It  differs  from  tha 
acid  of  i)X-bile  (glyoocholic  aod)  by  its  nparing  solubility  in  water,  and  by  formiqg 
prcH^ipiuitcH  insolubk  in  watsr,  with  baryta^  lima,  ia  thia  iwpect  it  iwiainhloi 
clio'.oiiic  Olid  cliuluidic  sicidij. 

Byoglyeocholic  acid  is  not  altered  dilute  st'/jthurio  aoU:  tha  aoBoeBtMted arid 
LLickeiis  it,  with  evolution  of  snlphunttif  aiMtl.  It  not  oxidised  by  a  mixture  of 
euipkuric  aeid  and  peroxide  of  Uad;  but  when  the  acid  or  any  of  its  salts  is  heated 
tiiUi  coneeotrattd  nilrio  acid,  nitiOM  fttmM  are  evdtvad,«Bd  %  yclleviih  mass  is 
formed.  C('n^i^"ting  chiefly  of  oxalic  utkI  eliobstt-vio  acids;  at  the  sanu'  timo  vol.itilp 
fatty  acids  are  fonned  homologous  with  acetic  add.  These  volatile  acids  are 
■bo  pMdncod,  togather  with  hydrasyaaia  add,  whan  hyt^lycodwHo  is  <nidtaed  by  % 

mixturf  of  chrojjftifr  of  potussii' ui  and  stdphnric  m  iJ. 

Uyogtycocholic  acid,  boiled  for  a  long  time  with  strong  htfdrocMoric  acid^  is  deouB' 
posed  in  the  same  manner  as  glycocboUo  acid  (iL  900),  Yielding  dzit  a  rennout 
fmbstanea  soluble  in  alkalis  (hyodu>loSdio  add  t%  th«a  hTQdgFaqnsn  laanlnHa  ia 
a^ka'iffj,  whilo  gljaodae  remains  in  solution : 

C"H«UO»  -  C»H»0«  +  C*H«NO»  • 
IlfogtitectaelieacM.  Brxijnlyihi.  Otjeoelm. 

JVAuA  indneea  a  riuikr  transfbrnaiftott,  yielding  hyocSioUe  add,  which  ^Bfllta  fnm 

hyodyslysin  only  by  the  elements  of  1  at.  water. 

Hyc^tycochoUc  add  ia  numobasip,  the  h^t/^lycochAaUs  in  the  dry  state  ^otaining 
C^'H"MK0*.  The  dlMNomian-saf^  ia  obtained  by  adding  chloride,  caibonate,  or 
sulphide  of  ammommn  to  fresh  pig's  bile,  or  a  lohttioo  of  the  sodium'Salt.  It 
dissolves  very  easily  in  water,  but  very  sparingly  in  strong  solutions  of  ammoniacal- 
salts.  It  ia  dicom^obid  by  boiling.  The  barium-saH,  2Cr"lI"BaN0*.H'0,  dissolves 
irety  sparingly  in  water,  very  readily  in  aloohoL  The  calcium-salt,  2C"H*'CaN0*.H'0, 
rr.'i  mhlfs  the  hariuTn-saU..  The  Icad-safi  is  a  white  precipitate  obtained  by  mixing  a 
solution  of  the  8odium-.>«ilt  with  neutral  atTt«t«  of  U^ad.  This  mutlnr-liquor  yields 
with  the  haaic  aoetete  another  pri><^ipit4ite  which  appoars  to  be  a  basic  salt. 

The  pofit.i.'iiior.-sait,  2C*nT'-K N'OMT-'O,  is  pp'p.ifi-.l  by  dis'^rdving  the  aeM  in  causfie 
potash,  and  treating  the  solution  with  stUphate  of  potassium,  6Cc.,  as  in  the  preparation 
of  thaaodiaai-aalt.  ItiaawhitaainorirfioiiaiBaM,  whidtmdtBattfaehe|Uioltfaewatflv> 
bath  so  long  as  it  retains  wator  or  alcohol ;  when  quite  dry,  it    mnin-  "olic^  ev<  11  at  120°. 

The  ttitmr-itUi,  C^ii^AgNO^,  is  a  gelatuunu  predpitate^  which  becomes  Hocoilent 
whm  boiled.   

Tlie  mdium-salt,  20'*H*NaN0*.H*0.  is  a  white  powder  which  does  not  btei  me 
inmst  by  exposure  to  the  air.  It-^  ah  'jholic  solution  yields  by  evaporation  a  peri-  .  ily 
tniujsparent  varnish.  It  hua  a  bitter  uad  very  persistent  taste.  lieuted  on  platinuiu- 
iiil,  it  nelta,  awella  np^  and  bane  with  a  araolqr  flamfti 

BTOCSOXtOZSZC  AOZS.  The  resinous  snbstanee  f^^rmed  prevfeus  to  hyodye* 
lysin,  when  hyoL.'lycoe]io1ic  acid  is  boiled  with  strong  by*!!-"*!!!]!)!-!!-  aeiih  is  perliaps 
homolc^us  with  choloidic  add,  C"H"0*.  According  to  Hoppe  (Jahresbi  r.  Ibdti, 
p.        Ita  Bolatioiia  hare  a  daxtro-totatoiy  power  ■»  S8'6^. 

BTOSTSXiTSZir.    C"II*'0'. — A  substance  homologous  with  dyslysi n,  produced  by 

the  eonf  iniit'<l  act ' cii  of  boiling  hydrochloric  aei  l  onliy.i^^flyeoelielie  arid.  It  is  insoluble 
in  water,  potash,  and  Ammpni^^  sparingly  soluble  in  buiiiug  alcuhyl,  moderately  soluble 
in  ether. 

MrromtrVMmarm.  (Geiger  and  Hesse,  [1833]  Ann.  Ch.  Phurm.  vii.  270.)- -An 
alkaloV'i  eontaiiitd  in  henbane  {Ht/onci/amvs  nf'fj"r\  and  other  species  of  llyoscyamus. 
To  prepare  it,  the  bruised  seeds  of  henbane  are  exliausted  with  hot  alcohol  containing 
2  per  cent,  of  eolpharia  aeid ;  the  expressed  juice  is  mixed  with  a  quantity  of  sUkea 
liijie,  siiffioit  nt  to  pmdnee  n  stn^ncr  alkaline  r»»n<^ion  ;  f!ie  fllt.  red  li([iu<l  is  slightly 
Bupersaturated  with  sulphuric  acid,  and  again  lilteivd;  the  alcuiiol  i^i  distill  <1  off  to  one* 
fourA;  tho  rmaidni  dinted  wi^  water;  and  the  rest  of  the  alcohol  diiv<  n  off  at  tha 
k  wiart  poMitia  teapmatare.  To  tha  leanalniig  liquid  ia  than  oeutionBljr  added  a  oon* 
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oentTAtML  Bolntiuti  of  carbonate  of  pot^iBsiimi,  the  liquid  beiiig  again  flltetvd  if  axij 
ttirbidity  is  tlu  rohy  pruducod  ;  then  a  large  excels  of  the  flame  solution  ;  and  the  whole 
ia  shaken  with  ether  as  long  as  that  liquid  takes  anvthing  up.  The  ethereal  solutLon, 
aepsmted  ftom  the  watery  liquid  and  erapoiatod,  inqran  liyoscyamiiM,  wliieh 

may  be  purified  by  mixing  it  with  ■vratnT  till  a  eleiir  solution  is  produced  ;  adding  to 
this  aolatioQ  twice  its  weight  of  ether-alcohol,  digesting  with  animal  charcoal,  and  eva- 
porating  off  the  ethe^-alcSid,  flnt  at  a  gmfla  mat,  and  aftcnravda  in  Taeoo.  H  tiw 
residue  is  still  colour»-d,  it  must  be  once  more  dissohvd  in  dilute  noid ;  the  solution 
mixed  with  an  eooal  quantity  of  alcohol,  digested  with  animal  charcoal,  and  decomposed 
by  excees  of  eaiWMiato  of  potassium ;  the  hyoscyamine  extracted  by  ether ;  and  the 
trhole  {Hocess  repeated  if  necessary. 

Hyoscyamine  may  also  be  prepared,  thouf;;!i  less  adrantjigeouf^ly,  from  the  herb 
of  the  plant,  while  in  tiower,  by  boiJiug  thu  expressed  juice,  filtering,  mixing  with 
limfl^  traiting  the  filtrate  with  excess  of  carbonate  of  potassium,  and  dissolving  out  the 
hyoscyamine  by  agitation  with  athsr.  The  dried  hen  hkaviae  yielda  it  whan  troatod 
with  acidulated  alcohol 

Hyoscyamine  ctTilaiUlaea  in  ateUaite  gn^ups  of  mSkj  needles,  bnt  ia  frequently  also 
ol'tiiined  as  an  amorphous  sticky  msiss.  When  pcrfeetly  dry  it  is  inodorous,  I'ut  in  the 
moist  state,  it  has  an  unpleasant  odour  resembling  that  oS  tobacco.  It  is  soluble  in 
mU»r,  iUeokol^  and  gtker.  The  aqueous  aolvtioB  haa  an  atkalina  naolion.  It  Bdla 
when  h«';ited,  and  then  volatiliscH  with  partial  decomposition.  It  is  decomposed  when 
heated  with  acids.  Stnmg  nitric  add  dissolves  it  without  colour ;  strong  sulphuric 
aeid  tarut  it  brawn.  lodMU  added  to  ita  aqneona  aoihxfcieii  ftntta  a  ot^ens  precipitate 
having  the  colour  of  kermes.  Taken  internally,  even  in  small  doses,  it  acts  as  a 
narcotic  poison.  Eubbed  into  the  eye^  eTon  in  minute  quantity,  it  produces  pexsiateot 
dilatation  of  the  pupil. 

Hyoscy  amine  neutralises  acids  completely.  Many  of  its  ealta  oyataUiae  and  are  per- 
manent in  the  air.  They  have  no  odour,  but  an  acrid,  nanseons  taste,  and  are  very 
poiiiou^us.  Their  solutions  are  not  precipitated  by  dichlorido  of  platiuum  ;  but  yie^ 
utitiah  flodca  with  ehhtride  of  gdd.  Wuh  inllutoo  of  galle  thi^  fbnn  a  white  pfeei- 
pitat^. 

STVAROTSZTS.    St^e  Miarotkite. 

HTPEItSPZSOXX.XC  A.CZI>.    8ya.  with  8axJCTUC  AciD. 
HYP£R,  as  a  predx,  syn.  with  Pan. 

HYFBSSTBBVB  (&om  &r4p  and  cOivos,  strength,  on  account  of  the  greater 
haidnaae  and  density  of  thia  minend  as  compared  with  homblenda^  with  which  it  waa 
formerly  confounded).     It  is  a  sulHspeciee  o£ aiigitc^  wAiiiM»itii|^  acootdingtaJSiair'a 

uuaiyi»e»  (I'ogg.  Ann.  bdv.  162), 

81 0>       A1«0>       CtfO       Mg'O        Fe^O       WO  WO 
51 -So       .    .       I'M       11-09       83-92       .    .       0-50  =  9869 

It  is  distinguished  from  comm  -^n  nngite  and  diallage  by  its  small  j>roporfi(.n  of  calcium 
and  large  proportion  of  irun,  ami  may  be  represented  by  the  formula  (  Mg  ;  Fe)*8iO*. 

Hjpersthene  has  a  denaity  of  3  3 — 3*6,  and  a  gxeiyiah  or  gMenish-black  colour,  with 
a  more  or  less  distinct  copper-red  metallic  iridescence  on  the  moat  distinct  cleavage- 
aur&ce,  arising  from  the  pr^ence  of  microscopic  lamina  of  titanifcrous  iron  imbedded 
iatheninenL  It  ia  wmariraMe  that  aPthe  anptie lodta  of  Swgden  coatam  titanife- 
lous  iron. 

The  name  Paiditc  is  given  to  hypersthene  found  in  the  island  of  St.  Paul  on  the  coast  of 
Labrador.   QfdiiU  ia lijpenthena  in  whioh  the  quantity  of  Iron  atlMuia  ita  nuanmnn. 

■mnMVBBVXTB  or  Hifpersthcne-rocl  is  a  crystallo-granular  mixtiire  of 
hypersthene  and  lalm  l  r  with  small  quantities  of  titanifcrous  iron  imbedded  in  the 
hypersthene,  and  oceu&ioiuii  admixture  of  iron  pyrites,  mica,  hornblende,  olivine,  garnet, 
opalite,  (Sl  c.  X.4ibrador  is  usually  the  chief  component.  Qaarta  ia  never  found  in  thia 
roek.  Hyperstbene-rock  I'elon^  to  the  less  frnjuently  oecnrring  rrystallinr,  nnstrati- 
fied  formations,  it  is  found  m  the  island  of  tit.  Paul,  on  the  coaist  of  Labrador,  at 
Elfdalen  hi  -Sweden ,  at  aemal  locaKtiea  in  Notwaj,  in  the  Me  of  Bk^  in  GbrnwaU,  in 
the  Harz  in  Silesia,  Bohemia,  &e. 

The  foUowing analyses  ot  hrpersthenite  are  by  Bunsen  ^Jahresb.  1861«  1070): 
a.  Coerae-giaiMed,  eontainlng  mown  fayperBtfaene  and  greyisu-white  hhradorite,  Iran 
a  vein  nearPenigin  Saxonj'. — h.  Medium-grained,  greenish-brown,  containing  greenish - 
white  labradorite  and  dark  grew  augite,  Sxota  Tabor,  near  Getachin  in  Bohemia. — 
e.  flouewliat  ilner-grained  and  bwwDer,  ftott  StMnako  near  Iji^hstadL— .^f.  Oveyiah' 
grt'cii,  crystalline,  ni.  iUuni-gniiniMl,  v.  ry  slightly  magnetic,  ct>utuiniiig  triclinie  fflspar, 
from  Hrabacow near Htarkenbach. — e.  From  the  railway  cutting  of  thcWoleschkavalJev, 
between  Semil  and  Koatialow  near  Foric.  It  ia  finely  oystallme,  dark  grey  to  greenish^ 
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and  ffierrcscfs  with  acids,  in  eonseqaenee  of  small  masses  of  caleq^  riiwwiminrtod 
^uou^  it ;  tiCiirooly  magnetic,  and  vith  a  weathcavd  enut: 


no* 

Ca«0 

MgiO 

K*0 

H*0 

a. 

49*90 

16-04 

U-49 

1(HM 

1-68 

1*46* 

102-01 

b. 

49-97 

& 

M^SO 

15-M 

3*11 

d. 

51  98 

16*27 

13  53 

7'M 

101-18 

9. 

64  41 

1  g-(»») 

STFOBROMOUS  ACZD.  BrllO. — The  form&tioaof  Llo^uilliut;  liquids  uiuilogoos 
to  tlie  liypoehlorites  by  the  action  of  bromine  on  solations  of  the  ulkaUs  and  alkaline 
eartUs  wafs  notiord  \>y  Balard  in  hi.s  origiiul  memoir  on  broreini'  fAiin,  Ch.  Phyn.  [2] 
aoxii.  337),  and  sobseqoentlv  by  Ldwig  (,Pogg.  Ana.  auT.  14,  4ti5),  Fritssehe  tJ.pr. 
Oum.  xsxr.  294),  and  Ofty-Lnttao  (Compt.  rand.  sir.  OAl).  Bakrd  alao  tmna  that 
br-jiiiinr-wafrr  forms  with  irK^rourie  oxi\li>  a  spariiijxly  solnlple  oxylirouiido  of  m*  n?nry 
and  a  blettchiug  liquid  which,  by  distillataon  in  a  TacnnzUt  yieldn  a  liquid  alsoposseasi]^ 
Ueaehing  prupertioit,  and  supposed  to  be  hypolnaiiioaa  aod  (i.  679). 

Moro  recently,  8pill*T  ( Jaliff^luT  1859,  97  ;  1862,  73)  and  Dancer  (Cln-m.  Soc. 
J.  zv.  447)  have  shown  tliat  when  bromine  is  added  to  excess  of  solatlon  of  nitrate  of 
■Qrer,  half  the  bromine  is  precipitated  as  bromide  <rf  rilrer,  while  the  other  half  remaina 
in  solution  as  hypobromous  add,  forming  a  strongly  bleaching  liquid,  from  which,  ae- 
cor.iiiig  fo  r>anc«»r,  the  hypobromous  acid  may  be  distilled  \mder  a  pressure  of  60  mm. 
of  uurcur^ ,  the  liquid  then  boiling  at  60°.  The  distillate,  which  does  not  contain  free 
bromine,  is  straw-yellow,  has  an  acid  reaction,  bleadMI  ■tvoogly,  and  decomposes  wlu  n 
heated  alwvf^  60^.  It  gaTe  bj  MMljsit  mflftben  wmipoadiag  with  the  touik  of 
hypobromotis  acid 

Hypofasonoas  a  1  likewise  obtained  in  Kr>lution  by  agitating  broraine-vater  vltli 
exces?!  of  mfrcnrie  oxide  or  nxide  of  silver.  When  ItrDiniin*  is  liront'Iit  in  contact  with 
excess  of  dry  mercuric  uxidc,  tht)  mixture  becomes  very  hot.  By  heating  the  two 
substances  tc^gether  in  a  sealed  tube  to  100^  a  powder  it  obtained  vUdi  smeUt  liibft 
chlurido  of  lime  and  Lleaches  when  moistened  with  watt  r;  it  is  a  mixture  of  nit  n"^ric 
bromide,  uxide  and  hypobromite.  If  the  bromine  ia  in  excess,  a  solid  maM  ia  fgmed 
eoMbting  merely  of  merearie  hromlde  tad  oiide.  Oxygen  ia  set  free  in  both  raenn 

(Dancf  r. ) 

All  attempts  to  preuire  hypobromous  anhydride  by  methods  similar  to  those  which 
yield  hypochkmoe  aitliydnde  (i.  908)  wen  nntttoeeesful,  the  eompoaad  being  decom- 
posed, both  at  comiiion  temperatures  and  at  —18°,  into  bromine  andoijgni. 

OTVOOBMBIOAOIS.  Stjrn.  with  Pecohk»e  oxide,  (dee  CiiLOSDn,  Oxidm  ov, 

L  i*l2.) 

■TOOCnnmvSi  {Qr9m  JXimeftk)— A  mineral  owaniaf  at  Sdineebeig; 

Johannp  or^ensladt,  and  Braunsdorf  in  Saxony,  in  iiiinutc  ^n-cnish  crystals  and 
grains,  or  massive  and  cs^tl^r'  It  contains,  according  to  ^Jchuler's  analyns,  60*24  per 
eent.  niiea,  14-60  aloraina,  1S*08  orade  of  bismnth,  10*54  pratozide  of  ivoo,  and  9'62 

phosphoric  anhydride,  with  a  trace  of  mangunesi-,  and  i<  p('rlia{i«s  a  MlioatO  of  Inannth 

and  iron  Tntxcd  with  phos-phate  of  aiuminiurn.    (Dana,  ii.  1.^2.  ) 

CIMO. — The  fonnation,  general  properties  and  reactiona 
of  these  salts,  and  the  methods  of  estimating  the  quantity  of  available  ohloilneoontai&ed 
in  tlicm.  haveluMMi  aln-aily  desonl'ed  under  Cnr.oi<iNK  (i.  004,  OOR).  For  the  prqiara- 
tion  of  hypochlorite  of  c  alci  am,  its  uses  as  a  bleaching  and  disinfeetiue  agent,  and 
the  nwtbodi  of  e^matiwg  iti  commerciBl  Talw^  see  U^a  Dktionary  of  Arts,  fte; 
1904  ;  al.-^j  T!>'cft>:r,hr,i)  and  Watties  Chemical  Tcchnr.hvjy,  vol.  i.  pt.  3,  pp.  360-425. 

Asampleof  "  cbloridgof  lime,"  analysed  by  F.  Hose  under  the  direction  ofFrvnQ' 
ntiis  (Ann.  Oh.  Phann.  estiii  817),  yielded  26-72  per  eent.  CaOlO.  2.'}  61  CaCl, 
23  O  j  Ca-O,  and  24'72  combined  and  hygrosoopie  w  ater.  On  repeatedly  tri- 
it  with  freah  quantities  of  water  to  a  thin  pulp,  the  chloride  of  calcium  wua 
fimnd  to  dieeolve  at  the  first  trituration,  the  hypochlorite  only  at  the  third.  Hence 
Presenilis  concludee  that  the  two  sjilts  ♦^•xtst  in  tin  hl.  a.  !iing  powder  ni.»rely  in  a  atata 
of  mixture,  or  at  most  as  a  loose  eomtiination  easily  decompuecd  by  water.  ITe  retrards 
bleaching  powder  na  a  mixture  t*f  Lvpochlorile  and  basic  chloride  or  uxy chloride  of 
od.  ittm,  CaClO  +  (CaCl.Ca^0).8HW.   The  baaiodiloada  ia  reeolTod  by  water  into 

chloride  and  hydrate  of  calcium. 

^lutions  of  the  hypochiorit(»i  of  the alkali-mttak  have  lung  been  used  as  disinfect- 
ing agents.  Tha  MMalled  ehloride  of  soda  or  Labarraqne'a  disinfecting 
liqnitl,  is  a  mixtnrr  of  hypochlorite  and  ehloride  of  so<h'um,  prepared  by  pa-issing 
eliiurine  into  a  solution  of  <»ustic  soda  or  carbonate  of  sodium,  or  by  decuroposiug 
hypochkrita  of  caleiom  (Ueadnng  powder)  with  carbcmate  or  anlpbate  of  aodiran.  In 
thefifitiiodeof  prepanlio%  ahout  40  Iba.  of  iodn^oyaUla  ai«  oiaiQlivd  in  about  20 
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gallons  of  wator,  and  a  stream  of  chlorine  is  passed  through  the  solution  till  it  has 
attained  a  specitic  gravity  of  1  OC.  A  rise  cf  the  drasi^  «boT«  this  point  indicate  the 
format  ion  of  chlorate  of  sodium.  To  prepare  the  disinfecting  liquid  by  the  second 
lilt  tlnnl,  about  20  ]hH.  r,f  bleaching  powder  are  disaolvod  in  aho'if  26  gallons  of 
vater,  and  to  the  fill*  red  litjui<t  is  added  a  solution  of  40  lbs,  soda-crystals  in  about 
9  gallons  of  w:<rin  ^v;lter.    Tht  lilr.-ml  solution  conatitiltM  lAbarraqu^'s  liquid. 

C )i  1  r i  '\v  nf  P u t  a  s h  or  /■'<; </  d<:  Ja'rlU  iM  A  uixtOM  of  hjpodilontd  ud  ohlonda 
of  potaaiiium  prepared  by  simibir  methods. 

A  mixtnre  of  ki^poeUoriU  of  magnrstHm,  pr(>ptred  liy  deoonpoainff  riiloridft  of 
lime  with  an  equirrtlont  qiinntity  of  «;nl|ihafr  <>f  riia;rnf<:inm,  is  «;nM  T'V  Ctiiu^wB  tO  1m 
more  effieacioas  than  other  chlorine-oomix>uuds  tor  biouching  ilax  and  hemp. 

S^ptHrkhrite  qfAluminiwn,  prepared  by  mixing  equivalent  qiu&ttti««  of  sulpbate  of 
aluminium  and  hyi«H'M'>ritr  of  (Mlcium,  is  recoujmondcd  by  Orioli  (R'']'.  Tnv. 
April  1860)  as  a  bleaching  and  antiMptic  agent.  It  is  rery  waily  decoutpo&uU,  and 
therefine  acta  rery  rapidly  on  urganic  matten.  It  maj  aim  be  used  aa  •  iiioirdmt 
instead  of  acetate  of  aluminium,  all  tlic  hy(>ocliloroas  aoid  being  diaengllged  at  tha 
heait  (if  the  dye-bath  while  the  alumina  remains  attaehi-d  to  the  fibre. 

Hypochlorite  of  Zinc  is  also  used  as  a  mordant,  and  is  recommended  by  Varren  t  rapp 
(IKi)gl.  pol.  J.  clviii.  378),  on  account  of  ita  rea<ly  decomposibili^,  as  ft  blenching 
agent.  The  action  of  r>!il'>ridc  of  lime  mny  be  advaatagebusljr  accelented  by  tha 
addition  of  chloride  of  zinc  iusti*ad  of  a  mineral  acid. 

VtVOOnmoviB  JkOm  and  JUnmsm  (i.  908).— This  gsfl  Is  absorbed 

by  8ulphuri('  anliyli  ide,  and  when  the  latter  cominmnd,  in  a  state  of  perfect  dryness 
and  in  quantities  of  not  more  than  5  or  6  grms.  at  a  time,  is  aaUuutcd  with  bypochlurona 
anhydride,  a  dark-red  thickish  liquid  is  formed,  vhieh  solidtlles  on  cooling'  tu  a  maaaof 
light  rod  needles  apparently  consit^ting  of  Cl'O.lSO*  These  crystals  melt  at  55^,  and 
di  t'inat(«  whfn  snd  lrnly  misrd  tn* a  nigher  temperature.  They  are  in.stautly  decom- 
posed by  WiiUr  into  sul]'huric  and  hypochlorous  acids ;  hence  the  compound  acts  as 
m  powerAil  oxidising  agent  on  sugar,  alcohol,  and  ottier  oi'ganic  subatMiQea.  Iodine 
decomposes  it,  vrith  .viluti m  of  chlorine  and  formation  i,f  5i)(Mc  arid. 

When  hypocldoruui*  auhyilrido  is  passed  into  liquid  sulphurous  anhydride,  a  very 
briak  reaction  takes  place  as  soon  as  the  containing  vessel  ia  xemoved  froin  the  fipocving 
mixture,  chlorine  beinrr  t  vnh.  d  and  a  ri  d  vt>.  i  1  su'.FTnnfr"  remaining,  composed  <» 
sulphuric  and  hypochlorous  anhydrides  in  a  proportion  not  yet  determined.  (Schiita- 
eaberger,  Compt  rmd.  liL  185 ;  liii.  M8 ;  Jabeabae.  1861,  p.  142.) 

MWOOJno  MA  0"H>K)*  m  ^'^"^|o.— An  i/dd  belonging  to  the  olaie 

seriee  G"H^-^*  diseomvd  in  186ff  by  OoaetBann  and  SeheTen  (Ann.  Gh.  Fhann. 

xciv.  230)  in  oil  of  cutlinut  {Arachin  hi/pt*y<t<t)  It  is  isomeric,  if  not  identical,  y(\l\\ 
physf'toleic  acid,  dii«overed  in  1844  by  Hofstiidtor  (Ann.  Ch.  Pharm.  xcL  177)  in 
Hpcnu-oil  (bi  u  i'uYSBTOLEic  alid),  also  with  the  acid  obtained  by  oxidation  of  axinic 
aeid  (C"H*'0'),  an  acid  proiluced  by  the  saponidc/ition  of  the  fttty  snbetanee,  age  or 
a  X  i  n,  contained  in  the  Mesican  plant»  CoecuM  Axvu  (F.  Hoppe,  J.  pr.  Chem.  boac 
102.) 

Pi  '  }"ir(itto7i  from  Sartk^mti  oU, — ^The  fatty  acida  of  theofl  axe  diaiolyed  in  alcohol; 

arachidie  and  jialinific  nrids  nrc  prrri  [litati  d  by  nrnrnonin  rind  acetate  of  ma.frn'  -^iiim  ; 
the  precipitate  is  remove*! ;  and  the  liitnite  ia  mixed  with  ammonia  and  an  alcoholic 
eolntion  of  neatnd  acetate  of  lead.  The  precipitate  ia  eoUeetod  after  a  fewdaya,  preaaed 
and  di-i'-olv-d  in  ctlirr:  the  ethereal  solution  is  a-iiat'  d  with  nqnron>i  hydrf-rhlnric 
acid;  the  chloride  of  lead  is  filtered  off;  the  filtrate  is  shaken  up  with  water  which  has 
been  flreed  firan  ab  bj  boiling ;  the  ethereal  layer  which  sepamtea  again  on  leariug 
the  litniid  at  n  st  is  tak-  u  off;  and  the  ether  is  removed  by  distillntion.  The  remaining 
liquid  on  cooling  deposits  yellovrish  crystala,  which  may  be  puritied  by  pressure  and 
recr)'stalli8ation  from  alcohol  at  a  rery  low  temperature.  An  additional  quantity  of 
o^f^tala  may  be  obtained  from  the  mother-Uquor.    (O  .  ssmann  and  Schcv'  ti.) 

Axinic  acid  yields  by  oxidation,  aginin  insoluble  in  ether,  and  the  acid,  C**B^O\ 
which  may  be  dissolved  out  by  ether,  and  crystallises  from  the  ethereal  solution. 

Hypogwic  acid  crystallises  in  stellate  groups  of  needles,  inodorous,  melting  at  34®  or 
35°  (physetoleic  acid  mdt«i  nf  30*'  and  >o!idifi.  m  at  2S''l  easily  soluMi  In  alrnhol  nnd 
in  ether. ^ — 1.  "When  exposed  to  the  air,  it  acriUirtS  a  yellowish  colour  and  mncid  uduur, 
and  I  lien  crystallises  with  difficulty,  even  at  very  low  tempeniturcs. — 2.  When 
snliji-ffed  to  dry  distillation,  it  first  gives  off  a  n  ddish-yellow  liqutd,  flien  y.  lluwir^li- 
whitc  crystalline  sebacic  acid,  and  liuitly,  a  fetid  oil,  leaving  a  smail  quantity  of  char- 
ooaL 

Xilrou.o  odd  coTivfrtfi  hvpo^'-rt'iL- ad  J  into  thf  isonnTii' cnmj,<iund  jiraidio  ac-Id.  wlilch 
ia  related  to  it  in  the  samo  manner  as  claidic  to  oleic  aciii.  It  forma  acolourlesa  crya- 
taUi^i  -ammt  pfMiMttt  in  Ibe      meltiiig  tt  18^,  folidifying  in  th«  ndb>ayildUiM 
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Com  on  ooolin^  and  ToktUising  tmdecomposed  at  higher  tftmperatarea.  (Caldwell 
uul  G5ssiB»niif  Abs.  Ch*  Phatn.  sdz. 

Hypogft-ic  :ici'i  is  monobasic.  The  baritun-saJt  is  uLtaint  J  l-y  adJiiiy  alcohoh'c 
acetate  of  bahuia  U>  aa  akoholio  wlatum  of  tite  acid  miz^d  with  excess  of  ammonta, 
in  white  gninawliieh  diiMlw  wfatn  heated  aad  Mparate  agjun  oo  eooUng. 

Hfpoyteate  of  Copper,  C"'U'*CuO^  is  obtaiiicil,  in  like  manner,  by  mixing  alcoholio 
cupric  acrtat^'  with  a  hot  alcoholic  solution  of  the  acid  containing  ammonia,  ami  sppn- 
rates  on  cooling  in  viuii>t-blue  ci;ystalline  gruin«,  soluble  in  alcohol  uud  cohi  ring  to  a 


tnuBliMMiit  wax  at  7o°. — GmdaU  i{f  omaer  is  obtained  by  niziiig  aqueous  ga'idate  dt 
soHitim  'vrith  cnpn'e  sulphate,  as  a  scarcely  crystalline  prwipitate,  which  dissolves  with 
difficulty  in  hIcoUoI,  iiiid  separates  therefixim  in  ^ranuksi.  It  melts  without  decom- 
pOMtiim  at  a  temperature  above  120^. 

Hyfngrpat,'  of  F.thijl,  C"^1I-*(C*IP)0-,  is  ol-taint'd  by  passing  hydnx-lihjric  acid  gas 
throogh  a  solution  of  hypQgteic  acid  in  alcohol  of  i^o  per  cent,  aad  separates  on  wanaiii|| 
Ae  bquid,  as  an  oil  wnidi  may  ba  fkwed  fstm,  adhering  Mkl  waehii^  with  anuiU 
quantities  of  alcohol,  and  drird  in  a  stream  cf  carbonic  anhvdridc  hetween  100°  and 
120°.  It  is  yellow,  inodorous,  lighter  than  watar,  bat  ainka  in  alcohol,  in  whidi  it  in 
but  slightly  soluble.  Not  volatiu  witbont  deeonpoaitioo. 

Qmdate  of  Ethyl  is  prepared  by  passing  hydrt* 'lil'iric  acid  gas  through  a  sohifion 
of  gai'dic  acid  in  absolute  alcohol,  precipitating  after  12  hours  with  water,  and  subject* 
ing  thv  M'l  arat^Ki  mixture  of  gaidic  ether  and  gaidic  acid  to  a  second  treatment  with 
hydrochloric  acid.  The  pvodnck  is  washed  and  dried  at  100°  in  *  stream  of  hydrogen. 
It  is*  tt  ooloiirltss,  lamino-fT^stalline  mass,  which  melt's  h*«two»«n  9°  and  lO*^,  and 
volatilises  undecompc«ed  at  a  higher  temporatuit;.  it  ii>  inudurous,  lighter  than 
vater,  heavier  than  alcohol,  and  sparingly  soluble  in  alodioL 

Ga'idatr  nf  SHrrr  \s  obtained  by  prt-cipital  ion  a«»  a  white  amori>honf  mass  trhieh,  when 
washed,  and  especially  if  heated  with  water,  alcohol  or  ether,  turns  black  without 
disBolving. 

Gatilafc  of  Sorfium  f?;  obtained  1*}'  dissolving  ths  arid  in  aqupons  carbonate  of  sodium, 
erafKHratiniE^  and  exhausting  the  residue  witlx  absolute  alcohol;  the  solution  on  cocking 
deporits  the  salt  as  a  tnuisraeent  jdly :  from  dilate  solvtbns  it  sepuates  in  crystalline 

grain-*. 

BTyO<iJI.XX.XC  AGIO.  iyWO*.  (Matthl.  ssfn  and  Foster,  Chf»m.  Snc*.  J. 
xvi  350.} — An  acid  pruductsd  by  Lhu  action  of  boiling  concentrated  hydriodic  acid  on 
hsMipliuoadd  (p.  142): 

CnVHY'       2HI    «    C»H«0«  +  2Cn»I  +  CO*. 

Ile  niiiliuc  HjrpogalHc      Iodide  of 

:uui.  add.  meiliyl. 

It  is  is(HD«ric  with  carbohydroquinonic,  protocatechuic  and  oxyaUictylie  aoida,  and 
intermediate  in  composition  between  salicylic  acid,  C'H*0*,  and  gaUie  acid,  G'HH)*. 

Hypogallie  acid^  when  pure,  is  only  slightly  soluble  in  cold  water,  but  dissolves 
easily  in  hot  watt  r.  aleoliol,  and  cthor;  its  solution  reacts  strongly  acid  with  htmus- 
pu^itT.  It  feepuj-atiH  tjoiu  hut  water  in  femall  prismatic  crvstuls,  imited  into  stellate 
groups,  and  containing  1^  at.  water  of  crystallisation,  whim  they  lose  at  100°.  The 
acid  melts  at  about  isn\  but  as  it  ^dns  to  deeompose  sven  Its  lower  tsmpentiire, 
ita  meltinff-point  could  not  be  accuruteiy  ascertained. 

HypogiuUc  ndd  gndnalty  tnms  brown  vhsa  h^ted  in  the  air  to  a  little  above  100^ ; 
the  same  change  occurs  more  quickly  when  a  sohition  of  it,  es|n.'eially  if  nt'iitml  or 
alkahne,  is  evaporattd.  Addea  to  solution  of  nitrate  or  ammomo-nitrute  of  siivcr,  it 
sansen  an  inmedfate  pn  eipitalion  of  netallio  iflver,  even  in  the  eold ;  with  ButpkaU 
t'f  t  '-i'/)'  r  and  a  slight  e.xet'ss  of  potash,  if  ^^ivi  .s  a  y.-Uowifih  pre  n  solution,  from  which 
an  onuig«*-Yel!ow  pTTciy>it;ite  is  t  hrown  down  on  warming;  in  a  mixture  of  seaqukkloride 
of  inm  aM  n</  prftssiatr  nf  potash,  it  hnmedistely  pRxhioes  ■  blm  preeipifate ;  when 
boiled  with  solution  of  mercuric  chloride,  it  reduces  it  to  calomel.  With  scsquicMoride 
of  iron,  it  gives  an  intense  indigo-blue  coloration,  which  is  changed  to  violet  by  a  veiy 
small  quantity  of  ammonia,  and  to  blood-rcd  by  excess  of  ammonia,  no  precipitate 
being  [ooduecd,  unless  too  much  chloriil*  of  iron  has  been  used ;  the  colour  is  destroyed 
by  strong  acids,  but  restored  by  n»  ufralisataon  with  alkali,  and  partially  l-y  addition 
of  water.  A  solution  of  the  aci'l  immediate^  becomes  brown  on  luidition  of  alkali, 
the  colour  quickfy  becoming  darke  r  by  exposure  to  the  air.  With  (Dumonia  and 
chhTUh  nf  larium  or  caMtim,  it  gives  a  btowiush  white  flocculent  pcedpitate ;  with 
acetatt'  of  lead,  a  pale  yellow  precipitate. 

Hypogallie  add  is  dccompoeed  by  heat  into  carbonic  anhrdxide  and  a  subetaaee 
which  t-olidifi.'S  in  the  nook  of  the  retort  to  a  colourless  crystallinp  mas.s.  Tlic  deeoni- 
poeition  b^ins  at  about  170*^,  and  goes  on  rapidly  at  200°.  The  crystalline  pro- 
met  mdbBf  in  the  oude  sti^  at  about  90^ ;  it  diasolrsa  easily  in  vnter,  and 
ciyvbdiiMiniMtdlsiiAfBthftiolatiflBkffiporated.  Itisnpldlj'atiMkedhyidtrio 
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acid,  ewn  ^vlu•n  dilnta^  ffMng  ft  rttd-brown  aolntion.   With  w^sqoichloride  ol  iron  li 

gives  :i  1  !  li.sh-black  amorphoni*  prcnpit^iite ;  with  acrt:it»>  of  leau  it  pives  n  wlntp  or 
Tellowihh-wliitti  pix'CtpttatH,  iK>lublu  iu  an  excess  of  acetic  acid.  It  slowly  aseames  a 
Oftfto  ooloiir  by  exposure  to  air  in  oonfaut  with  alkali.  This  mlMtaiiM  has  not  ytft 
been  proparcti  in  sufflciont  qtiantity  for  complete  investigation. 

The  three  acida  aboye  mentioned  as  isomeric  with  hypooallic  acid,  haye  about  the 
MAS  solnlyilitr  in  iratsp,  slesbol,  snd  sihsr,  as  the  latter;  tSef  all  Ukewiis  give  adarie 
c'oli^ration  with  flu'  snialIo8t  fracf-  of  sosquichloridf  of  irxiu  :  reduce  nitxat*-  of  silver; 
becouic  dark  brown  when  mixed  with  alkali  and  expot>ed  to  the  air;  giro  a  yellowish* 
white  precipitate  wiHi  aostaite  of  lead ;  and  at  a  high  t«napentiim  an  all  dwmposad 
into  carbonic  anbydridd  and  oxyphenic  acid  or  liydniquinone.  Novertheloss,  no  two 
of  thcfie  acidii  appear  to  have  quit«  the  same  properties.  The  following  are  the  most 
iui^>ortant  points  in  which  difference*  have  been  obscrvcHi.  Hypoffallic  acid  cryHtollisos 
withl|  molecule  of  water  (14*9  |m  r  i»  nt  .),  earbohyiln;>quln<>nic  and  protocatechuic  acids 
with  1  innlt'(«ulo  fin-4  jMT  cent),  unJ  uxysalic-ylic  acid  without  water.  Hypognllio  and 
oxpalioylic  acids  give  a  dark-bluc  colour  with  sesquichloride  of  iron,  the  othvr  two 
acids  H  dark-green  colour.  HypogaUic  acid  reduces  nitrate  of  silver  inunsdiatelT  in 
tlie  cold:  carbohydnxjiiinoinc  add  reduces  it  sl(jwly  in  the  culd,  r:ii>idly  when  boiled; 
oxysalii^lic  acid  has  no  action  on  nitrate  of  silver  iu  tha  txtld,  but  reduces  it  oompletd^ 
"whm  boilsd.  ClkitMohydnMniiiioiiicacid  rsdacsa  aq^us  oxide  from  a  auxtOM  «f  eapns 
acetate,  tartaric  acid,  and  ♦•xcess  of  |N>tash  ;  prntocateeluiic  acid  caii-^o-j  no  rediiL'tinn  of 
the  same  solutiun.  Hypogallic  acid  causes  a  precipitate  in  a  mixture  of  chloride  of 
liariwn  and  anmonia ;  protooatediwc  asid  oolj  on  addition  of  akohoL  done  of  tliMS 
difn  r.  n.  es  may  perlia)«  be  doe  to  ftocidsntal  eaaasSi dspendiiig  Oft  tbs  diAMiit  aonioea 

and  modf^  of  prt^paration. 

BYFO-ZOSZC  Jkczs.    .See  Iodixr,  Oxacids  of. 
>OWZOBXG  ILCXH,   See  NiOBtc'M. 

with  Psntftrie  oadde.    (Sea  KtmoowK,  Osama  ov.) 
lOHlOJUnt  Syn.  with  Nitmeooniti.  (Sea  HMomir.) 
kcnc^  SjyiV  with  NiTJM>iia  aohk 

kOm.    Bee  Pitusi'iioaoa^  OXTOar-ACDM  Of. 

A  name  apph<  d  l<y  IJreithaupt  to  a  mineral  from  .Amndol, 
which^  accordinff  to  jiamroelsbeiq^  is  probably  albite  mixed  with  augite.    {beo  A1.BITB 
"  IPAB.) 

fijjs*  with  SnEsnn* 

MHB.  Byn,  with  AmyMlphnoMi  ftdd.  (flee  Sol- 

THrnors  ErnKns 

XTVOSVXiPBASSSWZOVS  ACID.  Bjn.  with  Disolphids  of  Anenic;  (See 

AUMHIC,  SUJUPMIOSS  OF,  1.  3^.) 

nvosoBMassmo  Am.    SSjn,  with  BthjI'tidphiiEOiui  edd.  (flee 

Sul.PHX'ROUS  ETHBRS.) 

BTPOSirZ.»BXSSZGOTXC  itOZB.)    f.    *  ,  ,  

HTPOSV&FBOCt&UTZG  ACZJ>.    8yn.  ^ith  tSuLfUooLUTlc  ACU>. 

BTPOBuxiPBoir APBTH AZizo  and  snoMnraMTAMnsono  > 

ACZB8.    Rep  Rt  1  T'uov«.PHniAi.ic  Acrns. 

BTPOSVXiPBOPHOSPBOItZC     and  STPOSVUPBOPBOSPBOBOVS 

AOZDB*    iStiti  ruospHouuB,  Suj^puiubs  of. 

H  IPQHIIliWUBZO  and  BWOftV&VBIlMlini  iiWHM»  flee  Bmnuu, 
OxTMnr-tAcnNi  or. 

BTPOVAWABZO  ACZS.    8ee  Vaxadiux. 

BTPOJLAWBZKTZi.  Axi  Jizotioed  orfrftTiTC  fmb«taTice  discovered  Ijv  Sehcror 
(Ann.  Ch,  Pharm.  Ixxiii.  328;  in  the  spleen  of  man  and  in  the  ox,  and  since  found  to 
exist  in  many  other  parte  of  the  animal  hody.   It  is  pcohaUy  idcntieal  with  Suum 

(^■")- 

BTfiSOPZBiB.    A  dofobtM  alkaloid,  eaid  bj  Herbcrger  to  exist  in  the  hscb  of 

Hj/ssopus  ojicinalu. 

N  Olft         A  iidatile  oil  ohteiiied  fton  ^wnyiw  ojftcindit  hgr 
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distillation  vith  water.  It  is  yellow  iAm  ftcab,  bot  tnnw  i«d  If  keeping;  hm  * 

sharp  tiiste  and  smolls  like  camphor. 
XirsVATXXS.  Sj'u.  with  luajBcna. 


I 

XASP ACHATES.    .A  vnriety  of  agate. 

XBSSXTB.  A  iiiiicnte  fi-oni  Moiitovid,  near  Toledo,  occurring  in  large  six-sided 
pnsffls  with  basal  cleavage.  Jlardut  &s  =  2  5.  Specific  gravity  ■»  2'89.  Contains, 
aceotding  to  Norlin  (Kongl.  Vetensk,  Aka.l.  l-Mrhaiidlirmar,  1844,  21o\  4(i-9U 
ppreptit.  SiO«.  3074  A\*0\  l.'j  47  F.  '^O.  ^lu-'O  1-33,  0-40  CVO,  0  81  ,Mg-(),  4*67 
K  O,  0  04  Na-0,  o  06  H^'O  y\i  H2.  hnaea  to  a  dark  pearl  before  the  blowpipe.  It 
u  pratably  ftUwd  to  dielinSle. 

SOlMiFAKi  A  name  aometimes  applied  to  a  tM]i^»arent  rarietj  of  felspar  fowd 
in  VesnTiaa  iairm :  tho  tsfm  indudm  pellucid  ftmHin  of  other  spedss  of  felqper. 

(Daua.) 

ZOXXkAJni-SPAJU   Trausparcnt  calc-spar.   (See  Cajx^-Spjlu.) 
IITCBIMV.  A  Mbttmee  eentataed  n  tiM  immatmn  eggs  of  cypriaeSfi  tAm 

14IBVBIV.  The  saotiaed  eonstitimit  of  fhe  eggs  of  cartilaginoas  fldies.    It  is 

easily  extracted  from  thf  epgs  of  tho  ray  by  pouring  the  yolk  iT  ti;  ,  large  quantity  of 
distilled  watear,  washing  the  dense  graooles  which  ikll  to  the  bottom  tiU  the  wash- 
tniter  emifaiiM  only  traeea  of  albunin  and  saliBe  matten^  and  flnall j  ifftHaiwttng  then 
with  alcohol  and  ether. 

lebthin  thus  obtained  forms  homceeneou^  white,  transparent  grains^  soft  to  the 
touch,  insoluble  in  watir,  alcohol,  and  ether.  HydroAknc  add  cBsaolTes  it  wftbont 
violet  coloration ;  it  is  also  readily  soluble  in  dilute  acetic  and  phosphoric  iu  iil,  and  in 
other  acids  in  the  concentrated  state.  Solutions  of  potash  and  boda  dissolve  it  slowly; 
ammonia  does  not  act  upon  it.  It  gives  by  analysis  60-2  to  61-0  per  cent,  carbon,  6*7 
to  7*8  hydmcen,  14-7  to  15*4  nitrogen,  and  19  phot^boras  (?),  It  docs  not  appear  tu 
contnm  sulphur.  It  leaves  but  a  trace  of  ash  when  bnnit.  (Yalenciennea  and 
Fremy,  Compt.  rend,  xxxviiii.  4B0,  o'lS.) 

XCTSTBVXiZV.  The  very  young  eges  of  cyprinoid  fishes  contain,  besides  icthidir, 
a  strongly  albuminous  liquid  whii^  holds  in  suspension  certain  mineral  salts,  together 

with  icihiilin.  which  may  be  precipitated  hy  water.  "When  first  prcc»pitat<^d,  it  is  viscid 
like  gluteu  ;  but  when  treated  with  aletilxtl  and  ether,  it  lohva  its  vifecossity  and  becomt^ 
solid  and  pulverulent.  lake  ichthin,  it  dissolves  in  acetic  and  in  phosphoric  acid,  also 
in  hydruchlorie  acid,  without  violet  coloratiou.  It  containf*  62"6  to  63'3  per  cent, 
carbon,  &0  to  8  3  hydrogen,  16-2  nitrogen,  10  sulphur,  and  0  6  phosphorus  (?).  It 
seems  to  diaapftMr  as  the  eggs  approSeh  matttri^,  end  to  be  nplaced  hj  enraniui. 

(V a  !   V.  c  i  -  :i  n  ■■  s  and  F  r  i'  in  \'  ) 

ZCBXHYOCOXil.  or  ZSXIf 6X*jaJBS.    See  GRLATm  (ii.  826). 

ZOBTUYOPHTHAX*2kXXTZ:.    8yn.  with  Apophyixits  (i.  351). 

ZOXOA-MBSnr.  A  reein  ver^'  similar  to  elemi,  obtained  from  trees  vety  common 
in  G«iana»  bdonging  to  the  order  TerebimH^eM,  It  occiurs  in  small  wews  at  opaque 

grains,  hnving  a  yellowi><h-white  colour,  and  n  '^\r»  pt  rather  agreeable  odonr,  the 
strength  uf  which  is  increa&cd  by  heat.  It  is  £riat)l<~  at.  1  tasteless.  It  gives  uji  nothing 
to  water,  and  is  but  sparingly  soluble  in  aletrfiol,  rttjuinng  for  complete  solution  45 
parts  of  cold  alc<>hol  uf  36'^,  and  15  parts  of  hoiiinj;  ale  I:  1  ;  i*  l!i^s()lves  alno  in  yi 
parts  of  oil  of  turpentine  at  ordinary  temperatures.  It  is  luboiuble  in  alkalis.  Its 
alcobolie  •olvtioa  does  not  precipitate  lead  or  sihw  eeltni 

Iciea-resin  is  composed  of  three  dietinck  nfaatenoai^  aepeteUe  hy  their  djArmt 
degrees  of  solubility  in  alcohol 

a.  If  the  reein  be  eompletely  cBaeoWvd  in  boiling  alcoM  «m  of  tluee  snbetances, 
viz.  brean,*CT76talliBes  on  cooling.  It  has  the  eomposition  of  cht>le.sterin,  and  forms 
white,  tasteless,  needle-shaped  crystah},  insoluble  in  water  and  in  alkahfl^  sparingly 
eolnble  in  alcohol,  and  having  a  neutral  reaction.  It  mdte  at  147^,  end  eolwfflee  en 
cooling  to  a  roses  resembling  amber.  By  dry  distillation  it  yields  eropyreumatic  oils, 
M  Tf  hitile.  boHd,  amorphous  su]>.«.tanee  which  collects  in  the  neck  of  the  retort,  and 
a  sniiiJl  residue  of  charcoal.  It  is  di.»5.'?oIvfd,  with  red  colour,  by  sulphuric  acid,  and 
rndpitatrd  nnelteied  by  water.  Nitric  add  decomposes  it,  with  evolution  of  nitrona 
himee,  formin?  a  yeUow  body  aolaUe  in  mvtm  oc  niuie  eeid,  end  pcee^^iteted  on 
addition  of  water. 
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h.  On  removing  ih«  bnan  and  conoeintniting  the  mother-liquor,  a  certain  qnnnfity 
of  the  same  substuncn,  in  an  impnre  8tato,  nrst  separates,  and  afterwards  aaotber 
crystalline  resin,  icican,  which  has  tho  samo  nu  lting-point  a»  brean,  and  itMRuUm  it 
In  nUMiofiteotlMr  properties,  but  is  distinfi:iiifhod  \>y  it.s  greater  solubility  in  alcohoL 
It  gives  bv  !<n!(1v.?is  82-01  per  ct  ut.  C,  11  Go  H,  and  tV34  O,  which  may  b.' represwjted 
In  the  formula  C^H**0.  lis  cumposition  is  abuut  the  same  as  that  of  the  resin  of 
Oerojnlon  Andieola. 

c.  Tbo  mijfhtr-liquor  of  icican,  after  l^n'rv^  fvtmplttfly  freed  from  rrystallisabla 
matter,  depi^iU  a  umall  qoantitv  of  a  yellow  amorphouii  resin,  which  melts  below  100^, 
•ad  10  much  more  soluble  ill  uooImI  «iid  ether  than  braaa  or  icican.  Its  aU^>h<>lic 
solution  is  slightly  acid  to  test-paper,  bnt  the  resin  does  not  dissolve  in  all?  ill-  It 
eonUijM  77*93  per  cent  C,  I0'69  JS,  and  11*47  O,  correqwnding  approximately  witii  tiie 
Awmvla  0*H*0*.  (Seribflb  Ans.-  Gh.  Fhys.  [3]  ziiL  lU.) 

Z9ZOTTFB.  A  term  applied  by  Guthrie  (Chem.  Soc  J.  xiii.  35)  to  l)odies 
derived  by  replacement  from  the  same  substance,  including  the  typical  substaace  itself ; 
unmonia,  for  ezAmpU^  k  idiotypic  with  etbylamine,  phenylamine,  and  sD  tile  OCgftnto 
bafis  dBiiv«d  fton  it  Ibj  substitution,  and  these  are  idtotypic  one  with  the  other. 

The  Hrtme  t^^rm  was  applied  by  Wackenroder  (J.  pr.  Cheni,  xxiv.  18)  to  certain 
nou-cryistaUiue  oi]ganic  bodies  wliich,  aooording  to  his  observations,  exhibit  certaiu 
•ifflilflntic*  of  ftvootiBiK 

ZSOCltASS.    See  YBsm'iAK. 

TDRTIIliTW.  C^H"0  (?).  The  essential  constituent  of  idnalite,  from  which  it 
is  obtained  either  by  dry  distillation  in  an  atmosphere  of  carbonic  anhydride-'Or  WtteTt 
by  boiling  the  mineral  with  rock-oil  or  oil  of  tuipentiAe;  the  li<^uid  on  cooling  BoUdifiea 
in  a  mans,  which  may  be  fret\l  from  the  nnlvont  by  means  of  bibulous  paper. 

Idrialin  furma  culuurless  ttcales.  which  nieit  at  a  very  high  temperature,  with  partial 
deoompoeitioiL  IfhMl  dtrtiHed,  it  partly  volatilises,  but  at  least  ^  of  it  is  decomposed 
at  the  same  time,  even  in  nn  ntrooHpht  re  of  oarlHinie  anhydride.  It  is  insoluble  in 
water,  evRU  at  the  boiling  heat^  and  nearly  iiisulul>]^'  in  alcohol  and  etJu  r ;  the  best 
•ohrant  Ibr  it  is  boiling  o3  of  imperUiite.  It  given  1>y  analysis  91*7  to  92*0  per  cent, 
carbon,  and  ^  l  to  Cr  l  hydrc^n,  atrreetng  nearly  wi^h  tlie  formula  above  given — which 
requires  9l  u7  C,  d'll  H,  and  2-92  O.  (Bddeker,  Ann.  Uh.  Pharm.  lil  100.) 
Duuifte  and  La>iirent  regarded  it  as  a  hydrMarboo  0'*E**,  Irat  thna  Maate  ««m 
calculntcd  according  to  the  old  atomic  weight  of  carbon. 

I<LriiiUa  hsatml  with  straiw  tulphuric  acid  forms  a  solution  of  a  fine  bine  ookfor, 
like  Chat  of  snlphiiidigotie  add.  The  soliitMii  ditnted  with  watsr  ftma  wiHi  haaea 
peculiar  siilts,  anion^r  which  the  p^tassium-salt  is  tlistinguinhM  by  its  beautiful  crystal - 
line  ehamcter. — Idrialin  boiled  with  strong  nitric  aeid  vields  a  red  powder  (iAurent's 
/  «i<erj<ff  0/«lf«il(iM)deBtita«e  of  taatoaiid  odour, 

in  .sulphuric  acid,  to  which  it  imparts  a  mahogany  colour.  In  jM^tash  it  disisolves  with 
brown  colour.  Heated  in  a  closed  tnbc,  it  decomposes  with  explosion  and  emission  of 
light.  According  to  Laurent's  analysis,  it  contains  62*7  to  63*3  per  eettt  qaihaiv  i*S 
to  3  0  hydrogen,  and  lO'd  idtngaB,  appvoBdmaling  to  the  temk  CWCS&fO, 

(6')  "i  C.  2  0  If,  an  1  O'O  N). 

luarii  fiTTE.  The  mineral  from  which  idrialin  is  obtained.  It  is  found  in  the 
qoidcBilver  mine  of  Idria,  mixed  wUh  einab«r>  aad  ia  auaMtliiaa  oalled  i^flmtmMt 

cinnahar  {Queckiilfurhrandt  rz).  It  is  massive  and  op?  v^  'i  '""^'^  jrr<*a»y  lustre,  grt-yMi 
or  brownish-black  colour,  and  blackish  streak  indiiung  to  red.  tipeoifio  gravity,  1*4 
to  l-Bw   Haidasai^  1  to 

ISSTXi.  Bodeker  found  in  a  product  obtained  by  the  dry  distilTation  of  the 
quicksilver  ore  of  Idria  in  a  close  vessel,  two  peculiar  hydrocarbons,  one  of  which 
(idryl)  formed  mammellatcd  groups,  fnsible  at  86°,  volatde  without  decomposition, 
very  soluble  in  alcohol,  ether,  acetic  acid,  and  oil  of  turpentine ;  while  the  other  formed 
.«enles  melting  above  100**,  volatili.sin^^  bcfon^  melting,  mv\  Tinieh  more  solnble  than  the 
former.    Their  composition  agr«^  nearly  with  the  formula,  xCH'  (94  7  C  and  5*3  H). 

MJLSVBSO  ACm.  Pelletier  and  CaTenton  (Am.  Oh.  Phys.  [2],  x  142). 
An  acid  containnl,  in  very  small  quantity,  combined  with  strychnine,  in  the  liean  of 
St  Iffnatius;  also  in  nux  oomka,  and  in  the  root  of  Strychnos  ooiuinina.  It  is  pre- 
pared hj  ira^ng  the  magneeift  wliibb  baa  asrved  ftr  the  prepaiatioin  of  stryehnioe^ 
with  cold  wat«  r,  till  the  colouring  matter  is  removed,  then  Ijoiling  it  with  a  Lirge 
quantity  of  distilled  water,  which  dissolves  the  igasurate  of  magnesium,  precipitating 
it  with  Molate  of  lead,  dsoompoeing  with  sulphydric  add,  md  avapontiBig  to  a  tjrvp. 
The  acid  is  then  de(>osited,  after  a  while,  in  small  hard  grantdar  crystals.  It  tias  a 
sour,  styptic  taste,  and  is  very  soluble  in  water  and  in  alcohol.  Comol  regards  it  as 
Idaatieal  with  ketfa  aetd;  but,  according  to  Marsson  (Ann.  Ch.  Fham.  IniL  SM^ 
this  identity  doM  iiot fladsfei  ftc %a«iik  noid pneipiutaa  awlita  of  M,  vbiah  laeli« 
acid  does  not. 

^^^^^^^^    ^^^P^P^»  Wm^^^^ 
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The  iaasurates  are  for  the  moet  part  soluble  in  vater  and  in  alcohoL  The  ammo- 
tt  tum-saU  IB  ]MBlfectly  DeutMl»  doo»  not  pcedlpitata  the  saitj  of  iron,  mercuiy,  or  diver, 
bot  colonrs  oopper-mlfea  gre«i^  and  than  liMnt  s  g^«eniah-vhite  pndptett  ifHtfii^giy 

■olnbk)  iu  water. 


Ad  flUtalold^  dinovered  in  1868  by  Besnoiz  (J.  Pharm.  [31 
XXV.  202).  It  exists  in  nux  vamicOy  and  is  found  in  the  mother-Uaaors  from  whi«a 
strychnine  and  brucine  have  be<-n  precipitated  bjr  lime  at  th.-  Loiiinj:^  lu-nf.  Tli«'s<» 
mother-Uqnors,  if  sufficiently  concentrated,  deposit  the  igasuriue  in  i^rj^Uils  ou  ili*3 
rides  of  the  Tess<;l.  It  may  be  purified  b^  dissolving  in  water  acidulated  with  hydro- 
chloric acid.  trcAting  the  Mdvtaon.  with  animai  ehuood,  pnoapitetug  kj  and 
recrystttllising. 

ayBtalliscs  in  colour!*     pnsm<<,  haring  a  silky  lustre.  It  is  mors  solttUb 


in  tf'rt^rr  thun  5trychnin»'  or  brui'iiu-,  ilissolvin^'  in  200  parts  of  old  and  100  parts  of 
boiling  water;  it  is  sparingly  itolublu  in  ether,  very  soluble  in  aicohol.  The  wtwhqlio 
■oiation  turns  thf  phuw  Of  ^larisation  to  tha  left:  [  a  ]  —  62*9^.  It  hMOOi 
been  analysed,  V>iii  it^  atoime  we^g^  B^>ean  to  be  inlKBMdMte  bttrnMo  dum  <€ 
•tiTdmine  and  brucine. 

^■nrims  wImd  haaied.  awlts  and  girflt  off  miter  (aboat  10  per  eent) ;  at  a  higbar 
tcnij)crature,  it  is  decomposed,  witli  evolntion  of  ammoniacal  vapourn.  Htnnn^  stUpkurie 
acid  commnnicatea  to  it  a  loee'Coloar,  which  paaaee  to  yellow,  and  then  to  jeUowiih^ 
giraL  VUrie  mid  Mlotm  it  de#^  ftd  liks  broaaa;  on  adding  a  few  drop«  or  atamiovi 

r-hldrido,  the  colour  changes  to  violet.  ChJorinf,  pas.9ed  into  a  very  dilute  solution  of 
hydrochlorate  of  igasurine,  produces  lirst  a  rosf,  then  a  red,  then  a  yellow  colour,  each 
bibble  of  gas  being  enveloped  by  a  white  pellicle,  which  is  gradually  deposited  in  the 
palremlent  form.  If  the  stream  of  chlorine  be  discontinued,  the  precipitate  rediMolToa 
on  agitation,  and  the  solation  soon  afterwards  loses  its  red  colour,  retaining  only  a 
flight  greenish  tint.  Iodide  of  potassium,  added  to  a  solution  of  igasurine,  produces 
a  crystalline  pneqpltato  alls  a  considerable  time;  iodurftted  iwiide  of  potassium 
inuuediatfdy  forms  a  brown  pr*»cipitAte.  Igasurine  is  nctt  precipitated  Tiy  oiilorat.^  of 
jx>tns<ium,  but  its  solutions  yield  a  yellow  precipitate  with  dichUrrtde  of  piatinumt 
M-liite  with  tannin,  and  with  tf|/kiien  of  gaUs. 

I<:a.Mirine  is  intaMdj  poiiononu^  bring  intennediafed  in  ||oii«r  between  atitjehmDa 
and  brucine. 

I^WBfine  £«olfea  eaaily  in  dilute  acid»,  and  is  precifutated  from  tilie  aolntioiu  1^ 

potash.  $0(Jn,  nnrf  ammonia,  the  precipitate  redissolving  in  excess  of  the  alkali,  e'-pe- 
oallj  in  potash.  It  is  also  precipitated  in  needle-shaped  ctystaLi  by  acid  carbonate 
nf  tMium,  or  potasshm,  in  ptaeance  of  taitarie  add. 

Tlie  salts  of  igasurine  are  for  the  most  part  crystallisaMe.  Tlic  .vilphntt^  fonnH 
colooilesa^  silky  crystals,  soluble  in  about  4  pta.  of  boiling  water,  and  10  ^ts.  of  cold 
«ater.  The  hifiroiMoraU  reanabko  the  nlpbsfe  In  ftnm,  bat  diaiolfea  u  2  pta.  of 
hot,  and  about  4  pt.s.  of  cold  Mater.  Tlio  n  if  rati  ioODM  OOlMlleai  oystaii^  BMOa 
soluble  in  water  than  either  of  the  precoiling  salts. 

According  to  Schiitzenberger  (Compt.  rend.  zhrl.  12S4 ;  Ann.  Ob.  Tliam.  arSi 
848),  ignsunne,  prepared  as  above  from  the  seeds  of  Stri/cknos  nux  vomica,  yields  by 
treatment  with  n(  t  water,  and  fractional  crystallisation,  no  fewer  than  nine  distinct 
lases,  all  colourless,  very  bitter,  and  acting  like  Btr}*chnine.  They  crystallise  in 
transparent  needles,  or  in  naereooa  boDcj  geodes.  They  are  reddened  by  nittie  add 
bke  brucine,  which  they  also  rpsemble  in  their  chemical  react iems,  luit  tney  nre  Tpor© 
soluble  in  water  and  in  alcohol  They  all  contain  water  of  ci^stallisatioa  (3  or  4  at.), 
i^cfa  tiuy  fl^ve  off  at  100°.  Si-liutzenberger  distingoiiheo  them  m  i,  h,  9sc, 
^gpuvraM^  and  assigns  to  t^. m       following  fonnuls: 

Igasuine  a.  C»»JI'«N*0*.3H»0  rery  slightly  soluble. 

„  b.  C»"H»«N«0».3H'0  slightly  aduUs. 

^  c.  C>'H^*N'()\3H'0awdenita^MlnUe. 

„  d.  C"FI«N^O*  SHK)  ^ 

^  e.  C'-lP'N^O'.SlfO  ^ 

„  /.  C^'n'oN-O'..-^  or  4H»0 

„  a.  C"H»NW3H-0  v-r^-  '^lightly  soluble. 

u  *•  C'g'N'O'.aH^u  mudomtely  soluble. 

Igasurine  f  yields,  by  oxidation  with  nitrous  acid,  a  liase  linving  the  fonnula 
n*T!^!^0*,  vhich  crTstallises  in  colourless  needles,  containing  4  ati  water,  melting  ia 
ihciT  \iat<;r  q£  crystallisation  at  100°,  and  coloured  red  by  nitrio  add. 

In  the  abaeaea  of  eoafimatoiy  andaneoi^  tbaaa  leealta  nmst  be  ooorideted  latber 

donbiful. 

with  HoBX-LaAD.   (See  Tj>p,  Chlobidb  of.) 
«  2 
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XOXiXTS  or  XO&OZXB.   Sjn.  wiUi  AsRAOOMmi  (i  368). 
**-T™Fffffgiy  I   A  oohmUte  from  ndeftniso,  in  Spain,  having  «  rabiiMtelKe 
titMO-idamfliitiQa fauAre.    Specific  gravity  7*416  (Dana,  li.  355). 

rucxc  ACZS.  (Moldenhauer,  Ann.  Ch.  Pharm.  cii.  350).— An  anM  f>.n- 
tained  in  the  leaver;  of  the  htALy  {lUx  aqtdfoUmn).  It  is  known  only  in  conil>ui.itioa 
trith  iMses.  To  p  it  par©  th«  auaiim<«alt,  an  aqneons  decoction  of  the  Kmvos  is  pre- 
cipif  if  rl  irir]j  l  asio  aci'tato  of  li-ad  ;  thr  filtnt<*.  fr.'.sl  from  lead  bj  sulphydric  acid, 
VA  heated  with  hjdrate  of  lead;  the  dib«olved  lead  is  again  remoTed  by  suldiydrto 
add;  uidtlie  ffllntowrednoedto  a  syrup.  The  lattitM IbrnMd  aoiM  cm 
purifit'd  hy  pre»,sinp,  fli.'i.soh'ing  in  water,  precipitating  with  ak»<ih.  i1,  and  rccrystallising 
with  tho  help  of  animal  charc^d,  whereby  ooloiuleM  ilicate  of  caldum  is  obtainedi 

BSeaU  tfctdehm  contatm  12*841  per  oeiit  eileiiini,  aad  i§  vrmXIr  BohMe  ia  water,  bttt 
in.soluble  in  alcohol.  An  aqueous  solution  does  not  precipitate  salts  man^ani  >  .  -inc, 
iron,  copper,  or  silver,  but  prodnoes  aprecipitate  with  ttamwu*  eJUoride,  and  with  the 
.  tieuiraiKnd  basic  acetates  of  lead.  When  the  Icad-saltB  ara  deoonpotad  by  sulphydne 
acid,  a  ooloarle«8  i^rup  is  formed,  which  still  contains  lime^  and  hf  nautiwiaatinin  wiUk 
carbonate  of  barium,  yields  amorphous  ilicatc  of  barium. 

Holl^-leaves  gathered  in  January  contaiu  gum,  or  &  lumihtr  substance,  which  inter* 
ftiaa  with  the  eitnalioD  of  the  aad. 

ZXtXcrrr.  Tlie  bitttr  principle  of  iZf*  aoMi/o/»Vm.  According  to  D^Ieschamps 
(Repert.  Piuurm.  zli  230),  the  deeoetioii  of  tiie  leaTee  is  precipitated  with  baaie  acetate 
ef  Mad ;  carbonate  of  pcAaasinm  ia  added  to  make  the  liqmdrfllter,  and  to  pienpitate 
any  excess  of  the  lead- salt ;  and  the  filtrate  is  acidified  with  dilute  sulphuric  acid,  again 
filtered,  saturated  with  carbonate  of  calcium,  and  eraporaied  to  a  syrup.  Akohol 
extracts  from  the  syrup  a  li^ht  brown,  very  hygroscopic  aaibftanee,  iriiiefa,  in  tiiiB 
layers,  dries  up  to  small  shining  acalea.  Or,  the  aoueous  extEaet  ia  exhausted  with 
alcohol,  the  alcoholic  t^olution  eraporated,  anJ  the  dry  residue  exhausted  with 
water  at  40 ^  The  filtrate  ia  precipitated  with  baaic  acetate  of  lead,  freed  from  excess 
of  lead  bv  sulphydric  acid,  ewaponitad,  and  treated  with  aleohol,  which  takes  up  the 
ilicin,  and  leaves  it  behind  on  ernporHtiot!.  The  aqneouM  s.»1ntion  of  the  alcoholic 
extract  may  also  be  treated,  as  above,  witii  ucotatu  of  lead,  diiuic  sulphuric  acid,  and 
carbonate  of  cHlcium  in  succenxion,  the  filtrate  evaporate^  and  the  ilkm  extraeted 
from  the  re.sidue  by  alcohol.  It  i-  a  l  itter,  amorphous,  brown,  very  hygroscopic  mass 
(still  containing  a  little  potash),  cuu verted  by  acids  at  a  gentle  heat  into  a  black  sub- 
atanee,  with  empyrenmatie  odour.  It  is  Bomble  in  water  and  alcohol,  insoluble  in 
ether.— Lebourdin  (Ann.  Ch.  Pharm.  Ixvii.  254)  agitates  the  decoction  of  the  leaves 
with  animal  charcoal,  iben  heats  it  therewith  to  boUins;  leavee  it  to  oool;  removes 
the  now  edonxleni  aad  taatdeaa  liquid ;  waahea  Ihe  eharooal  w&ih  oold  water;  boila 
it  with  alcohol ;  and  leaves  the  filtrate  to  evaiK)rfit«' :  it  then  leaves  a  colourles.^i,  very 
bitter  synux  and  finally  an  amotphoua,  neutral  jelly,  easily  soluble  is  water  and  in 
alcohoL^Moldenhaner'ailiem  (Ann.  Ch.  Pharm.  oi  862)  appeara  alaoto  be  different 
from  this.  Moldenhauer  removes  the  alcohol  from  the  alcoholic  extract  of  the  leaves 
by  distillation,  and  the  separated  resin  by  filtration;  precipitates  with  basic  acetate  of 
lead ;  washes  the  yellow  precipitate,  and  decomposes  it  under  water  with  hydrosulphuric 
add.  The  aolphide  of  lead,  after  being  well  boiled  with  water,  yields  tiie  ilicin  to 
iilcohol,  as  a  very  bitter,  dnrk  limwn  substance,  re.ssenibling  tannin,  and  slightly  in 
water. — Bunucniaun  ^^N.  lir.  Arch,  xciii.  4)  gives  the  ua,me  of  ilicin  to  crybtids  which 
he  obtains  to  follows:  He  predpitntes  the  decoction  with  basic  acetate  of  lead; 
deaomposes  the  washed  precipitate  under  water  with  sulphydric  acid;  filters  the  licjnid 
from  the  sulphide  of  lead,  and  evaporutea  to  drynesa  By  repeatedly  exhausting  the 
residue  with  dcohol,  and  leaving  the  solution  to  en^Mrate,  naedlea  were  finally 
obtained,  but  nn*  in  sufficient  quantity  for  further  exanunation. 

ITinii>WTHnf.  C*'H«0".  (Moldenhauer,  Ann.  Ch.  Pharm.  eiL  346.)— A 
fttbatanee  oeeorring  in  the  leoTea  of  the  h<^7  {Bex  aquifdium).  The  leavea  gathered 
in  January  contain  .•scarcely  any  ilixantliin,  while  those  gathered  in  August  ecmtain  a 
large  quantity.  The  leavea  are  exhauated  with  alcohol  of  80  per  cent.;  tlie  tincture 
thus  obtained  is  freed  ftvm  the  greater  {wrt  ci  the  alcohol  by  distillation ;  and  the 
residue  is  set  aside  to  crystallise.  The  granules,  which  separate  after  some  days,  are 
drietl,  washed  with  ether  to  remove  the  green  colouring  matter  of  the  leaves,  dissolved 
in  alcohol,  and  again  separated  by  evauoratiou  and  adtlition  of  water ;  they  are,  lastly, 
reeryitaUised  from  hot  water.  A  furtner  quantity  of  ilixanthin  may  be  obtained  from 
the  mother-liquor  by  reducing  it  to  a  syrnp,  dissolving  in  absolute  alcohol,  evajwrating 
the  alcoholic  solution,  dissolving  the  rraidue  in  wat«r,  and  precipilatinff  with  basic 
aoetate  of  lead.  The  wndied  praeipitate  ia  decomposed  under  hot  water  wifli  aidphydxio 
acid,  and  the  filtrate  h  evaporated  to  a  I'yrup,  wheretijwn  the  ilixanthin  crystallises  ont 
ia  straw-ydiow  microscopic  needles,  whidi  melt  at  198^  to  tx«nB|>arent  red-yellow  drops. 
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Ifi»liili&i  twill  and  decompohes  »t  216^.  It  doM  BOt  ndoes  sn  alkaUne  solution 
of  ovpric  oxide,  even  on  prolonged  boiling.  It  is  nearly  insoluble  in  cold  tnattr,  but 
dissolves  easily  in  hot  water,  forming  a  yeuow  solution ;  also  in  alcohol,  but  is  inieoluMe 
in  tther.  It  diseolTea  in  warm  concentrated  kydrothlvrie  add.  The  colour  of  the 
aqveotis  solution  is  changed  to  orange- vellow  b^  alkaUt  and  tAMim*  carbonatts^  but 
becomes  colourkss  on  addition  of  sulpnuric  acid.  Ferrous  and  cttpric  talis  do  not 
effect  ilixanthin ;  />  rric  chloride  colours  it  green.  Neutral  or  basic  acetatt  of  kadpto- 
duces  in  the  a^ui-nus  i^ulutioB  df  flimitfaiii  ft  qteidid  jeDov  fcceipiteto,  telnlilt wHbouk 
eolour  in  acetic  acid. 

Ilixanthin  forms  a  yellow  dye  on  cloth  prepared  with  alumina  or  iron  mordanta. 

rZTB.    Titaniferous  Iron.         Ti  i  \n  .\ti:js. 

Aeeording  to  Hermann  (J.  pr.  Chem.  zxxviii.  91,  119;  xl.  476; 
IxT.  52),  Sibcmn  yttrotantalite,  or  y ttroilmnaite,  contains  a  peculiar  metal  widch  forma 
an  acid,  ilmenie  acid,  closely  resembling  niobic  and  (fve  Niomnw),  but,  ncrcrtlieless, 
distinguished  from  it  by  it«  lower  s|>ecifie  gravity,  by  the  insolubility  of  it.s  hydrate  in 
hydrochloric  acid,  and  by  forming  with aul^nurie  acid  a  ciini^>ound  which  i.s  decompoaed 
bv  a  large  qiiantity  of  water,  leaving  a  residue  of  liydrafed  ilnn  nie  aci<l.  According  to 
H.  K  ose,  however  (Pogg.  Ann.  Ixxi.  157%  the  supposed  ilmenic  acid  is  merely  ni^icy  . 
acid,  more  or  less  impure.   Roae  alio  veg^ida  jibio-ibaeidto  aa  Idaalieal  vitA  vmio/  9 

taiit.Llit.'  c,T  S.imarskite  (£. ISt  S-'' 

III ViVJCTX.    See  Likvrttb.  I Q  9 

xmAMMmiUMtM,  C''H"NO.  (Laurent,  Bey.scient  x.  122;  J.  p.  Chem.  xxviil^  9 
SIS.) — Cradoeed,  together  witb  beturikm  and  benailimide,  by  the  actuui  of  ammoniMT'  ^ 


C"H'«0»  +  NH*    «    C'WKO  +  IPO. 

Beuziie  is  disacdved  in  warm  absolute  alcohol ;  dry  ammoniacai  gas  is  passed  through 
the  8^  warm  aolatioii;  and  the  liquid  is  left  to  cool,  while  the  pttssigo  of  thi-  gas  is 
continued.  After  24  liMn»  the  liquid,  together  with  the  sediment  which  has  formed, 
is  !'out»'d  to  the  boiling  point,  und  fdteml  at  the  .sanic  torn perat tire.  Itn^himMla  then 
it  iimins  on  the  filter,  and  may  be  purifii  d  by  washing  with  ether. 

Imabeu/.ilo  is  a  white  inodorous  j)owdor,  which  so]<jir.it«'s  from  its  solution  in  boiling 
ether-alcohol,  in  microscopic  right  rhombic  prisms  witli  dihedral  summits,  whose  faces 
rest  on  the  obtuse  lateral  et^ea.  It  melts  at  140°,  reiiutins  soft  and  glutinous  on  cooling, 
and  then  aolidiies  withoink  eqrstallising.  It  is  quite  ins4>luhk>  in  boiling  alcohol  and 
ether.  It  is  partially  decomposed  during  fn^- inn.  "\Vl,.  n  f^ulijected  to  dry  distillation, 
it  neither  gives  off  gaa  nor  leaves  any  carbooaoeouii  residue.  When  gently  heated 
-villi  nUrie  acid,  it  giTW  off  red  vapours,  and  jidda  a  yelW  tSL,  which  aolidifiM  in  the 
crystalline  form  on  cooling,  di^.solve.s  in  alcohnl,  and  cry-^tallises  therefrom  in  small 
needlea  nnited  in  tufta,  but  is  insoluble  in  ammonia.  It  is  not  altered  bj  boiling  with 
h:^dn<di!ane  add.  It  diaioltea  in  gently  heated  tiOphifio  mid,  and  tha  aohitiott,  mixed 
with  water,  deposits  benxilam.  It  dissolve »  readily  in  boiling  alcoholic  jKitash  ;  and 
water  added  to  the  aolation  tlunyira  down  bensilimide,  while  nothing  but  jpotaah  remaina 
disaolred. 

LVBO  AOUb  8yB«  nith  liAiiio  Aflnk 

ZW.   C'«H"NW  (Lanrcnt,  Ann.  Ch.  Phya.  [S]  iii.  483.)--A  com- 

pnnnri  produced  boiling  a  ^•<I^^l1^on  of  isatin  in  ;tniTiK<niii.  It  i«  of  .1  greyish-yellow 
culour,  often  in<dining  to  brown  or  green,  unci  cr^stuilihcs  sometimes  in  lamellated 
^nimt  aonetimea  in  fadiated  spheres  of  a  darker  colour.  It  ia  tnaoluble  in  water  and 
m  ether,  vr  n,-  ^j  aringly  soluble  in  Ixjiling  alcoboL  It  is  decomposed  liy  dr^-  dihtilla- 
taon,  jriclduu;  a  lar;»»  Quantity  of  charcoal  and  a  snblimate  of  colourless  needlee.  It 
ia  not  attadkad  booing  hjdtocUoiw  add.  Chaatk  poladi  diaaohaa  itt  aad  tha 
{solution,  diluted  widi  water  and  iiaatxaHaad  tgr  ic>4>  jWa  a  wfaittdi,  gdatiBona 
precipitate. 

Dicklorimasattn,  C»«H»CI«N'0',  is  a  powdor  of  slightly  reddish  colour,  produced  by 
the  ac^m  cf  ammonia  on  an  aledwlk  solution  of  ehbriaatin. 

C'«H'Br«IPO".  Beddiah-ydlov  asalaa  sndaeed  lij  tha  aalaon 

of  amraonifi  nn  tffrubromisatin. 

XIKA.XSJ1  STOirSB.  Stony  concretions  found  ui  h  m:\Tly  formation  on  the 
Sdrat^bizg in  ilRaland.  They  were  tegarded  by  Parro  1  1 1'rt  rsb.  Acad.  Bull.  1839, 
vi.  183)  as  petrified  molluscs,  on  the  ground  that  th^r  contained  Lalcitina  and  sulphur, 
neither  of  which  elemeata  were  found  by  ium  in  the  formation  in  which  th^  were 
imbedded.  ODt]ieoaierIiand,yirlet(BnaGM.iiS19:  iT^.13;laluedia^ 
p.  1298)  regarded  thi  m  merely  a.«;  calcareo- ft  luminous  concretions  prodnrrl  by  mole- 
cular attraction.   The  concreuoua  {A),  and  the  formatiDn  {£)  in  which  thejr  are  found. 
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hKM  iMea  mtlywid  hy  Ules  (JakntlNr.  1861,  pi  lOM);  flM  hlteF,  abft  (T)  bj 

S»lT4tat0mi298): 

SlO«      Ca'CO'     AlK)i      Fj,«o3     Mn^o*      fltO     Alkali  Jigjo 

A.  ZO-S       .    .  1       8-8       21       J'7       .    .       .    .      -  1000 

B.  n-l        8-2       6-0       2-4   ««  100-0 

If.   34  1       47-8        90       40       20       .    .       0*6      traces    =  974 

ZMfiSATSir.  C*H*N*0.  (Laurent*  loc.  cit)— Obtained  by  {WMUig  dry  am- 
nuinia  gua  into  a  boiling  solution  of  imtin  In  abiolttte  aleobol,  in  whidi  a  ^&gat  ezcesB  of 
pdtrcciiad  iaatin  is  suspended.  It  forms  colourless  right  prisms,  with  rectangular  base . 
uiodoroos,  insoluble  in  wutor,  moderately  soluble  in  boiling  alcohol,  xery  sparinglv  in 
ether.  Heated  with  a  small  quantiU  of  ala>hol  and  hydrochloric  acid,  it  disMUVM 
Mdfly  and  decomposes,  yioldne  i«tiii  aad  aal-^iBmnniac  Tlw  mum  deeonpoiitioii 
it  produced  by  potash. 

CUorimmUmf  C*HK]S1N'0,  resembles  imesatin,  and  is  obtained  in  like  mauii*  i  from 
ddWMitin.  It  Ibnw  yellow  bexagomd  teales,  sparingly  K^ble  ia  boiling  alcohol, 
nearly  insoluble  in  ether.  It  h  slovrlj  doeomposca  hy  boilinp;  wator,  vith  evolution  of 
ammonia.  When  haatad,  it  girea  off  anunonia)  yields  a  sublimate  of  yellow  needlee, 
and  leaTW  chnttod. 

miBMa  MooainSdea,  in  tvbieh  3  at  hydrogen  are  replaced  by  a  diatomio  nidicic; 
e,ff.  succinimide,  N(CO)H;  r^v     '  -v/  v/J,-,  N(t'»H«0)''H.    (See  Amibbs.) 

TMWlSMJkTOMlA.  OBT&UXMXVM.  (Mtist^rwort.)  The  ro<>t  uf  this  plant 
(aaalywd  by  Keller)  contains  (i  ^  {.kt  cent,  of  a  ri*fdn  called  imperatoriu  or  pencedanin; 
16  0  fat  and  Tdbitile  oil ;  f)  Ci  extract  soluble  in  water  and  alcohol;  8*8  gum  and  salta 
Bolulilein  water;  9  2  staixh  and  extract  w.iini.ic  in  boiling  watiT ;  4 1 '2  Yl^getebfe  Abnii 
and  19-0  water  (and  luss).   (Pelouae  aad  ir  rimy,  'Drmti,  vi.  SyS.) 

ZMPBRATOSIW.  See  FamoiMMn; 

ivemBAvmr.  Sm  Am  (1417). 

nn>x:x.XBB.OBKB.    Ci<H|Br*N*0*.— A  yellow  substance,  ittKilnlile  in  natw, 

produciHl  by  th<'  ;ii  tiou  of  bromine  on  isamic  acid.  (Tiaurent.) 

XirSXAJrZXB.  A  variety  of  anorthife  (i.  308)  found  in  tli<-  Camntio.  diffbring 
&omcwhat  from  ordinary  anortbitr  i_from  Vesuvius)  in  the  composition  of  the  pi\>toxide» 
which  it  contains.  According  to  Laugier's  analysis  (Mem.  du  Mus.  d.  hist.  uat.  rii. 
341 1  it  contains  42  0  to  43  0  per  cent.  SiO»,  di-Q—U'S  A1*0»,  l^-O— 16«  0**0^  ^'^6— 
2-6  Na'O,  3-20— 10  l?e«0»,  aad  10  water. 

TMWtMM  WMM.  or  CKBIWA  nr&.    A  black  pigment^  the  best  VtrietiM  of  wbidi 

are  imported  from  China.   It  is  composed  of  a  veiy  fine  blw^  Mid  1)j  Reehot  to  be 

l)l:i*.un*'d  from  cnmphor,  cemented  together  with  gelatin. 

ZWUXAJr  BSD*  A  mineral  fcom  the  Pctinan  Gulf;  used  as  a  pi^ent.  The  hard 
oottne  powder  has  a  daik  red  eohnir,  wHIi  «  tbge  of  purple.  Specific  gravit  y  3-84S. 
The  following  analys<  s,  A,  of  the  entire  mineral,  B,  of  the  portion  soluble  in  hydro- 
chloric acid,  ere  by  How  (Edinb^  Kew  PhiL  J.  new  aerieab  iL  906;  Jahresber.  1636, 
p.  926): 

HO*         Te*Cfi       Al«03       C«»0       M«*0        80a         CO*  H'O 

A.  3017       66  69       3-79       2  f?5       1  43       2  28       1-73       1-62  -  100  26 

B.  (.    .  8-91       2-22       2  06       0  87       2  28       173       .    .)  =  13-66 

The  pfindpal  portion  (ineohiliie in  hjdnwlJm  add)  ia  a  Anie  ailioatc^  F«*0*.aSiO'. 

~  ...        —  -  .  .Yi.,,.,       -  -  " 


Tlie  Tinime  1  n  d  i  .i  n  re  d  is  also  affilied  to  anollier  p^pneut  of  similar  eolonr,  ( 

ing  chifHy  of  sewjuioxide  of  iron. 

miAM  TBI»I»OW  or  Pir&Jt££.  A  yciluw  pigment  consisting  esseutiaiiy  ul 
enzanthate  of  magneainm,  (See  Enuimac  Acn^  iL  609,  and  Pran!) 

xrazCAir.  C«1I«N0»  (Schnnck,  Phil.  Miig.  [4]  x.  73;  xv.  29,  117,  283; 
Juhresbcr.  1866.  p.  660;  1868,  p.  466.— Qm.  xvi.  1.) — A  colourless  substance  existing 
in  woad,  and  most  probably  in  other  plants  which  yield  indigo-blu&  It  likewise  occurs 
in  human  urine, both  healthy  and  diseased,  and  when  present  in  considerable  ({uantitj, 
causes  the  urine,  after  spontaneous  frrmenfiifion,  or  on  addition  of  aeid.'<,  to  deposit, 
sumctimes  indigo-blue,  sometimes  iudirubin.  It  may  be  detected  by  precipitating  tho 
orine  with  benus  acetate  of  lead,  collecting  the  ]>r>  cipitate  which  forms  in  the  filtrate 
on  addition  of  ammonia,  and  decompof.in<>  it  with  o<tld  dilute  neids,  the  filtrate  then 
depositing,  first,  indigo-blae,  then  indirubin,  and  afterwards  other  products  of  the 
decomposition  of  indtcan.  Indican  i  ."  ai.so  foimd  in  the  blood  of  nant  and  in  the  blood 
and  urine  of  the  ox.    (Carter,  VaI.  Med.  J.,  Aup:.  1S59.) 

Preparation. — From  woad-lravfs,  car^ully  dried  and  pulverited  while  warm. — 1.  The 
leaTBO  are  esfaaiutcd  with  cold  aleobol  in  a  pettolating  appeiaCiif ;  the  gicen  lineliire 
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is  precipitated  with  alcobolie  augar-of-lead  md  a  Uttle  ammoma-wmter ;  and  tbe  pale 
giMB  pffieeipitate,  alter  waahing  with  cold  alcohol,  is  decompoeed  onder  watar  • 
stream  of  carbonic  anhydrule ;  it  thf*n  los*^  its  colour,  and  yields  a  yollow  solnfion, 
which,  when  freed  from  dissolTed  lead  by  sulpl^dric  acid,  aod  evaporated  over  oil  of 
vHno^  yi^di  indSoaa. — %,  Hm  tiaetave  pnputA  widi  eold  aleohel  is  eoBotatntad, 
nflrr  audition  of  a  little  water,  liy  paf>sing  a  stroam  of  air  over  if  at  the  common  tftn- 
peratnre ;  the  fat  which  separates  is  removed  by  iUtratioa ;  the  filtrate  ahaken  up  with 
TOoently  predpitated  cupric  hydrate ;  the  liquid  again  illtemd ;  tibe  flhmte  ft«ea  from 
diswlvt^d  copp<T  l>y  sulphydric  acid:  and  the  liquid  separaffxl  from  the  sulpliid*'  of 
co|»>er  ia  eraporated  at  the  tenmerature  of  the  air.  From  the  residual  brown  syrup, 
eota  alcohol  oissolTW  o«t  tiie  ioueaa,  leaTing  tmdtaM^red  a  brown  Tiacid  mass  which 
contains  oadndioattiii,  IBiy  mixing  the  alcoholic  solution  with  2  toL  ether,  fttrtl^r  pro- 
ducts of  deoompomtion  arc  precipitated,  whilst  the  indican  is  obteioed  Igr  en^oradag 
the  filtrate.    When  thus  pn^parvd  it  still  retains  a  little  fiit. 

Proprrtiet, — ^lodican  forms  a  yellow  or  yellow-brown  syrup,  which  cannot  be  dried 
without  decomposing.  It  has  a  "Hch'^ly  bitter  and  repulsive  ta^tc,  disjsolves  in  wafer, 
with  yellow  colour,  also  in  alcohol  und  <  tker.  The  alco^Iic  solution  forms,  \vith  aoetate 
af  lead,  a  sulphur-yellow  precipitate,  which  increases  on  addition  of  ammonia;  Um 
aqueous  solution  is  precipitated  by  acetate  of  lead  only  afer  addition  of  ammonia. 

DtcomponUom^ — 1.  Indican  decomposes  eroi  when  gently  warmed,  and  at  a  stronger 
Inat  swells  up  aad  «aula  mqpmnv  viadi  eondimae  to  aa  oil,  aolidiOriag  partUfy  ia  ua 

dystalline  form. 

2.  The  a^u«ouB  solution  is  decomposed  by  heat»  and  by  spontaneous  evaporatioi^ 
jiddiag  tile  laDoiwing  prodnela: 

ai  Oxindieanin,  C-^H^O".  Tliis  compound  sepan^tcs  on  spontaneous  evaporation, 
aad  mmy  be  imnfied  by  repeated  solution  in  water  and  precipitation  by  alcohol.  Zi 
ia  a  lawm  iMaid  eoakbanble  gum,  having  a  aaneoattMle;  by  boiling  with  dilato 
aai|]igaife  add,  it  ii  xtaoM  iato  iadillwsto 

Oxtndlcanin.  IndiAiKin.  Indittliucin. 

h.  Oxindicastn. — Produced  when  an  aqueous  solution  of  indican  ia  evaporated  by^ 
lieat,  the  tadSem,  aeeoidmg  to  SMbvafk,  being  fint  eoarmted,  with  ieparatloB  of  indi- 

prhtcin,  info  in'^imnin,  thp  luttfr,  -^-ith  abwrption  of  oxypen,  into  oiindicanin,  and  thia 
last,  being  reiMlved,  witii  aamimption  of  water,  into  oxindioutLu  and  indigincin: 

2C»H*»N0"  +  OH'O    •    C»H"N  O"  +  2C^'K)« 


It  is  purified  lilta  tiie  preceding,  which  it  resembles.  Its  aqueous  solution,  preci- 
pitated with  exeeat  of  naatraL  aoelato  of  lead,  yiaUa  a  yellow  lead-aalt  containing 

e.  Jbtdiea»in.—Th»lkpddihiani,  ftom  the  lead-salt  of  oxindicaaiii,  and  contalaiag 
cxcc!»  of  lend-acetate,  yiddi^  when  treated  with  a  laige  qiaati^  of  aJoohol,  a  pala 
yellow  precipiUte  -  C*H*IW".«Pb»0. 
8.  In  aoBlaetwith  asJaj^  or  &afy<a  wator,  indleaa  ii  raohipd  into  indioiBia  aftd 


A  solution  of  indican,  left  for  several  days  in  contact  with  aoda^ley,  yields,  with  acids, 
indirubin  produced  from  the  indicanin ;  after  longer  etaadilg^  inaiKtin  ia  likewiao 
obt;»inod,  and  in  some  cases  the  latter  is  the  only  product. 

4.  Indusaa  is  dceompo«©d  by  dilute  acids  in  the  cold,  and  more  quickly  when  heated. 
The  decomposition  is  induced  Vy  Tartaric  and  oxalic  acids,  as  well  as  by  mineral  acids, 
less  easily  by  acetic  acid.  Aqueous  indican  mixed  with  dilute  sulphuric  acid,  becomes 
turbid  on  ataading,  and  deponta  blae  ilodki,  the  format  ion  of  which  eeaaea  after  24  homa* 
The  filtrate,  aftor  ;-t;>.ndinR  for  some  time,  and  still  ni(»rc  when  heated,  deposits  a  brown 
powder,  while  leutune  and  indiglncin  remain  in  wjhition,  together  with  certain  volatile 
wodnela*  tia.  eaxlwni^  focinti^  aoatic,  and  perhaps  propionu  add,  whieh  aaoapa  whan 
the  liquid  is  heated. 

The  aabstanoeiiuK)Iuble  in  water  is  a  mixture  of  six  different  bodies.  On  exhausting 
il^  int  with  oold,  then  with  warn  dihite  soda-ley,  imdikimim,iHd^Mn,BBA  MirtUm 
are  dissolved;  the  residue  yields  to  alcohol,  a-  or  fi-indifiilvin  and  indiruhin,  together 
with  residues  of  indifbscin,  while  indigo-biw  remains  in  solutioD.  Instead  of  indinisoia, 
indifutcone  is  aoaietbnes  obtuned.  Schunck  gives  tba  Ifalloiviqg  lbfinnl»»— 

a;  PoiMaftioB  of  iadko-blna  €t  ito  iMmav,  iadirahii^  aad  of  iadiglac^ 
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pBii  of  the  mdigo-blue  is  said  to  split  up  into  leucine,  fonaic  acid,  and  carbonie 
anhydxid*: 

(Tn»KO  +  SBHy   mm   C«H'*NO«  +  CH'O'  +  co* 

tn€llgo.blu«k  Leucine.       Formtc  acid. 

Foniwtk»  of  A-indiflilvii^  indigliieiD,  and tmaie  add: 

«  Indlfulvln.         IrwHplnrln.      Fomnir  acl4. 

c.  Formation  of  ^-ln(iifulnn,  indip1u«^in,  forniio  aci<l,  and  carbonic  acid; 

4C«"H"N0"  +  7H=0    -    C"H**N*0*  +  8C*H'»0«  +  lOCHH)*  +  2C0« 
IMtM.  fi  Inditalvku        Indifludn.      Fomic  acid. 

di  Formatiun  of  indihuinin,  inJiglueiii,  propionic  atiil,  and  carK-inio  anhydrids: 

C»H"NO>»  +  aH»0    m    C'«H*NO«  +  2C»H'»0«  +  C»H«0«  +  CO" 

l.jaican.  Indlhtiroln.  Indigluein. 

e.  Formation  of  indifuscone,  indigluciu,  acetic  acid,  and  carl'onio  anhydride: 

2C"H»'N0"  +  3iro    «    C^H^N'O*  "+  4C«H'«0«  +  2C-H«0-  +  200= 
lodican.  loOAHeoiie.        Imllglucin.  Acetleidif. 

f»  Fon&ation  of  imliretin,  indiglucin.  carbonic  auliydrido,  nnd  wat^r: 

iBdkai.  ladltctln.  todlslaelB. 

miOAWZir.  C^H«NO».  (Schunck,  Phil.  Mag.  xr.  IS8.)— This  com- 
pound is  produced,  together  with  imdii^iMiB,  fay  the  adaon  of  aqneoaa  alkalia  or  barjtar 
vater  on  indiean: 

Indicanin  is  left  in  contact  with  bairta-irater;  the  liquid  is  ]>rtH  ipitated  urith  dilnfa 
Btilpliuric  acid;  and  the  filtrate  is  froca  from  excess  of  sulphuric  acid  I'V  curl-oiiatc  rrf 
lead,  from  lead  by  sulphydric  acid,  and  evaporated  in  a  stream  of  air  at  mean  tempera- 
ture. The  residue  is  dissolred  in  alcohol ;  the  solution  is  mixed  vith  twice  ita  vmame 
of  ether,  wliioh  precipitates  indiglucin  :  and  the  fllf  r  T'^  is  left  to  evaporutf^. 

Indicanin  is  a  veliow  or  l«own  bitter  ^jrrup,  &uluUe  in  foo^,  «icoJioif  and  etAcr, 
When  heated  on  platuiinii-lbjni,  it  eweUa  ap  atrunglv  and  learee  ehweoaL  By  diy  die* 
tillntlon  it  yields  a  Vii'uwn  oil  in  which  white  needle.s  form.  "\^nien  liuiled  with  U'-iil", 
it  yidlda  indiglncin  and  indimbin,  and  if  impure^  likewise  indiictin  and  indifoscjn. 
Fqrma*k(tt  of  ttdhmhiii;  • 

CPJ1"I10»«  +  HH)   «  C*H*HrO  +  JOWW 

When  boiled  with  soiJa-fn/,  it  gives  off  annnonla. 

Aqaeous  indicanin  forms  a  ali^t  precipitate  with  neutral  acetate  of  Uad;  from 
aledliolw  indieamn  an  alooholie  aolvtf on  of  nentnl  aeeCate  of  Ind  fheowa  down  a  copioiia 
aolidiiir-yellow  precipitate.  "  .luLle  in  exceia  of  the  lead-aeetate^  pnetpitaUe  l)jtai^ 

monia,  and  containing  C«H«»N0'^.3rt)'0. 

nfSZFirXiVZir.  (Schunck.  /or.  c/Y,)— This  name  is  applied  to  two  componndo, 
diattngnkhed  as  a  mdifhlrin,  C^KK)*,  and  iS  indiftaTin,  C*<H^*0',  ^«lndi  are 

obtained,  t<  Lrtln  r  Mnth  indifu.scin,  indiglucin,  indigo>Uae^  {n^Mimiain^  indixotin,  wd 
indirubin,  by  irvatin^  indiean  with  dilute  acids. 

JVtyarg^fcm.— Indiean  ie  heated  irfth  diliite  adlphinie  add ;  the  flodca  whidi  ftepa- 
rate  are  rollecfed  (the  solution  which  runs  off  being  presencd  for  the  pn'j^aratiun  of 
indigludni  washed  with  cold  water,  and  treatoc^  filrst  with  cold,  then  with  warm  dUuto 
aoda-Iey,  iniidi  duMjlreB  one  portioD,  and  lesrw  anodier  containing  a-  and  /l>i]idifhlTni, 
indirubin,  and  indigo-blue.  The  alkaline  solution  is  precipitated  with  hydroeUoric 
acid,  and  the  precipitate  is  collected,  washed,  and  tr.  atcd  witn  boiling  ammonia,  wWdi 
dissolves  indifuscin  and  indiretin,  and  leavet^  i  ii  d  i  h  u  ni  i  n.  The  ammoniacal  solution, 
neutralised  with  acetic  acid,  yields  a  precipitate  of  indifuscii^  and  an  additional 
quantity  of  this  product  ir  precipitated  from  the  filtmte  by  aUx>holic  fmprnr-nf-li  nd.  The 
indiretin  which  still  remains  in  solution  is  separatctl  by  ammonia,  in  combiiialiun  with 
lead-oxide  and  contaminated  with  indifuscin ;  it  i.s  separated  from  the  lead-oxide  by 
trf'utlng  the  precipitate  with  acetic  and  then  with  hot  liydrocliloric  acid,  and  piuified 
by  repeated  lidiRion  in  alcohol,  which  leaves  the  indifuscin  undissolved. 

The  uiitnra  of  and  il>iiidiftal?in,  iadiniinn,  uid  indi^blne,  insohible  in  dfltite 
soda-ley,  gives  up  to  boiling  alcohol  crerything  exc«'jitiiig  the  indigo-blue.  The  purple- 
brown  aiooholio  aolntion,  mixed  with  ammonia  and  akoholic  BUgar<»f-le«d,  depomta 
midvea  of  eahataneea  eolnhle  hi  aoda-ley ;  and  on  separating  these,  then  addhig  eaeess 
of  acetic  acid,  distilling  off  the  alcohol,  and  diluting  largely  with  water,  jaiq-lc-brown 
fiodta  are  obtained,  from  which,  when  purified  with  dilute  soda-ley,  a  small  quantity  of 
cold  aleobol  eztzMta  indifalTin.  <ta  boihng  the  residne  with  an  alkaline  solution  of 
protodikaidi  of  lui,  ttfeenng  hot^  and  wgima%  the  filtiata  to  die  air,  *  puq^iei 
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'dppo»;ir  is  formed,  oonsi.«tincr  ^^f  i  n  di  r\i  1)  i  ii.  Tliis  is  wfishcd  with  water  and  dissolved 
in  alcohol.  The  portion  iu2>olubio  in  the  uikaline  solution  i»  a  mixture  of  indirubin 
sad  indiftilTin. 

Indifulviii  i^^  obtained  of  various  composition,  a  or  $,  nc'^ording  to  circnmstanccs 
not  well  understood.  It  is  a  brittle,  friabie,  reddish-yellow  resin,  which,  when  heated, 
m^ttB,  hmm  with  ftame,  aad  lesvw  dimimal.  HeatM  in  «  fgbam  t«b«,  it  grrea  off  s 
strong-smelling  vapour,  condeniill|p  to  A  bfown  oil,  wliich  soliflifics  in  tlii'  (t\  stuUino 
form.  Diasolves  in  strpoff  tuhkmie  aeid,  with  green-bruwn  colour,  and  charn  when 
he«t«d.  Bf  flwHnaiy  niMe  mefdy  it  u  mtantAy  cttadced,  eren  lit  th«  boUing  heat ;  but 
it  disscjlves  in  fuming  nitric  acid,  and  is  precipitated  by  water  in  orange-yellow  flocks. 
By  heating  and  evaporating  the  liquid,  a  yellow  resin  is  obtained,  tugt  ther  with  crystals 
soluble  in  water,  and  different  from  oxalic  acid.  It  is  slowly  decomposed  by  ckr<»iuo 
«0ML  It  doM  not  dissolve  in  aqpeooi  alkaUi,  vnm  at  liM  bdUag  hmt,  cr  on  addttiaii 
of  grape-sugar,  or  dichloride  of  tin. 

XmZFUSCXir,  C'^U^NK)*,  and  zmVITSOOn,  C^H'ON'O^  ?~Theiie  com- 
pomdi      twodqeod  in  grytett  qnaati^  by  tiia  aedoa  of  dihrto  onlphofio  add  on 

indican  which  bis  been  previously  exposed  to  the  air.  A  bro;\-n  powder  is  then  fonin  d, 
containing  from  59  4  to  67  6  per  cent  C,  678  to  7*12  N,  and  29  12  to  20*23  O.  so  that 
it  appears  to  agree,  sometiiiMa  with  one,  sumeiimee  with  tiie  oHifr  of  tbo  fbravls  jnat 
given.  When  heated,  it  emits  vapours,  with  an  odour  of  burning  turf,  and  yields  aa 
oily  distillate.  It  bums  without  fusion;  colours  chromic  acid  green;  with  boiling 
mine  acid,  it  yields  oxalic  and  picric  acids ;  dissolves  in  strong  sidphuric  acid,  with 
tomm  colour,  giving  off  sulphurous  anhydride  when  heatod.  It  is  insoluble  in  boiling 
wafer;  disM-.Ivf  H  easily  in  alcoholic  ammonia^  whence  it  is  pivcijiitated  in  brtjwn  flcvks 
by  acids ;  also  in  aqueous  alkaiis  and  alkaline  earbonat^,  and  m  precipitated  therefrom 
tjwdlafffeaaait;  apaangly  aolnUo  in  boiHng  aleokol. 

tmmamcXM.  C«H»«0"  (Schunck,  Phil  Mag.  [4]  x.  73 ;  xv.  183 ;  Jahresber. 
1866b  ;  1868,  465  ;  Gm.  xv.  302.)— Produced,  together  with  the  products  above 
BMnooned,  by  heating  indican,  indioanfai,  oodndteamn,  or  oxindieasin,  witfi  wtAtr, 
acids,  or  alkalis  (pp.  247.  248). 

J^rtparalion. — Tincture  of  woad-leaves,  prepared  with  cold  alcohol,  is  evaporated  in 
a  current  of  air ;  the  residue  is  mixed  with  cold,  very  dilute  sulphuric  ado,  and  the 
which  falls  to  the  bottom  is  immediately  s<  par.itcd  by  filtration.  The  filtrate 
serves  instead  of  the  acidulated  aqueous  solution  of  indican.  The  decomposition, 
which  begins  in  the  cold,  is  kept  up  by  gentle  heating,  whert;upon  the  solution 
becomes  turbid,  and  a  mixture  of  six  insoluble  substances  separates  (pbt47);  the 
liquid  is  then  filterf  d,  the  residue  washed  with  cold  watt  r,  and  decomposed  in  the 
manner  described  under  indican.  The  filtrate,  freed  from  sulphuric  acid  by  cai-l>onate 
of  lead,  and  ^m  lead  by  sulphuric  acid,  evaporated  to  a  syrup  in  a  stream  of  air, 
dissolved  in  alcohol,  and  mixetl  with  a  large  quantity  of  ether,  deposits  leucine  in 

Satals,  and  indig^udn  as  a  syrup.  The  latter,  after  the  removal  of  the  crystals,  is 
■olred  in  water;  the  sohition  u  adzed  widi  acetate  of  had;  the  scanty  precipitafe 
is  removed;  and  the  yellow  lead-coni|Winid  of  indiglurin  is  pn  cipitatod  from  tho  filtrate 
by  aqueous  ammonia.  The  lead-oau  decomposed  by  sulphydric  acid  under  water,  and 
traated  with  animal  chafcool  till  a  sample  gives  a  white  precipitate  with  anaiOBiaeal 
sagar-of-U«d,  yields  a  solution  from  which,  by  evaporation,  solutiun  of  the  residne  in 
alcohol,  and  addition  of  ether,  the  indiglucin  is  precipitated  in  the  form  of  a  syrup. — 
2.  In  the  preparation  of  indicanin  from  indican,  by  mixing  the  latter  with  baiyta-aater 
and  leaving  it  at  rest,  then  removing  the  baryta,  evaporating  the  filtrate  in  a  eoBMnt 
of  air,  dissolving  the  residue  in  alcohol,  and  precipitating  by  ether,  indiglticin  is  sepa- 
rated as  a  syrup.  This  i^'rup  is  dissolved  in  alcohol,  mixed  with  cxct  ss  of  alcoholic 
•qgVHlf-lead,  the  brawn  pn>cipitate  removed,  and  the  solution  precipitated  with  am- 
HHHHW     The  If  ad-compound  of  indighicin  is  purififd  and  decomposed  as  in  method  1. 

^idiglucin  is  a  colourless  or  light  yellow  syrup  having  a  siii{htly  sweet  taste,  solublo 
hi  nwfsr  and  hi-  aleokol,  but  precipitated  from  the  alcoMlio  ocuution  by  ether. 

It  swells  up  when  heated,  and  gives  off  an  odour  of  caramel.  With  boiling  nitric 
teid^  it  forms  oxalic  acid.  With  strong  sulphuric  aadf  it  becomes  carbonised.  When 
boiled  wMi  toda-ley,  it  turns  yellow,  and  separates  brawn  fodn.  "Fnm  an  oMalftrs 
ntpric  solution  it  reduces  cnproiis  oxide;  from  an  aqneons  and  still  more  fntm  an 
ammaniacai  solution  of  nitraU  of  nlvcr,  it  reduces  metallic  silver;  similarly  with 
tHdihfide  of  goUL  It  if  not  ilmeiitalil^  hot  twns  neid  by  prolonged  eootaetwidi 
Jftatt, 

Aqueous  indiglucin  dissolves  hydrate  of  calcium,  and  the  solution  on  boiling  de- 
TOsits  copious  y^low  flakes,  which  dissolve  on  cooling,  and  are  precipitated  by  alcohol. 
Fram  a  mixture  of  indiig^ncin  with  baryta-tpaier  alcohol  throws  down  yellow  flakes. — 
Aqueous  indiglucin  is  precipitated  by  neutral  or  basic  acetate  of  /nif/,  only  after  addi- 
tion of  ammonia;  the  precipitate  has  the  composition  2C^UTbO*.3Pb'0. 
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C«H*NO  or  C'R^hO'.-'Mue  Indigo.   Indiffotin,  Oxidtted 
Indigo  (Gm.  xiii.  35 ;  Gerh.  in.  514). — ^This  importAiit  coloring  mftttn*  vas  known  in 

India  and  in  Egypt  before  t  he  Christian  era,  and  is  meotioned  by  Dioscorides  and 
Pliny  under  the-  names  ivhiKSv  and  intficnm.  Ecrptian  mummies  have  been  found 
wrapped  in  blue  cloths,  the  colour  of  which  tudiibitrtl  all  the  characters  of  indigo. 
The  ^mans  used  it  only  as  a  pignient»  BOt  being  aoqwunted  with  the  method  of  £a> 
Bolrinp  it.  Its  introduction  into  Europe  as  a  dye  is  generally  attributed  to  the  Jews, 
who  during  the  middle  ages  practised  the  art  of  dving  with  indi^  in  the  Levant*  It 
«M  flnfc  inl{MWtod  in  lai^  quantaliM  into  tlw  Kivopeai  market*  Unmb  indtt  in  Um 
■even teen rrntury  by  the  r>utoh. 

Indiffo  is  du^y  obtained  £rom  various  species  of  Indiffofera,  namely,  L  tinctoria, 
L  JbtiflditptrmavA  L  pmuhtimelofia,  cmMvttad  especially  in  tiie  But  nd  W«g| 
Indies;  also  from  Nfriitm  thief orimn  and  Calanthr  rrmtrifoUa,  natires  of  Hindostan ; 
Asdepias  tmctoria  and  Mandema  timtoria  of  Sumatra,  FoljfaoMm  Unctoriumt  JaoUt 
mdiaotiea,  jM&Heia  MwMs  and  JMi  fkmkm^Oim  «f  CUm,  vuBL  Jmorpka  ,fir9akota 
of  Carolina.  The  only  European  plant  which  yields  true  indigo-blue  is  woad  {laatis 
tificfoHa),  which  wviB  extensively  used  for  bluo-dyeing  before  the  introduction  of 
indigo  ;  but  it  is  much  lees  rich  in  indigo  than  Uie  tropical  plants  above  mentioned, 
and  ia  now  used  only  as  an  addition  to  the  ittdigo-vat  (p.  262).  The  following 
European  plants  also  yield  blue  colouring  matters  more  or  less  resembling  indigo,  but 
Bppaten^Bot  identical  with  it :  .<4i!/rq^a/M4^/y<.yj>Ay^/w/,  Cetitaurm  Cyantui.  Chdidonium 
inajutt  dSdtr  arietinum,  Colutea  arborescrnt,  dtfonilla  Emerm,  Gahr;a  /■fRana/iSf 
Ilfdysarum  Onohn/rhin,  Inida  Hfhtu'um.  Iris  gfrmanicn,  L/itvn  cnrvi.-u-lat.is,  Mcdicngo 
aattva,  Mtrcurtaiu  percnnnf,  Polt/gonttmaviculure,  Polygonum  Fafftmyrum,  Rktnanthu* 
Oruia^alli,  Stmbmmt  nigra, ^Samimem  IMtet,  &Mm  mmmm  mtd  V^aMtm 

ludigo-blue  is  sometimes  d^Kwited  from  haman  urine  both  healthy  and  diaeaaed, 
1>eing  prodnosd  bv  (ipoataofloas  IhriMiitatioii  fnm  indiean  (p.  246).    It  has  aho 

been  oeo.isionally  observed tO  ffam  111  tlM  Bl£Ut  of  COMi  mptdtiSfy  fOdk  it         1»MB  M 

exclusively  Qn  sainfoin. 
Witli  regard  to  tlie  atate  in  which  indigo  exiati  is  the  planta  from  wt&A  it  b 

obtained,  and  the  nature  of  the  process  by  which  it  is  converted  into  indigo-blue, 
various  opinions  hare  been  entHrt-iined.  H ox  burgh  {Transacticms  of  the  Society  of 
Arts,  vol.  xxviii.)  KUpi>oj>ed  that  lu^iigo  plants  contain  only  the  base  of  the  eolouriug 
matter^  vMflll  of  kst-lf  is  green  ;  that  it  i.H  kept  in  solution  bv  the  carbonic  i.  i  1  <  v^lf^ 
in  the  preparation  of  indigo,  set  free  by  the  addition  of  alkalis,  and  absorbs  from  the 
air  a  substance  which  converts  it  into  indigo-blue.  G^iobert  (7Vat<«  sur  U  j^tuttl, 
Paris  181S)  ro|»|K>aad  that  indigo-plants  contain  colourless  indigogen,  which  is 
soluble  in  water  and  contains  more  carbon  than  indigo-bluc,  into  which  it  i"  ennvfrted, 
with  forraatioB  of  carbonic  acid,  by  absorbing  oxygen  from  the  air.  This  oxidation  is 
pmnofead  by  heat  or  by  the  pwaaoea  of  anmlia,  especially  by  lima;  it  it  aiiertod  by 
acid.s,  even  by  carl>onic  acid.  (Giobert.) 

Aooordiog  to  Ohevreul  (Ann.  Chim.  Izvi.  8;  IzviiL  284Vwoad  and  other  in^oo- 
pfamti  oontdn  indigo-wkite.  CWfO,  vUdheontaiai  1  ■t.H  now  tiun  Iad|gp4fi«. 
and  being  held  in  sololkn  hj  tiio  ia  ooBVMtad  Into  indigp-blno  }^  caddoBbBi  on 
ttqpoonra  to  tbe  air: 

20«H«N0  +  O    -    2C"H»N0  +  H«0. 

TkSt  explanation,  being  the  simplest^  was  very  generally  adopted,  until  Schnnck 
(HnL  Hag.  [4]  XV.  29)  pointed  out  that  white  indigo  cannot  exist  in  any  plant, 
since  it  requiroH  free  alkali  for  its  solution,  m  hereaa  the  S^p  <rf  plants  is  always  acid, 
and  moreover  contains  free  oxygen.  Schnnck  has  furdier  shown  that  woad  (contains 
indican,  ^p.  246 X  which  is  readily  soluble  in  water,  and  when  boiled  with  acuia  splita 
ttp  into  iiiaiy»tiiio  and  indlgjiwin,  withoiittlioiiilanwrtiwcf  caygpa; 

c*H«Ho»  ♦  my  -  cmso  ♦  aoww. 


Tb'  "^amr  .'viibstnnnr  probably  rxists  in  other  indlgofene,  and  in  other  planta  from 
which  indigo  is  obtaiiuad,  and  during  tha  ateeping  process,  presently  to  be  ooacribed,  ia 
zeaolved,  in  oonaeqoonoa  of  tlia  Itnmentation  wfaidi  takes  place,  into  indigo-Uno  and 

indiglucin. 

Preparation  of  Comrnwdai  Indigo. — 1.  From  fresh  leatrs.—ln  Bengal,  the  plants, 
iHiidi  an  cot  close  to  the  gronnd  whilst  the  blossom  is  unfolding,  are  puoed  in  a  brick 
cistern  (steeping  vat,  GdhruncskOpe,  trtmpoirt^  pottrriture),  which  is  filled  several  inches 
deep  with  cold  water,  and  allowed  to  ferment  At  30^  C.  (86  F.)  the  fermentation  ia 
finished  in  from  12  to  16  hours ;  at  lower  temperatnree  it  requires  a  longer  time.  The 
flMCfol^lia  naztuo  of  oaibonie  aal^dijao  and  atiMiqpWe  m&mwUA  the 
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oxygen  has  hf^n  absorbed.  When  the  liquid  no  longer  rises,  it  is  drawn  otT  mto  the 
hmSatg  vat  {S  hlaffi  A-i'qff,  btUaHg)  viiidi  atMikts lower,  where  it  is  kept  Mirring  for  an 
hotir  aud  a  half  or  two  honrs,  whfreapon  carbonic  anhydride  is  evolved  and  the  indigo 
ul  tin>t  i»eparat«s  in  large  Hakes.  When,  after  being  repeat«dlv  stirred,  it  fonos  grains 
like  fine  ■mhI,  and  the  .solution  is  clear,  the  indigo  is  allowed  to  Mtlia.  After  two  or 
three  hoiirs,  the  liquid  is  drawn  off  from  the  deposit.  If  the  fermon^ttir  n  in  prc>f»erly 
condncted,  the  indigo  settles  reudily  down,  the  ^nid  as  of  a  maiafim-browB  ooionr,  and 
tont  ft  uiflk  lam  i^ich  rapidly  disappean.  Ilia  d«poiit  it  bouad  for  thfw  w  Ibnae 
hours  in  a  copper  vessel  and  then  thrown  upon  n  linen  filter;  it  is  afterwards  pressed, 
cat  into  sqnares,  and  dried  by  heat.  lOUO  pU.  of  the  sohition  o£  the  leaves  yield  from 
0*5  to  0-7  pta.  at  indigo ;  more  is  precipitated  on  tiw  additioa  of  potMb-lsy  or  Ibna* 
Vater,  but  it  is  Jiot  so  pure. 

Respecting  the  nuinu6ictare  of  indigo  in  the  Caucasus,  see  IHngl.  poi.  J.  126,  304. 

2.  From  drv  Uavet. — In  the  muthen  parts  of  India,  tbe  leaves  of  the  indigo 
plant  are  dfiac^  and  packed  up  for  a  month,  more  or  leiw,  at  the  expiration  of  which 
time  they  assume  i\  light  lead  c ■  !  ttir;  by  additional  keeping  the  lead-colour  gnidually 
darkens  till  it  becomes  black,  irjipcrience  has  proved  thut  the  leaves  vviU  nut  girO' 
OBl  tny  eokmring  matter  to  «o]d  wuber  till  the  first  change  has  oonmenced,  when  tlie 
maximnm  quantity  of  indigo  seems  to  be  developed;  and  that  from  this  period  it  di- 
minishes, if  from  fear  of  rain  the  plant  ba  cut  too  soon,  the  leaves  shorUd  bo  hojpi 
propottiooilly  longer;  b«b  if,  Aram  VMit  of  snfSdeiit  (NmaUne^  ^e  cutting  ba  daiawd 
till  after  the  plant  is  fully  ripe,  the  leaves  will  not  n  qiiire  to  he  kept  so  lon:^ 

These  leaves,  after  due  kee[>in^  are  tcans&rred  to  the  steejuog-vat,  where  they  are 
nfiued  in  ««tct^  1m  tb«  pn:rportioD  d  alxnt  om  Tnhmif  «f  Imivmi  to  rfx  of  watar,  and 

allowed  to  di^^est  for  two  hourj<,  with  occasional  stirring.  Tlie  water  is  then  run  off 
through  strainers  into  the  beating-vat,  whero  it  is  agitated  by  the  paddles  of  ten  or 
twelve  natives  for  about  two  boors,  during  whid  time  the  fine  green  liquor  gradually 
darkens  to  a  blackish  hue.  Lime-water  is  now  throma  into  the  vat,  and  well  ndxed 
with  the  li<[Uor.  The  .supornatant  Madeira-coloured  liquid  is  ran  off"  after  repose,  nnd 
the  subsiidcd  blue  indigo  is  drained  on  cloth,  ^cxt  xuoming  it  is  tuLxed  with  waifr  in 
a  copper  and  boiled;  after  which  the  whole  is  thrown  on  st miners,  and  the  indigo 
flollpf^'^d  i«  dried  and  formed  into  cakes.    (Weston,  Journal  nf  S  if  nee,  xxvii.  296.) 

Indigo  is  obtained  in  the  i>anie  way  in  the  tiuuth  uf  France  from  a  hot  extract  of  2icrium 
HmrtoHtm  tad  Boljfffomwn  tinetorium  (J.  Pharm.  xxvi.  S76;  J.  pr.  Cheu.  xvi.  180). 
Tndigo  wa.s  f»>rnierly  pn  p  m-d  fr«^m  woad  in  a  siniilar  manner,  by  employing  tepid 
water  and  prucipitatims  with  lime-water;  a  deeper  colour  was  imparted  to  the  product 
1^  otncting  tha  eai&Mto  of  ealenoii  with  Indiodilone  add.  Tha  prepamlioii  of 
indigo  from  I'olytjonum  tinctoriiun  is  rendered  diflRouU  hy  a  rosin  which  the  plant 
contains.  This  resin  is  separated  by  mixing  the  bruised  leaves  with  one-t<>nth  o£ 
their  weight  of  ppotoanlphate  of  ifoa,  and  addSag  a  aafhiaat  quantity  of  water,  togelhav 
irith  an  excess  of  carbonate  of  potassium ;  the  whole  is  then  thrown  uiH)n  a  filter,  and  the 
ftolntion  mixed  with  sufficient  nitric  acid  to  render  it  slightly  acid.  On  neutralising  with 
csirbonutc  of  potatijiiuui,  it  becomes  blue  and  deposits  all  ih»  indigo-Uee  within 
24  hours ;  the  indi^  ball  then  the  saaw  ffBuymiim  as  tfaat  otiainad  fton  iwdiljiq^w. 

(Oaudry.  N.  J.  rharm.  r.  133.) 

Pur^ficalWH, — Commercial  indi^  eoutiuns  from  60  to  60  i^r  cent  of  pure  indigo- 
blue,  4ha  MBiAidcr  oooabting  of  mdigo-gluten,  indigo-nd,  inoigo-brown,  and  a  number 
uf  brown  resinon!^  products.  &c.,  forine<l  either  by  dm)mpoaition  of  the  indigo-bluc 
joodnoed  in  the  flnt  instance^  or  directly  from  the  indicaa  itaolf  (p.  246).  Certtiin 
■DbatHMoa  aao  iba  nupiabaslly  addad  to  indko  ftv  the  purpoae  of  sdoUmtion. 

Til  I'l  }  may  be  purified  from  most  of  these  foreign  matters  by  trrafing  it  .successivelv 
with  dilota  anlnluuic  or  hydrochloric  aeid,  with  boiling  water,  and  with  aloohdL 
Hia  lnnlaiiait  aowawg  dnaa  not  yield  a  eiftsmieaUy  pure  product,  and  it  is  better  to 
reaoit  to  the  process  of  the  vat,  which  ci^nsists  in  converting  the  indigo-blue  into 
indigo-white  by  the  action  of  reducing  agents,  and  subM^uently  reoxidisiag  it.  This 
process  is  also  one  of  great  industrial  importance,  being  that  which  is  iMMn  by  dyers 
Mr  vendering  indigo  soluble  and  ftdng  it  upon  tissues. 

0.  Cold  Vnts.^  1.  Copprraif  or  rommou  hlitf  vat.  {Cuw  a  la  eoupcro/tr,  Vifriol- 
iiipf')  In  this,  which  is  ilic  kind  of  cold  vut  gcneniily  used  for  dyeii^  cuUou,  hemp, 
anid  moL,  tiK  indigo-bluo  is  reduced  by  tbe  action  of  {)rotosuljphate  of  iron.  1  pt.  ol 
i-.r.:']y  gronnd  indigo  t  -  mixed  witli  hot  water, in  whicii  4  pts.  of  quick-lime  are  slaked; 
to  tuLi  is  added  a  suiutiou  of  3  pts.  of  sulphate  of  iron  freti  from  copper,  the  whole 
being  stirred.  (If  the  sulphiito  of  mm  is  yellowish,  one-third  more  is  taken.)  Wat«c 
is  added,  to  the  hth  unt  of  100  or  200  times  t'  r  \s ,  Ight  of  the  sulpliatc  of  iron,  accord- 
ing fifi  tbo  dre  is  required  dark  or  light,  and  the  whole,  after  being  stirred,  is  1^  aX  resL 
Tho  propnmoMi  qaotedaia  lham miot/k  ootamonly  uasd ia  dyeing ;  -ate  Aa  iadkm 
fUwyMf  r-t^       limt  wiit  r^i^ft**  ^  ^  ™^     tmkm^  An  Hiam  of  liaa 
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yields  a  ^karp  vat  (.ochar/e  Kupe\  from  which  tlie  threads  of  the  material  do  not 
readily  take  np  thr  dye  :  too  UtOe  bbm  yMdt  a  «^  rat  <Imm  Kupe),  whidi  do«  not 

(ly-  so  well.  On  the  addition  of  carbonate  of  potassiiim,  ;i  rumpnund  of  ini'.ip>-'white 
with  potash  is  formed.  A  sedimipnt  is  formed  and  a  yellow  solution,  which  becomes 
aoveiad  wHii  a  coppCT-eoloared  flhn  (flower) ;  the  aahrtioo  is  dmwa  off  tnm  tiia 
■ediment^  and  depoeits  tolerably  pure  indij^o-blue  on  exposure  to  the  air. — Thomaon 
digests  oommercia]  indigo  with  lime,  sulphate  of  iron,  and  water,  and  exposes  to  the 
air  the  decanted  solution  of  the  compound  of  indigo-white  with  lime  ;  he  then  remorrs 
the  carbonate  of  caldnm  flvm  the  blue  precipitate  with  hydrochloric  add,  and  the 
indigo-r»^d  with  water,  afterwards  washes  with  wateranddrics.—BerEelius  mixes  3  pta. 
of  indigu  (purified  according  to  1)  with  6  pts.  of  quick-lunc  freshly  tdaJied,  4  pts.  of 
ndpliite  of  iron,  and  450  pts.  of  boiling  water;  Itt  then  closes  the  vessel  and  nakta 
repe  atedly  ;  allows  the  whole  to  subside,  and  removes  the  yellow  solution  by  means  of  a 
siphon  ;  again  adds  hot  water,  and  draws  it  off  after  repeated  shaking ;  and  mixes  the 
whole  of  the  acdutioB  with  hydroehhirie  aeid;  this  ia  eoEpowd  to  the  air  and  shakn  tfll 
the  indigo  is  completely  oxidised  ;  it  is  then  thrown  on  a  filter  and  washed  with  water. 
— Erdmann  mixes  Uwether  1  pt  indigo,  2|ts.  sulphate  of  iron,  3  pts.  Moe,  and 
60  pts.  water;  draws  off  the  dear  sotodon;  nntes  it,  ftirring  repeatedly,  witlr  mrta 
hymwhloric  add  ;  and  waslie?  thr  prf-dpitate  in  contact  with  the  air.  The  ros-du.  yielda 
fresh  quantities  of  indi^'o-blue  when  s^n  stirred  up  with  hot  water,  and  with  lime  if 
necessary.  The  indigu- blue  thos  obtained  contains  a  HtUe  gypsum,  at  nost  0*76  par 
cent.,  and  indigo-red,  which  it  is  difficult  f  >  r  move  by  boiling  with  alcohol;  it  is  bettor 
to  reduce  the  indipo  ngnin  in  tlie  cold  vat  und  predpitate  it  with  hydrochloric  acid.— 
According  to  Dumus,  a  little  sulphide  of  calcium  is  formed  in  the  vat,  and  hence  sulphur 
is  mixed  with  the  indigo  whon  It  iopTM^pitalad  hj  hiydiocliloae  maAi  this  1m  ttamnm 

with  sulphide  of  rnrlion. 

2.  In  the  so-called  or^iment-vat,  a  solution  of  the  compound  of  indigo-white  with 
potash  is  formed  in  a  mixture  of  indigo-bhie  with  tiisulphide  of  arsenic,  potash,  and 
water,  }<y  the  oxi<lation  of  the  resulting  sulpharsenite  of  potassium  ;  the  solution 
denosits  indigo-blue  when  expos«Hl  to  the  air.  This  iund  of  rat  is  chiefly  used  for 
oauoo-pcinting,  not  lor  dyeing  properly  so-oaUad. 

3.  In  the  tin-vat,  c«inimouly  ii^cd  for  calico-orillting,  the  indigo  is  reduced  by  a 
Bolotaon  of  stannous  oxide  in  caustic  potash  or  aoda.  The  bath  is  usually  mixed  with 
aa  aoid  aolatioii  of  tin,  to  as  to  neutralise  the  alkali  and  preeipftate  lSb»  indigo- white ; 
tha  pMofpitate  is  then  used  for  printing. 

A.  Warm  vats. — 1.  Woad-vat.  {Pastel-vat.)  On  mixing  from  2  to  6  pts.  <rf 
finely  powdered  indigo  with  from  30  to  60  pts.  woad,  2  pta  madder,  2  pts.  bran,  1  to 
8  pts.  potash,  and  ^  pt.  lime,  and  wanning  with  1000  pts.  water  (6000  to  7000  litres) 
at  R0°  C.  (176°  F.),  a  tVrmt  iitation  is  set  up  in  which  water  is  aecom}K)sed  and  the 
nas^Tiit  hyilrogen  forms  indigo-white,  which  combines  with  the  ammonia  simul- 
tamously  formed.  The  brownish-yellow  liquid  first  becomes  green  on  expoSBTS  to  tha 
air,  and  tlien  d<*posif s  itidigo-blue;  it  may  be  u.te<l  for  dyeing  for  three  to  six  months,  pr<")- 
vided  it  be  kept  warm,  and  madder,  bran,  indigo  or  potash  added  from  time  to  time  us 
required.  Beotroot^molaiaiB  and  aMit  aaay  be  adrantageously  uaed  instead  of  BMdJsr. 

The  use  of  nuiddtn*,  bran,  &c.  in  thi*-  process  appears  to  dejtend  upon  the  gummy  and 
amylaceous  substances  and  the  pectic  add  which  they  contain.  These  substances  are 
probably  tnuMftnnwd,  fint  into  laelie,  then  into  bntyrie  aeid,  in  wliieli  ti-nsfcriaatioo 
hydrogen  is  evolved,  which  reduces  the  indigo-blue  to  indigo-while.  The  woud  at  the 
same  time  nndaigoes  putrefiiction,  and  gires  oil'  ammonia,  which  keeps  the  indigo- 
white  in  wklMm,  The  Ume  seems  to  act  chiefly  by  neutralising  the  excess  of  add 
produced  by  tbo  doeoDipoaition  of  the  amylaceous  and  gummy  matters. 

2.  In  \hc  poUuik  OT  Indian  vat,  in  whieli  woad  and  lime  nre  not  used.  3  pts.  of  indigo 
are  added  to  a  mixture  of  2  pts.  nmddcr,  2  pt^.  wheat -bran,  6  pta.  potashes,  and 
1000  pta.  water  at  flO"*  C.  (140°  F.);  aft^-r  36  hours,  3  pts.  potadiee,  andafterlSlMNnBI 
Tnor«>  the  sitme  quantity  of  potaahe^  an  likaviee  added.  Due  Tat  ie  eaaiar  to  laafo 

than  the  woad  vat. 

3.  The  urine-mt  is  employed  only  in  small  dye-houses  and  in  oertiln  localities,  as 
at  Ven  iers,  for  the  dyeing  of  wool.  The  putrefyingurine  furnishes  at  once  the  reducing 
agents  to  conText  the  bine  into  white  indigo^  and  the  ammonia  necessary  to  dissolre 
the  latter.  (For  IbrUMV  detaib  respecting  tiie  manafliolure  of  indigo  and  fts  tne  iB 
dyeing,  see  Urt^t  Dictionary  of  Arts  itj  c.  ii.  498.] 

To  oUain  indigo-blne  in  the  cqr"taUine  state,  4  oa.  of  raw  indigo  and  4  ob.  of  grape- 
mfjut  are  infiodtteed  into  a  flirfc  eapable  of  eootainin^  13  Iba.  water,  to  wfaisii  6  oa.  of 
♦he  strongest  soda- ley  are  added.  The  whole  is  well  shaken,  and  the  flask  comph  tely 
filled  with  hot  alcohol ;  it  is  then  tightly  corked  and  allowed  to  stand  for  several  hours, 
natil  the  solution  is  safficienil^  dear  to  permit  its  being  siphoned  off  into  a  laratr 
11wflMkiaailowadtoilndlaeidjMi?«ed;thaaolWto»ctfint«fabcH^ 
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yeUowitth-red  oolow,  now  eradnaiJ^  turns  blue,  whUst  indigo  s^Muntes  oat  The 
■olaHoii  im  thmnd  am  tli»  uulig»  u  whed,  4n*  wHli  ■leohol  tna  theo  witb  water, 

till  the  filfrato  is  colourless.  In  this  manner,  2  oz.  (50  per  cent.)  of  pure  indii^o-blao 
is  obuioed.  If  the  brovn  alcoholic  solution  is  poured  b»ck  hot  into  the  fiwt  flask, 
it  yiddi  t  p«r  esnt  nam  Indigo;  b«t  it  it  thsn  tuetoAj  todiMtled  (FritBtehc^ 
Ma  re  ha  till).  -Indigo  al^o  forms  a  yat  immediatelv  with  grajpe-sngar,  caustic  soda, 
and  hot  water ;  the  decanted  solution,  when  exposed  to  the  air,  deposits  indigo-bluf^ 
eoBtaintng  a  quantity  of  indigo-red,  which  may  be  extracted  by  an  alcoholic  solution  uf 
■oda.  (Fritssche.) 

Purification  of  indiao  hy  subfi/mtion. — When  powdered  «immept»ial  indigo  is  heated 
on  a  WHtch-glaa^  a  silvor  diith,  or  a  Hpoon,  a  network  of  cryMt;ils  is  Ibrmed,  which  may 
be  rf  niort'd  with  a  pair  of  fawqwy  and  the  crystals  carefolij  s<>p:irated  ftt>ss  adhering 
particles  of  c<ir!)on,  under  a  magnifying  yr]n^<  M^,,  Roy  or  and  Dumas  ;  Dn'mas).— 
Crum  heato  indigo  between  two  plenum  crucible  lids,  which  are  separated  Uom  one 
aaollMr by  •diataasa not  greater  tiMn  }  inch,  tiU  Ilia  hMiigaoiiiideeaaeaw^B^raalUa 
s  TMimM  indigo  in  an  exhausted  retort,  of  the  size  of  a  chicken's  egg,  cnta  off  the  upper 
of  the  retort  when  the  crystals  have  sublimed,  and  separates  the  lower  crystals 
thaadhetingpartidleaof  aaiboaL  The  eiystidi  af*  iNed  by  ethsr  !hm  tia 
oil  ^  resin  — T.vylor  stirs  up  an  intimate  mixture  uf  2  pt.s.  finely  p«:>wdered  indigo 
and  1  pi.  gypeom  with  water  into  a  thin  paste,  which  he  spreads  upon  sheet  iron  in  layers 
S  iachea  broad  and  ^  inch  deep.  These  are  dried  by  exooeure  to  the  air,  then  heated 
at  one  end  with  a  spirit-lamp  till  red  Tspours  are  evolved,  and  the  o|^»eration  is  (xm« 
tinned.  If  the  mass  catches  lirp,  it  is  extingui-hod  by  a  dMp  or  two  of  wattT.  Tha 
valvety  indigo  can  ea^iily  bo  tieparatod,  und  may  be  purified  by  alcohol  and  ether. 
(Mad.  Gml  1M3,  130.) 

Prrparation  nf  Indigo-Mue  from  Indican. — The  aqtieons  solntion  of  indiran  from 
woad-ieaves,  which  must  not  bu  too  dilute,  in  boiled  with  sulphunc  acid  or  hydro- 
abktie  add ;  and  the  abundant  pan>Ie-blue  precipitate  ia filtered  off  and  washed,  first 
with  water  and  then  with  l>4iiling  al(H>hol,  till  the  filtrate  is  of  a  pure  blu*>  col-nir :  tho 
reeidne  ooiwists  of  pore  indigo-bine.  Nilru^  oxalic^  tartane^  and  acetic  acids  are  also 
aafaMecf  eaufiftiagMidieamiitotaid^o-blaa;  aoetiaaeid,  hoiwyei!,  acta  leaa  posrerMly 
IIma  the  rest  (Scbunck.) 

fruftrim, — ^lodigo^itae  sublimes  in  xu^  rhombic  prisms  (Miller) ;  in  six-sided 
priaaa  derived  fioa&sriKNnbie  prism  of  SIP  aad  liS<>,and  havtne  their  ba»e«  replaeed 
by  two  fiioes  which  seem  to  form  an  obtuse  angle  with  one  another  (Lauren  t).  Its 
lu«ftr6  is  semi-metallic,  aud  by  reflected  light,  dark-rod  inclining  to  copper-red  (accord- 
ing to  Orum,  it  is  red  when  viewed  obliquely  under  the  microscope ;  and  of  a  brilliant 
blaavben  viewed  perpeodienlarly).  Whanpnpared  in  the  mtway,  it  is  dark  blue, 
and  acquires  hy  prcwurp  a  dark  copper  colour  nr.  1  almost  metallic  lustre.  It  is 
inodorous  and  tiistcless,  and  not  rt^at  upt)n  vegetable  colours. ^ — In  opt>a  vessels, 

it  TolatiUses  at  about  288^  in  dark  purple-red  vapoura ;  in  eloaod  vessels,  it  deaoaipoasa 
partially  when  heated  (Crum).  It  volatilises  witliout  decomposition  only  in  a  current 
of  air  or  in  vacuo;  the  powder  dropped  on  a  pit'co  of  heated  platinum  foil,  volatilises  in 
purple  vapoara  witlKNii  leafing  a  laaidac^  each  partide  bring  supp<Mfted  by  the  vapour 
without  coming  in  contact  with  the  foil  (Dumas).  It  >.«  qn:f'^  insoluble  in  water, 
dilute  aoidt,  and  aUuiiu,  ^mr,  tmdmtatik  oil*;  also  iaalcokui  mudjited  oUtAt  conunoo 
twapetaturea;  bot  hot  akohol,  and  ftud  oOe  heated  above  100^,  diaaolva  aanll 
quanti lies,  and  dt  posit  it  again  on  cooling.  Sublinietl  indigo  dissolves  pretty  readily 
in  hot  phenie  acifi.  fomiing  a  blue  liquid  when  mixed  with  a  little  alcohol,  bat 
precipitated  by  a  larger  quantity.  Sublimed  indigo  also  dissolves  to  a  small  extent  in 
waL  oil  of  turpeiUim, 

Indigo-binc  is  isomeric  with  cyanide  of  benzoyl. 

Decompositions. — 1.  ludigo-bluu  melts  and  boil.s  wlicn  heated  in  contact  with  the 
air;  at  higher  temperatures  it  bums  with  a  bright  and  very  aBMkj  flanM,  leaving  a 
residue  of  diffienlrly  r-miba-jtible  charcoid  (Bi-  rzel  i  u  s).  By  cxpowre  to  nir  containing 
ozone  it  is  quickly  ix>Qverted  into  isatio.    (Erdmann,  J.  pr.  Chem.  Uxi.  209.) 

S.  By  dry  distUlatioD,  it  yielda  a  very  little  nndeeoHpond  aaUimate,  together  with 
carbonate  an  l  •ymide  of  ammonium,  phenylamiine.  cmpyreumatic  oil,  and  :i  1  ir;--' 
residue  of  shiuing  charcoal  (Crum).  On  heating  indigo- nine  in  vacuo,  a  browu  oil  w 
ftraied,  together  with  a  1argt>  pmportioa  of  attbSnadudigo^  bat  no  pevmaaeeBt  ^ 

or  aqueous  liquid;  by  rapi<i  lieating.  more  sublimate  is  obt;iini  1,  and  a  fu.sed  sljiniiig 
charcoal ;  on  heating  more  gradually,  laaa  auUimata  is  Ibtnned,  together  with  a  dull 
earthy  chareoaL  (BerEelius.) 

3.  Dry  cUorine  does  not  act  upon  indigo-blue  between  O*'  and  100^.  If  indigo-bluo 
is  stirred  up  with  water  into  a  thin  pa.ste,  and  chlorine  passed  through  while  the 
whole  is  kept  cool,  the  maiM  becomes  first  greyish-green  and  then  yellow.  Neither 
oaAone  iWiydrida  nor  aaj  other  gaa  ia  afolTid.    Aa  oaraga-aolooNd  dcpoait  ia 
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ftraed,       m  jeDowiih-nd  tolndon ;  on  dkMnfaig^  tri<ji]oro|^i«n{e  add  and  trU 

chlorophenyla.muic  KuWlmc,  and  a  liquid  distils  over  wliich  smells  of  anisic  acid, 
and  oootaiiw  hydrochloric  and  trichloropheuic  acida.  The  zesidoe  in  the  retort 
diaMdhm  in  iKifluig  vtter,  lMThi|f  a  hnrnn  tmn^  yAoA  is  ftmned  in  mall  quantity 
only.  If  the  mass  is  cooled  as  r  ui  li  as  ^Kisslhle  during  the  iwtlon  of  the  chlorine,  and 
the  passage  of  the  chlorine  is  iuteirapted  before  all  the  indigo-blue  is  destroyed,  the 
boiling  aqueous  sohition  deposits,  on  eooting,  a  yell0wilh-Md  crystalline  powder,  wbUb 
yields  chlorisatin  and  dichlorisatin  when  recrystallised  from  alcoboL  (Erdmann.) 

4.  Bromine  acts  upon  indigo  in  the  same  manner  as  chlorine.  On  treating  moist 
indigo  with  bromine,  a  yellow  mass  is  formed,  which  yields,  by  distillatiou,  tii> 
branoiilMDic  acid  and  tribromophenylamine ;  the  tmAtm  ^OttHaina  a  little  ^-'"'"'****^.  ft 
large  proportion  of  dibromisatin,  and  a  little  resinoos  matter.  (KrdmA&il.) 

6.  Iodine  decomposes  indigo  only  when  heated.  (Berxelius.) 

6.  Indigo  isdeoomposed  by  heating  it  with  chlevmit  ^  pHmtimm  and  kj/dneUm'it 
acid-    Only  tiaces  of  chloranil  are  formed.  (Hofmann.) 

7.  When  boiled  with  ddutu  nitric  acid,  it  givos  off  a  laige  quantity  of  gas,  and 
ivma  uatin  and  a  broVB  Msin  ;  with  a  stronger  acid,  it  forms  principally  nitrosali* 
cyV.c  irid,  and  with  an  eri-e'-s  of  nitn'r-  aoi  I  of  specific  gravity  ri3,  ityieldi*  picric  acid; 
at  the  same  time  carbonic  anhvdnde^  prussic  acid,  oxalic  add,  and  the  s<M»]led 
flftlBieial  iadj^reaia  ftmnM.  6  yba.  ti  tening  niteie  icM  baoanM  m  Gently 
heated  with  1  pt.  powdered  commercial  indigo  that  the  ma.ss  takes  fire. 

8.  Concentrated  chromioiioid  destrova  indigo-blue  immediatelpr,  ei^MeialW  when  heat 
is  applied,  with  TideBt  •volntMii  «f  eanonis  anliydridiB  and  precipitatioD  of  Miqiriorada 
of  cnromium.  Dilute  chromic  acid  forms  a  clear  yellow-brown  solution  with  indigo ; 
if  this  is  heated  to  near  the  boiling  point  and  filtered,  isatin  crvstallises  out  on  cooling 
(Erdmann).   Chlorochromie  add  does  not  aefc  vpon  mdi^buM.  (Thomson.) 

9.  On  boiling  indigo-blue  with  peroxide  of  liad,  a  pale  yellow  solution  is  formed, 
wliicli  becomes  turbid  on  cooling,  and  leaves  a  yellow  powder  when  evaporated  to 
UryuesH.  Tliia  substance  being  suspended  in  water  and  decomposed  with  suiphydric 
•od,  yiddaabrownish-yvllow  nitrate,  which  on  evaporation  leaves  a  residue  consisting 
of  a  small  quantity  of  brown  resin  and  a  few  ciystals.  The  sulphide  of  lead  contains 
a  bruwu  reuiu,  melt/iug  at  100**,  which  maybe  extracted  by  boilinff  alcohol,  and 
predpitated  bj  wat^;  boiling  water  extracts  from  it  a  nbitKioa  ^vliiMl,  on  efl^onp 
tion,  deposits  ciystals  mixed  with  n-sin.  (Erdnjann.) 

10.  Manaanic  suip/uUe,  manganate  qf  poiasiiuiit^  and  permanganate  of  ootasnum 
dgcolori—  mdigo  (Lefoyt^  Ber.  MiMit  16,  358).  On  heating  indiga-Mna  for  a 
considerable  time  with  aq^MNia  umh  Mtf^ omlie  aod  ia  IbfaMd.  <Bit(tl«roir»  J.  pr. 
Ohem.  Ivi.  278.) 

11.  'When  tha  yafwt     mdfkmis  mkjfdni*  la  ftaMed  vnat  nnighly  palTarited 

commercial  indigo,  the  latter  swells  up,  becomes  heatid,  and  a  beautiful  [  iirplored 
liquid  ia  formed,  which  is  transparent  in  thin  layers,  and  solidifies  into  a  crimson  maaa. 
In  oinitaet  tritii  Um  air,  &  eralvw  salphitroiia  anhydride  (pobaUy  on  aeeoont  of  Ilia 
impurities  of  thf  indigo),  and  dixsolves  in  common  sulphuric  acid  with  a  violet  colour; 
on  dissolving  it  in  water,  charcoal  separates  out  and  a  dark  blue  solution  is  formed 
(Dobereiner;  Bucholts;  BussA  Indigo  dissolves,  with  evolittion  of  heat,  in 
excess  of  ftimtng  or  of  common  sufpkuric  acid  (no  gas  is  evnlTtd  if  the  indigo  i^  pure) 
with  fonnation  of  sulphindigotic  acid;  if  an  excels  of  sulphnric  acid  is  not  added, 
more  or  leba  Bulpliophceuicic  acid  is  formed.  According  to  Berzelivts,  hyposulphindi- 
gotic  add  i>  also  formed  when  indigo  is  dissolved  in  fuming  sulphuric  acid.  Itidirro- 
blue  dissolves  ht  r-'M  pulphuric  acid,  t^r-t  with  ;i  vllow  colour,  which  afterwards 
becomes  erecn,  and  tinaliy  of  a  beautitui  blue  ^^Housmann,  Joum.  de  Phy».  17{>8; 
Mudl,  (wevreul).  From  the  solution,  while  still  yuBaw,  un  decomposed  indigo-blua 
may  be  procipated  liy  water;  the  yellow  colour  changes  to  blue  in  a  few  hours  in  a 
dosed  vessd,  since  sulphophcsnidc  add  is  formed,  which  is  gradually  oonTcrted  into 
avlphindigotic  odd.  When  indigo  is  more  strcn^y  heated  with  ndphnrie  add, 
sulphurous  anhydride  is  evolved,  and  a  brown  oily  liquid  formed  (Dobereiner). 
liquid  nUfthoroBS  anhydride  does  not  act  upon  indigo  (Bnssy).  Phosphoric 
anhydrida  and  hydiated  phosphotie  aeid  ta»  witho«t  aetioo  upon  indigo ;  also  eenfles- 
truted  hydrochlf^ric  acid.    ( 1)  d  b  e  r e  i  n  e  r. ) 

12.  Indigo-blue  is  bat  slightly  attadud  proloi^ged  boiling  with  dilute  potash; 
yghm  the  boiUng  point  has  naehed  100^,  the  iiraigo  ia  eompletclpr  decomposed,  wiulst 
no  gas  is  gi\  en  off,  and  only  traces  of  anunonia  and  phenylamine  aie  evolved  with 
the  aqueous  vapour  (Fritzsche).  According  to  Gerhardt  (H6T«ieieBtk  X  371)^ 
indigo-whita  and  iaatate  of  potassium  are  form^  in  this  reaction  : 

8CH»N0  ^  KHO  +  H  O    -    C'»U'^N^O-  +  C-H«KKO« 
Ial|fO«Maa*  latflf^wklMb        WatAtc  of 

pcKwiium. 
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AeetRliiis  to  Mndto,  a  yvBoiiriA^dl  toihitiaD  it  «nl  fttm^  m  vhiefa  a  daiic 

Soloured  »ul>Htancp  floats,  and  from  which  yt'llow  cr\>tiils  of  chrjaaoilate  potenoB 
mn  mpanted  by  continued  boiling ;  oa  oooli^&it  solidifies  into  a  crystalline  mass, 
flOMUliiiff  pvincipallj  of  chrywmihts  of  yoliMwiii.  The  erystaUine  mass,  when  water 
i-  pounHi  ovi  r  it,  immediately  yields  mdigo-blue  (in  the  ftarnf  state  at  $Btm  IIm 
indi^p-Tat) ;  the  filtered  solntion  also  continues  to  deposit  indigo-bhif  when  exposed  to 
ttk»«D>.  AfiOtiffdiii^  to  G«rhardt,  Fritzsche's  chrysaniUc  acid  is  notbiug  but  a  mixture  of 
isatin,  indigo-white,  and  perhaps  also  other  prodacts  resulting  from  the  farthtr 
Mtion  of  the  potash.  The  in<lipo-blue  is  forn»<Ml  by  oxidation  of  the  indigo-white. 
Indigo-blue  Aised  with  hydraU  of  potassium  yields  drst  isatic  acid,  as  abore^  then 

C«H^O*  +  IPO   •    C^H^NO'  -I-  00*  fl", 

Iiatk  «cid.  Phenyl-car- 

bamic  arid. 

and   by   farther  deoompowtioi^  m^ha  aaid  (G«iio«rs)   aad  phfl^jIamiB* 

(Fritssche):     

CWO*  4>  wo  m  onW  •¥  KB* 


e  n  N0»  •  CBPH  +  00» 

Pbeail- 


13.  Indigo-blue  phice<l  in  contact  with  water,  an  alJcaH,  anfl  a  dcoriili.*ing  suhstanct, 
becomes  at  fint  coloured  green,  and  is  then  converted  into  indigo-white,  which  forms 
a  Tikm  aolatiM  with  tOaOSB.  Itt  IASm  waattoi,  vatar  is  dseomposed,  «Im  hydrogen 
Mng  Htd  IB  the  formation  of  indigo-white,  e.  g.  with  atannous  oxiJf  : 

2C«H»N0      SbO  •^  HK)    -   C»fl»«li«0«  +  SnO" 
Indigo-btm  MI|e>iWMto. 

TIm  ftOowing  substances  reset  in  s  nrnOar  Banner:  phosphoru-s  phosphorous  acid,  sul- 
pharous  acid,  sulphydric  acid,  potassinm-amalgam,  stilphiJ*'  of  potassium,  sulphide  of 
sodium,  sulphide  of  arsenic,  sulphide  of  antimony,  zinc,  tin,  iron,  furrous,  stannous, 
and  "yy****  oxides,  grape-sngar,  and  substances  nndei^in^  fermentation  or  putre- 
faction, as  sugar,  gluten,  urine,  woad,  madder.  Warm  putrid  iinnp  dissnlvc?!  indi^o-l>hie, 
the  anunonia-compound  of  indigo-white  being  formed.  According  to  Loweuthal,  on 
tiia  aontrary  (J.  pr.  Ghem.  to.  MS),  this  rsdnelioD  of  bins  to  Indlgo-wUto  to  not 
produced  by  .«alt.H  of  sulphurous  or  phosphorous  acid,  by  sulphide  of  potaj«(ium, 
Wibhide  of  calcium,  m&iuaaons  salts,  or  anenita  of  sodium ;  but  indigo-blue  diasolTed  in 
ndphorie  add  is  ndneed  to  iadigo'wliite^vfaeii  nrfsad  wHh  «sm0B  of  aaid  aabofnala  of 
potai^sium  or  sodium,  and  fh»'n  tn  att^d  with  sulphydric  acid.  Lnwrnthal  is  of  opiuion 
that  indigo-iHiita  is  not  indigo-blueij/ta  hydroffenj  but  indigo*blue  minua  oxygen. 

TVitfiM  tmd  VtimHon  of  Indigo. — Oommensbd  mdi^  occurs  ta  small  lumps  or  euHo 
louTes  or  a  Tiolet-blue  colour ;  when  of  good  quality  it  is  very  light ;  assumc-b  a  coppery 
sspect  when  rubbed  with  a  hard  polished  body;  and  is  free  from  flaws  or  cavities 
tTHT-ened  by  brown  or  whitish  veins.    The  best  sorts  are  light  enough  to  float  on  water. 

Exti^-mal  characters,  however,  give  but  very  uncertain  indications  of  the  amount  of 
real  colouring  matter  contained  in  a  sample  of  indiiro:  h«  noo  it  becomes  necessanr  to 
resort  to  chemical  metho<is  of  estimating  the  amount  ut'  pure  indigo-blue.  Good 
soirCs  of  indigo  oontiun  about  60  per  cemtii,  ImI  tiia  pioportion  is  often  much  reduced  by 
fraudulent  admixture  of  foreign  substances,  such  as  sand,  vegetable  mould,  powdered 
lead,  starch,  &0.   Some  foreign  matters  are  also  unavoidably  introduced  in  the  process 


The  indigo  is  first  dried  over  the  water-bath  to  estimate  the  hygroscopic  water ; 
which,  in  samples  not  fraudulently  moistened,  varies  from  3*6  to  6  per  cent.  The  dried 
bdigoisthea  ealdBediB  aplaliBam  eraa^  Good 
mdigo  generally  yields  from  7  to  10  percent.  The  presence  of  HB^  lead^owdv,  ^taL, 
may  then  easilj  be  detiicted  by  washing  the  ash  with  water. 

Tha  piiMBeiB  of  starali,  aonatfaaea  eolooNd  wHIk  Iodine,  is  fadfeated  by  the  pale 
colour,  greater  density,  and  friability  wliicli  it  imparts  to  Ae  lumps  of  indigo.  It  may 
be  fhrtihw  detected  by  treating  the  indigo  with  dightl^  alk^iaa  water,  neutralising  the 
flhoved  liouid  with  a  few  drops  of  add,  and  testing  with  &idbia._ 

The  older  methods  of  estimating  the  proportion  of  real  indiffo-blue  in  commercial 
indiao  depend,  for  tba  Bost  part»  OA  the  deoolontion  pcodaoed  07  ohlorine  and  other 
oxidisLng  atfents. 

f  1.  IIPSM^U0rMM«Mto*.----A  weighed  quantity  of  the  finflfypdverised  indigo  is  addad 
by  small  portions  to  a  measured  quantity  of  a  saturated  aqueous  solution  of  (>l)lorine,  as 
Jong  as  it  dissolves  with  yellow  colour,  and  the  quantity  thus  dissolved  is  aiiccriainud  by 
vngUag  Ika  saddaib  Innilvtriil  if  thnnida  viliiBCBfce^^  iad^i^^ 
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•nd  ft  oompariMB  it  the  two  vwalf*  gitw  Ihe  propordoo  «f  viknmg  mtttt  u  tJM 

sample  of  coiiiMifrcial  imligo  under  examination.  Ah  the  strength  of  the  chlofliifl  WWXn 
ftlters  renr  quickly,  it  cannot  be  titrated  long  beforehand.  (Berselius.) 

2.  With  cMoride  of  Hme. — ^The  indigo  it  first  dissolred  by  digeatioa  tor  fire  or  six 
hours  at  50°  or  60*^  with  fuming  sulphuric  acid;  tho  sulution  is  tboroaghljr mixed  with 
distilled  water,  and  poured  into  a  irraduated  burette,  and  from  this  v^el  it  is  added 
drop  by  drop  to  a  measured  quantiiy  of  aqueous  chloride  of  lime,  till  the  blue  colour 
jut  becomes  permanent.  A  8imi]a»C]q>erinient  being  then  made  with  an  tqatX  weight 
of  pure  ituiij^o  Mue,  the  colouring  power  of  the  two  samples  is  in  the  inverse  ratio  of 
the  quantities  of  the  blue  solution  consumed  in  the  two  experiments.  (Schlumberger, 
BolL  Soe.  btdnatr.  de  Mulhouse,  vol.  xr.) 

.3.  With  hf/flrorhloric  <i'i(f  chlorate  of  potassium. —  1  gnn.  of  finely  pulverised 
indigo  is  digested  for  some  hours  with  10  grnis.  of  fuming  sulphuric  acid,  a^tating  from 
time  to  time  to  ttHBSt  the  sointioD.  The  liquid  is  tiien  powed  into  a  biumi  eoDteinin^ 
a  kilogramme  of  water,  50  grms.  of  stroni!;  livdnxhloric  acid  are  added,  and  the  liquid 
ia  heated  to  the  boiling  point.  On  the  other  hAnd,  0*25  grm.  of  chlorate  of  potaaaiwu 
is  dissolred  in  100  grmc  of  irttsr ;  and  tiie  wIiitioB  ispraicdluto  ftgndiiatea  Vmette, 
and  added  drop  by  drop  to  the  boiling  indigo  solatioil  till  the  blue  colour  changes  to 
red-brown.  The  richness  of  the  sample  of  indigo  is  directly  proportional  to  the 
^nantitv-  of  chlorate  consumed.    (BoUey,  Ann.  Ch.  Pharm.  Ixxy.  242.) 

4.  With  sulphuric  acid  and  acid  chrumate  of  2>otaji,iiu)n.  The  node  of  proceeding 
is  the  same  as  that  just  desrrilie*!  :  lo  ;^rnis.  of  pure  iiuli^joMin^  prepared  by  rritz.sche's 
method  require  for  decoloration  exactly  7^  pts.  of  the  acid  chruiuate.  (Penny,  Chem. 
Soe.  J.  T.  297.) 

All  these  nietliods  are  liaMc  to  the  ol  jection  that  it  is  difficult  to  institute  an  exnet 
eomperiaon  between  the  difiereut  shades  of  colour  resulting  from  the  oxidation  of  the 
indigo  in  HBooAmat^  the  pure  green  tint  thus  prodnoed  in  sedations  of  pure  indigo- 
blue  giving  place  to  a  dirty  olive  or  brownish-iroea  iriien  cnide  indigo  is  used,  in  con- 
sequenoe  <^  the  impurities  contained  in  it^  Movaover,  in  dissolving  indigo  in  strong 
•nlphnrie  add,  ft  is  soareelj  poeeiUe  to  avoid  the  fornatkm  of  snTfAttHWt  add,  the 
presence  of  which  will  of  course  raise  the  apparent  pereentag*^  of  ind%o4daa  ill  the 
sample.  By  employing  these  methods  indeed,  it  is  common  to  find,  in  a  good  sample  of 
.  indigo,  more  than  80  per  cent,  of  pure  indigo-blue,  whereas  the  best  qualities  seldoai 
contain  above  60  per  c< nt.,  and  average  qualities  not  more  than  10  lo  .50  per  cent. 

The  following  methods.  \vhi>  h  ch  jiend  upon  the  redaction  »h»^^>^  of  the  oxidatiop  of 
the  indip),  pve  more  exact  reMilts. 

6.  With  ProtcmiiphaU  of  In>)<.  A  weighfd quantity  of  the  finely  pulTerised  indigo  ia 
well  mixed  with  an  equal  weight  of  pure  limo  previously  slaked  with  water.  The  mixture 
is  poured  into  a  stoppered  bottle  of  known  capacity,  and  the  mortar  is  well  riiibed  with 
mitcr,  which  is  adoed  to  die  nst  The  bottle  ia  nowheated  in  a  water-bath  for  ^voral 
hours,  and  a  quantity  of  fitn  ly-|)Owden'd  sulphate  of  iron  is  added  ;  the  l>ottle  is  then 
filled  np  with  water;  the  stopper  is  inserted;  and,  after  the  contents  have  been  well 
shaken,  the  whole  is  left  at  rset  for  serenl  hoofa,  till  the  indigo  is  ledoeed  and  tibe 
f(<  dim«  nt  has  i-unk  to  the  bottom.  A  portion  of  the  clear  liquor  is  then  drawn  off  with 
a  siphon,  and  the  quantity  of  liquid  having  been  accurately  measured,  it  is  mixed  with 
an  excess  of  hydrochloric  acid,  and  the  pr«'cipitatc,  after  haring  been  oxidised  (by  ex- 
I>08ure  to  the  air),  is  collected  on.  a  weighed  filtt  r,  and  washed  with  water.  Lastly, 
the  filter  with  the  indipo-Mue  is  dried  at  the  heat  tif  the  water-bath,  and  weighed,  and 
the  weight  of  the  filter  having  been  subtracted  from  that  of  the  whole,  the  weight 
of  the  indigo-blne  ia  ascertained.  Soppoae,  for  example,  that  the  iriiole  quantity  of 
liquid  was  200  measures,  and  that  50  meaMires  have  been  drawn  off,  yielding  10  grains 
of  indi^o-blue ;  then  the  total  quantity  of  indigo-blue  in  the  sample  is  40  grains.  For 
60  grams  of  indigo  it  ia  necessary  to  take  flraon  I  Ik  to  2  Ibe.  of  water.  This  method, 
thou<;h  ratlii  r  tedious,  gives  better  re>*ults  than  any  of  the  preceding.  The  quantity 
of  indi^o-blue  indicated  by  it  is  nsuaU^  somewhat  less  than  the  actual  quantity  con- 
tained » the  sample. 

G.  "With  strnniojfs  chforide. —Tho  tin-soludon  IS  titrated  with  a  polution  of  pure 
indigo-blue,  prepared  by  dissolving  the  snbstance  dried  at  210<>-230=  C.(410°-446^F.) 
in  16  pts.  of  strung  bulphuric  acid,  with  addition  of  pounded  glass  to  dinde  tiie  indigo 
and  facilitate  theaolobon.  The  iodigo-solution  thus  obtained  is  dilutt^d  with  water, 
till  a  litre  of  it  eontaiii««  exactly  1  grm.  of  indigo-blue.  The  indigo  to  be  examined  is 
then  dissolved  in  a  sinular  manner,  and  the  titrated  tin-solution  is  added  te  it  from  a 
burette  tdl  tiie  blue  colour  changes  through  p^en  to  light-yellow.  Iron,  if  present  in 
the  indigo,  must  firxt  be  removal  by  digestion  in  hydrochloric  acid,  with  addition  of 
pounded  glass.    (E.  Mulder,  Scheik.  Onderz.  iii.  [l)  37 ;  Jahn-sbcr.  1860,  p.  613.) 

7.  With  zinc. — A  solution  of  indigo  in  enlphunc  add  is  dilute  with  water  and 
IqrdioetdoricaeidtanddeookriaadbjuoiBanalinoiphcfecfc^  A 
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measured  volume  of  thit*  solntinn  is  tht  n  iutivduccd  into  a  graduated  tube  fiUttl  with 
air  or  09cygm-gas,  and  the  m  Iuidi-  of  oxjgen  absorbc-d  is  read  off  after  a  few  hoiin»  A 
similar  oxp^^rimcnt  is  tin  ii  niaile  with  pun>  iiKlt^o-bltie,  and  the  Tala«  of  tlMMaUMIV 
daX  sample  is  dctcimined  bj  comjMuiiion  of  the  results. 

nnisao-lUMIwa.   (C]i«Treiil,  Amu  Chim.  farrL  6 ;  Beri«liu0,  LdM.  iii 

6S.')  ;  G  m.  x'lii.  iS.) — A  brown  hubstxince  of  uncertain  composition,  existing  together 
with  indigo-blue,  iudigo-glutcn,  and  iudigo-red,  in  all  kiuda  of  commercial  indigo.  To 
obtain  it,  the  indigo-gluten  is  first  removed  by  treating  the  indigo  with  dilute  sulphuric, 
hydrochloric,  or  acetic  acid,  and  then  with  boiling  water.  On  digesting  the  residue 
in  hot  stronp  rnustip  alktiliiif  lyo,  the  indi^ro-bmwn  dls<t>Ivos,  together  with  a  small 
portion  of  indigu-Llue,  lurmiug  a  dark-browii,  ulmost  black  solution,  from  which,  aft^ 
flllration,  the  indigo-brown  may  be  precipitated  by  an  aciti.  Tlic  pn  •  ipitate  <»nfaiiui 
a  (v>nsidf^rable  <jn;uitify  of  iiidigu-lilut',  from  wliicli  it  may  ln'  fn  inl  fur  tht-  most  pnrt 
by  diaMolrin^  it  in  carbuaatiJ  uf  ammuuium,  t  vapurnUiig  the  filtrate  to  dry  ness,  distKjlriog 
tbe  residoe  m  water,  filtering  from  the  undissolved  portion,  eooosting  chiefly  ct  ixuBig^ 
Uuf*,  and  y  r'  ripitatiim  the  fdtraff  with  .'•ulphuric  acid. 

lndi^o-i>r\>wa  ihu^iurepured  forms  a  dark  brown  transparent  resin,  almost  taateleei^ 
and  qmto  neutral.  By  dry  distillation,  it  yields  ftminoDia  a»i  an  empyrenBUitie  <ril 
Tt  is  d<  c.>T)ip<i«'«-d  by  nitrio  arid  and  by  chlorine.  It  nniti  s  lK)th  witli  acids  and  with 
bases.  With  the  cUkalu^  it  forms  dark  brown  compounds,  easily  soluble  in  water.  The 
Wyto-oantpoiHirf  is  npsnngly  MlttMe,  and  the  Ume-eompound  inaohible.  By  boiUnff 
the  alkulint-  compounds  witli  lim.  in  «.  xc'i's-j,  the  indigo-brown  may  ho  s<^parat.  d  ana 
rendered  insoluble.  Thia  is  perhaps  one  of  the  oaee  of  luoe  in  the  indi^yat 
(pp.  261,  262). 

Indigo- brown  bears  a  considerable  resemblance  to  fWinn«4r*H  ««M^8l|riimin  (p. 

one  of  the  products  of  the  decomposition  of  indican. 

TyPTOO-OTiUTglf.  This  sabstance  is  extracted  firom  crude  indigo  by  treating 
k  viih  dihite  snlphurie,  hydrocMorie,  or  aeetie  acid,  then  with  hoOiagr  water,  m. 

rt-mains  on  t'X*aj)oratin(j:  the  sohifion  as  a  vidlow-.  f ran-Sparcnt  oxtmof,  Koluldr  in  sjdrits 
of  wine,  casihr  soluble  in  water,  ]•  ss  soluble  in  acid  liaoida.  Its  taste  is  Uke  that  of 
tiia  eKtmet  m  neati,  It  yidds  hy  dry  distiDalion  mun  Miii»«iwfh  and  a  foitid  oH,  and 
bciiATea  hi  noat  rsfperts  like  ordinary  vegetabk  glnfeML 

XV9XOO-CI&B1S17.  Hen'.clius  obtainnl  a  pxoon  sij1»<if;j-n -r  1  y  adding  potash  in 
smaU  portions  to  an  alcoholic  solution  of  an  alkaline  hjixMulphindigotate^  till  it 
became  green,  washing  the  precipitate  witii  a  little  alcohol,  deeompoeing  it  witili  oxalio 
arid,  fry  ing  thf  fiUrcit*.'  from  oxaliv?  aci<l  by  triturati»>n  with  a  little  carbonate  of 
calcium,  then  filtering  and  eyaporating  to  dryness.  The  green  solid  residue  thus 
obtahked  dkaolTed  eamly  in  water,  ftnning  a  green  solntion,  which,  i^iea  mixed  wHli 
lime-water,  hecamc  yellow  on  exjxjsure.  It  formed  a  trret-n  jir-^cipitate  witfl  aoclata  of 
lead,  none  with  mercuric  chloride  or  tincture  of  galls.  (Berzelius.) 

Cheyreul  also  obtained  a  given  sobataiice  from  indigo^  hat  it  appeara  to  have  been 
BMmfy  indigo-lNNnni  nixed  with  a  litde  ind^o-blva. 

mxCM>-PTT1lPXE,  see  SuLPHopHffiNicic  ACID  (p.  260\  -  Tlio  preparation  of  a 
"parple^blue"  from  indigo  for  dyeing  is  deeoribed  by  L.  and  iiL  Jioilley  (DingL  pol. 
3.  cUz.  818X  snd  has  b««n  patented  in  tbia  country  by  Johnson  (Re}),  pat.  UTenf. 
Dec.  1860).  It  prohal  ly  consists  of  sulphindigotate  or  sulplrophaMiicate  of  sodiam. 
To  prepare  it,  finely  pulverised  indi^  is  added  to  twenty  times  its  weight  of  acid  sul- 
phate  of  sodiam  in  the  state  of  fusion,  and  the  mixture  is  heated  and  stirred  till  a 
sample  colours  water  yiolet.  The  paste  thus  produced  is  then  intimately  mixed  with 
70  to  SO  times  its  weight  of  water  ;  and  the  colouring  matter  is  precipitated  by  common 
sail  (2  lbs.  to  1  lb.  of  th<r  paste")  and  washed  with  water  containing  that  salt.  Afier 
drjing,  it  forms  a  mass  of  itterla.  ed  silky  cryHtals  having  a  coppery  lustre.  (For 
fur;!  1  detail,  and  qpeciiBcoa  oi  labrica  dyed  with  thifl  pnpaiBtum,  aaa  Ji6p.  Qhim, 
app.  I860,  p.  215.) 

tmMHMMftw  A  nd  aubatanoa  ooeuting,  together  with  ittdigo  gluten  and 
indigo-brown,  in  commercial  indiga  It  waa  flift  notioed  bj  ChavMoI,  aftarwardi  noM 

fully  examined  by  Berzelius. 
The  indigo-gluten  and  indigo-brown  having  beni  removed  in  the  manner  already 

<1.  >.  ribed.  the  residue  is  exhau.sted  with  boiling  alcohol  of  specific  gravity  0-83.  A 
dark-red  solution  U  then  obtained  which,  when  filtered  and  distilled,  depoalts  indi^- 
khI  a.s  an  iuuorphous  blackisU-brown  powder  quite  insoluble  in  water  and  in  alkaline 
liquids.  By  distillation  in  a  vacuum,  it  yields  a  white  crystalline  snbUmate  (the  so- 
called  colourless  inditro-reJ.  as  well  as  unchanged  inrltf:o-r.  d.  Strong  sulphuric  acid 
disi^olves  it,  forming  u  durl; -yellow  solution,  which  deposiu*  uotUiug  ou  addition  of  water. 
The  dilate  aohition  is  decoloriaed  liy  wool,  which  at  the  mum  tina  aeqniiea  a  dhtty 
yellowiHh-brown  or  red  eoloiir. 
Vuu  III,  3 
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When  the  freeh  leaves  of  Poli/gonum  tinciorium  are  cxham?ted  with  ether,  and  part 
of  tiie  ether  if  distilled  <M,  ind^go-Vliie  Mpentee  out ;  and  on  eTtiponting  i3a»  iwnaiwing 
Bolution  to  (IrvrK  rtnd  exhini«-tinf;:  the  reFidu.-  «  ifh  alcohol,  f!U<>ring  from  a  slip-ht 
brown  residue,  again  evaporating  to  dty&etts,  and  exhausting  the  residue  with  hot 
miter,  whidb  eztncte  a  httle  yeUow  eohmring  malftflc;  a  haid  brittle  friable  reaiiioiiw 
Bubst^nce  scparutes  of  a  fine  red  colour,  and  probably  agn  fjintr  t'sv.  iitiallj  with  the  red 
of  common  crude  in<Ugo.  It  is  inaoinble  in  no^,  slightly  soluble  in  potash,  amm4miaf 
and  acetic  acid,  easily  in  tdcoM  «ad  ether.  The  aleohofie  solution  turns  red  on 
addition  of  baryta-Mater,  lime-waier,  batic  acetate  ofUad^  or  nitrate  of  silv<T,  and  dark 
red  with  stannontt  chloride.  With  tdLntioa  of  alum  it  Ibnas  a  beaqtifol  red  lake,  not 
acted  upon  by  alkaline  carbonates. 

The  indigo  ol  t  lin.  1  fn  ni  the  flowein  of  'DMkerviRia  cttHionefuie  eootains  a  ved 
8ubFfnn<'P,  poluMr  in  alL-i  Jiol.  but  ins«plnble  in  water  :tnd  in  ethfr. 

For  further  details  reepecting  tiie^e  indigo-redt^  wliieh  are  probably  identical  ia  the 
main  with  8ehiiiid:>  iadirabiii     2«8).  See  Hemdhook,  auL  4& 

XmiZOO-SirLPKintXO  ACZI>S.  ^lien  indigo-blue  is  macerated  in  faming 
sulphuric  acid,  heat  is  evolved,  and  a  deep-blue  g<jlntion  is  formed,  called  sufphite  of 
indigo,  Saxont/ or  compogition-bhm,  containing  sulpbindi^otic  acid,  C*H*NO.SO*. 
Tlio  liquid  lias  a  deep-blut  colour,  and  may  bo  diluted  with  water  without  becoming 
turbid;  if,  luiwf^ver,  the  sulphuric  acitl  is  nnf  in  excess,  there  generally  remains  a 

Surple  powder,  consiHting  of  sulphupheenicie  acid,  2C*H*N0.S0*,  insoluble  in 
ilute  acids,  but  tolnble,  with  blue  colour,  IB  pure  water.  Acconliiig  to  Berzdini^ 
tlu  rc  i^  also  fonned  a  third  acid,  called  h y posulphi nd i g:  o t  ic  acid,  which  has  not 
been  anaiysed.  The  indigo-blue  cannot  bo  recovered  from  these  acids  by  any  known 
methods.  Their  eolation  loses  its  colour  aft«r  a  while,  and  is  instantly  turned  yeUoir 
I  t  a  BTnall  quantity  of  nitric  acid:  thia  reoctum  is  used  19  qaalitatiTe  aaa^rna  nc  the 

detection  of  tiitrie  acid. 

Byposulplilxidigrotic  acid.  JfyposidphoccrruJic  acid.  To  isolate  this  acid, 
the  aiodiolic  solution  of  its  ammoninm-sait,  obtained  in  the  manner  pres.'>ntly  to 
bo  described  (see  f^'i  t  rnrsDrnoric  Acro),  is  mixi  d  with  an  alcoholic  solution  of  ace- 
tate of  lead ;  the  whole  is  completely  precipitated  by  addition  of  a  little  ammonia^ 
and  the  precipitate  is  suspended  in  water  and  decomposed  by  sulphydrie  aeid.  A 
yrllow  liquid  is  th.  n  obtained,  which,  on  fxpostire  to  tlie  air,  becomes  Muc,  and  i>  con- 
verted into  hyposulphindi^otic  acid.  By  evaporating  this  sedation,  the  acid  is  obtained 
as  an  amor]>hous  mase,  whieh  becomes  moist  in  contact  witili  tiie  air,  di«solTec  readily  in 
water,  and  react."  lilcc  snli'liindiciitic  acid  with  f^nlphydric  acid,  zinc,  iron.  ,'4nd  charcoal. 

The  hjposuiphiudigotates  resemble  the  solphindigotates  in  many  respects,  but 
are  distinguished  by  their  tolnbiHty  in  alcohol  of  84  -p^r  eent.  When  gently  hmted, 
they  give  off  sidphurous  anhydride  without  changing  colo\ir ;  at  a  higher tempcratttWV 
they  turn  green  and  yield  a  aublimalo  of  solphite  of  ammoninm. 

The  aiuinoniurn;  potoMtum-  and  sodium-»elte  are  obtained  by  sti'f  jung  wool  dyed 
with  sulphate  of  indigo  in  solutions  of  the  corresponding  alkaline  e!irlM)nHtes,  eva|x>- 
rating  the  re<3ulting  solutions  to  dryness,  and  "ihaiflting  the  residaeswith  alcohtd, 
wbii^ii  takcb  up  only  the  hyposulphindigotates. 

Th«  aluminium-salt  resembles  the  convspondiDg  salt  of  Bidphindigotic  acid. 

Tfic  ^>arl"/i'-sa'f  i^  obtained!  bv  precipitating  the  potassium -salt  witli  rarbonate  of 
buriuni,  in  durk-biuc  tiocka,  very  soluble  in  pure  water;  the  solution,  when  tvapoi'ftted, 
^  de|)OMits  films  bsTing  a  coppery  Ivstre. 

The  cafctvm-  and  vnrprT s^i^rr^-i^nltf  nre  vfrv  «JoluMr  in  wntrr  aud  in  Hlcv>liv)l. 

Th»-  !<(id-.^iiJt  obfuiaed  by  prcicipitating  an  alcoholic  solution  of  the  ammonium- 
fait  vith  a^  >h•  lit- n  <  rate  of  lead.  It  is  a  blue  powder,  whidl  dissolves  slowly  but 
completi  1 .  '  i  \ut  r:  it  i^  ^^j-aringly  soluble  in  alcohol,  and  hae  an  astrijicont  ta-te* 

Snlpblnaiirotlo  Acid.  CIPNO  sr)"«.  St'^phate  of  indigr^.  So  luble  blue  indigo, 
Sidphindylic  acid,  SnlphocurHlic  acid,  InUigu  may  be  dissolved  in  strong  (uono- 
hy  Irate  1)  sulphuric  acid  as  well  as  in  thenmiing  aeid  (which  contains  sul- 

j  lnu-ic  anhydride  in  ?ohition>.  bnt  it  rfqnircH  15  pt??.  of  the  former,  and  only  6  pts, 
©t  the  latter;  moreover,  the  solution  in  common  sxilphuric  acid  requires  the  aidof  h^t, 
which  girea  rise  to  the  ftrmation  of  sulpharow  acid ;  it  may,  bowerer,  be  fiuilitatod 
by  tritiinil  inpr  the  indicro  wirh  ponndol  gfa5^>  m  as  to  divide  th*'  jMrtioh  ?. 

The  acid  solution  is  diluted  with  fmni  60  to  60  times  its  balk  of  water;  the  liquid 
is  mteredfrom  the  |  redpitated  sulphophcsDidieadd;  the  filtrate  is  digested  at  a  gentler 
heat  with  wool  or  wcK^lIen  stuff  {{treviou.'^ly  prejjarcd  by  washing,  first  with  soap  and 
then  with  water  containing  1  per  cent,  carbonate  of  sodium,  and  Anally  with  pure 
water),  nntil  no  more  colovring  matter  is  taken  np,  the  excess  of  sulphuric  acid  rv* 
siaining  in  solution.  The  mooI,  dyed  Idne  by  sulphindigotic  and  hyposu!pbindig<Jtic 
adds,  ia  washed  with  w^er  till  the  lattei:  so  longer  becomes  aoid,  and  digested 
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with  irater  contuining  a  little  carbooat*  of  am«Kniiiim;  1h»  Uiie  aolvHoii  is  poured  olT 

from  the  (l^'.'olorisf.l  •wool.  ;iikI  evapowfed  to  dr}Tic«i8  at  50'^;  rmd  th-'  ri*'«idTip  is 
ezbjiusted  with  alcohol  of  83  per  cent.,  which  diissolres  the  hypostUphindigotate  of 
Mnmon'mm.  and  Imtcs  the  stdpniBdigotate.    The  Iatt«r  is  diasoWpd  tn  water,  aod  pre- 
cipltatfd  1)y  aot  tatt-  cif  leail ;  tin-  liirk-Muo  prfi»ipit;Ut'  \s  vsr^e.]uH\  wifh  water,  then 
Bu^Ddi^  in  water,  and  decomposed  by  suJpiiydric  acid;  and  the  jellow  or  colouiieM 
■imtaoD*  whidi  tnnw  bloe  on  CKpomm  to  tbe  mtf*  w  ormpowted  to  dryneoi  «t  60^ 
(Berj-'-l his).    According  to  Joss,  sulphindigotate  of  ainni  niiuiu  i-i  ii  it  >'{rectually 
wparatcd  from,  the  l^jiwalpiiijuligotatie  by  alcohol ;  it  is  better,  therefore,  to  digest 
Hut  mdigo^olvtion  with  wool  onl^  bo  long  as  it  famw  a  precipitate  with  acetate  of 
iMriam,  by  which  hyposulphindigotic  acid  is  not  precipitated. 

PropertUs. — Sulphindigotic  acid  forms  a  solid  mass  having  a  peculiar  agreeable 
odour  and  an  acid  ta-^te  ;  it  has  a  weak  but  decided  acid  reaction  (Joss).  It  becomes 
■Miiat  in  the  air,  and  u  Tory  adaUe  in  water  and  in  alcohol.  It  is  separated  from  its 
aqueous  solution  by  wood-charconl.  nrul  with  s^rntrr  facili^  by  blood'>oluuOOAl| 
but  itmv      extracted  from  the  eharcual  in  alkaline  inu-bouates. 

Wool  is  dyed  by  tlie  aqueous  acid,  but  not  hv  it  -  salts,  unless  an  tddii  addedi  ftOOOk 
parativi  ly  weak  ai-i:!.  sucli  as  aoftii-  acid,  being  8Utlii-i<'nt  for  the  purpose.  Boilinc:  ■vrater 
and  aicobul  iiiprive  ibti  wuol  of  only  a  portion  of  its  colour,  but  alkaUs  remove  it  entirely' 
(Berzelius).  Sulphindigotic  acid  is  completely  decoluri»ed  bywoolko  fltaA;  imk. 
fa^ri."s  do  not  d'-privf  if  ot'  all  its  colour;  hnon  and  o*'.tton  tnke  tip  vrry  little.  SQk 
dyed  with  it  is  deprived  of  its  colour  by  soap,  but  not  I  v  water,  (liergmann.) 

Jktompontiotu. — 1.  Salptiin  ligotic  acid  yields  by  ilrj  dtstillatMii  imlfAnrofM  to- 
hydride,  sulphitf  of  ammonium,  luuch  water,  and  a  littl-  i  iiipyri  umatic  oil.  Xo 
TapooiB  of  indigo-blue  are  evoivod,  but  tlie  sublimed  sulphite  of  ftmioomft  dissolves  in 
watsr  ^th  «  bwe  eolovr,  luiTiiig  eam«d  over  « little  of  tJio  vndeoimipoBed  sdd.  Tlie 
carbonaceous  residue  bums  wifh  ilifTt<*ulfy,  I'tif  completely.  The  sulphindigotatos  also 
do  not  yield  any  sublimate  of  indigo  by  dry  distillation  (Berzelius). — 2.  Sulpliindi- 

fotic  acid  is  decomposed  by  exposure  to  sunlight. — 3.  Chlorine  produces  a  4uautit^  of 
rown  resin  in  the  solution  of  the  acid,  and  only  a  little  chlorisatin  and  dichlorisatin 
(Erdma  11  n.  J.  yr.  Ch,  -  19,365). — The  blue  colonr  of  the  aoid  is  changed  to  grtn  ii  l  y 
chloride  oj  liim  (So  li  1  .  m  berger),  and  to  reddi^h-bruwu  by  chlorateoj  jMassi'i  n  and 
htfdrochloric  acid  {I>  ll-  y)*— 4.  Sulphindigotic  acid  it  oooomposid  Vy  ni trie  acid. 
Wli.  n  the  baTittm-salt  is  dcfompos'^'d  l>y  boiling  with  concentrated  nitric  acid  and  the 
solution  diluted  andiiitered.  it  in  not  precipitated  b^  chloride  of  barium  (Berzelius).-— 
$.        solution  of  salpMndigotio  add,  healed  with  ekromate  of  pota£8iu?n,  boeomet 
rH'hrc-vfdlow  ( Penny)  ;  mixed  with  permanganate  ofpotn!^'^i>'>i},  it  Incomes  first  green 
and  then  browniah-yelluwjElbers,  Mohr) ;  when  heated  yiith/errtc  saltSf  it  is  deco- 
loriesd  as  l^nitiM  aeid  (Wdhler,  Ann.  Ch.  FhtroL,  sxxiT.  S35).  Thew  Teaetions 
arc  u-('d  for  the  vnlnalion  of  coriitncrcial  inilip»  f]'.  2o5).—  Ck  D'Oxiih\^i'ii(j  suK'^fioic'S 
mince  sulpbindigotic  acid  to  a  compound  derivable  from  indigo-whit^  and  change  Uie 
eottmr  of  the  solutioD  to  ydkm.   Zitw  or  inm  flUngs  diasdtv«  in  tlie  eolntioii  without 
disengagement  of  hydrogen,  yielding  a  bliif  liquid,  which,  however,  is  decolorised  by 
excess  of  acid :  the  solution  quickly  recovers  its  blue  (xioux  oa  exposure  to  the  air. 
Sulphydrw  acid  does  not  decolorifie  tiie  sohxtion  «t  ovdineiy  tcmpenttires ;  but  on 
beating  the  liquid  to  60**,  it  deposits  sulphur  and  becomes  colourless.    The  dccolora-  ^ 
tion  ?■«  prf^vf-ntr-d  by  the  presence  of  free  acids.    If  the  solution  contuining  excess  of 
Bulp!iydric  acid  ia  evaporated  in  a  vacuum  over  slightly  moistened  potash,  a  dark-  ^ 
yellow  vis  id  residue  is  obtained,  which  becomes  moist  and  daric-bho  on  exposure  to  ' 
the  air.    The  solution  of  ctili-hindiL'^otti'  acid  is  likewise  decompwrd  hy  .Hfannom  * 
chloride.    (For  further  detaiL*  uii  i hi t»e  reductiou*,  see  Gmelin'>  lldndlmik,  xiii.  60.)  . 

Sulphindigotat  es.    (7(H*M)N0.S0*,^^n»e8e  salts  are  funned  by  direct  cooH 
1)in  ifion  or  hy  douMe  decoin}H>sition.    They  cannot  be  obtained  crystalli^^ed  :  fh.  y  nro 
dark  blue,  with  a  peculiar  coppery  lustre,  and  taste  feebly  saliiie  and  decidedly  uf 
indtgow    Tbe  wWrnb^  sulphiikugiotiites  are  slightly  soluble  in  oold  water,  and  more 
rradilv  in  hot  water;  the  .--olution  is  bhie  by  rcflrefi  d,  and  rr-.l  by  1r;nisnutfed  Vv^hi. — 
The  sulf^iindtgotatcs  are  more  readily  decolorised  than  the  tree  add,  bv  all  substances 
wbaAk  Todnee  indigo-Vhie,  eepeeiaUj  in  the  preecnee  of  free  alladie.  fintosulphate  of 
iron  does  not  reduce  a  n-  utral  ^tilphindigotate,  even  on  Wiirniiii<r  :  not  even  when  as 
much  alkali  is  a/dded  as  is  neoesiary  to  prcvipitate  the  protoxide  of  iron;  but  the 
slightest  excess  of  alkali  ptodneee  iauneSate  deeokmtiooi,  and  on  |die  additien  of 
^      MMVgh  acid  to  neutralise  the  alkali,  the  blue  colour  is  nvstored.  Sit!]ihi(h  ofpof(hi.<:i')t!n 
or  calcium  decolorises  the  solutions  of  the  sulphiudigotates,  part  of  the  sulphide  being 
ooo verted  into  sulphate.    The  reduced  solution  appears  yellow  when  neutral,  and 
Ininit>>y«Uoir  wh«i  alkaline.  The  neutral  solution  leaves,  when  evaporated  in  vacuo,  a 
dark  dry  residue,  ^hicli  appeflr*  dark  yellow  when  pulverised,  and  becomps  blue  on 
exposure  to  the  air  for  several  days.   The  solotion  turns  blue  on  exposure  to  the  ai;. 
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Wtrric  and  ruprir  snifs  in«hintlv  turn  the  snltition  hlno,  nn(\  arc  <y>nvMtcd  infO 
nits  of  the  lover  oxides.  The  solution  redaced  by  ttantunu  chloride  deposits,  on  ex- 
posure to  the  air,  a  white  powder,  iMA  u  %  wSanm  of  abumie  oxkl«  lad  a  prodiuft 
of  deoofmpoflitioa  which  becomes  gn^on  on  ittpwnre  to  tli*-  air. 

Sulphindipotate«,  when  heated,  give  off  ^ter  without  meliiog.  When  strongl/ 
heated,  thojr  decompose,  evolving  £ree  ammonia,  cailionate  of  ammonium,  c/aflide  of 
Amnioniom,  a  trace  of  volatile  oO^  Old  dtenrtHd««f  flttbonio  uikjM^  vfailitft  imUm 
fif  metallic  snlphide  is  left. 

'  BiUpkimdiffoiate  of  Ammonium  is  prepared  hj  the  procen  described  on  page  258 
(B^rselins) ;  or  by  precipitating  (mlphindigotie  teid.  wfddi  ahcmld  noC  be  too  dflotiv 
witk  aTiinioiiia  or  a  salt  of  ammonia  (Cruml.  It  reacts  siimilurly  to  the  pota^jnum-* 
salt.  It  nielts  when  heated  and  swells  up,  but  is  not  decomposed,  even  by  a  pretty 
strong  heat,  and  although  it  assumes  a  charred  appearance,  still  dissohree  oompletely 
ia  water,  forming  a  bine  solution.  When  more  strongly  heated,  it  yiciils  a  suWimafo 
of  wdphite  of  ammonium  (Berzelius.)  It  dissolves  in  from  40  to  50  parts  of  cold 
water,  and  in  a  much  Kmuller  ouautity  of  hot  water  (Crura),  and  is  precipitated  from 
tb»  solution  by  the  alkaline  sniphates  and  some  other  salts,  but  much  less  con^letefy 
than  tlie  jx^fassium-salt    It  is  not  soluble  in  alcohol.    (Crum,  Berzelius.) 

StU^hindigotaU  9/  Aluminium  is  readier  soluble  in  water,  and  dries  up  like  the 
other  snlpliindiRoeales  on  the  ofaiMftttkm  of  the  iolvtioiL  l^ulphindigoteto  of  polm- 
Binm,  mixed  wiTh  a  salt  of  aluminium  and  a  litflr  ammonia,  throws  down  a  dart;  hiuo 
pulverulent  basic  salt^  becoming  blackuh^bltto  when  dried.  It  gives  Qjp  all  its  acid  to 
An  ezoees  of  alkalL  (Berselins.) 

Bfilphindigoiate  of  Barium  is  jjcedpitaied  in  ^Mtk  line  flakes,  on  mixing  the  potas- 
sinm-salt  with  chloride  of  banum  (Crum,  Berzelius).  It  dissolves  sliplitly  in 
cold  water  with  a  bluish  colour ;  more  abundantly  in  hot  water,  impiurting  to  it  ja 
daik  oolour.  Owing  to  the  great  aflfadtf  of  liaiyte  for  sulnhindigotic  acid,  this 
salt  is  formed  when  hjrposulphindiprotate  of  potii-^sium  is  mixed,  first  with  sulphuric 
acid,  and  then  witii  chloride  of  barium ;  an  excess  of  sulphate  of  barium  Ls,  however, 
neeesaary  to  ^  leoetioii,  wd  luDoe  tiie  precipitalo  lias  ft  oolovii.  Sulphate  of 
hariuin  aln  ady  precipitated  likewise  funns  with  hyposulphisdigotato  of  potassiain^  H 
small  quantity  of  sulphindipotate,  and  lu  eunus  jiah*  lilue. 

Sulphindiaotate  of  Calcium  is  soluble  in  water,  but  insoluble  in  alcohol,  which 
ptedpttatea  it  in  blue  flocks. 

Sulphindiffotaif  of  Lrad  is  precipitated  in  dark  hhie  flork-s,  slightly  soluble  in  water 
<Mi  mudng  neutral  acetate  of  kaa  with  sulphindigotate  of  potassium.  Basic  acetate 
of  leadiiMnwal^||lktbl«e  precipitate,  lAieh  MOOiiMa  dadMr  trlieB  diy. 

Sidfkindigoiate  of  Mogmtkm  if  ymj  aolnblo  in  witsr,  and  ia  not  ptoe^ilBtid 
•n  excess  of  sulphate  of  magnesium. 

Sulphindigotate  of  Potassium^  C*H*KNO.SO'.  This  salt  is  obtained:  1.  By  steep- 
ing  wool  dyed  Una  with  snlphate  of  indigo^  in  a  oohitioB  of  oaibonate  of  potaarivni» 
rvaporatinpr  the  solution,  and  treating  the  residue  with  alcohol,  whieh  extraeta  l^ypo- 
sttlphindigotate  of  potassium.  The  Midiie  is  then  treated  with  acetic  acid  and  aleaool 
to  remove  the  exoeas  of  eaibonate  (Berxelivsy — %  Indigo-hloe  it  hfloJ  with 
excess  of  sulphuric  acid  ;  and  after  the  sulpbophoenicic  acid  has  been  removed  by 
filtration,  the  blue  liquid  is  saturated  with  acetate  of  potassium ;  the  resulting  blue 
precipitate  is  thrown  on  a  filter,  and  washed  with  acetate  of  potassium  till  the  liquid 
wliioh%ns  through  begins  to  tnm  Um;  thoaali  Is  tfacn  traabed  nitfi  akohol  toie- 
More  the  acetate.    (D  n  m  a  s. ) 

Sulphindigotate  of  potassium  in  the  dry  state,  forms  a  copper-coloured  mass^  yield* 
ing  a  Dloepowdor;  btaealaohjtnHisniittediigfal  It  is^idlj  abioilia  noiatino  Anmb 
the  air. 

When  heated  it  docs  not  melt  or  evolve  any  purple  vapours ;  it  is  difficult  to  incine^ 
fate.  Aoending  to  Benselini^  it  imam  siUphopaipaiatoof  potaimm  vhsn  heated  witti 
liino-water  out  of  contact  with  tho  air;  in  fiesenoe  of  aii^  it  itoas  salta  of  salphadKficv 

Sttlphofulric,  and  sulphoruftc  acidB. 
onlphindifTofate  or  potasstma  disnlTes  in  140  paarta  of  Mid  water,  and  fai  a  nnell 

smaller  rpianti'v  r)f  boilincc  water,  a  portion  separating  out  on  eooling.  The  solution 
is  of  a  dark  blue  colour,  transparent  only  when  ^^ewe  i  in  thin  layers  ;  when  held  up 
before  the  light  of  the  sun  or  of  a  candle,  it  appears  scarlet.  1  part  of  the  salt  imparts 
a  blue  colour  to  500. OoO  parts  of  water.  "Water  containing  1  par  cent,  of  acetaf*  t* 
potassium  does  n»«t  dissolve  the  salt  in  the  eold ;  on  heating,  n  portion  dissolves  and 
separates  out  in  bliickish  tiakus  on  cooling.  It  is  readily  dissolved  bv  sulphuric  acid, 
but  is  not  soluble  in  concentrated  hydrorakrio  aold  (Crna);  or  in  aleohu  of  apeeifia 
gravity  O-SO.    (Berjseliu  s.) 

if  au  aqueous  solution  of  sulphiudigutatc  of  potassium  is  mixed  with  a  barium-  or 
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«d(i«m-Mlt  and  carbonate  or  phogphate  cf  sodrnm  added,  carbonate  and  phosphato  of 

barium  and  carbonate  of  calcium  are  precipitated  of  a  Miic  (^o!o\ir,  jiiul  phosphnte 
of  cslcium  of  a  deep  blue  cukmr.  When  the  solution  of  sulpbiudigotate  of  pota«Niuni 
If  vttxed  Willi  uetete  of  kad  tad  «  solvtioa  of  tamde  add,  tb«  prcdpitato  of  taaourt* 
of  Ifixd  citrries  down  jill  the  oolourin;:^  niafti-r  with  it 

Sulfhindigptato  of  potassium  occun  in  commerce  a«  paste  or  dry  powder,  known  as 
preeipitsted  indigo,  indigo-oarmine,  8olabI«  indigo,  or  solid  blue.  It 
ia  used  for  djeiag  lauii  of  an  anM-bl]M  oolonr,  «&d  ftt  pcodneiBg  TCiy  p«M  Una 
colours  on  wool. 

BuipkmdigolaU  qf  Sodium^  ako  called  indigo-carmine,  resembles  the  potassium* 
•■Itk  lad  if  wed  tw  ainuln  poiposfli^  hot  ia  more  aolnUa  in  aalina  aotattaona. 

•a^»pfcaa«toie  — MU  2CTH»N0.80*.  Bidigo-pwjpie,  flienkin,  Suljyhopurpurie 
Qi^id.  Tliis  arid  is  formed  when  sulphuric  acid  is  allowed  to  act  upon  indigo  for  a  short  tn 
or  not  in  excess.  To  prepare  it,  1  pt.  of  indigo-blne  is  mixed  with  from  8  to  10  ptn.  of 
strong  sulphuric  acid,  and  kept  for  three  days  at  a  temperature  of  60°  or  60° ;  Lha 
aolation  is  then  diluted  with  water,  and  the  precipitate  of  sulphophosnicic  acid  is  filtered, 
washed  with  dilute  hydrochloric  aoid,  and  dried  in  an  oil-hatli  at  SO*'  -  1 00^  u  rn  a  s). 
Or  powdered  indigo  is  purified  by  boiling  with  diiut«  sulphuric  acid,  and  tlu  u  hliaken 
up  with  from  7  to  8pte.  of  strong  aolpbarie  aeid  till  the  mixtofe  beoomea  olire-gram. 
Thi'»  whole  is  then  dUutcd  with  a  rcn'  htrpfc  quantity  u{  water,  and  tho  prpri|iitate  of 
sulphophoenicic  acid  k  ooUected  on  a  filter  and  washed  with  water,  which  becomes  mure 
deeply  blue  in  propofftbn  aa  tha  aa^hnrie  add  ia  lamoved.  The  laat  flHntea  ara 
•rapir.itt  d  t<j  dryness.  (Crum.) 

As  the  extraction  of  the  sulphophfenieic  acid  on  the  filter  acccHrdiog  to  (1)  is  a  very 
ikfw  process,  and  iHien  tba  graater  part  of  Ilia  indigo-blna  ia  aoanratted  into  ati^bo- 
phoenicic  add  by  the  prolonged  action  of  the  sulphuric  acid,  water  will  no  longer  pasa 
throiifrh  the  filter,  the  following  method  may  be  employed,  which  yields  a  more  abun- 
dant, thuugh  less  pure  product.  1  pt.  of  powdered  indigo  is  shaken  in  a  flask  with  10 
ftiL  of  strong  sulphuric  acid,  tSi  liU  Una  calonr  vbich  the  indigo  bad  at  first  loat  ia 
completely  rf«torm.  For  this  purpoFC,  fivtm  ten  to  twelve  luitira  are  requisite  at  7°, 
three  hour»«  in  the  heat  of  the  Bun,  20  minutes  at  3b^,  and  a  few  moments  at  100°.  A 
■laiga  quantity  of  water  is  added;  the  sohition  is  filtered;  and  the  precipitate  is  taken 
from  uio-  filter  and  washed  by  decantation  w  ith  water  containing  t^uffieient  chloride  of 
ammonium  to  preyent  it  fswsi  dissolving  the  snlphopfaanicic  acid.  The  solution  of 
ddorida  of  aauoMwiani  ia  i^owad  to  ran  llmatbe  Ultoi^  and  tbe  predpitata  ia  removed 
and  suspended  in  n  larpe  quantity  of  water.  Aff  r  three  days,  thr  -  iTition  is  i>oured 
and  tha  mter  is  renewed  as  long  as  sulphophosuidc  acid  continues  tu  dissolve.  Tha 
aolphopbcBBkie  add  ia  iben  precipitated  mm  tiia  daeantad  aolntioBa  b^ddcvidaof 
potaR-ium,  and  the  preeij<itate  i»  washed  on  a  filter  with  water  as  lonp;  as  the  water 
continues  to  pass  through.  8ulphophcenicic  acid  thus  prepared  contains  a  little  potaa- 
ainm-fialt  and  a  large  quantity  of  earthy  matter;  after  dtying,  it  ia  noloagar  aoroUa  in 
Water.  (Crum.) 

HatTely  triturates  1  pt.  of  finely  powdered  indigo  with  20  ptK.  of  common  sulphuric 
acid ;  alluws  the  whole  to  itand  for  some  time,  till  a  Jixip  of  Uiu  siolutiun,  whi  Ji  is  at  first 
bbu^  oolours  water  or  paper  violet  ;  and  tban  mixes  the  solution  with  a  larfre  quantity  of 
water  :  the  action  of  the  sulphuric  acid  i.s  promnfe<l  l>y  lii-ating  the  whole  to  40°.  If 
less  sulphuric  add  is  used,  it  must  be  more  strongly  heated ;  if  only  3  pts.  of  sulphuric 
aeid  are  employed  for  1  jpt,  of  indig(^  tba  lattar  ia  not  complatdy  ooimrtad  into  sulpho- 
ph(eniei(>  acid.  If  ftmung  anlpraii^  add  ia  naad,  it  ia  not  eaay  to  diaoonr  irfaen  tha 

reaction  is  ended- 

JVf,y*i'ri'/V>'.  -Sul^hopha.'nicic  aeid  fomis  a  blue  mass  or  a"purple-red  powder,  soluble  in 
water,  to  which  it  imparts  a  blue  colour.  It  dissolves  readily,  with  blue  ot^oar,  in  sul- 
phuric acid,  efspeeially  in  the  fuming  acid,  being  at  the  same  time  gradnally  ennverted 
into  sulphindigotic  acid.  With  a  large  quantity  uf  wMlu-k-v-,  il  funuh  a  yellow  soluliuu 
vbiflh  tarns  blue  if  immediate)^  mized  vith  auphuric  add  of  66°  B.;  but  stronger  sul- 
phuric acid  added  after  24  hoB«b  pndnaaa  a  vbitiab  freeipitHtew  (Gtroa-Baaandt 
I>ingLpol.  J.  2«&) 

Tna  suipAopkmUeate*  are  precipitatad  from  the  aqueooa  aolntion  of  the  acid  by  the 
addition  of  other  salts.  Vn^n  dry  th-y  are  red;  their  aaueous  solutions  are  blue. 
Thiey  diaaolve  reiy  i^MvingW  in  water,  but  more  readily  in  nlcohoL  The  solntjona  are 
ladnead  to  yellov  bqaida  w  baating  with  aulphydric  acid,  by  sulphata  af  iran  and 
Uaia^  or l^eaiMic alkalis.  The  reduced  solutions  turn  blue  on  .  xpoj^nn  to  (he  air,  and 
on  the  aodituiD  of  othar  salts,  the  salt  of  anlphophauueic  add  is  predpitatod  ou- 
cLaugod. 

The  ammtmium-mUf  when  heatad,  evolves  sulphurous  anhydride  together  with  sul- 
^litaof  amaKMmml^«nda  sad  vi^oar  wbiah/iaida  aa^  Tfaia 
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iiiMimatoM often  bright  gwcnop  tha Icwmfeeclgei^  Kto wiag^OMW  Vlma^htndm, 

and  tnrn?;  brown  when  burnished. 

The  potassium-sal i,  C'«H»KN'0*^HK)»(?)  U  obtoinoLl  by  adding  acetate  of  potas-  • 
aiani  to      aqneoiu  aolutioa  of  theadd.  It  iatiwn  precipitated  in  purple  flocks,  which 
mus-t  ho  waahedt  Hxft  nith  acetato  of  pntamiiwin,  tban  with  aleohoL  U  diiaiilvaa  ia  100 
pta.  of  water. 

Thft  mtdtum'aaU  ii  obtaSiiad  in  tike  maaner. 

Tlx*  soliifion  uf  sulphojiho'nieie  iicid,  .•ven  when  Tory  diluti^  ia  piMipitMtad  lb>f  Um 
salts  o£  calcium,  magneaium,  aluminium,  iron,  titi,  and  copper. 

Product*  obtained  hjf  deeompotHum  qf  the  Indigo-tulpttwrie  acids. 

The  followinpc  i)r(;K!act«i  of  the  decomposition  of  these  acids  aro  di-sorilH-d  l>y 
Bersolius  {JUhrhiirh  do-  Chime,  4th  Aofl.  viL  22G);  but  their  composition  is 
Tety  tmcertain,  and  tlicj  require  ibrthcr  euminatkm 

1.  SnlpboAaTle  aoid. — This  acid  is  formed tlj  heating  sulphoviriJateof  potasdimi 
with  lime- wat or  in  confa  -t  with  the  air. — To  prepare  it,  sulpliindigotaif  of  j>:)ta>i,«inm 
is  heated  with  iime«wat*;r  iu  au  open  ressel,  until  the  solutiuu  a(  <j[uiri:s  a  pure  rtd  colour 
(if  the  action  is  too  prolonged,  it  beoomea  yellow ;  if  the  access  of  air  is  kept  under 
control,  it  is  easier  to  hit  th.-  riglit  moment).  Carl-onio  anliyilride  is  then  passed 
through  the  liquid;  the  tlltrate  evaporated  to  dryness,  and  the  green,  browuiiih  yellow 
vendue  extracted  with  aleolioL  The  yellow  solution  is  precipitated  with  acetate  of 
Icml :  tilt;  loinon-yi'Uow  precipitate  susjx  inle'l  In  water  aiui  <leromjM>stMl  l)y  sulpliydrio 
acid ;  and  the  solution  £LUered  from  the  sulphide  of  lead  is  then  left,  to  evajporata.  It 
<antts  yellow  arboreseent  maneik  having aatraoff  add  taato  and  zeaetiotL  It  ia  aolnhla 
in  watrr  and  in  alcohol ;  the  eoluttdk  focms  iritE  ftoatate  of  lead  a  kmoD-yallow  pmi- 

pitate.  insoluble  in  water. 

2.  Snlpliof^TiG  and  Snlplaorafio  A«ids« — These  acids  are  formed  simulta- 
neooelywith  salphotlavic  acid.  The  residue,  from  which  the  suIplioMavie  acid  haa 
bfrn  rxtmctrd  by  ah-ohol,  is  dissolved  in  water,  and  the  bright-re«l  solution  is  jireei- 
pit^iteu  wiik  hm>w  acotato  of  lead.  The  pale-red  precipitate  is  suspended  in  water, 
and  decomposed  with  ralt^ydrio  add,  and  the  filtrate  is  erapomted  to  dryneap. 
Absobtte  alcohol  cxt'aets  fnm  the  residup,  s n Iph oful vi o  aci<l,  which,  on  eva]>om- 
tion,  is  deposited  as  a  dark  yellow,  transparuut  mass,  haying  the  consistence  of  au 
extract ;  it  fbrma  a  lead-sal^  ia  readily  eofnUe  in  water  and  in  aleohoL  Tho  povtion 
ins'>lubIo  in  alcohol  is  sulphorufic  acul.  This  latter  d'ssolves  in  water  with 
a  tine  red  colour,  and,  on  evaporating  the  water,  forms  a  dark  red,  opaq^ue,  amor- 
phona  mass,  whidi  tartea.  add  and  stvoogly  reddens  litmus.  The  leadHNUt »  readily 
aoluble  in  water  and  in  aloohoL 

3.  Sulplioparpiuic  Acid.— This  neid  is  formed  by  the  action  of  alkalis  upon 
Bulphoviridic  acid.  1  pt  of  sulphindigotate  of  potassium  is  dissolved  in  50  pts. 
of  liniA-water  and  heated  in  a  eorered  Teeael,  till  the  aolvtion,  which  has  gradually 
tnrnrd  purple  red.  doc??  not  become  green  again  on  0'>oltng.  After  the  whole  has  bet  n 
allowed  to  cool  in  the  coTered  vessel,  the  excess  of  lime  is  predpitated  by  carbonic 
acid ;  the  filtrate  w  eraponted  to  dryneae ;  and  the  leaidve  treated  with  alcohol, 
wliich  oxfrarfH  a  little  sul])hon;ivic  acid.  The  residue  is  di.ssolved*  in  water,  the 
purple-red  solution  precipitateii  with  acetate  of  lead,  and  the  precipitate  suspended  in 
water  and  deoompoaed  by  sulphydric  add ;  the  filtered  solution  is  then  evaporated  to 

drVTieR'i. 

Sulphopurpurie  acid  forms  a  brown  unciystallised  ma'-s.  dissoWncr  in  water  with 
dark  purple-red  jcolour.  The  potassium-salt  dissolves  iu  water  and  imparts  to  it  a 
dark  purple-red  colour,  like  that  of  permanganate  of  potassium.  The  precipitate 
produced  by  mixing  the  aqueous  solution  of  the  lu  id  \\ifh  acetate  of  lend,  is  slightly 
soluble  in  water,  with  a  reddish  colour;  insoluble  in  alcohol.  With  excess  of  oxide  ai 
lead,a  pale  red  aalt  ia  ibmed,  irhieh  is  inaolttUe  ia  water. 

4.  Stxipboviridic  Add.— This  is  the  ibst  piodnei  of  deeompodtton  hi  lite  action 
of  alkalis  upon  solphindigpttc  add. 

1.  To  an  aloohone  eolntion  of  an  aUcalitte  hyposulphindigotate,  hydrate  of  potassium 
h  added  ill  sina'l  ;  i  f  ions  until  it  becomes  green,  and  the  green  precipitate  is  washed 
on  a  filter  with  a  little  alcohol.  The  precipitate  is  decomposed  by  an  aqtieoii««  solution 
of  oxalic  add,  filtered,  and  the  filtrate  is  fi^eed  from  excess  of  oxalic  acid  by  tritumtiug 
it  with  a  little  carlx)nat«  of  calcium  :  it  is  then  filtered  and  evapomted  to  diyneaa, 

2.  When  a  solution  of  h\ r"-"!;  '  TTKbaotate  of  barium  is  evupomtcd  to  dryness  on  a 
wntcr-bath,  it  becomes  gr*  cu  anu  vi.  Ids  a  precipitate  with  basic  acetate  of  lead,  but  * 
nf>t  with  the  neutral  acetate;  an<I  if  the  greyieh-green  piredpitate  is  decomposed  by 
sulphydiMc  acid  and  the  green  filtrate  (^vnporatrd  to  dryness,  sulf^ovixUio  add  10 
obtained  as  a  dry,  hard,  gummy  mass,  having  a  strong  add  reacti(»u 
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It  dissolves  reiy  readily  in  water,  and  slowly,  but  i  ompletely,  in  strong  alcohol ; 
the  solutions  appear  dark  green  by  reflected  light,  and  dark  red  by  transiriitf-  ^  ''-'it. 
The  aqueous  solution  mixed  with  lime-water  becomes  yellow  in  contact  wiiii  Luu  air. 
The  Itadrtatl  is  Mmewhat  tolaUio  in  mter,  impartiiig  to  it «  greeiOBh  oolonr. 

IMDiaOTm  ACSDb  9pL  with  Kmoeixionjo  acdk  (See  Sauoiiio  iim) 

XVSXOOTTll'.    SvTi.  wifli  iNTDion-Tii.rE. 

ZBfSZao- WHITE.  C'ni'=N-<)-.  niiitf  indigo,  rcdvrnl  or  rh nxifli^rd  JnJhjo, 
Indiffoffeti{Q  uu  xiii,'J3  ;  Gerli.  iii.  610), — A  colourless substauco,  produced  by  theacliott 
of  r^ucing  ag<  nts  on  indigo-blue  (pp.  941,  254),  and  dfflTering  from  »  double  molecule 
of  the  L\ttr  r  (C"*ir"X^O*)  by  two  atoms  of  hy.lrocrrn.  ThevTcul,  wlio  was  tl:-  firs-t  to 
isolate  it,  supposed  that  it  existed  ready  formed  in  indi^erous  plants,  and  was 
«Qiiv«rt«d  into  indii^bhie  oxidafeioii ;  Imt  Selnindc  lus  shown  that  this  Tiew  is 
untenable,  becaii.-^t'  indigo-whito  is  si^luldr  only  in  nlkuline  li>iiii<is,  and  the  jnlc-  r,{ 
pUats  is  always  acid.  Moreover,  if  the  indigo-white  existed  in  the  juice  of  these 
plenty  it  vould  be  eonveited  into  indigo-Uue  oy  oxidntion,  on  eoming  to  the  tiufiiee^ 
vhich  Is  not  the  case. 

Preparation. — Commercial  indigo,  purified  by  boiling  with  hydrochloric  acid,  next 
trhh  strong  potash,  and  afterwards  with  alcohol,  is  mixed  with  frfshly  prepared  hydrate 
of  caloLuni  I  2  parts  of  quick-lime  to  1  of  iudigo)  and  placed  in  a  closed  vessel  with  150 
pnrt«^  of  wiit'T.  nffer  which  Bulphate  of  iron  equal  to  ouc-third  the  weight  of  the 

indigo  in  added,  iuid  aUer  iLie  vessel  iias  been  closed,  the  whole  is  carefully  shaken. 
After  two  days,  the  solution  is  decanted  bjr  means  of  a  siphon  into  flasks  filled  with 
Carljonic  anhy<1rl<lc.  an  !  wlu  n  thr  flicks  ;\rr>  nrrirly  full,  tlii-y  :iro  completely  fill'^l  with 
boiling  dilute  h>»ifocliluric  acid,  coikid  up,  aiid  placotl       ii  vessel  containing  told 
water.    The  air  is  thus  prevented  from  obtaining  access  to  tln>  indigo-white,  which 
pepftratr-';  out  in  wlilt.-  (■r\ sr;ijliiic  f]:tk.  s.    After  the  in>liL"'»-wliitc  liiis    rfli^d  down,  the 
solution  is  drawn  oft' with  a  wide  siphon^  and  the  depo-it  is  thrown  upon  a  filter,  which 
is  ooTered  with  a  bell-jer,  into  which  a  etreem  of  hydit^n  or  carbonic  anhydride  ie 
passed-    The  filter  is  washed  with  cold  wjiter,  which  lias  l)eeo  well  boiled  and  tli'  ii 
corked  U|l    Indigo-white  is  very  easpr  to  wash,  and  if  the  deposit  is  allowed  to  stand 
fv  several  days,  it  beoomee  to  oonustent  that  it  may  be  washed  in  the  air  without 
becoming  deeply'  coloured.    After  tlie  contents  of  the  filter  have  been  washed,  they  are 
spread,  while  stUl  moist,  upon  a  glass  plate  and  dried  in  a  Tacuum.    When  the  indigo- 
white  is  dry,  carbonic  anhydridi^  is  allowed  to  flow  into  the  receiver  of  the  air-pump, 
in  order  that  the  pores  of  the  dry  mass  may  become  filled  with  the  ess  (Berzelius, 
Dum      — 2.  Three  pts.  of  indigo-blue  which  have  Wen  pnrified  by  boiling,  urodigesteil 
for  24  iiours  with  5  pts,  of  hydrate  of  calcium,  4  ptn.  of  sulphate  of  iron,  and  120  pts. 
of  water,  in  a  dosed  flaak  filled  witlj  liydrogen,  and  the  whole  is  frequently  sliaken  till 
the  deposit  n«inTn<*<»  n  £!Tf»p;ii'^li-\ .  llow  and  the  solution  a  red  li^-h-yellow  colour.  The 
lime  is  precipitated  from  the  lulk  r  with  carbonate  of  potassium,  and  the  clear  solution 
it  deesnted  by  means  of  a  siphon  filled  vrith  hydr ■     n,  info  a  flask  containing  a 
mixture  of  hydro- hloric  acid  and  ssilpliift  of  nmmoniuni.    The  thick  wfiitc  pr  ripitate 
which  ie  thus  formed  is  filtered  out  of  contact  with  tite  air,  washed  witii  water  cou- 
talning  a  litde  ndphite  of  amnoninni,  and  dried  at  100^  in  a  stieam  of  hydrogen. 
(Liebig.) 

iVofer<ie«.— Indigo- white  thus  prepared  forms  a  coherent  greyish-white  mass  having 
a  iSunt  etlkfhKrtre;  if  abeohttely  pure,  it  would  probably  be  quite  white.   It  is  taste- 

le«»s,  inodorous,  and  d  >es  not  change  the  colour  of  litmus.  It  is  perfectly  insoluble  in 
teaser,  and  in  such  acids  as  do  not  decompose  it,  but  diasolm  in  aqueous  ai^aiu,  in 
tidokolf  and  in  ether,  forming  yellow  solutions,  which^  when  exposed  to  the  air,  tnm 
ydlow  and  deposit  indigo->)lue. 

Drcompositinna.—I .  When  indigo-white  is  heated  in  a  vacuum,  a  little  water  is 
evolved,  a  sniall  quantity  uf  indigo-bluc  sublimes  and  a  large  carbonaceous  residue  is 
left  (Berzelius). — %.  When  eaqjoeed  to  the  air,  and  in  contact  with  various  oxifgtn- 
componndsy  it  takes  up  oxycfT  and  i"<  convfft.  d  into  indii-vblue.  Freshly  precipitated 
indigo-white  turns  blue  immediatt  ly  when  teh.ikcu  witli  w  ifi^r  containing  air,  even  if  a 
free  acid  ia  present.  After  washing,  and  while  still  in.  ist,  it  '  ■  mucs  purple  through 
its  entire  mass  on  exposure  to  the  nir.  unli  »s  it  is  rjipidly  dried.  When  dry,  it  requires 
sereral  davi^  expoeure  to  the  air,  to  oxidise  it  complet^dy,  first  becoming  bright 
'  Um^  and  uien  dadi  bhie  dnoogh  the  entire  mass.  It  cannot  be  preserved  in  sealed 
tubes,  since  th.>  air  Contained  in  it'i  poiv^  is  sulTicifiit  for  It>  «>  )Tiv.'i->^ion  into  indigo-blue. 
Dry  indigp-wliits  exposed  to  the  air  at  a  gradually  increasing  temperature,  suddenly 
beoomee  dark  purple.  When  a  emprie  mH  is  added  to  an  alkaline  solution  of  indigo- 
white,  a  salt  of  tlie  ;»lk:di,  togeth*  r  with  indigo-blue  and  ciiprous  o\id<\  :ir.'  fnrmrd; 
the  latter,  on  the  addition  of  sulphuric  acid,  is  decomposed  into  cuprous  oxide,  which 
dissolrce,  and  a  lemdue  of  metaL — 3.  Indigo-wMto  precipitated  from  an  dhalipo 
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solution  hy  niMewUt  it  tuned  bine  by  a  slight  excels  of  the  acid,  and  then  mora 
conipl<  tely  decomposed  (Pp r  l  i xis).  It  dissolves  instantly  in  mlphuric  acid,  and 
imparta  to  it  <k  diark  purple  colour,  which  passes  to  blue  on  dilution.  According  to 
BeneliM.  tiie  ta^p)-iriiit«  b  ooddiM^  ad  part  of  the  od^hnrio  add  eonrsited  mto 

ligrp(:)st)lphuric  MkL 

MeiaUic  JJeiimiMm  /lu^Mo-wAt^— Indigo-white  diasohrat  iMidillj  in  all  aqueous 
alkaU*  tnd  attkaUm  eartit^  too  in  tiho  aqneons  onlMnsfcM  of  aminoiunm,  potaasiiiiii, 

and  sodium^  and,  according  to  Liobig,  without  deprivinj»  them  of  llieir  alkaline  re- 
action. The  cold  solutions  are.pure  yellow,  the  warm  and  highly  concentrated  solutions 
brownish-yellow.    When  exposed  to  the  air,  they  immediately  deposit  indigo^blosi. 

IndigO>wliite  forms  with  lime  a  neutnil  compoiind,  readily  soluble  in  water,  md  * 
bft-^ic  componn<l  whicli  in  almost  insohililo:  this  lattor  is  precipitated  when  the  solntioil 
of  the  mor»  ut  utnil  body  ik  dipesti-d  with  hydrate  of  calcium,  or  when  indigo  isdigostod 
with  water,  sulphate  of  iron,  and  excess  of  lime.  The  predpitate  of  gypsnm  and 
hydratid  siosquioxide  of  iron,  which  is  fortiud  at  the  snmr  time^  may  be  readily  sus- 
pended in  water  and  separated  by  levigation.  The  biu*ic  compound  is  of  a  lemon- 
jdknr  ooknir,  and  y«ry  alightfy  scmble  m  water,  to  which  it  imparts  a  yellow  colour. 
Oil  exposure  to  the  air,  it  first  tuzBS  green,  and  then  briglit  blue.    (Bcrz el  i  u  s.) 

The  alkaline  solutions  of  indigi>>irtiite  are  precipitated  by  the  salts  of  the  tarlh- 
meftdt  and  htny  metatt,  yieldfaig  wliite  precipitates,  irliidi  torn  blue  in  the  air  mors 
quickly  than  indifro-white  itfiolf.  The  iiiaffiu.fiuiii-coinjiound,  being  slightly  soluble, 
is  partly  thrown  down  as  a  white  precipitate,  and  partly  remains  dissoWed  in  the 
aqiiisoiis  aolntfoo,  to  wMch  ft  imparts  a  yellow  colour;  it  turns  blue  on  exposure  to 
ths  air.  The  idvminiu m-compuuutJ  is  white,  but  rapidly  turns  blue  on  the  filter ; 
if  it  be  then  dried,  it  forms  a  dark  blue  cr^'stalline  powder  which  sparkles  in  sunshine; 
indigo-blue  may  be  Tsry  readily  sublimed  from  it,  and  a  grey  earthy  ressdve  then 
remains.  (Bereelius.) 

The  manaanous  compound  is  dirty-f»Tef>n,  and  does  not  yield  any  sablimate  of  indigo- 
blue  when  dried  in  the  air  and  heatt  il.  The  cinc-compound  is  white,  but  rapidly  turns 
blue  on  exposors  to  the  air,  and  then  yields  a  sublimats  of  indigo-bliw  when  Mated. 
The  h  (i(/-c'>7>ipn>/vd  is  wlut«  and  slightly  crystalline,  turns  rapidly  bine  on  exposure  to 
the  air,  and  if  thtu  heated,  detonates  slightly,  and  yields  reduced  lead.  The  ftrroM 
compottnd  is  white^  but  qviekfy  turns  blue  on  exposure  to  the  sir;  if  it  be  /Am  heated, 
it  does  not  yield  any  sublimate  of  indigo-blue.  The  cofxilt-cnnipoioul  is  gTO.ss-green, 
and  after  dr^'ing  in  the  air,  does  not  yield  anv  sublimate  of  indi^o  blue  when  heated. 
Nitrate  of  nlvtr  prodnees  with  an  aqiieoos  solntion  of  the  potassium-compound  a  pre- 
cipitate which  is  at  first  ti-uispar<*nt  brown,  and  tht  n  becomes  black;  it  is  not  acted 
upon  by  the  air,  but  when  heated,  produces  a  gentle  explosion  and  yields  a  sublimate 
€f  tnd^Uoe  and  a  residve  of  annnie  aiher.  (6  erselins.) 

nnOZOO-TSUSiOWa  A  substance  produced  by  heating  hyposulphindigotate  of 
calcium  with  lime-water,  in  oontaet  with  the  air.  It  is  a  transparent  yellow  mas«», 
with  neutral  reaction ;  swells  np  when  heated,  emitting  an  odour  like  that  of  burnt 
animal  matter,  and  is  sloi^  eooverted  into  a  combu&Ue  cinder.  It  dissolves  in 
water  and  in  alcohol,  formincr  yellow  solutions.  The  a<iue<5us  solution  is  preeipUated 
incompletely  by  neutral  aectute  of  lead,  completely  by  the  basic  acetate. 
^  ZVBXaUMIH.  A  product  of  ^  deoomposition  of  indiean  (p.  248)  perhaps  iden- 
tical with  indipo-brown.  It  is  obtained  but  sparingly,  and  not  on  all  occasions.  It  is 
a  brown  powder,  containing  62*86  per  cent,  carbon,  JL'71  Ij^drogen,  7*19  nitrogen,  and 
26*94  oo^gen,  agreeing  nearly  with  the  formula  C**R*NO'.  It  Imns  without  melting 
when  heated,  is  insoluble  in  water  and  in  alcohol,  but  dissolves  in  aqueous  alk:di.s, 
forming  a  brown  liquid,  from  which  it  is  precipitated  by  acids.  It  dissolves  in  boiling 
nitric  acid,  fbrming  a  yellow  solution,  which,  on  evaporation,  leaves  an  orange-yellow 
residue. 

ZK-SZK-.  C'^H'^N^O'  (Laurent,  Ann.  Ch.  Phys.  [3]  iii. -171).  A  compound, 
probably  oontaining  the  elements  of  two  molecules  of  indieo-blue,  produced  by  the 
action  of  polidi  on  iialgrds,  snlphisalTde^  or  di8nlfbiflatji&  Iqr  heating  iiatan  or 
isatjdes— 

C'«H'-N*0»    «    C"'H"'N»0«  +  ffO. 
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It  is  most  easily  prepared  by  the  action  of  potash  on  disulphisat}'de.  This  substance 
it> }  Lit'ed  in  a  mortar,  and  potash  poured  upon  it  so  that  a  stiff  magma  is  form«dt 
■which  is  rubbed  up  for  9ome  time,  and  potash  «di1('(l  drop  l-y  drop.  When  affor  five 
or  six  minutes  the  iiia.«-s  liirus  ro8e-coluUi\:d,  ul<  »>hol  is  gradually  added,  and  the  whole 
is  constautlv  stirred,  until  a  dark  lOie-ooloured  prist,  is  fomR-d,  which  is  diluted  vith 
alcohol,  and  filtered.  The  residue  is  washed,  first  with  alcohol,  and  then  with  water. 
Since  the  indin  thu  obtained  contains  abundoace  ol  sulphisaty  do,  the  watcor  is  removed 
fhwiitlij vagldiiir  wiUi  aloobol,  which  is  allowed  toran  through  the ttler;  the  mdBoi  ii 
then  t;ikt-ti  fri)tn  U\i.'  filter  and  treated  wnth  very  strong  lukewurm  potash,  wherein  it 
immediately  forms  a  black  solution,  which  after  a  few  hours  becomes  thick  wifch  black 
needles  of  indis-potaniimL  (If  the  potash  it  too  hot^  the  Uadc  odour  diaappeara,  and 
the  indin  is  completely  destroyed.)  It  is  th<  n  diluted  with  absolute  aleohol,  and  the 
solution  removed  with  a  pipette  ;  the  crystals  are  washed  on  a  small  filter  with  common 
alcohol,  then  with  dilute  hydrochloric  acid,  and  finally  with  water ;  they  are  thus 
gradually  reduced  to  red  pulvertdciit  iiulin.  In  order  to  obtain  indin  crystallised,  the 
black  cr^'Btals  are  dissolved  in  boiling  absolute  alcohol,  and  the  boiling  solutionis  mixed 
with  hydrochloric  acid ;  microscopic  crystals  then  separate  out  on  cooling. 

Indm  tonOB  a  deep  rose-coloured  powder  or  fine  mieroaoopic  needles  ;  insoluble  in 
water,  very  sparinLdy  s<->luMr  ill  fi/,;Ji>>l  and  cihtr,  evfn  ut  tin- boiling  ln'at.  When 
heated,  it  swcik  up  as  soon  as  it^  begins  to  melt,  yields  a  bublimate  of  needle-shaped 
atystala,  and  leaves  a  eonsideralble  qnaotity  of  dwrooaL  It  disaolTSS  with  nd  colour 
in  .^'dphnric  (U-id.  and  is  j.i\'eipita!.-d  unchanged  bj  WtttST.  'WUh  idtrie  tuid,  it  yielda 
nitriadio,  and  with  bromine,  dibromiudin. 

The  analjMS  of  indin,  made  at  dilftnnt  timei^  do  not  agreo  yttj  well  together,  tho 
carbon  varying  from  71'66  to  72-09  per  cent,  and  the  hydi-  geu  fmra  ,10  to  1(5  5  ;  the 
nitrogen  in  one  analysis  was  found  to  be  11*0  per  cent.  The  formula  C'*H'*N-0'  re- 
quircfl  73*3  C,  3*8  H,  and  10-6  N.  The  diffexencee  arose,  according  to  Laurent,  from 
the  pre^ience  of  hydrindin,  into  which  a  poiCioa  <tf  the  indin  had  been  oonveited  faj  the 
further  action  of  the  po^n-^h 

Indin-potassium^  pro.  abiy  C'H'KN'O'.  This  compound  is  formed  in  the  prepara- 
tion of  iudiii  as  above  dt  sorilu'd,  and  may  be  prepami  iu  a  state  of  greater  purity  by 
WMrmin!^  indin  moistened  witli  alcohol,  and  dissolving  it  in  strong  alcoholic  potash. 
The  black  solutioa,  if  immediately  taken  from  the  fire,  deposits  black  crystals,  which 
most  he  freed  from  the  liquid  b^  deeantationf  n^ndly  washed  with  absohite  aleohd, 
then  laid  upon  paper,  and  dric-d  in  a  vacmmi  on  a  porou.s  tile.  The  crystals  mpidlj 
attract  n  oisture  from  the  air,  and  are  resolved  into  potash  and  indin.  Ihe  compound 
gives  by  analysis  from  11*5  to  13*0  per  cent  poteninm,  whereas  the  above  ibnnula 
requires  13*0  per- cent.  The  analyses  agree  better  with  the  funnnla  C"'n"KN*0', 
which  \n  that  of  the  potassium- salt  of  an  acid,  related  to  iadin  ia  the  same  manner  as 
isatic  acid,  C^H'NO*,  to  iaatin,  C»H*NO'. 

IMlit wilnrtln  'CPH'Br'N^O*.  (Brdmann,  J. pr. Chem.xzii 306.  Laurf^nt,  Ann. 

Ch.  Pliys.  fn]  iii.  371.) — Produced  :  By  the  iicfion  of  brominr  on  indin  fLaun  nt). 
-.2,  By  heating  dibromisatyde  (Erdmaan).-3.  ^  the  action  of  bromine  upon  disul- 
pmsatyde.  (Laurent.) 

To  prepare  it,  indin  is  treated  with  bromine,  wIk  t* upon  hydrobromic  acid  is 
ev  ihvd,  and  a  violet-black  powder  is  formed  (Laurent).  Or  dibromisatyde  is  heated 
ut  u  icuipt  rature  not  exceeding  220®,  and  dibrumisatin  and  undecomposcd  dibromi- 
satyde are  removed  from  the  products  by  treating  them  witii  boiling  aleohol  ( Erdmann ). 
Or  bromine  is  poured  upon  ai«n]j  liisatydr,  whcretipnn  hydrobromic  acid  and  bromide 
of  sulphur  are  evolved,  and  the  mil  brown  mass  thus  formed  is  treated  with  ether, 
wfaidi  extradn  resin  and  an  orange-yellow  eBystallina  mass,  and  kaves  dibfontindin  as 
a  violet-black  powdtr.  (Laurent.) 

Prf^pared  according  to  1  and  3,  it  is  a  violet-blaok  powder ;  prepared  according  to  2, 
it  isUseUdLredTltisali^itly  solnblnind^^ 

When  dibromindin  i.s  heated  between  two  platinum  crucible-covors,  the  greater  part 
chars;  placed  on  glowing  charcoal,  it  yields  a  snbUmate  of  shining  copper-coloured  humnff, 
which  appear  violet  hy  transmitted  light  under  the  microscope.  It  bkdcens  when 
treated  with  potash ;  if  water  is  added  and  the  whole  boiled,  the  dil>ronundin  gradually 
d!SH)lvt^  and  forms  a  vellow  polution.  from  which  acids  precipitate  yellow  flakes. 
W'uDu  it  is  boiled  wiUi  aIc(diol  aud  tiolid  hydraU;  of  potassium,  a  blaalriah  gad  aoitttaoil  It 
formed,  from  whieh  watw  or  hydrochloric  acid  praeqpitatse  riolot-coloiiied  dibmindin. 

(Laur.  y.  f,^ 

Slolilorindiiu   C'*HH3».  (Erdmann,  J.  pr.  Chera.  xxiL  264,) — Produced  from 
dikrisatyde  by  the  action  of  heat,  or  by  treating  it  with  potadi. 
OUoriaa^  is  heated  to  300°,  and  the  product  is  freed  ftom  chkrisBtin  and  nnp 
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dMOnpeted  ddorifntjde  by  boiling  aloolid.  Or,  flUorini^e  it  MwoHtd  is  vom 
potMh,  and  alIo\i<  «1  to  cihiI  :  tiir-  m  >ther-liquor  is  pouml  off  from  the  deposit  of  chlo- 
risatate  of  potassium,  and  inixol  with  acetic  acid,  which  precipitates  yellow  chlori^atio 
acid.  On  subsequentljr  heating  ihe  filtrate  irith  brdroehlorie  add,  it  aasames  a  deep 
onn^  fidbmr,  and  dcfMOla  met  IbkM  cf  flhloriiHliii,  wbaA  m  Altered  tnm  tlie  hot 
solution. 

Chlorindtn  forms  a  liirtj  violet  powder,  insoluble  in  water,  liydruchloric  acid,  aud 
tthoJM,  It  diaeolT^  in  potash,  forming  a  yellowish  t^ohitiou,  with  wiueh  fajdrooUiorie 
idd  gives  a  yellow  precipitat«\  soluble  with  yellow  colour  in  wat4>r. 

Tetraclilorlzidln.  C'"H*C1'N"0«  (Erdmann, /or.  c^Y.l  PmduefMl  from  chlori- 
satyde  by  tiio  action  of  heat  bi^ov  200°,  or  by  the  action  uf  potaoh.  it  resemblM 
diloruMiUii* 

■ydHndlB.  C«H«N'0»?  (Laurent,  Ann.  Ch.  Phys.  [3]  iii.  475.)-  A  compound 
prodno<  <i  hy  the  aotioa  o£  alcoholic  potaah  upon  indixi,  iaatin,  intjde^  iulphisatjde,  ok 

disulphiiuityJe. 

Preparation. — 1.  Indin  moistened  with  alcolul  is  warmed  with  etrong  |»0tuil-lf7 
till  thf»  ?o!ntion,  which  is  at  first  black,  lias  become  colourless,  and  th»»  crrstal"  of  hy- 
drindin-pot;i>^siuiu,  wliich  st  pamto  out  ou  cooling,  are  completely  fretU.  from  poUtsh  by 
water. — 2.  ^Vllon  isatyde  is  treated  with  potash  aud  a  little  alcohol,  a  beautiftil  rose- 
coloured  solution  is  fornu-d,  which,  when  niixi-d  wit)i  hydrochloric  acid,  and  jr-  iiily 
evaporated,  becomes  yellow,  and  deposits  on  coohn^  a  mixture  of  iaatin  and  hydhn- 
cUd,  ttom  w^xk  tiie  intin  ie  estracfted  lij  tneting  with  a  Ktde  boiHng  alM>bo]. 
—3.  Sulphisatyde  dissolves  ooniph  f.  ly  in  gently  h<  ;it.-d  poJ.ish.  and  on  cooling,  the 
potassium-compoofld  of  hydriudin  somdtioiea  separates  out  in  beautiful  small,  pale> 
yellow  crystals ;  sometimes,  however,  the  eolation  eoUdifiee  into  a  maas  of  aeedlee 
nnving  a  silky  lustre.  Tin-  w  hole  is  mixed  with  a  large  quantity  of  water,  and  the 
crystals  are  washed  on  a  filter  till  all  the  potash  is  extracted.  The  filtrate  mixed  with 
hvdrocliloric  acid  still  deposits  a  small  quantity  of  hydriudin,  together  with  a  substance 
wi\ich  is  perhMW  indiiL 

TTydrindin  forms  a  white  or  pale-yellow  p  apier,  insohiMe  in  uiatfr,  slightly  soluble 
in  Wiling  alcohol,  and  separating  from  the  iiululiuiiuu  cooling,  in  small  rhombic  or  six- 
eided  needles. 

ITvdriiidin  carefully  heated  above  300°,  tnm"'  Tlnlft-bMwn  and  pivec  nfT  2  at.  writer; 
the  residue  beharos  with  alcoholic  potash  like  indin. — With  boiling  nitric  acid  it  forms 
a  Tiolet  powder  einitlar  to  nitrindin. 

TTydrindin  contains,  according  to  the  mean  of  Linrent's  anaTvses.  RO  SO  p,  r  c  iit  T. 
4-86  H,  and  10*70  U.  The  formuU,  C«fl«N*0*  dedueixl  thereifrom  by  Laurent,  wui  Ii 
re{xrMients  hydnndiD  as  oompoeed  of  3  at.  iadin  +  H'O,  requirte  only  4-0  per  cent  11, 
which  is  much  below  the  analytical  number.  Gerhardt  suggested  the  formula 
C«?H«N*OMPO,  which  requires  70  59  Der  cent  C,  4  41  H,  and  10  29  N,  and  represents 
hydrindin  as  a  hydrate  of  a  double  molecule  c.f  indin  +  2  at.  H.  The  formation  of 
hyd  rindinV  y  the  acHon  of  potash  on  indin,  more  favourable  to  Laiirent's  than  to 

G.-rh.irdi";*  view,  prnvided  hydrindin  is  the  soh-  pnxluct  of  rh.'  r<  action  :  but  in  reality 
other  produeta  arw  formeii  at  the  same  time,  so  that  the  formation  of  the  more  highly 
hydragf^nised  com  pound,  hydrindin,  may  perliape  be  oompeneated  by  that  of  one  or  more 
pAmpounds  containiii-:  a  larger  proportion  nf  oxy^jen.  The  or^mic  molecule,  CH'^N-O, 
associated  with  the  elements  of  sulphuric  add  in  Schliepcr's  hydrindinsulphurio  add 
(p.  SM7)diil^ftomindinbyth«Bnbetitiitioiiaraat.Hibr  let  O;  but  ae the moda 
of  fomintion  of  tliis  molecule  ift  alt.-p^etlicr  diff.-rrnt  fnmi  that  of  T.;iureQt*s  l^drindin, 
it  is  probable  that  the  two  bare  little  more  in  common  tluin  the  name. 

^fdrkidm-poUmhim,  0*VKN*0'.8H*0  ?  When  hydrindin  is  dissolTvd  in  werm 
aqueous  potash,  this  salt  separates  out  in  short,  brilliant,  pale-yellow  prisms  or  silky 
needles,  containing,  according  to  Laurent's  analysis,  60  0  per  cent.  C,  4*3  H,  6*6  K, 
and  9  0  water  of  crystallisation;  these  numbers  agree  hotter  witli  Laurent's  formula 
above  g^yen,  whieh  requires  60-54  per  cent.  C,  4  27  II,  and  n  i  s  K.  than  with  that 
which  corresponds  to  Gerhardt's  formula  of  hydrindin.  viz.  C'H-'KN*0*.3H-0  which 
requires  6211  C,  4*37  H  aud  6-34  K.  The  salt  is  decomposed  by  washing  with  water, 
leaving  nothing  bat  hydrindin. 

iritrtndin.  C"H«N*0«- C"H«(NO«)»N»0'.  (Laurent.  Ann. Ch. Phys. [3] iii. 478.)— 
Produced  by  liollinir  indin  or  hydrindin  with  nitric  acid.  In^da  nnd aalphieal^de 
probably  also  yield  nitrindin  when  boiled  with  nitric  add. 

It  is  a  hri^t  violet  powder,  ineoInUa  in  watet;  TB17  eli|^idj  ■olnbk  in  aleohol  and 
ether. 

It  decomposes  rathra  quickly  when  he«ted  in  closed  vessels,  and  leaver  a  residue  of 
bnUnr  chuooel,  wfaioh  ffimm  «v«a  out  of  eontaet  with  the  eir.  It  ie  gradnalty  dcoona* 
poeedhjboiUnf  aitriv  aetf.  It  diieolveain^otoclk  ftming  a  daflpfarovn  lohrti^ 


Digitized  by  Google 


INDINSUIiFHUfilC  ACID.  SOT 
Uram  iHacb  hycbNMUflflie  acid  tiivows  down  fontlliiim  vaideeomftrnvi  indiii.  ttod 

Bometimes  yellow  flakes,  csii^^ciiilly  if  tlie  ^ulutiun  has  Ix'^n  lioilpii.    With  fw(pftt'te 

tf/nTnomuM  it  LuUavttS  like  mdin.    Animuuia  du«!»  iiut  act  uputi  it. 

mtnsmuwMmac  aczh.  C'«H"N'S*0'«(C'*H'«nk>».so«)J5H*o«.  (a  and 

A.  Sehlieper,  Ann.  Ch.  Fham.  tax.         An  add  pradnead     the  vaSaikm  of 

liydrindinsalphuric  acid  fsoc  below).  The  tninsformaf ioti  may  be  eflfeok-cl  by  heating 
hTdriadiunUplniiw  acid  vith  a  few  drops  of  nitric  acid,  or  by  tireating  it  with  aa 
aUoiliBe  ef  auatioii  of  hnkywuda  of  potaMinm  or  hypociilorito  of  aodiiim.  The  hjdrin* 

din«iilphat«s  are  also  conrertt^  into  iudinsulphates  by  expomire  to  the  air,  especiallv  in 
alkaline  solntion,  or  by  h<'Jiting  them  with  nitric  or  nitrorauriatic  tiAd.  The  motner- 
lit^aur  obtiiiucd  in  the  preparation  of  hydrindinsulphate  of  bariuoi,  trcat<'d  with  hot 
nitric  acid,  yields  large  qtiantities  of  the  indinsnlphate.  The  free  acid  may  be  obtaiaad 
in  the  ciystalline  form  by  deiMmposino;  tlie  barium-gait  wifh  stilphnrie  aeiil,  ami  evapo- 
rating the  filtrate.  It  has  a  red  euloiu",  L»  ea.sily  soluble  in  mtter,  dpariugly  in  aicohoi^ 
and  is  precipitated  from  the  alcoholic  solution  l>y  flhfr,  in  red  flocks,  llie  aqsaooa 
scliition  dyes  silk  ami  w-iol  scarlet.  Its  colour  is  altere.!  by  alkalis,  prolnibly  in  ron- 
aeqoence  of  a  chaage  analogous  to  the  conversion  of  isatin  into  isatic  acid.  suipAjf- 
dHe      ifc  is  ndmed  to  hydrindin-aolphnric  add : 

©'•H»«»W)»  +  OT9   -   C»«H»«NW)»  +  S»  +  H»0. 

In  liiisub.ihuric  acid  is  dibasic,  and  appears  to  form  soluble  salts  with  mort  Imms. 
The  salts  when  heated  yield  n  crystalline  sublimate  of  a  fine  red  colour. 

The  bariuiH-salt,  C'•H'•Ba'N»S'0^2H»O.  is  obtained,  by  drenching  the  hydrindin- 
tnlphato  with  dilute  ammonia,  exposing  it  to  the  air,  and  stirring  frequently,  as  a  finely 
cr3"8tnllinf  powdr-r  of  a  fi.-ry  carminr-red  colour;  or,  by  heating  the  iiiolhi'r-lii|uor 
of  the  hydrindinsulphate  with  nitiic  acid,  as  a  light  powder  consisting  of  sleiuicr 
^ukoved,  Imnrn  noeuet.  It  is  modf>rrately  solnble  in  pore  -water,  insolabloin  aq[neo«a 
chloride  of  barium,  aleoli  il.  and  cold  hydnK  hl-  ric  acid  and  nitric  acids.    At  100''  if 

firee  off6'4o  per  cent,  wat^r  (calc.  2  at.  a-S'SS),  and  the  dried  salt  yields  by  analysis 
S'64  pereent.  carbon,  2*02  hydrogen,  and  fitf-S?  to  26*74  barjrta,  tibe  Ibrmala  requiring 
83-39  C.  1-74  H,  and  20^0  ]>.a'0. 

The  potassium-aalt,  C"»H'»K'N'S'0»  SH'O,  is  obtained,  by  oxidisinf^  the  solution  of 
the  hydrindinsnlphatt',  by  exposure  to  the  air,  or  by  means  offerricyanide  of  potassium, 
as  a  bulky  carmino-colourfd  precipitate,  perfectly  UMnble  in  liquids  containing  potash. 
A  h'lt  P'-lution  of  indirisnlphuric  acid  mixed  with  exce?"  of  a  potassium-sidt,  tlu'oaloride 
for  «txample,  deposit.s  tiie  indinsulphate  on  cooling  in  interiacvd  ueedlfs  of  a  dtirk-red 
oolonr  and  almost  metallic  lustre,  and  so  bulky  tnat  they  nearly  fill  tlie  liqtiid.  Tho 
nif-dried  salt  heaft  d  to  lOii®  ^ave  off^onthe  avrmp:n,  1  l'2t  and  14-34  per  rent.  "Wiitor 
(cak.  6  at.  "»  14*^5),  and  the  remainiug  anhy<lrous  saJt  ga?e  by  analysis  IH'Qd  and 
16*111  pm  eeot  K*0,  tbo  Ibnmila  Teqniring  18*21  par  cent. 

The  mfv'  r-snft,  C»*H"Aff  N'S'*0',  is  obtain«xl  by  mixing  a  solution  of  the  acid  w  ith 
exceiffi  of  nitrate  of  tdlrer,  in  small  brown  bulky  needles  yielding  (at  100°)  by  analysis 
29*89  psr  coal.  0,  I'M  H,  and  82*76  Ag ;  ealoi  29*66  C,  1*68  H,  and  28*02  Ag. 

Hydiindinsulplmrlc  add.  C'-H'^N'SW  -  (C'«H'*pO.SO»).SH^*.  (G.  and 
A.  Hehlieper,  Ann.  Ch.  Phann,  cxx.  20.) — This  acid,  which  may  bo  derived  from 
indiuisulphnric  acid  by  the  substitution  of  2  at.  H  for  I  at>  O,*  is  produced  by  the 
action  of  sulphydric  aoid  or  sulphide  of  ammoninm  on  indinsulphuric,  or  isatinsul- 
pbnrie  acid ;  al<«o  of  zTnf>  nnd  hjdzochloiio  OT  solphnric  aoid  on  the  latter,  but  nol  bj 

the  iictiau  of  hydriodie  aeid, 

Preparation. — A  moderately  concentrated  aolntlon  of  isatinsulphuric  acid  (1  pt.  of 
the  acid  to  o  or  6  pts.  water)  i>  slij^ditJy  supersaturated  with  ammonia,  then  mix-  d  with 
half  its  bulk  of  sulphide  of  ammonium,  and  heated  to  boiling,  the  liquid  then  becoming 
brawn  from  dkeoihed  enlphnr,  and  smellinff  strongly  of  ammonia.  More  snlphide  ^ 
amniouium  Is  then  grtidnally  addc<l  to  the  boillnij Tif|Utd,  till  it  sin, -lis  peanaiw-nfly  of 
•olphydric  acid;  and  the  boilingis  continued  (in  a  flask,  to  prevent  oxidation)  as  long 
as  a  teaee  of  amwwila  eaoapea.  Th#  nentral  pale-nd  solution  ffltend  from  the  sepanted 
sulphur  consists  almost  wiiolly  of  hydrindinsulphate  of  ammonium,  which  may  be 
converted  into  the  barium-salt  by  preci{)itation  with  chloride  of  bahom,  and  ftom.  tbia 
the  acid  is  obtained  by  decomposition  with  sulphuric  acid, 

Hydrindinsulphuric  acid  is  obtained,  by  evaporation  of  its  aiqneons  solution,  as  a 
col.MirU'Hs  radio-ery-talllne  miisf,  wliioh  bpcomes  re<^dish  whi-n  pxpo««f»d  to  t!io  air.  Tt 
has  a  very  sour  tai>Lt',  dis.solve»  easily  in  water,  less  easily  in  alcohnl,  and  is  insoluble 

The  acid  i-^  dibasi<:  ;  its  salts  Hrc  alnin'^t  all  soluble,  and  are  Onsily  COBVeiled  into 

indinsulphat<'s  by  uxidation,  especiuUy  iu  alkaline  solutions. 

*  to  Uie  original  in4>molr  (p.  31  >,  the  two  acii*  are  taid  to  be  related  to  one  aoother  in  the  Mine  maoMr 
mMlpB-aiii  asi  ini%p  ftm  brtiMi  —wawafcts  Itoailnitwltt  tfieisrawUs. 
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The  bariuiHraaU,  C"H'WN*i)»0«.4inO  (air-dried),  is  a  light  cryttalluie  powder  oon- 
■Migr  of  wlito  uhimng  sealM.  At  IW*  it  givM  off  11^  par  cmL  mter  (ede.  11*17 
})or  cent),  ami  tho  anhydrous  Fait  viold»  tqr  Mtaljns  M'W  Mid  S6*87  per  oent  B«*0, 

the  foi'mula  requiririi.'  27  '27  ])«»r  cent. 

beoeindlB-aulpburic  acid.  C'*U'^Iv'SK)>*  ^G.  aud  A.  SchliL  por,  Ann.  Ch. 
Pharm-  cxx.  88.) — This  acid,  which  differs  from  uie  lust  by  the  elements  of  ona 
molecule  of  water,  is  also  pnxliicKl  l>y  tlit-  action  of  sulphMf  nf  animtiuiiirn  on  isa- 
tinsulphurio  acid.  If  in  the  process  above  described,  the  hquid,  alter  hitration 
tnm  tb»  aolphar,  be  iiamedifttelj  miasd  with  tmnm  of  caustic  baryta,  init««l  ot 
boing  f  vinionitod,  the  whole  of  the  ammonia  then  cx{k11<'<1  hy  boiling,  tho  excels 
of  baryta  removed  by.  carbonic  add,  and  the  clear  yeUowtsh  solution  strongly 
eoneentnted  by  vnioantkau  it  deponlB,  alter  •tanduig  for  ft  fbw  days,  white 
crystalline  crusts  of  I«  ucin<liu-sulphat«'  of  hanuni,  wliloh  vlien  nv  rvfitallis*!.!,  fornisi 
hard,  colourless,  shining oiy«taLiOoat«iiung  C"H"J^^3^0^^  with  probably  5  at.  water. 
They  gave  off  11*65  per  eent  iVBtrr  at  10<P,  and  14  3  per  cant  at  ISO*'  (mean 
18*97);  by  calculation  5  at.  =■  131.  Tho  anhydrous  salt  gave  by  analvsia 
(Tnf^nn)  28  10  per  oe&t.  C;  8*86  R,  and  22*14  BaH)  ;  caienlatioo  27*94  6,  8*78  H, 
and  22  27  BdO. 

d«H.'omposing  the  barium-salt  witii  aolpbiifie  add*  and  erapomtiog  the  flltnte^ 

leucindin-snlphuric  acid  is  obtained  as  a  white  crrstallire  ma.«s,  liavinf?  a  wry  sour 
tastd,  eaall^  soluble  in  watf^r,  sparingly  in  alcohul.  lla  ulkaliuu  ^ulutiuuii  urt  not 
reddMMd  either  by  exposure  to  the  air,  ur  V>v  treatment  with  oxidising  agents.  The 
Solution  of  the  Lanum-salt  is  not  prci-ijiitatoil  hy  nifrafo  uf  silvir ;  Init  on  atHiiig 
mwrnnnia,  a  whitc  Hocculeut  precipitate  is  forintKl,  which  turns  brown  when  warmed ; 
aoetato  of  kad  fonaa  a  red  predpttata  The  bariuaiHMdt  eraporated  dirnn  wilh. 
hvdror  hh>ric  or  sulphuric  acid,  is  oonrwtad  ioto  iiidiiiiwlphato  of  barium;  it  ia  not 
altered  l»y  )i*-;irini»  with  potash. 

XKUXUHTZN.  C'«H"NO*.  (Schunck.  Phil.ilag.  U]  xv.  29,  117).— A  oompound, 
prodaced,  togethtr  with  indihumin,  indirubin,  and  Other  products,  by  the  action  of 
dilute  suljthuric  acid  uj^on  indican  (p.  24S).  It  is  a  dark-brown  ghining  rosin,  which 
at  100^-1  yu°  contains  on  tho  averii^f'  6(3  o  t  p.  r  lont  C,  6-67  H,  a  ii3  and  24-56 
O  (cal«..66  05  C,  619  H,  4-28  N,  and  24  4H  0).  — Whan  keatfd  on  pUtinum 
foil,  it  molts,  Ininis  with  a  y<'llt.>w.  .smoky  flame,  and  IcaTPS  charroal.  By  tfn/  dhtii- 
laiion  it  giVea  off  strong-smeihut^  vapours,  and  yields  an  oily  distillate.  It  dissolves 
bk«U«f  vtMeil  vith  bravn  colour,  and  chats  when  heated.  With  boHing  nUrio  acid^ 
it  forms  rt'sin,  and  picric  acid.- — It  djpsnlve.'i  oasily  in  aciiu-ous  afhilic:,  and  with  hrown 
colour  in  amnuwia,  beiiw  precixHtated  therefrom  by  dartum,  caiciuMf  and  mivtr-salts. 
It  ia  precipitated  ftom  tSa  atowoKo  aoliitliMi  by  mmM  tuttait  at  Imid,  and  partially 
by  cttprie  ao^ate. 

TKHTKUMOS*  C*IT*NO.  (SchTinck,  loc.  cit.) — A  compmind.  isomeric  with 
indigo-blue  (p,  249),  and  perhaps  ideutiiial  with  indigo-rt»d  (p.  2ti7),  obtained  in 
emaU  qtutntity  by  decomposition  of  indican,  more  ahundantly  from  Indian  woad-leaTM, 
\<y  immersing  thorn  in  a  boiling  alkaline  solution  uf  stannour?  chloride,  the  liquid  then 
depositing  iudirobin  on  cj^osure  to  the  air.  The  product  thus  obtained  is  puritied  by 
dinohing  it  in  aljkaUna  atannow  ddoride,  and  treating  it,  after  reprecipitadon,  with 
caustic  Moda.  acids,  and  water,  and  then  recrys-talliscd  from  alcohol.  It  furtiislong, 
purple,  metallic-shining  needl««y  which  appear  red  by  transmitted  Iigbt>  and  when 
heated  Toibttfliee  in  red  Tapoois  and  eublimec  In  the  impure  state,  it  ia  a  IntnrnoTCd 
amorphons  powder.  Contains  72  78  per  cent  C,  lo  5o  N,  4  16  H,  and  12  66  O, 
agreifing  with  Uie  formula  above  given.  It  di«K)lvefi  with  purple  colour  in  strong 
sulphuric  add,  and  is  partially  precipitated  therefrom  by  water.  Cold  nitric  acid 
dissolves  it  with  purple  colour,  but  on  applyir^  heat,  decomposition  takes  plaec^ 
attended  with  formation  of  resin  and  picric  acid.  It  is  but  bligbtly  alti  r.  d  hy  a 
ruixlurc  of  chromaU  of  potassium  niul  dilute  sulphuric  acid,  even  at  the  buiiiug  h'  (t. 
With  chlorine  under  water,  it  forms  a  l  lue  amorphous  n'sin  soluble  in  aloohoL  )i  ..t .  <I 
•with  soda-lime,  it  gives  off  an  odour  of  benzoin,  together  with  alkaline  Tiiponrs,  wlii«  h 
partly  condense  to  needles.  It  in  inbolnble  in  aqueous  alkalis,  but  dissolves  uu&ily  on 
addition  of  stannous  chloride  or  grap«-tugar.  From  the  yellow  solution,  acids  throw 
down  dirfy  yellow  flocl;.«i,  which  acquire  a  purple  colnyr  on  exposure  to  tho  air,  and 
impart  a  ^ist  purple  dye  to  cotton-wool  immersed  in  the  liquid  and  afterwards  exposed 
to  the  air.  Tt  hi  not  precipitated  ftom  the  alooholie  solntiott  hf  ammoniaml  sugar^' 
haiJ.    Its    1| '  luric  acid  solution  imparts  a  fine  colour  to  wool,  cotton,  and  silk. 

XNSZimK.  A  metal  recently  diiicoverod  by  F.  R  e  i  c  h  and  Th.  R  i  c  h  t  c  r  (J.  pr.  Chem. 
Ixxxix.  441)  in  the  zinc-bU*nde  of  Freiberg.  Its  spectrum  is  charact^riHed  by  two 
indigo-coloured  lines,  one  very  bright  and  more  refrangible  than  the  blue  line  of  stron- 
tittn ;  the  other  lainter  but  stiU  more  re&aqgibUs  approaiobuBg  the  bhie  line  of  potaa- 
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amm.  It  waa  tho  jimlactutn  of  thin  pmiHar  ^pocfnim  that  to  tlir-  (li*;coTorj  nf  thp 
jnettil.  The  ore,  cijusistinj|  chiefly  of  I'lendo,  galena,  uud  ursciiicul  pyrites,  was  roa^ittHl 
to  expel  Milphur  and  arsenic,  then  treated  with  hyilrochloric  acid,  and  the  solution  wa» 
©mponitcd  to  diyne*i.'«.  The  impure  chloride  of  zinc  th«s-  ohtaint  d.  rxhlbitt-d,  wli.^n 
exatiiini'U  by  the  spectroscope,  the  first  of  the  indigo  lines  abore  mentioned.  The 
diloride  was  afterwards  obCanad  in  a  state  of  grater  puritji  and  ftom  this  the  hjdnle 
and  th<>  nirtal  itsrlf  wore  propan  d.  The  first  line  tiMll  OKDM CVt  vjth  araoh  gWiitar 
brilliancy,  and  the  second  was  likewise  observed. 

Indiun  has  hitherto  been  obtained  in  Terywaall  quantity  only,  so  fbafc  its  propertlce 
have  ])(i-n  }>n\  inipcrftrtly  studied.  The  metal  it.'<i  \{  !?♦  of  ii  l<*ad-t:rt*y  oolnir.  sof>, 
Teiy  malleable,  and  marks  p«o«r  like  lend.  It  diaaolres  easik  ia  bydjrochlohc  acid, 
fonning  a  defiqnesoeiit  ehknide.  Tram  the  aolntioo  at  tins  salt,  it  is  precipitated  by* 
ammonia  and  potaah  as  a  hydrate,  insoluble  in  excess  of  either  rei^eBt  Sulphydrie 
acid  docs  not  precipitat^e  it  from  ar-id  sohition.  Tho  oxid<-  Ijfatnl  tm  charcoal  with 
soda,  yields  a  metallic  globule,  which  when  ruheiitinl  oxidises  to  a  yeUowiah  powder. 
The  comiNMiiids  of  isdiiun  impart « tiolet  tint  to  the  flame  of  a  Bonaen'i  baoeb 

X2vz>trcTxov,  B&BCTftZCAZi.       Er.nonocm  CppL  884»  40). 

XJrnirCTXOVy  KAOM'STZO.    See  .M  aoxttttsv. 

intixrcTtOfr,  fbotocrsmzcax.  S  o  Lkhit,  Ghkmicaii  Acmox  qw, 

ZVSYXiS.    Syn.  with  iKDioo-BLiUi.    (Gerh.  iii.  6U9.) 

anPVSOUA.  The  following  experiments  on  the  inflnenoe  of  infbsoria  in  exciting 
fermentation,  hare  been  made  by  Pasteur  (Compt.  rend.  h*i  416;  RAp.  Chlm.  p. 
1863,  p.  221).  A  qiumtity  of  t-irtrate  of  calcinm  mixed  with  a  f<'W  thon.^andfhs  of 
phosphatti  of  ammonium  and  alkaluie  and  earthy  phosphates  (either  artihcially  pro-  * 
{Mrady  or  ftom  tlic  ashes  of  beer  or  of  infusoria),  was  placed  in  a  flat>bottained  bottle^ 
the  narrow  neck  of  which  cemented  to  a  Ijent  glass  tube;  the  bottle  was  then 
filled  up  with  pure  water,  and  the  water  heated  to  the  boiling  point,  while  the  end  of 
■  the  bent  tube  was  plunged  into  vator  likewise  heated  to  boding ;  by  this  means  all 
th<'  air  in  tlie  sohition  was  driven  out.  The  surficc  of  the  water  in  the  vessel  into 
which  the  bent  tube  dropped  was  then  (»Tered  with  a  thick  layer  of  oil,  and  the 
appantns  was  left  to  itsdi  tor  twenty-iftnir  hours.  Not  the  iiightmt  trac^  of  ftnnen« 
liition  c<:mM  then  be  perceivt-d  ;  but  on  (juiekly  introducing  into  the  bnfth'  a  small 
quantity  of  infusoria  produced  by  spontaneous  ftirmeatatiw  of  tartrate  of  oiicium,  and 
immedktely  replacing  the  small  quantity  of  wnttf  thereby  dislodged,  with  water 
deairated  by  b<^ng,  and  plung5i)„  tin  end  of  the  tube  below  the  suiiface  of  mercury 
so  as  completely  to  exclude  the  air,  the  infusoria  multiplied  rapidly  in  the  deposit  of 
tartrate,  which  mjou  diBuppeurod  completely,  Ix  ing  replaced  by  a  deposit  consisting  of 
the  flareawe  of  inAasoria. 

Henee  it  appears  that  tlie  fermentation  of  the  tartrate  is  determined  by  tlie  prcsenee 
of  an  animalcule  living  without  free  oxygen.  If  the  bottle  is  tilitid  up  with  acmfed 
water,  the  farfiato  Hsnnents  spontaneously,  and  the  inlbsoria  multiply  quickly.  r»* 
moving  the  oxygen  pref»cnt  down  to  fh<"  last  trace,  and  rephn-ing  it  by  a  sh'gntly  larger 
Tolume  of  carbonic  anhydride.  The  ferment  findi)  the  nitrogen  aaid  phosj^hat^  re- 
qotred  tot  its  dereloproent  in  the  albominons  matter  mment  or  the  ammomaoal  salts 
and  phosphates  intiodaoed.  Tim  eariiott  is  safFpUeo  hj  the  tartazie  add.  (See  Fmt* 

On  the  toflnenee  of  iuftisoriaon  the  germination  of  plants,  see  Lemaire,  Compt. 
rend.  1863.  Sept.  21  ;  lUp.  Chim.  app.  1868,  p.  371. 

From  experiments  by  Morrin  (Compt.  rend,  xxxviii.  932  ;  Jahresber.  1855,  p.  6J9), 
it  appears  that  the  development  of  infusoria  and  algte  goes  on  only  when  they  caii 
obtain  a  supply  of  nitrogen  already  in  the  i^te  of  chemical  combination,  e.  q.  as 
evolved  by  decomposing  animal  matters,  or  in  the  form  of  .imnionieal  salf>^.  Thev 
grow  in  water  Which  is  in  contact  with  atmospheric  air  continually  renewed,  but  die  if 
the  air  has  been  deprived  of  ammonia  and  organie  maklem  by  washing  with  oil  of 

Titriol. 

According  to  Salm-Uorstmar  (Jaiiresber.  1864,  p.  146 ;  1866,  p.  134),  the  green 
flolonring  metier  of  inftasaria  is  optically  identioal  with  ehlorophyU. 

Z«7irfillBXA.Xi  SASVB.  The  infusorial  earlii  situated  on  the  southern  edge  of 
the  Luncbnrg  heath,  nenr  Eb^dnrf,  has  be<*n  analysed  by  "W.  Wi  eke  (Ann.  Ch.  Pharm. 
xiv.  292).  It  consiiitd  of  twu  layers,  the  upper;  which  is  from  10  to  18  feet  thick, 
beipg  light-coloured,  and  nearly  white  when  ory,  and  the  lower,  irtdoh  is  10  feet  thick, 
or  moN^  of  n  brownish-grey  colour. 

Water,  ^^^r  Ca»CO>      F«<OS  A1<0» 

Upper    .       .    8-43      2*38'     8786      075      0-73      0-18    -  100*18 
Lower    .       .         24-43  74'48       0  34       0  39        —     -     9964  • 
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XttMU  Evprv  Uqtmr  or  pigment  use<\  for  writine'  or  printmsr  is  (?i«!HnjnHshpd  by  the 
same  of  ink.  Inks  are  ol' various  colours.  Init  tlir  I'lack  iau\  r.-d  uro  most  in  use,  both 
fbr  writing  and  prlntmg.  We  shall  first  spcuk  of  w  r  i t  inq  in ka,  which  consist  eitiier 
of  a  rolonred  ami  not  too  thin  lig^iiid,  or  *  fin«l/ dinoad  ooloared  preeipitile  aoM- 
pended  in  a  liquid. 

1.  Black  inkf.-'-OsiBauMi  Uadc  ink  ftv  «ritin|p is  aiado  by  adding  an  infti^Mi  or 

dfroi'tion  of  imt-gallfl  to  a  sohiTion  of  cnppms  (f«Troiis  snlphatoV  The  infuttnn  or 
decoction  of  the  gpills  containa  both  ga  Hot  Annie  and  gallic  acids,  both  of  which  produce 
deep-bladi  predpltatei  with  feme  aaltfl,  but  with  tmom  oalfai,  whitR  precipitetea  wbich 
turn  1il;i(  k  by  oxidation  on  exposure  (o  tlx"  air.  Mon  i>vt'r,  ;::illi<.'  .'u-id  colours  fen  i.* 
«alt0  of  a  mach  deeper  bladt  than  gtUotaanic  acid ;  hence  itia  adTant^doos  to  leave  t  ho 
inftiflum  tp  itialf  ftir  Hm#  time,  «itiiv  bif(n»  or  ailev  siiitiin  wiln  Ae  von-salti,  in 
order  thit  the  taanio  aeid  conttined  in  it  mij  he  eonvertad  into  gtUie  eeid  (ii  707» 

768). 

To  retain  the  precipitate  in  suspension,  and  ]>rt  vr  nt  it  from  forming  a  siedimt  ut,  a 
c  rtuin  quantity  of  gum  is  always  added  :  th«-  pum  likewise  gives  a  certain  gloss  fo 
the  ink.  Tli<-?^(»  ar<^  the  essential  intxrrdionts  of  p)od  writing  ink,  and  any  f-tli.»r 
colouring  matters  added,  for  the  sake  of  cheapue-ss,  as  substitutes  for  a  portion  of  the 
galls,  only  impair  its  quality.  Logwood  is  sometimea  oaed,  for  the  aake  both  of  the 
tannin  and  the  rolr>iiriii£i  matffr  wliidi  it  contains. 

To  ^revojQit  ink  from  becoming  mouldy,  variuus  substances  are  added  to  it^  such  as 
naaeBtialoth;  finely bfiiiaed  dkyrai^  efew  drops  of  pbenie  acid, atod  aometaraee  (hot  not 
advantageously)  rnnn«iTr  ptiMimate.  The  addition  of  an  acid  n-tards  tho  oonv.  r>ion 
of  the  facroua  into  ferric  salt ;  the  ink  then  remains  thiixucr  and  pale  while  kept  in 
*  the  bottle,  and  beoomea  daiker  only  aa  the  writing  driek 

The  folIoM-inir  aro  .some  of  th-  nnmaiona  fooipea  Ibr  the  pcepaiatiaB  of  black  ink, 
eakttliited  for  1,000  pta.  of  water :~ 
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Oum-arabic   .  26 
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81 
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174 

60 
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Lopwood    •      •  • 

100 

20 

21 

CoDperas    *      .  . 
Sulphate  of  copper  . 

32 

87 

10 

20 

21 

6 

Gum  .       «       .  • 

48 

47 

20 

10 

i^Vignt.      •      .  • 

38 

1000 

Vin^ar 

185 

Of  the  genuine  inlm  (a— e;    and  e  ate  too  ettong  tar  ovdinaiy  nae;  d^  «  and / 

are  perhaps  the  best :  q  -w-onld  hi-  Miiu'what  palt-.  ThiTiv^t  catiiiotbe  rrHNjinnit  iiilt^d, 
«x«f^ting  for  apedal  purpo«4<6.  kiulphate  ot  copper  deepens  the  colour  of  the  preci- 
pitate,  bet  rmdeta  it  noie  compact  and  hea\'y,  and  tbcfefore  more  apt  to  aettle  down. 
A  c»  riaiii  <iiuiiit[ty  of  sn-ar  renders  the  ink  more  fluid,  and  permits  the  addition  of  a 
larger  proportion  of  gum.  It  likewise  renders  the  ink  adhi^vo  when  dry,  so  that  a 
copy  of  the  writing  may  easily  be  taken  off  by  laying  a  sheet  of  thin  unsiaed  pap«?r, 
danifx^d  with  a  sponge,  on  the  written  paper,  and  passing  lightly  over  it  ft  flat  inuiTeiy 
moderately  heated:  ink  of  this  quality  is  oiilled  copying  ink. 

The  so-called  al  iznrin-iuks  (a  mere  eonimorcial  name,  by  no  means  impl^'ing  that 
they  contain  the  alizarin  /if  madiler)  consist  of  common  ink  mixed  with  li  httle  firee 
milphuric  acid,  which,  likn  other  acids,  retards  flic  o.xidafioii  of  tlio  ft  rron«  preripitnt^ 
(fee  Iron,  oxidks  oi'j»,  so  that  the  writing  beeonus  black  only  atter  exposure;  to  the 
air :  the  change  beiog,  perfaape,  acoelenit^  by  th^'  neutrali-^atioa  of  the  anlphuric  acid 
liy  thr  T.a-^ic  snbstnnce*;  rontaincd  in  tli.-  paper;  the  ink  blackens  very  quickly  when 
expost-d  to  ammoniaeal  vapours.  A  certain  quantity  of  sulphindigotic  acid  (p.  2-38), 
or  its  8odium-«a1t  (indigo-earmine)  is  ustMlly  added,  ao  that  the  ink  may  not  appear 
too  pale  in  MTifinir.  An  ink  of  this  kind  may  l>c  prepared  by  exhausting  40  pts.  by 
weight  of  nut-galls  with  112  pts.  water,  and  \\u  i\  adding  7  pts.  ixjpperas  and^  pt. 
cxalic  acid.  At  the  sane  time,  1  pt.  of  finely  ]>ulveri8ed  iwu^blne  isdiamlred  in 
4  pts.  fumine  ftilpliuric  acid ;  the  solution  aft' r  lil  hours  is  diluted  Avith  wafer,  and 
mixed  with  a  small  quantity  of  carbonate  of  /soda;  the  precipitate  is  ooUected,  waahed 
to  remove  the  saline  aolntion,  then  auspended  in  water;  and  this  liquid  ia  added  to 
the  former  till  the  whole  exhibit^  a  rather  deep  greenish-blue  colour. 

Chrome  ink. — Kunge  first  suggested  the  preparation  of  ink  with  logwood  and 
duomate  of  potassium.  Such  ink  is  more  easilv  diluted  than  ordiuaiy  coppcras-ink, 
and  ia  not  liable  to  tan»  mouldy ;  but  on  tike  other  hand*  it  aooo  beeomea  viacid  and 
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gdatinons.  Bunire  prepan^  it  by  mixisg  16  pt«.  bj  weqj^t  of  •olid  comtnpm'al 
caetnct  of  logpHrood,  with  1,000  pts.  tratar  (or  a  d«ooetton  of  I  frt  of  logwood  boiled 
down  to  8  pta.  of  liquid),  and  adds  1  pt.  of  yellow  chromaf*  <>C  potaMium  dissolved iu 
water.  Gdb«l  takes  2i  pto.  of  wild  logwood  eocUact,  1,000  pt9,  water,  and  %  pla. 
yellow  chromate. 

Vanadium  ink. — Prepared  by  mixing  a  dt  i  option  of  galls  iritll  THiadate  of  ammo- 
nia. It  is  black,  and  flows  easily,  lKP.nti*it»  it  does  not  contain  any  pneipitate;  it  isBot 
attacked  by  dilute  alkalis,  but  ucids  turu  it  blue.    (Berzeli uk) 

Tht  black- violet  Hotten  ink  {mere  blew  rovenaise)  IM  pivpared  by  boiling  750  pta.  of 
In^ood  with  6,000  pts.  water,  36  pfs.  alum,  31  pta.  gum-arabir.  .ind  l  '>  pts.  sTii>ar- 
candy,  leaving  the  mixture  to  stand  for  two  or  three  days,  and  straimng  throtigh  a 
Earn  cloth- 

Ink  in  cakf'S. — 42  pts.  of  ^nod  nnt-galls  and  3  ptfi.  of  nu-ul<!«-r  ;ir.^  l.nilf>d  in  about 
as.  limes  their  weight  ot  water;  the  fiitared  decoction  is  mixed  with  54  pta.  ooppenw, 
wnd.  S  pts.  pyrolignate  of  iron ;  1^  pta.  aolntton  of  indigo  (in  sulphuno  add,  aifarted 
with  water  )  i^^  tlu  n  add' d  ;  V.w  inixturo  Is  cviipijnU  rd  jii  arly  f"  dryness  at  a  gentle  heat, 
wad  with  cooataot  stirring ;  and  the  pastv  maas  is  then  made  into  cakei^  and  thoroughly 
dilad.  This  ink  diaaoltad  in  6  pta.  of  hot  water  ia  niH  to  make  att  exeelleiit  copying 
ink,  and  in  10  or  12  pts.  water,  a  v«  rv  fine  writing  ink, 

Ink-povudar. — solid  dimmie-ink  may  be  made  by  triturating  together  to  a  fine 
powder,  100  extract  of  logwood,  1  pt.  nentral  chromate  of  jpotassium,  and  indigo- 
Ctmine.  1  pt.  of  this  powder  added  to  32  ptx.  water  is  said  to  make  very  good  ink. 
A  mixture  of  4  ptf^.  pounded  gaUi^  %  ptt.  eoppeni^  and  1  pt  gnm-anbie  i«  alao  fre- 
quently  sold  aj>  &u  ink-powder. 

Copjfing  inks. — Inks  for  this  purpose  must  l>e  ratlior  thick,  not  dry  too  qoidtlT;  and 
soften  when  moistened  again,  without  becoming  too  fluid.  TYic  foVj^win^  preparation 
ia  much  recommendHi:  4  pta.  by  weight  of  logwood-extract  are  dissoived  lu  a  tia.\ture 
«f  90  pta.  Tiaagar,  and  70  pta  water,  and  3  pts.  copperaa,  3  pti.  alnni,  2  pts.  gum- 
nmhtc.  and  1  pt.«.  «n£j;ir  are  then  ndd.  d.  This  ink  ia  at  fllft  ttOR  Tiolat  than  tllO 
Kouen  ink,  which  is  also  u^ed  aa  a  copying  ink. 

hukHbit  ink». — ^Aa  wiiting  ex€«nted  with  ordi  nary  ink  ialiabla  to  Ikiie  ttt  eomM  of  time, 
tlie  tiLiiiiate  atld  pnllnte  of  iron  being  gradually  d< compoeed,  iind  as,  moreover,  it  is  easily 
effiimt  by  the  action  uf  oecUio  chamioal  reagents  (oxalic  add,  hydrochloric  acid,  chlo> 
rineX  it  la  deatraUa  that  Talnalila  doenmenta  abotila  b«  written  ymk  an  Ink  not  liable  to 
destruction  from  such  ageiuies.  Various  compositions  lia\  .bccnproposeil  for  this  purj>of<r. 
Most  of  them  conaiat  of  commoo  ink,  or  some  other  dark-cokmred  liquid  in  which  finely 
divided  carbon  (Indian  ink  or  lamp-bhek)  is  anapended.  The  simplest  of  all  is  mada 
by  mixing  common  ink  with  Indian  ink  (p.  24G)  rubbed  np  with  weak  hydrochloric aeid. 
Writing  executed  with  such  ink  cannot  be  bleached  by  chlorine  or  destroyed  by  jicids  ; 
but  the  carbon  may  be  ultimately  removed  by  water,  even  when  it  is  as  finely  dtvideil 
as  in  Indian  ink,  and  con^eqtteiitly  penetrates  the  pores  of  the  paper  to  ii  certain 
ext-  tit  Ink  preparetl  in  like  mannerwifh  Inmp-Mae^c  is  easily  wa^'h  d  away.  Traill's 
iDdelibie  ink  is  prepared  by  stei  pmg  wheaf-L^iut.  n  in  water  for  2i  fu  ^0  hours,  then 
disMlnng it  witE aicl of  heut.  in  strtmg  Tiiie«i:ar,  of  specific  gravity  1-033,  or  in  pyro- 
ligneoas  jicid,  and  tb^'n  ruM.iu^'  it  up  with  Imliaii  iuk  or  larrifi-blnck.  T!ii,-  iidv  is  ..f 
a  fine  black  colour,  and  cannot  be  ubliterated  by  water,  ciilorine,  or  dilute  acids. 
Kind  disaolvae  1  pt  honey  in  14  pts.  water,  adds  3  pta.  strong  snlphnrte  acid,  and 
then  adds  a  rpiaritity  <if  Indi;.'o-^olutinfi  suOieietit  to  render  tlir  ink  vi'-iMe  in  writing,  A 
hot  iron  ia  then  passed  over  the  writing,  whereby  not  onlv  the  honey  is  carbonised, 
hrit  Ukswiae  a  portion  of  the  papei^fibre,  hy  the  aotion  of  tne  free  stdplnm^  add.  The 
writing:  eannot  Le  efTuwd  by  any  cheniieal  iragent,  and  only  with  great  diffioultv  by 
mecbamcai  means,  aioee  the  ink  penetrates  deeply  into  the  paper,  and  the  charcoal  is 
eonwqnently  sepaiated  vtthin  the  pom ;  the  paper  is,  however,  very  mQ<4)  atta<;kcd. 

The  vanadinm-ink,  above  described,  may  also  be  nsed  as  an  indelible  ink ; 
acids  merely  turn  it  blue;  chlorine  destroys  the  black  oolowr,  bat  do«a  not  eflhoe  the 
writing,  even  after  long  washing. 

Bed  Ink. — Red  ink  is  usually  prepared  either  witli oodiineal  or  with  Brazil-woo<I. 
The  cochineal  inks  are  t!i»?  brightest,  but  at  the  same  time  the  deare.eit  and  mo.'*t 
Ibgitive.  The  best  is  a  solution  of  pure  carmine  in  caustic  anitimuiu  ;  it  must  be  pro- 
Mrrad  in  wellntq^ped  Tassels.  Bottger  recommends  1  pt.  of  good  carmine,  120  caustic 
nmTnonia,  and  1^  pt.  gum-arabic.  A  elu'aper  but  less  brightly  coloured  ink  is  niado 
by  drt^uchin^  12  pts.  of  pulverised  cochineal  and  4  pts.  of  carbooat^^  of  ammonia  (or 
pearl-ash)  with  82  pts.  not  water,  thmi  digesting  and  pouring  off  the  clear  liqud. 
i'^ddition  of  creatn  of  tartar  nnd  ptannie  chloride  renders  the  ink  ttOKO  iCariot ;  rieawi 
of  tartar  and  an  equal  weight  of  alum  give  it  a  crimson  tint. 

BnuUmtod  imm  era  nuida hy  boiling  the  wood  in  watst^  addiiw  tin^aalt  (itannoM 
ddoiida)  or  ciaaai  of  laHac  and  ahun  to  modiiy  tha  tiati  and  thickening  imfa  g«ni- 
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mbie;  e,a.  4  pU.  Bniztl-vood  boiled  in  60  pts.  water,  the  deooettoa  iMileddovB  (9 
36  pts.,  fiir.  rrd.  and  mixed  with  ^  pt.  of  tin-enlt  and  \  pf.  gum-arabic ;  or  8  pts. 
Bmxil-wuod,  boiled  with  2  pts.  alum  and  2  pis.  cream  oi  tartar  ia  120  pts.  water;  the 
liqttid  eoaoentMtod  to  8  ptik  bywdght^  and  miaed  with  2  pta.  gamnnalno  ttad  2pta. 

BUirar. 

JSluo  ink(«.— The  best  is  made  bv  dissolving  30  pta.  j^ue  Pruwum  blue  (Paris 
blue,  iL  227)  in  a  iolvtioai  of  4  {its. oxuifladdin  1,000  pta,  water.  Abltia  Ink  alao 

bo  propar«-d  by  dissolving  4  ]<ts.  of  indigo-carmine  in  64  ptai  mrtei't  and  iwt-gttt^  it 
with  1  pt.  gum  an«bic ;  but  it  cannot  be        with  steel  pci». 

Ye  1 1  o  w  and  g  r  oen  in  ki  art  aometimea,  though  very  rarely,  vaad.  Tbe  former  mav 

b«  made  with  decoction  of  saffron  or  yellow  berries  ;  the  latt-  r  of  solution  of  verdigna 
mixed  with  turmeric  or  gamboae  ;  or  better  of  indigOHaumine  mixed  with  picric  acid. 
It  may  also  be  prepared  from  the  green  modHleatiioii  Ot  duome-alum,  namely,  by  dia- 
aolving  3  pti?.  acid  chromate  of  |K>taM3ium  in  8  pta.  wal&e,  adding  1  pt.  tileohol,  thea 
sulphnric  acid  hy  drojts,  and  heatmg  till  tlic  liquid  a<-sumeji  a  brownish  giv.n  c  olmr; 
then  diluting  with  Ki  pts.  water,  addiug  a  few  jiiuru  drops  of  sulphuric  acid,  Iraviiig 
the  Uqvid  to  .stand,  and  adding  a  small  quantity  of  gum>arabic 

Sympathetic  inks. — This  nam*  is  appUrd  to  inks  which  make  diameters  inrisible 
tUl  brought  out  by  heat  or  the  appiiciitiou  of  some  rea^ent«  If  a  weak  infoaiou 
of ^olbbe fued,  the  writang  will  be  invisible  till  the  paper  is  moistanad  wfth  a  waak 
solution  of  fndphat<'  of  iron.  THIutt'  solutions  of  (j->l(l  and  sUnr  ri main  coluiirl«--sa 
Upon  the  p^^r  till  exposed  to  the  snn's  lights  which  gives  a  dark  colour  to  the  oxides^ 
aadrtodera  HSma  viaible.  Hoat  mid*,  ot  taUme  aoteffoMt,  dilntod,  and  uaed  to  write 
with,  become  \isiMe  by  heatin£r  In-fore  the  fire,  which  omcenf rat^-s  fht.-ni,  and  assi-ts 
their  action  on  the  paper.  Dilute  wutsiaU  qf  jtUcuh  aliorda  blue  letters  when 
wetted  with  8oIiiti<m  of  aolphato  of  iron.  The  at^tion  of  cobalt  in  aqua-regi&, 
when  dilated,  affords  an  ink  which  becomes  green  when  held  to  the  fire,  but 
disappears  again  when  suffered  to  cooL  This, ink  has  been  used  in  fanciful  dmi!nnp«»  of 
tr.  L%  tiie  green  leaves  of  which  appear  when  warm,  and  vanish  again  on  cooliiig.  If 
the  heat  be  continued  too  long  after  the  letters  appear,  it  renders  them  permanent. 
If  oxide  of  cobalt  be  dissolved  in  acetic  acid,  and  a  little  nitre  add.  d,  the  solution  will 
exlubit  a  pale  rose  colour  when  heated,  which  disi^pears  on  cooling.  A  solution 
of  eqtial  parts  of  aolphate  of  ocopar  and  aal-ammoniac  givaa  a  yeUoir  oolow  whan 

lieated,  that  disappears  wh«*n  rolrf. 

Sympathetic  inka  have  been  proposed  as  tlie  instruiuents  of  secret  correepoudenco, 
bnt  ihfy  are  of  Uttla  nae in  tbia  re-spec t,  beeauaatheiFproparties  change  by  renaiidiig  on 
the  paper  for  n  few  day?;  mocf  of  them  have  more  or  lesm  of  a  tinge  when  thoroughly 
dry,  and  none  of  them  resiat  the  test  ot  heating  the  paper  till  it  bcgina  to  be 
acorehed. 

Markinp  inks. — Tnkn  for  markintr  linen  nm^f  be  aMo  to  withstand  the  action  of 
water,  soaa  alkaline  leya  and  acid  liquids.  The  best  are  thoae  which  contain  silver. 
They  consvtof  a  solntion  of  nitrate  of  rihw,  usually  colonrrd  with  .Mip-green,  or  other 
colouring  matter,  sometimes  with  lamp-black,  and  fhiekened  with  gum.  It  is  best  to 
prepare  the  part  of  the  linen  to  be  marked  with  a  solution  of  carbonate  of  soda  and 
{nim,  then  smooth  it  witb  a  hot  iron,  and  alter  writing  upon  it,  expose  it  to  suu- 
f>hin< .  The  writing  toaj  be  effiioed  bj  a  aolution  of  eyanide  of  r^^i^fSiT";  irith  or 
witliout  iodine.  • 

Roder  (Polyt.  ^votir.blatt,  1856.  p.  112)  prepares  a  marking  ink  by  dissolving  5  pts. 
niolybdic  oxide  in  hydrochloric  acid,  adding  240  pts.  water,  6  pfs,  pim-arabic,  and 
2  pt.*?.  liqtmrice-juico.    The  writing  is  to  be  dried  and  then  moi-t.  ned  with  sohition  rf 
atannous  chloride.    Inks  containing  gold  or  platinum  have  alsi)  been  rt-eommended 
tor  this  purpose,  but  they  are  too  costly  for  gpneral  iiae« 

An  ink  for  wrifini^  on  zinc  piant-tahcU  may  ^>e  made  by  dissolving  equal  parts 
acetate  of  copper  and  aal-ammoniac  in  distilled  water.  When  chHmcters  are  written 
with  thia  aoration  on  a  ainc  plate,  the  copper  is  precipitated,  forming  de«p  blade,  rtrj 
dTirablc  marks. 

Ink  ibr  mariting  eopjMT  and  mlvtr  vessels  may  be  made  bjr  boiling  sulphide  of 
antimony  in  atrong  )K)tash-ley,  leaving  the  liquid  to  oool,'and  ffitfring  from 

tiejMiratf-il  lv>  rnies.  As  this  liquid  does  not  act  upon  iron,  steel  pens  may  bo  used  for 
writing  witli  it  on  the  metal.  The  character  on  copper  and  ailver  are  bladL  and  very 
durable  ;  on  tin,  lead,  uid  nnc,  lees  durable. 

Printing  ink. — All  inks  or  paints  used  for  letter-press,  copper-plate,  lithograpliie 

frinting,  &c.  consist  essentiallvof  well-boiled  dr)'ing  oils  (varnishes)  mixed  with  lamp- 
>lftck^  or  other  pigment,  according  to  the  colour  intended  to  be  produced.    Soap  and 
resinous  matters  an^  sometimes  added  to  giro  the  boiled  oil  the  nuiired  consistence. 

T!  !•  oil  most  frequently  used  for  the  preimrji; inn  of  the  varnish  is  lins*  .^l  oil;  nuU 
oil  is  also  us<^  in  lucahties  where  it  can  be  liad  cheap ;  but  it  loses  more  weij^t  IB 
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boiling  than  linseed  oil,  and  does  not  cnBily  acquire  so  firm  a  flfmriltinoO-    Tlw  oil 
should  be  old  and  well  cleared,  bjr  depoeitaon,  from  partidee  of  mtK^us. 
Ten  or  twelve  gdloiM  of  tbe<rfltt«Mto^llMlbB  in  aa  iron  ^  t,  capabloof  bolding 

at  least  half  as  much  more ;  for  the  oil  swells  up  greatly,  and  its  Ijoiling  over  into  the 
fire  woidd  be  very  dangetoos.  When  it  boils,  it  is  continuully  stirred  with  an  iron  ladle ; 
and  if  it  do  not  itself  take  lire,  it  is  kindled  with  a  piece  of  fluming  paper  or  wood  ;  for 
ample  boiling,  without  the  actual  iaflMiimat ion  of  the  oil,  does  not  communicate  a  suA> 
cient  dpgTP*-  of  the  drj-ing  quality  rcqnin  d.  The  oil  in  huffeml  to  hum  for  half  an  hour 
or  more,  and  the  Hume  being  then  extiiij;uished  by  covering  the  vessel  cloite,  the  boiling 
is  afterwards  continued  with  a  gentle  heat,  till  tlw  oO  appeon  of  a  proper  oonsistenoe ; 
in  this  state  it  is  eallej  varnish.*  It  is  neccRsarj'  to  liavr  two  kinds  of  this  varnish,  a 
thicker  and  u  tluuner,  from  the  greater  or  less  boiling,  to  be  occasionally  mixed  together 
aa  diffiszent  purposes  may  require :  tint  wUeh  «n«w«n  wril  in  Iiot  wvather  being  too 
thick  in  eold,  and  larpe  characters  not  requiring  so  stiff  an  ink  as  small  OOes. 

The  thickflot  varnish,  when  cold,  mar  be  drawn  into  threads  like  weakg^ae,  by  whidh 
criterion  wockmen  judge  of  the  one  boOing^  small  craatititiea  Iwing  from  time  to 
.  time  taken  out  and  dropped  ufmn  a  tile  for  this  purpose.  It  ia  very  viscid  and  tenacious, 
like  the  soft  resinoos  jmces,  or  thick  turpentine.  Neither  water  nor  alcohol  dissolve  it; 
but  it  mingles  readily  enough  with  freHu  oil,  and  unites  with  mucihiges  into  a  mass 
difftwiMe  in  water  in  an  emulsive  form.  The  oil  looai  ftoniosie4entli  to  ooe-oig^th  of 
its  weight  by  boiling  into  the  thick  varnish. 

Fur  letter-press  printing  ink,  the  addiliou  of  soap  to  the  varnish  is  indispenaable  to 
oluAla  the  ink  to  be  taken  up  dearly  from  the  types  by  the  moistened  paper,  without 
smearing.  The  soap  used  for  the  purpose  is  yellow  n  sin-soap ;  it  is  cut  into  thin 
alicest  well  dried,  rubbed  to  coarse  powder,  and  incorporated  by  small  portions  at  a 
tnae  with  the  Tarmdi,  whidi  is  then  oiiea  mora  plaoed  orer  ae  Are^  to  9xpA  anj 

remaining  moi.sture. 

The  colouring  matter  of  bhM^  printing  ink  is  the  best  lamp-black,  previously  cal- 
cinod  to  free  it  ham.  empyreamatiB  oila  uA  rerina.  Its  stnnewhat  brownish  colour  is 
amadad     llw  addition  of  a  Hide  Drassian  blue  or  indigo. 

The  ink  used  by  copper-plate  printers  differs  in  the  oil,  which  is  not  f*o  ranch  boiled 
as  to  acquire  the  adhesive  quality.  This  would  render  it  le.ss  disposed  to  <  nter  the 
cavities  of  the  engraving,  and  more  di£Scult  either  to  be  spread  or  wijxHl  off  (Ure).t 
The  black  is  likewise  of  a  <liff.-rent  kind.  Instead  of  lamp-bliwk,  or  sublimed  ehareoal, 
the  Frankfurt  black  is  used,  which  is  a  residual  or  deuser  charcoal,  naid  to  be  made 
from  vine-twigs.  Lamp-black  is  said  to  give  a  di^ee  ot  toag^meas  to  the  ink,  which 
the  Frankfort  dnon  not ;  but  the  goodnoos  of  the  ooIiMur  BWfiiiii  to  be  the  Imwling  induce* 
meat  for  the  use  of  the  latter. 

For  red,  bine,  and  yellow  printing  inks,  the  ordinaiy  linseed  oil  Tamiab  k  not  Terf 
well  adapted,  aa  its  brown  colour  impairs  the  brightness  of  the  tint.  A  good  varnish 
for  the  pnrpoae  nay  be  made  by  mixing  oopaiba  bahiam  (previoualy  sulyected  to  rapid 
boiliii^  wiu  water  for  several  bonrs  in  an  open  dish,  to  render  it  more  traadoos,  and 
jWmtiwIi  the  unpleasant  odour)  widi  -^ot  its  weight  of  pulverised  white  Mar- 
seilles soap,  then  warm  the  mixture  a  little,  and  incorporatt  it  with  the  pigment 
previously  rubU  d  to  tine  powder  with  0i>irit  of  wine,  ami  dried.  For  the  lighter 
colours,  it  ia  boot  to  mix  very  deep-coloured  pigmeutn  with  a  eonsideralile  quantity  of 
carbonate  of  magnesia.  In  that  case,  light -coloured  linseed-oil  varnisli  mixed  with  ^ 
white  soap  nrn^  be  used.  A  fine  red  in  formed  of  vermiilion  mixed  with  A  carmine, 
and  ^  magnesia.  Bhie  is  given  hj  ultramarine  (the  darkest  varieties  usad  in  calico- 
printing)  with  magnesia  ;  yellow  by  chroniate  of  h  ad.  Pnissian  blue  mixed  with 
chrome-yellow  and  a  large  q^uantitv  of  magnesia,  or  ultramarine  with  chromate  of  zinc^ 
yiddaallne  flieeB.  Browns  aro  obtainedwith  bistiw  and  aepla. 

Uthograpnic  printhuf  ink  is  made  in  the  same  way  aa  common  printing  ink,  but 
with  a  lazger  profwrtaoa  of  lamp-black,  and  without  addition  of  soap.  (See  Litho- 
•Kanrr.) 

For  IbrChcv  details  on  printing  inks,  aee  BauMkUfhmk  dtt  CStoarfi^  ^  U8»  and 
ITiVa  JHeUmurs    Art$,  dEC.  iu.  68a 

•  The  dofcription  of  the  procpsil  gi\ rn  in  tlic  tfxt  !•!  Ijiki^n  froiri  I'rc'f  Dirlimnn  1/  of  Chcmiilfjf  fJMi 
ed.  IW!).  .Mr.  Savage  j\l»o,  ii  h1*  w.  rk  <in  tin-  Prcparatitn  of  Piintmn  luk  (l.undon,  IHS'i)  Mjrtthftt 
gtKxl  varnish  for  printing  ink  caiui' t  t>.-  nii<if  w  tlmut  .illnwiup  the  ml  to  l).irii.  'I'Ik-  Cirrman  |iriictico 
appears.  «vfr,  to  be  iomcw  lint  liitTtTfiit  ;  lor  in  tlic  Jlnniii,  vi  !<■>  fmrfi  di'i  ( Vir  inir  [  Hd.  \  il.  p.  H91 )  it  \» 
■fated  that  thi-  oil  ahould  Ih-  iiLMtci  only  till  the  vapo'.ir  utiuli  tmiii  n  1  .m  1  -  *i-t  mi  fire  withaplcce 
of  burnings'  paper,  hut  will  cca^e  to  bum  of  Itif-lf  alter  i  littl.'  u  liilf ,  (  r  ,,t  l<  i-t  will  he  easily  rxtinRtil»hed 
by  pill  till);  oi]  tli<- riiTrr  ;  further,  that  if  thit  tPinperaliin-  Ik- <  M-.r 'cit  tin  n-  is  creat  itaii^'iT  of  the  oil 
getting  into  a  stuU-  of  violent  rombimion,  whicli  caiiiuii  be  cxtiip^ii  ^hi  d  cm  n  b\  l•^/V^•rin^■  tlie  ve«iel,aud 
may  occa-ion  an  rnoriiiMU'  ln'-s  nf  ml 

t  In  the  HmdwdrUrbJtk  der  Ckemit  (vii.  31«9)  it  it  •t«tcd,  on  the  coDtrarj,  that  ipk  for  co[^r-plMe 
printing  icprepsnA  Vita  llMttidMtllBM8dHlUTarilUh,WUcb  has  iMSDSllbwsdtelMin. 

Vox-  lU,  T 
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ZrroCASPnr.  A  n  il  roL  iurlnp;  matter  contained  in  the  juice  of  Tnnrarpva  rthdr'.^, 
a  tree  growing  in  Tahiti.  The  juice  which  exudes  from  incisions  in  tha  bark  of  yuuii|? 
trecB,  or  th«  pericarp  of  gwen  frnHs,  is  oolonxleM,  but  60011  turns  red  on  expomre  to 
tlip  nir  (the  jtiice  of  olJ  tr<'«  «  is  r.'d  fi<5  «c>on  it  rtm*'  owf),  and  dries  up  to  a  ml 
gummy  massi,  soluble  in  water  and  in  alcohol,  insoluble  in  ether.  The  aqaeoos 
solution  raised  with  eansHe  allulis  exiiibits  a  peculiar  play  of  eoloon  when  slukeii 
up  with  ;iir.  The  reddened  juice  contains  also  a  yoUow  ooloiirillg  auttar  called 
x;i  11 '  li'H-iirpi  11,    (Cuzpnt,  J.  Pharm,  xxxv.  241.) 

ir^OSZC  ACZS.  (J  H^N-0«  (?)  (Liebig,  Auu.  Ch.  Pharm.  [3]  xxxiii.  12y — 
Ai  ari.l  found  in  the  mother-liquor  of  the  preparation  of  crt  atiiie  from  flerfl-JlUCe. 
Wlit  n  thia  raother-liqunr  Is  emu't'ntmtod,  tbpii  mixfH^  vnfh  alolifil  til]  if  nfyjnirps  a 
milky  consistence^  and  left  to  itself  for  a  ft-w  duya,  it  de|»osit8  a  crystalline  niixfmv 
eonsuttug  of  crealane,  iiHMato  of  potawrinm,  inosate  of  banum,  and  Tarioug  stam  t  s 
of  unknown  compi^sition.  Tho  cn'st;!ls  are  rflissnlviMl  in  Iii<t  water,  and  cliloride  of 
barium  is  passed  into  the  solution,  which  then,  on  cooling  deposits  crystals  of  inosat« 
of  barium  t  and  this  salt,  deoompoatd  hy  sulpburio  add,  yields  inosic  add. 

Ino'iif  acid  is  ■Hnrn^s'tallisable,  family  sr.ttiVil(«  in  wafer,  and  hax  a  very  n^riTeablc 
flavour  of  broth.  Alcohol  precipitates  it  from  its  aqueous  solution.  It  is  insoluble 
in  etiier.  It  does  not  precipitate  bariQm>  or  eoldnm-aalts,  bat  with  coppcr-Mlts  it 
forms  a  bluish-green  precipitate,  insolultle  in  boiling  water.  With  lead-suits  it  forms 
a  white  precipitate ;  and  with  silver-salts,  a  white  gelatinous  precipitate^  hariiig  the 
aspect  of  alumina,  Hohiblc  in  nitric  acid  and  in  ammonia. 

Ittone  aeid,  heated  with  pc;roxide  of  lend  and  a  small  quantity  of  sulphuric  acid,  is 
decomposed,  and  tin-  fdt<»rf^d  liqntd  eontninf  needle-shaped  crystals.  The  inotatet, 
heatud  on  platinnni-tuil,  decumjxjse,  giviug  off  aii  odour  of  roast  meat. 

Inmate  of  j'i'f>i,'^sium  forms  elonpited  quadrilateral  prisma,  very  soluble  in  water, 
ins  diiTtlo  in  alcohol.  It  1:1  v.  s  nfT  22-02  per  cent,  of  water  at  100°,  and  the  dried  rait 
contains  207  per  cent.  ^tash.  The  sodivm-salt  crystallises  in  small  silky  needles, 
yvey  snlnble  in  water;  insolnble  in  aloohoL  The  btaitm-aaU  Ibrras  elongated  qnadri- 
lateral  scales,  having  a  naor.-^ou*  Instre.  3.000  pt«.  of  water  at  16"^  dissolve  2  ')  pts. 
of  this  salt;  it  is  insoluble  in  alcohol.  A  solution,  saturated  at  70^,  depoaitB  part  of 
the  salt  when  raised  to  the  boiling  heat.  The  erjstals.  dried  at  100°  conttun  24'£  to 
21s  i><  r  Lvnt.  C,  2-6  H.  11-4  N.  31  i  to  8  O,  nnd  "0  1  "Ca'O  ;  wh.  nc  LicMg  deduces 
the  foriuuhi  C^H'Ba^NK)'  -i-  G  erhardt  considers  the  composition  to  be  more 

correctly  reprMettt(>d  by  the  formnla  G*H*BaN'0*.8HK>.  The  cfystals  efflotesee  in 
the  air,  giving  off  19 "07  per  cent,  water, 

Inomle  of  copper  is  nearly  insoluble  in  water  and  in  acetic  acid ;  veiy  soluble  in 
ammonia.  Inosate  of  siher  is  sparingly  soluble  in  pure  water,  and  does  not  bladnn 
bgr  exposore  to  light. 

ZirOSXTB.  CWHy.  Inosiii.  Phaxromamiitf.  (Scherer  [1850],  Ann.  Pharm. 
Ixui.  322;  Ixxxi.  375.— Vohl,  Md.  xcix.  126;  cL  60.— Cloetta,  ibid.  xcix.  289.— 
W.  Marm^  tMdL  exzix.  222.) — A  saediarine  substance  isomeno  wiUi  ginoose,  dis- 
covered by  f^chcrer  in  tlv  nuiscular  subtJtancc  of  llw  ln  urt  flii  iicc  It.s  nanit\  from  U,  h'St, 
muscle),  and  since  found  to  exist  in  the  lungs^  kidneys,  liver  and  spleen  of  oxen 
(Cloetta),  also  in  the  brain  (W.  Huller);  in  the  hvman  kidneys  and  in  the  nrine^ 
in  a  case  of  Bright's  disease:  at  most  to  tlic  aniount  of  0"1  per  e-  nl.  It  occurs  also 
in  several  plantis  having  been  obtained  frum  green  kidney  beans,  the  unripe  fruit  of 
^awoluB  Suigaris  (Vohl),  from  the  grc  n  jioas  and  unripe  seeds  of  the  garden  pea 
(PiAum  sativum),  the  unripe  fruit  of  the  lentil  (Ermm  letm),  and  of  the  common  acacia 
(^Robinia  pscndacocia),  from  the  hefi<ls  of  t!io  common  cabbage  (Brasifica  okracea,  var. 
capitata) ;  from  the  herb  of  foxglove  and  frum  extract  of  digitalis ;  Irom  the  leav^  and 
stems  of  dandelion  (  Taraxaaim  dmakonit),  not  from  the  flowsn  orroots,  from  thedlOOtS 
of  the  potati) ;  from  the  green  herb  and  unripe  berries  of  a.«tparagus  :  nnd  from  two  cryp- 
tognmous  plants,  w>.,  Lacturim  j>iperatus^  L.,  and  CUivaria  crocta,  IVrs.  (Marm^.) 

Pritparation.'^Fmm  oryans  of  tk»  Ofttmol  body.  1.  The  muscle  of  the  heart,  or 
ntlu  r  organs  containing  iuosite,  is  eThausfed  with  water,  as  for  tlii-  preparation  of 
creatine;  the  phosphates  are  precipitated  from  the  liquid  by  baryta- water ;  the  filtrate 
is  evaporated ;  and  the  creatine  allowed  to  aystarise  out.  The  mother-liquor  is  treated 
with  dilutf  sulphuric  acid  to  remove  tlic  di-'^'>lvcd  baryta,  and.  after  removal  of  tlie 
sulphate  ot  barium,  heated  as  long  as  volatile  acids  escape.  It  is  then,  in  order  to 
remove  the  last  traces  of  Tolatile  adds  and  of  lactic  acid,  repeatedly  shaken  op  with 
ether  as  long  ;is  anything  is  dissolved.  The  liquid,  separated  from  the  ether,  is  mixed 
with  alcohol  till  a  turbidity  begins  to  af^>e«ur ;  thoo,  after  standing  for  some  tiuMv  it  is 
ponr(>d  off  from  the  pnH'ipitated  sulphate  of  potasdnm,  and  mixed  with  man  alcohol, 
whereby  cr)'8tftla  of  inosite  mixed  with  sulphate  of  potaasiiim  are  obtained.  The 
oy^tals  of  the  former  are  picked  out  and  dissolved  in  a  small  quantity  of  warm-  water, 
whidi  Imvm  the  move  diffieoltly  soluble  snlphate  of  potassium,  and  arc  purified  by 
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ivi'rvstr^llis.ition  (.Scherer). — 2.  The  fresh-choppod  ti^suo  is  covoml  with  wator,  and 
aiiowed  to  stand  £ar  24  boms  in  a  oooi  place,  with  frex^uent  atirrinff ;  the  liauid  ia 
then  separatri,  «ad  th»  wridne  pgcwed ;  the  MlvtioB  b  healed  with  a  little  aoetie  add 
to  separate  ulbumia  Mid  hrr-matin,  then  strained,  evaporato;!  on  th.^  wafi  r-Vralli  one 
tenth,  piecipitated  wIlli  seutral  acetate  of  lead,  and  fiUtsrad;  and  the  hltrate  ia  mixed  with 
httrisMSlsto  of  Icttd,  whereupon  inoeite  is  thrown  down  in  eonbiiiKtioa  with  oxide  of 
lead,  accompanied  by  uric  acid,  cystine,  and  other  substances.  The  prooipitat*-,  aflor 
washing,  is  dt-composed  under  water  by  sulphydric  acid,  and  the  liquid  filtered  from 
the  siUphide  of  lead ;  it  then  sometimes  deposits  crystals  of  uric  acid,  and  when 
erapomted  to  a  small  bulk  on  the  water-1>ath,  and  mixed  with  alcohol  till  a  turbidity 
is  produwKl.  it  yields  m-stals  of  inosito  (Clo  c  1 1  a).  Acetate  of  lead  may  also  lie  add -d 
at  once  to  the  wat«ir  used  lor  making  tin-  extract  (W.  Miiller). — 3.  Tlu-  lifjuid  fi-om 
whidi  the  iaodte  ie  to  he  separat(>d  is  concentmted  br  evaporation,  and  mixed,  l^oiUi^ 
with  throe  or  four  measures  of  alcohol ;  if  a  large  pr^^cipitatf-,  which  sticks  to  th.  lKjf  torn, 
is  thufi  produced,  the  liquid  ia  poured  ofi'  hot ;  but  if  only  a  slight,  not  sticky  precipi> 
tile  ie  produced,  the  hat  lolalMii  is  filtered  through  a  preTiously  hested  ftmnel,  and 
lift  to  stand  for  24  hours;  crj'stals  of  inosite  aro  thm  po^itt'd,  and  arf>  wasliccl  \\\\]\ 
A  Boail  quantitj  of  cold  aicohoL  If  the  precipitate  cauiied  by  hot  alcohol  is  disaulved 
in  ft  snrall  qnairtity  of  hoOing  wiUr,  rad  trested  fifce  the  flfst  sohrtion,  a  ftvther 
qxiantity  of  inositt-  obtain.  (1.  In  Siie  no  inosito  separaten  from  the  cooled  solution, 
ue  cnrstallisation  may  be  facilitated  ^  addition  of  ether  until  a  turbiditjr  xemaina 
lAwiaaking.    (Cooper  Lane,  Ann.  Ch.  Pharm.  exru.  118.) 

From  kidney  beans  and  othtr  vegttaUe  organs. — The  fruit  cut  up  in  the  bean-mill  is 
hung  in  a  pressing  bag  for  half  an  hour  in  boiling  water,  or  in  steam,  whereby  it 
becomes  possible  to  press  it ;  the  expressed  liquid  is  then  evaporated  to  u  sy^up  oo  a 
water-bath,  indakohol  i.s  added  till  a  permanent  turbidity  is  produced.  The  trystals 
wlii<  h  form  are  purified  bjr  zefwftted  eqri^^aHisslifln  £rom  watw,  inkk  hcl|>  of  «BaiBal 
charcoal.  (Vohl.) 

Ifsnn^  after  freeing  the  aqueons  eztcaots  aS  the  plants  above  mentioned  from  efiHT- 
thincT  pnvipitable  by  tannic^  acid  and  neutral  acetate  of  lead,  and  dccolorisin;;  them  as 
completely  as  possible  with  milk  of  lime  or  animal  charcoal,  precipitated  them  with 
hiae  acetate  of  lead;  mixed  the  filtrate  with  ammonia,  whereby  a  second  precipitate 
was  obtained ;  d(  cniniiosed  both  precipitates  with  sulphydric  acid;  concentratc<l  the 
filtrate  on  the  water- bath  till  it  became  turbid  on  addition  of  alcohol;  then  mixed  it 
wtthadoaUeTohnneofaleohd;  warned  the fiqnid  tin  it  hceamede^  asdleftitto 
itself  for  several  dayt*,  adding  a  little  ether  if  necessary,  as  in  Cooper  T-ane'a  method. 
The  sulphide  of  lead  eoioetimeB  obstinatelj  retains  small  quantities  of  inoeite,  which 
esn  only  be  iwaoytd  tgf  boifaig  with  water. 

Proper^fV^.—Inoritoii  deposited  from  its  concentrated  aqueous  solution  in  crystals 
containing  2  at.  water,  C«H'K)".2HK).  According  to  Vohl,  the  ciy-stahj  are  tabuhur, 
like  those  of  gypstmi ;  according  to  Scherer,  they  are  oblique  prisms,  arranged  for  the 
most  part  in  groups  like  cauliflower-heads  ;  according  to  Cloetta,  tiny  areriglit  rhombic 
prisms  with  angles  of  138-5'2°  and  41-8°.  Specific  gravity  =  Mio4  at  6'='  (Vohl). 
In  dry  air,  in  vacuo  over  sulphuric  acid,  or  at  100°,  they  beeomo  white  and  opaque,  and 
give  off  their  water,  leaving  anhydrous  inosite,  C«H"0*,  as  a  white  effloresced  masf, 
which  melts  at  a  tempenitnre  above  210°  yieldinir  a  colourless  liquid,  which  solidifies 
in  the  ciystalline  state  when  quickly  cooled,  and  to  au  amorphous  mass  when  cooled 
slowly,  but  does  not  loee  weight  ornndergolhrther  alteration  (Scherer).  Anhydrous 
inosite  separates  in  white,  opaqne  crystal':  from  the  aqueous  solution  eooled  below  0**, 
(Vohl).    Inosite  has  a  pure  sweet  taste  and  no  rotatory  power. 

HydMed  inosite  dissolTes  in  •  pti.  wmUr  at  \V*  (Vohl),  in  ^  pts.  at  S4» 
fCl  oetta).  The  ronoentrated  solution,  of  Sj^ific  gravity  l  Or)  18  at  19®,  is  not  syrupy 
and  not  subject  to  spontaneous  decomposition.  Inosite  is  slightly  soluble  in  cold 
aqneons  ateoM,  more  soluble  at  the  boiling  heat ;  inaohible  in  aMolnte  alcohol  and  in 
wur. 

Inosite  does  not  combine  with  chloride  qf  todium  or  chloride  of  potassium,  these 
atlts  crystalUsing  out  unaltenHl  from  its  aqneons  solution.  The  aqueons  tolntion  ftrais, 

witfi  beuio  acttaU  of  h  ad,  a  f.reeipitate  whidi  appears  to  contain  C'H"0«.2n)*0. 

Decompositions. — 1.  After  dehydrated  inosite  has  been  melted  above  210°,  it  swells 
up  when  more  strongly  h<atid,  and  evolves  gas  wliieli  burns  with  a  pale  bhM  flaBM;it 
Is  afterwanls  eliarred,  and  then  bums  with  a  brightly  luminous  flame,  leaving  an  easify 
contl'ti-tiVde  einder  (Scherer).  AVheii  quickly  heated,  it  gives  off  \-apour8whieh  excite 
tears  and  produces  a  smell  of  burnt  sugar  (Vohl).— 2.  Afjueous  inosite  is  not  affected 
bjMOfM  (Gorup-Besanes,  Ann.  Ch.  Pharm.  ex.  lo  !  i  -.  The  solution  of  inosit^^  in 
mlutc  nitric  arid  does  not  give  oflTnitnnis  acid  till  moderately  concentrated,  and,  after 
•rajpo^on  to  drvness,  contains  oxalic  acid  The  aqueous  solution  of  the  residue,  freed 
fmn  osdie  acid  dj  catfaonata  cf  esldom,  depositi  on  standing  nu^pullecnt  pw^ied 
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flocki),  solu;  lo  in  dilute  acidB  and  precipitaMc  witliouf  .ilt*  ration  by  ammonia  (V obi). 
When  a^ueoos  inoeito  is  evaxK)rated  nearly  to  d^uess  with  nitric  acid,  and  the  residue  in 
mdstiHMMl  withaminmiiaaiid  ikfimdlq  of  Mlattoo  of  chloride  of  calcium,  and  a^in 
evaporated, a  rosc-Tt'd  siil)s(;iiicc  n  inuiiis.  Tins  n  act  ion  afT^nl-a  ilt  licato  and  cliar;iof*Tistic 
Urst  of  the  preseace  of  inusite  (iScheror,  Yohl).  Inobite  ditiaolves  without  evulotioa 
€f  gfis,  in  odd  or  btnling  nitric  add  of  tpeeifio  gmTity  1-52,  forming  a  solntHxii  whence 
oil  of  vitriol  precipitates  nitro-inosite  (Vohl). — 4.  Inosit*  dissolve's  without  rolnr- 
ation  in  sulphuric  acid,  either  cold  or  at  100^  ;  is  not  blackened  till  more  strongly  heated, 
and  then  CTolves  Hulphurous  anhydride  (Vohl).  It  is  not  altered  by  boUiug  tvith 
dilute  acidt  (Scherer,  Vohl). — 5.  Itmay  be  boiled  with  concentrated  potrtth'  Itjf,  or  witJi 
hiD  'fta-water,  without  alteration  or  coloration  (So  h  <  •  r  o  r.  V  o  1i  1 ).  —  fi.  The  aqueous  p<  .Int  ion 
mixoil  with  cupric  sulphate,  yields,  on  addition  uf  poUiiiii-ky,  u.  Llaish  green  preeipitnto 
which  qiiiekly  disappears  on  addition  of  excess  of  potash.  No  cuprous  oxide  separatee  from 
the  solutiini  in  l>oi!ing,  but  a  light  blue  precipitate  falls  wfien  the  liqntd  is  Irft  tf)  strind 
for  seyeral  days  (Scherer).  Ai^ueoua  iuoute  yields,  when  heated  with  potassio-cwprie 
tartrate,  »  green  solntion,  wheooe  %  bulky  green  precipitate  sepamtat,  the  tajpendtaBt 
liquid  !l„^•iin  bc.-oining  bhio.  After  rem*a*inix  the  {»r>'cipit;iti.',  the  filtrate  shows  the 
■aoie  chaugc  of  coiour  when  heated  (Cloetta).  According  to  Vohl,  the  diaqgeof 
edonr  irhidi  ooenrt  on  heattag  the  deep  asare>blne  ndxtnra  of  inoate  and  potaaao- 
cppric  tartrate,  is  not  v<?ry  striking,  and  is  due,  as  well  as  the  production  of  tlie  preci- 
pitate, to  the  presence  of  traces  of  foreign  substances. — 7.  Inosite  is  not  capable  of 
undergoing  vinous  fermentation  (Scherer).  In  contact  with  cheese,  Jle^h^  or  decaying 
membrane,  and  chalk,  it  undergoes  lactooa  fennentatioo,  oaibonae^  iiiiotu^  and  bv^nio 
acid<  V.-ni;'  fornit'd.    (Scherer,  Vohl.) 

ivitro-lnoaite.  C«li»N*0"  -  C«H«tNO-)K)*.  Inoeine  hejmitrigue,  (Vohl,  he. 
dl.)— Tbia  compound  ia  obtamed  by  diaaol^i^  anbydrona  inorite  in  nitrie  aoid  of 

specific  gravity  l  o2,  and  precipitating  the  solution  with  sulphuric  acid.  The  product, 
which,  accordiing  to  the  temperature  attained  by  the  mixture,  separates  either  as  a 
powder  or  an  oil-drops  which  solidify  to  crystalline  masses,  is  well  washed  with 
wat^r  and  reorptalltsed  from  boiling  alcohol.  It  forms  rhombofaedioni^  oftaa  aoBM 
lino.s  in  length  ;  molts  to  an  oil  when  hoateil,  and  solidifies  to  an  amnrphoaa  nuM 
which  becomes  crystalline  utter  a  few  days.  It  is  permanent  iu  air,  either  d*y  Of 
moist :  insnluble  in  ttw^,  easily  soluble  in  alcohoi. 

Nitro-inosite  deflagrates  without  residn^-  wIumi  (luii-kly  h'at  iJ,  ;ind  detonat<»  und%r 
Che  hammer.  It  is  decomposed  when  warmed  with  conceutrat4'd  adds.  It  dissol?es, 
with  daric  brown  eolonr  and  avolntion  of  aaunonia,  in  oold  or  warn  foUuh-lfff.  The 
all<;i'iiu>  f^olnlioii  ]ir.'('ijtif;'t'38  cuprous  oxide  from  p^t^-<''<i>>'Ci'j>r!c  f-trfmfi .  and  :i  miiTor 
of  metallic  silver  from  anwiomo-nitrate  sUoer.  Nitro-inosite  treated  with  nitrie  add, 
ammonia  and  ekloride  <^  catdmttf  afaowa  the  eolovatioii  of  inonte. 

SHWMbnrao  AOIB*  8oe  TnwgitnuMO  acid. 

IWBSTIVA&  OVMOBSTZOirsu  Throe  concrt  tlons  are  of  znn  occurrence 

in  man  nnd  in  carnivoron«<  aniinals,  bnr  woiir  more  frequently  in  hinliivorons  animalii, 
ospeciully  in  hors<?s.  Th-y  ixliibi!  trit  at  divorsity  in  their  jirojiirti<»  jiud  composition, 
aa  well  as  in  their  origin.  Many  owe  their  origin  to  an  all'uniinous  exudate  or  blood- 
coagubini,  \vhi>  h  is  r.  iain.  d  in  the  intestine,  and  gradually  solidified  by  rrsorption  of 
the  soiuijle  portion.  These  stones  consist  mainly  of  coagulated  tibriu  mixed  with 
caleinm-aalte  and  Mmains  of  food,  and  sometimes  containing  a  Ibreign  body  aa 
mjflrn?.  In  a  concretion  of  this  kind  from  the  intf-tino  of  ;i  clnld,  Davy  found 
74  per  cent.  Hbrin,  19  per  cent,  of  other  organic  matters,  and  7  per  cent,  iuoi^gaiiie 
aalto. 

A  second  kind  of  intestinal  concretion  consists  chiefly  of  earthy  salts,  calcic  phos- 
phiite  and  carbonate,  ammonio-inagnesic  ourbonate,  and  mugue.sic  carbonate  mixed 
or  unmixed  with  renmins  of  food;  such  stoneo  olten  contain  a  foreign  nucleus.  They 
ara  moat  fraqinent  in  vegetable  feeders,  especially  in  hotaci^  and  often  attain  a  weiglit 
of  several  pounds.  A  concrrtiun  frcni  the  rwum  of  a  cart-horse,  Rnnlyf'd  by 
F.  Simon,  was  spherical,  perlucLly  hmaotlu  grey  i^li-ycl low,  weighed  12^  oss.,  and  con- 
sist«Hl  of  three  layers,  deposited  round  a  fragment  of  granite.  All  t  iirt^  layers  eon* 
Hish'd  of  ammnnio-mn2TtP'<iMn  phosphr>t<\  with  a  small  quantity  of  alkaliiu'  phosjihafc*s, 
but  no  phosphate  of  calcium.  The  middle  layer  exhibited  a  radiating  structure  from 
tho  centre  oatwavdi,  with  woo(^  flbrea  interpoaed  in  like  jnanaer  amongst  the  atony 
mass.  In  100  pts.,  Simou  frand  81*11  ammonio^magnaaian  pboapbate^  and  1*6  poK 
cent,  alkaline  phosphates. 

Children  ezaniined  atones  ftom  tbo  eolon  of  a  man,  which  weiighad  from  000  to 
1,000  crrms..  and  cr,nslst<  d  of  jdum-stones,  surrounded  by  a  smooth  OOmpaetmaaamada 
up  of  alternate  layers  of  earthy  pliosphates  and  ligneous  matter. 

The  formation  of  these  stoQe^  ia  due  to  the  precipitation  of  earthy  salts  originally 
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diflsolrod  in  the  food,  and  tluir  snlMWiiMiit  agg^omemtioii  hj  inteitiiul  araeiii^  or 

round  a  foreign  body. 
A  tliifd  kind  of  intMrtind  eenm/tim  eonobls  ddody  of  undigested  residaes  ottboA; 

such  stones  have  usually  a  woody  conHisti-in-f.  atid  an'  formed  round  ii  foreign  bodj. 
Laugier  examined  a  concretion  of  tliis  kind  from,  the  rectum  of  a  man ;  it  oon- 
datod  of  a  nneleos  of  bone,  soRovinded  by  intcriaoed  Tcgotablo  Sbtna,  tttm  lAkk 
Vlter  extracted  14  por  cont.  of  animal  matter  1  iiiviii|;^  a  flsoal  odoQii  tofotiMV  mill 
■mall  miantitios  of  sal  ammoniac  and  chloride  of  calcium. 

Anoracr  daas  of  faitntinal  concretioDfl  eonsists  of  bAty  matters  mixed  with  small 
quantities  of  fl1>rin  and  caleium-salta.  Lassaigne  analysed  a  number  of  small 
concretions  of  this  kind  voidoil  by  a  pirl  suiferintr  from  tuliorculosis.  They  contained 
7i  per  cent,  fatty  matJers  (for  the  most  part  tK'o  fatty  acids,  perhapa  oh-ie  and 
stouric),  21  animal  matter,  4  phosphate  of  calciiim«  and  1  chloride  of  mdiom. 

Beznar-stones  (i.  mnnt  also  be  r^lgsaA^I  m^wn^^mg^  intwilinal  CWIMTWltiiOllli  (Hand* 
▼orterbuch  d.  Clu-m.  2te  Autl.  ii.  [3]  374.) 

IMVMMTtMAJt  JVZCa.  The  mucoua  secretion  of  the  pouch-liko  glands  of  the 
iBtesHnal  eioal  (the  liebeiUhnian  ghinds  of  the  small  inteodne  and  the  fbUides  of 

the  colon).  When  viewed  by  the  microscope,  it  exhibits  gnundaf'  d  cells  and  colt 
nuclei,  and,  as  commonly  obtained,  likewise  small  quantities  of  fat  and  emtheliuilL 
Whoa  ffiteved  ftom  these  natters,  it  forms  a  tolerably  dear,  mncons,  stron^^  aBaalhi^ 
liqind,  whicli  dot  s  not  ooairulate  by  ht  at,  and  is  not  precipitated  l>y  acetic  ac?Fl;^lB»| 
when  mixed  with  that  acid,  by  chloride  of  biirium.  When  mixt  <l,  however,  with  ei-^ht 
or  ten  times  it«  volume  of  alcohol,  it  deposits  white  flocks,  which  dis-solve  easily  and 
completely  in  water ;  the  solntkm  thus  obtained  is  not  {Md^tated  by  hydrochloric, 
sulphuric,  or  acetic  acid,  or  ly  metcairiB  chlorid«s  bat  giTeijpweipitKtoi  with  the  sevtnd 
and  basic  act  t<it<vi  of  lead. 

The  eonstttoents  of  pare  intestinal  jmee  are  the  same  as  those  of  maena.  In  1,000 
vts.  of  the  filtfTcd  intestinal  juice  of  a  do^',  Scfunidt  and  Zander  found  965-3  water, 
M*7  solid  matter,  9*6  puuccratie  and  intestinal  ferments,  U^ether  with  insoluble  salts, 
16*0  biliary  matters  (eholie,  tanrodbolic^  and  g^yeodiolate  of  aodiiiin^  0*S  tnnrine^ 
0-7  fat.  3  7  extractive  matter,  015  potassium,  1-45  sodium,  211  chloiiM^  0^  phos- 
phoric anhydride^  0*06  earthy  phosphates.  In  the  intestinal  juice  from  the  upper  part 
of  the  colon  of  a  man,  Bosch  roona  from  8'8  to  7*4  per  cent ;  fVmdis,  from  2'2  to  f *0 
pff  cent,  solid  matter. 

The  intestinal  juiee  converts  gtarch  verj*  quickly  into  .«u{rar,  and  digests  albuminous 
substances,  flesh,  &c,  though  much  moro  slowly  thau  the  gastric  juioe.  (Handwor- 
terimeh  d.  Cbem.  Ste.Aafl.  u.  [8]  S78.) 

WXJEH'.  CWO*.  Hfknin,  Alantin,  M<  uyantkiHt  IkMin,  Synantherin, 
Sifi'.'-friti.-  'A  subst.mce,  isomeric  with  and  himilar  in  its  pmpertics  to  st^ux'h,  dis- 
covered by  Valentin  lioso  in  1804.  It  appears  to  be  a  very  widely  distributed  consti- 
tiMit  of  plniti^  and  fbrntA  especially  in  the  roots  of  elecampane  (Imita  Hrl4mnm\ 
dandelion  (Ihraj-tinoii  (f>ns  f<o)u\^),  chicory  {Ci<  hi<rium  Int^/his),  feverfew  (Pi/r>  fhrum 
I'arthadum),  and  meadow  saflEron  {JdUckicum  autumnaU) ;  in  the  tubers  of  the  potato, 
th«  dnUia,  and  the  Jenuakm  ardeholw  {BtUmikug  iuberonii),  in  LenHnanna 
(ftom  Eucaltfptus  ^ijj^">"f'0,  and  probably  ht  tho  seeds  of  the  sun-flower  {JMimlktl9 
«iifitiu«),  and  in  cerrAin  lichens,  vis.  Lichen  fraxhutu  and  Lichen  fastigiatus. 

Preparation,  a.  From  EUcampana-roots. — The  roots  are  boiled  with  a  largo  quan- 
tity of  water,  the  decoction  is  evaporated,  the  extract  exhausted  with  cold  water,  and 
the  innlin  which  remains  ondissolvf'd  is  washed  (r.imltier,  Stratinfih).— Or  the 
roots  are  exhausted  with  hot  water  in  a  percolatin<i  ajij)aratus  ;  the  concentrated  efiu- 
sion  is  evaporated  to  10*^  or  12^  Bm.  and  mixed  with  2  pts.  alcohol ;  and  tha  inalin 
then^by  prerijiitatcd  is  purified  by  reprecipitation  with  alcohol  from  its  conccntr.tt«d 
solution,  and  decolorised  with  animal  charcoal  (T  hi  haul  t). — The  helenin  mixed  with 
imdhi  prepared  ftom  »loeampano-joota  ii  tadneted  dj  boiling  witii  aleohoL 
(Croockwit.) 

6.  From  l*otatoe*  or  DakUa-tuber*. — 1.  ThepolTerulent  deposit  which  separates  in 
the  cold  from  the  espresaM  jtrfee  of  potatoeo  is  diawlTod  in  hot  mrter,  and  the  ooln- 

tion  is  filtered,  evaporated,  and  left  to  cool,  whereupon  it  deposits  innUn  (Br  a  con  not"). 
— 2.  The  nearly  transparent  juice  expressed  from  dahlia-tubers  is  left  to  hitand  for 
some  hours,  whereupon  it  solidifies,  from  separation  of  inulin^  to  a  stiff  paste,  which 
istobemhed  and  dried  (Ludwig,  N.  Br.  Arch.  82,  163).— 3.  Dahlia-tubers  rubbed 
to  a  pulp  arc  wjmhetl  on  a  hair-sirvf  in  a  thin  stream  of  water,  as  long  as  the  liquid 
continues  to  run  through  milky,  and  the  inulin  which  sejmmtes  fnjm  it  on  standing  is 
eoUeeted  ;  or  in  case  it  is  slow  in  settling  down,  the  turbid  liquid  is  heated  till  it  boils, 
the  coagulated  vegetable  albumin  is  skimmed  off,  and  the  remaining  liquid  is  left  to 
cool;  it  than,  after  a  few  days,  deposits  a  thick  palp  easy  to  waah  (laebig,  Ann. 
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PhaniL  i,  235). — 4.  DahlM-tolMni  rubbed  to  a  pulp  are  wuihfd  with  oold  water  i»  a 

linon  or  woollen  cloth  ;  the  rrmdxto  is  Loil.d  for  half-an-hmir  with  2  pts.  wntc-r  and  a 
amaU  quautitv  of  chalk;  the  liquid  ia  expressed;  the  extract,  after  being  decolorised 
wHli  animal  chneotH  and  darified  wttli  almumo,  m  era^mited  tQl «  film  finrna  on  it; 

aiul  tliL>  iniilin  M'lnch  M-panit«'S  on  cooling  i.s  wadiad iniUl  oolll  wala^  aad  piQitiflad  lljjr 
solution  in  hot  water  aad  ooolinfi.  (Pay en.) 

Pamell  naes  peded  and  waMwil  dabJia-tabeia,  Imila  iStum  ttat  an  hour  and  a  half 
with  5  pte.  of  water,  and  purifies  the  innlin  which  separates  from  the  evaporated 
rxtr  ift  by  prrx'ipitating  its  aqueous  solution  with  alcohol.  CSioockw^  pvnfiaa  the 
inulm  lliuii  obiainwl  by  boiling  it  with  alcohol 

c.  From  Danddkm-roots.  Obtained  ID  the  same  way  as  from  daliIi»>tDbeML  (Witt- 
8  to  in,  Rfport.  71,  382;  Herbfrj;^or,  Repert.  52,  390). 

d.  From.  Chicary-rooU,  Thf  aqucouK  decoction  is  i)rpcipitatod  by  neutral  acetate 
ef  lead;  the  tlltrate  freed  fi>>tii  l«'^id  is  erapoirated  till  it  iilni  forma  on  the  anHbee; 
nnd  the  innlin  which  sepflmfes  from  it  iff  pocmed  bj piecipitatu^;  iti  aqneoua  aalutioii 
with  alcohol.  (Woskpesensky.) 

e.  From  Jjerp-nMnna.  The  aaMbinee  is  erinmated  with  boilrag  aloohol ;  tiie  reeidae, 
consisting  of  st.ardi,  oellnloso  and  innlin,  is  wo!l  lioilfil  with  wat.T,  and  tlK>  inulin, 
which  separates  from  the  filtered  extract  on  cooling,  ia  collected  and  washed  till  the 
'«aah*wi^r  no  lonser  nhlbite  fitm  TC«etions  of  ataxeh.  (Anderaon.) 

Properties.- — Innlin  \h  a  fofr.  whito,  ta.steless,  iiK«lon)us  powder,  r«^scmMing  starch. 
When  dried  on  glass  or  porcelain,  it  forms  a  translucent,  brittle,  dazzling  white  mass, 
•wiuch  swells  up  in  water.  Specific  gravity  -  1-866  (Pay  en),  1'462  (Dubrun- 
fant).  It  is  Tory  hygroscopic,  and  sticks  to  the  teeth  and  to  moist  {>aper.  It  eshibitM 
l»T0-rotatory  power  —  34°  42'.    (Dubrunfaut,  Compt,  rend.  xlii.  80:3.) 

Most  of  the  analj'sea  which  Imve  been  roade  of  icidiu  agree  neurly  with  the  for- 
mula C*H'»0».  Woskrescnsky,  however  (J.  pr.  Chem.  xxxviL  309)  olybiined 
quantities  of  carbon  nnd  hydrogen  much  too  large  for  this  forrnnln :  hr  ac(v>rdinf:ly 
represents  inulin  by  the  furmuia  (P*H"0**  (or  C*H'*0**),  and  supposes  that  the  inulin 
analyaed  by  other  diemiata  muat  haTe  under|^nf«  partial  oxidatkm;  but  tiio  near 
aceoraaiiee  of  moat  of  theae  malyBes  rendera  thia  Tiew  improbable. 
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a,  b,  fW>m  Iceland  moss;  c,  from  dandelion>root ;  d,  from  eleeampane-root ;  ^  ff, 
from  duhlia-hilx  rs ;  A,  from  diieoi7<400ta;  ^  from  AuMinlimi.i»ota (pM»^)ly  fflridiifd) ; 

from  lerp-nianna. 

Inulin,  immeraed  in  eold  water,  or  expoaed  to  moift  air,  abeoilMi  watev  and  erambles 

to  a  dulMoolcinjT  powder,  consisting  of  hydrated  inulin,  C"H*0".3ir'0. 

Inulin  dissolves  very  sparix^ply  in  cold  ico^,  freely  in)  boiling  water,  but  the 
aolatkm  doea  not  jfoirm  a  jelly  Uto^tEiat  of  atardi ;  it  iainmhiUeitt  ideokol,  yAAA  alao 
precipitates  it  from  its  .•upicons  sohition.  It  dis.solvefl  with  brown  colour  in  strong  tul* 
^kuric  add,  and  is  precipitated  therefrom  by  ammonia,  but  not  by  water  or  alcohol.  It 
18  inadnble  In  kjfdroMirie  aeid^  and  in  ooid  ^aeiat  meetio  aei^  bat  djaaolTea  ia  the 
lattr  r  \y]wn  warmed.  The  aoueous  solution  is  not  jpracipitaled  by  eUtorinif  loafw,  but 
forms  a  white  precipitate  with  infusion  of  galls. 

Inulin  absorbs  3  per  cent,  ammonia,  and  dissolves  in  cold  aqnerjus  potash,  formiug  a 
Bolution  which  leaves  on  evuporation  a  neaify  eolonleaa  gum,  and  wlum  mixed  iratb 
acids,  deposits,  after  a  while,  unali.  r<  d  innlin. 

Inulin  dissolves  in  aqueous  cupramihonia  {im  ammoniacal  ^lutiou  of  cupnc  oxide), 
without  prcviona  tume&ction  (Cramer,  J.  |n;  Chem.  Ixxiii.  16),  the  solutum  yielding; 
after  a  few  hotir^,  a  ropiouf?  bhi«^  atnorphons  prroipif.itc,  insoluble  in  water  and  in  anv- 
monia,  soluble  in  tnitana  and  nitric  acids  (Sehiossberger,  J.  pr.  Chem.  Ixxiii. 378)* 
It  dissolvea  gmduall^  in  aqueous  nickel-ainmoma*  (SchloeBberger.) 

The  oqiieoTip  i^ulutfon  of  imilin  forms  a  wluto  precipitate  with  baryifMBoUr^  and  with 
chlodde  of  barium  mixed  with  potakh. 
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It  dom  Bot  ^eeipitato  aqtamii  acetate  tjf  Uad,  either  neutral  or  basic,  but  vri^  « 
solution  of  fhf>  n-  nfril  :ii^*^lato OOOtaining  ammonia,  it  forms  a  white  procipitatf  con-v  ' 
tainiog  quantities  of  lead-oxide  Tarying  in  amount  from  ol'23  to  62*43  per  eeut.  It  is 
not  precipitated  hyfrrroua,  ferrie,  or  cuprie  tuiphatfy  meremieniiratt,  nHraie  of  silver, 
or  ckloride  of  gold. 

DecompotUvnu, — 1.  Inulin  heated  above  100°  melts,  with  colouring  and  loss  of 
weight,  and  if  eoomted  into  a  pitchy,  sweetish  sahstance,  very  solnble  in  water 
(Braeonnot),  insoluble  in  irater  and  in  alcohol  (Payen).  V,\  dry  distillatkmit 
yields  acette  acid,  baring  a  brown  colour,  but  free  from  oily  matter.  When  thrown  on 
filowing  coals,  it  emits  the  odour  of  burnt  sugar. — 2.  Heut•^d  with  water  to  lOO**,  it  is 
lUOIlly  but  completely  converted  into  non^crystallisablc,  laevo-rotatcMy,  imnentaMo, 
ngV.-  3.  By  biiilinpr  with  nitric  acid,  iuulin  i.s  converted  into  mmic,  oxalic,  and 
aeetac  acid.s  but  nut  into  mucic  acid.  Its  solution  in  fuming  nitric  acid  is  not  oro- 
dpitated  by  water. — i.  When  heated  with  strong  sulphuric  acid,  it  tnms  yellow,  tncn 
brown,  and  is  ultimately  carbonised.  -5.  "By  dilute  acids,  either  hot  or  cold,  inulin  is 
converted  into  sugar,  without  evolution  or  absorption  of  — 6.  Aqueous  arsenic  acid 
diMohrea  ianlin,  with  aid  of  heat;  alter  oontiniiea  aetioD,  tiie  eooled  aohition  no  loogev 
d.  posits  inulin,  but  leaves,  on  evapoiatiOD,  a  rose-coloun^d  mass,  which  afterwards  be- 
comes darker,  and  finally  black,  gnq>e4n^ar  being  first  formed,  aftermardH  formic  and 
vlmie  aeids. — 7.  0*id»  of  lead  converts  innlin  wholly  or  partially  into  glucic  acid, 
iHiich,  if  afterwuds  exposed  to  the  air,  is  changed  into  apc^lucte  add.  A  worm 
aqneons  solution  of  inulin  retloces  other  salt.«  of  lead,  also  those  of  copper  and  silver. 
When  an  ammoniaoil  solution  of  acetate  of  lead  is  precipitated  by  iiqueous  inulin,  the 
tttrate  separated  from  the  white  precipitate  deposits  spangles  of  lead  after  a  few  howi^ 
and  contains  formic  acid. — 8.  Innlin  is  n^t  finnf  ntnhle.  Neither  its  rotatory  power 
nor  any  of  its  other  properties  is  altered  by  diaslaee. — 9.  It  is  digested  in  the 
•tomach,  and  does  not  pass,  as  inoHn,  dthoF  into  the  urine  or  into  the  fiaeec 

Inulin  is  distinu;uished  from  starch  by  its  reaction  with  iorflnr,  which  imparts  to  it 
only  a  fugitive  brown  colour ;  by  its  solubility  in  aqueous  cuprammonia,  by  its  power 
of  lodndng  certain  metali  ftom  thair  aoSntioaB;  and  by  ito  inaltombility  under  the 
tnftBenoa  of  fttBMBtfk   

IMAMno  Man.  (nPIO*  -  ^^^|o.  (Porkia  and  Diippa»  FUL 

Ma^  [4]  xviiL  64.)— This  acid  is  obtained,  as  an  ethyl-oompooDd,  hj  the  action  of 
io^lidc  of  potassium  on  bromacetate  of  ethyl  diluted  with  three  me;is\m»8  of  alcohol, 
the  mixture  being  digesti>d  at  4fP  in  the  dark  for  about  two  huux-s,  and  the  iudacetic 
ether  then  distilled  off  To  obtain  the  free  acid,  the  ether  is  ooninrtad  into  »  barium- 
salt  by  digestion  with  hydrate  of  barium  ;  tin's  salt  is  decomposed  \xj  Cantions  additiOai 
of  sulphuric  add ;  and  the  filtrate  is  ci^stallised  in  a  vacuum. 

lottcetie  add  inns  thin,  toogh,  ooloarleaa,  ifaombohedTal  {dates,  having  a  very  sour 
ta.«te,  and  not  deliquescent.  Tt  Its  at  82**,  with  slight  decomjiosition,  and  solidifies 
again  at  8o°.  It  is  decomposed,  like  bromaoetic  add,  by  moist  oxide  of  silver,  with 
iirmation  ofi^jcoOieaeid: 

^  AgHO   -   Agl  4-  0>!H«0* 

lodacetate  of  Ammonium  is  very  acduble,  cirstalline,  and  non-delioaesoent.  The 

pota*eium-«si\t  exhibits  similar  properties.  The  Aartttnj-salt,  dPIBaO-,  is  crj-s- 
tulline,  mo<lerately  solnble  in  water,  and  precipitated  by  alcohol.  The  Und-saU 
cr^tallisee  in  prisms,  but  easily  splits  up  in  solution  into  iodide  of  lead^aud  glycollic 

Cfl'IPbO^  +  H'O    -   Pbl  +  C»H«0«. 

Tnrlarrtatr  of  Efhyl  is  an  oily  liquiil,  hcnvier  than  water,  and  having  a  very  irritafinc; 
odour,  lodacttate  of  An^i  is  oily,  heavier  than  water,  has  the  odour  of  peai»,  and  gives 
off  an  inibrting  vapov. 

M«to«Mntls  JLcUL   CFB*I"0*.  (FerkinandBnppa,  Ghem.  Soe,  On.  J.xiii.  l.| 

— The  ethyl-componnd  of  this  acid,  obtained  by  acting  on  dlbromacetate  of  ethyl 
with  iodide  of  potassium,  is  converte<l  into  a  calcium-sail  bv  means  of  milk  of  lime ; 
the  ealdnm-aalt  is  decomposed  by  hydroehlorie  add,  avrnding  an  exeess;  and  tiic 
solution  is  lef\  to  crj-stallise.  The  acid  is  thus  obtained  a«t  a  beautifully  crvstallino 
sulphur-yellow  compound,  volatile  at  ordinair  temperatureSi  and  alight^  soluble  in 
water.  It  has  a  faintly  add  taste,  with  metalHc  after-taste.  It  does  not  blister  the 
dun. 

The  di-iodcntufffi  are  slightly  yellow,  crystalline,  and  permanent,  excepting  the 
potaiaiium  and  sodium-salts,  whicli  are  dcliuuescent.  The  6flrm»e-salt,  t"III-13aO=, 
ims  ibombohodral  crystals,  which  give  off  iodine  when  heated.  Tli.  - v7',7^',/;-salt 
teM  |«Uow  sill7»e4idlea»  also  deoomposad  Iqr  heat    The  C*fi'IfbO*,  is 
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olitauied  m  »  erystiDine  predpitato  hywMsag  *  Mktimi  of  ^  Mdimi-flalft  to  twtato 

of  lead,  both  being  lartrcly  diluted  Tbe  salt,  jt*  p;ir«^(l  in  like  manDer,  forms  a 
yellow  cigr«taUuia  powder,  whidv  when  gently  heated,  decomposei  with  alight  explowon 
and  erolntioa  of  iwine. 

Di-iodacrtate  of  EUhyl^  CH(C'H*)PO',  is  a  yellowish  liquid,  having  a  pungent, 
burning  t&ste,  anil  extremely  irritating  odour.  It  is  insolul  Jo.  or  nearly  so,  in  water. 
Auiiuoaia  rapidly  couverts  it  into  di-iudacetamide,  N.U-.C^HIK),  which  is  a  pale 
yellow  subetanoe,  qparing^  aotaUa  in  water. 

ZODAIi.    r'lTT'O  ^  CPO.IT.    Ilvf^ridc  of  Tri-iodaMll  (I.  31). -This  oom- 

Kind  is  said  to  be  obtained  by  »^d'»g  iodine  to  a  mixture  of  alcohol  and  nitric  acid, 
e  iodine  rapidly  disappears,  and  an  oil  eeparalea  whidi  may  bo  purified  by  agitation 
,  with  water  and  dibtillation  over  chloride  of  calcium.  It  b.-gins  to  Doil  at  25°,  but  the 
boiling  point  gradually  rises  to  115°.  Potash  converts  it  into  iodoform  (Aim£,  Ann. 
Ch-  JWiys.  L2]  Ixiv.  217).  Johnston  (Phil  Mug.  [3]  ii.  215)  obtained,  by  a  similar 
proQ8n>  an  ouy  liquid  wfaieh  boiled  at  110°,  but  de<iompowed  and  turned  brown  at 
the  same  time.  Johnston  r(»{rfird(»d  tho  ptwlnct  as  iodate  of  ethyl  (see  Gmelin's 
Handbook,  ix.  186).  Schooubroudt  (Bull,  tioc  Chim.  de  Paris,  1861,  p.  109),  by 
adding  hypochlorite  of  potassium  to  an  aliyiiholBfr  aollltion  of  iodine  till  the  latter  was 
deeuloris-'d,  oLfained  a  copious  j>reci j>itatp  rnnsi«tin2  of  pniall  sinning  needlfs,  eai<ily 
soluble  in  water,  spadngly  in  alcohol,  and  resolved  by  potash-ley  into  fbdnnuc  acid  and 
iododbtni:  benoe  it  was  piobably  iodaL 

MBJkaBBBBB  and  lOI^AlttWOJilUMS.  Under  these  terras  may  be  included 
a  number  of  componnd?,  nio«!tly  of  an  t-xplosivf  character,  produei'd  by  the  action  of 
iodine  on  ammonia.  The  composition  and  properties  of  these  products  vary  according 
tothomode  of  {mpttatitOD  adopted. 

I.    Zodamldea.    By  digesting  iodine  in  excess  of  aqueous  ammonia ;  by  adding 

ft  large  excess  of  aauoous  or  alcoholic  ammonia  to  a  saturated  solution  of  iodine  in 
alcohol,  and  then  diluting  with  water;  !  y  a  Iding  ammonia  to  a  solution  of  iodine  in 
mtio-iniiriatic  add  (which  contAins  firotochloride  of  iodine,  ICl) ;  or  by  deoompoaiag 
the  explosive  compomid  call.  d  t  hioriile  of  nitrogen,  with  iodide  of  jKit.-Vvsium  -a 
black  powiler  is  prtH^iuitiited  which  when  dry  is  violently  explosive.  It  uiui>t  bo 
collected  on  a  filter,  and  washed  with  water;  and  to  guard  against  aoeidanta  in  drying, 
it  in  advIsal>Io  to  divide  the  ftlft-r  with  tlic  moist  pn  cipitate  upon  it  into  small  pit'C(*». 
and  r\[>utit'  them  to  warm  dry  air  at  a  considerabh:  distance  ^m  each  other.  Or  the 
prt'ci|)itate  mxiy  be  dried  nnder  a  vcoeiTer  filled  with  ammonia  gas,  in  wMc&  case, 
according  to  Millon,  there  is  no  fear  of  explnsion. 

The  prudoei  obtained  by  either  of  these  processes,  commonly  called  iodide  of 
nitrogen,  ia  a  browniril-blaek  soft  powder,  which  iHien  dry  explodes  trom.  Ilia 
slightest  cause,  producing  a  loud  report  and  destroying  any  solid  budif  s  that  may  be 
near  it.  The  explosion  is  attendrd  with  a  faint  Hash  of  violet  IiRht,  nitrnp>n  beins: 
set  free  as  gas,  and  iodine  in  the  form  of  vtry  fine  powder.  It  may  b*-  expl'.Kled  by 
friction,  even  under  water,  and  in  the  dry  state  can  scarcely  be  touched  without 
explofUnfr.  the  slightest  elevation  of  temperature,  and  even  the  friction  produced  by 
sliiling  over  the  surface  of  smooth  paper,  being  t^uffieient  to  explode  it.  When 
moist,  it  decomposes  slowly  in  contact  with  tho  air,  yielding  nitrogen,  iodic  add, 
and  hydriodie  acid.  A  sinnlar  decomposition  is  produceil  more  rapidly  by  boiling 
water,  or  by  alkaline  soiutiom.  Hulphydric  acid  decomposes  it^  producing  hydxiodio 
add,  ammonia,  and  a  depoait  of  aolmr.  With  mdf^tmm»  acid,  it  yi  A  lodtdfi  of 
ammonium,  hyilriodic  acid,  and  sulpnuric  acid.  7?r<'Pii/}'-irafer  decomjx>sej»  it  instan- 
taneooaly,  chlorine  mora  slowly :  strong  Nitric ocm^ attacks  it  violently.  (Gladstone.) 

This  description  applies  to  all  the  prodncte  obtained  W  the  yrocetmm  above- 
mentioned  ;  nevertheless,  these  products  are  not  abstdutflly  identical  in  composition  ; 
but  they  all  appear  to  be  iodamides— that  is  to  say,  ammonia-moleeules  having  tho 
hydrogen  more  or  less  replaced  by  iodine-  ojiubiued  in  some  instances  with  ammonia 
itself.  Gay-Lussac  regarded  the  pn>duct  of  the  action  of  iodine  on  ammonia  as  a  com* 
pound  of  iodine  and  nitrogen  alone,  in  fact,  as  t  ri-iod amide,  NP,  and,  according 
to  recent  analyses  by  Stahlschmidt  (see  p. 2H1),  thin  oomp>ound  does  appear  to  be 
ftirmed  under  certain  condltkm;  but  repeated  experiments  by  several  chemists  bata 
shown  that  the  explos-ive  compound  thus  pn.iduccd  fn-fpicntly  also  contains  hydrogen: 
for  when  small  portions  of  it  in  a  state  of  jperfect  diynees  are  repeatedly  exploded 
nnder  a  bcll-jar,  iodide  of  anunoninm  is  deposited  en  the  ddes  of  the  TesseL 

Aecordinu;  to  Millon  (Ann.  Ch.  Phys.  [2]  l.xix,  78^  the  conijwund  is  mono- 
ioda  mide,  and  the  decomposition  just  mentioned  takes  place  as  represented  by 
tihaaqiMtioii: 

mm  -  hh'i  -c  i  -i-  k 
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BiBMv  {iM.  rs]  XT.  71^     jetflnnuntig  the  qnftntitiM  of  J^fdriodie  Mid,  smmonla, 

and  nitrogen  ]in>diu  <     in  its  decomposition  by  sttlpl^dm Mid,  VM  led te  idopt  tlfee 
fotamUs  ^HI",  which  is  that  of  di-iodamido : 

NHP  +  2H«S    ^    im*l  +  HI  +  S». 

Oladstone  fCh(»m.  ^oe.  Qu.  J,  ir.  34)  takes  the  same  view  of  it*  constitnfion.  Br 
decomposiug  witli  snlphvdrie  acid,  the  compound  produced  by  the  octiou  of  aiiuuuuia 
on  an  alcoholic  solution  of  iodUM^  he  finds  that  it  contain  9  at.  iodine  to  1  at.  nitrogai^ 
vlaleite  dMompoaition  by  aqueous  Fiilpliurons  acid  is  rpprc<!r>ntc<i  by  the  eqiuktiaii: 

NHI"  +  2SH«0«  +  2H»0    -    NH*I  4  HI  +  2SH»0«. 

Tie  alf^o  fin<l»  t!i:it  thf>  formula  NHP  in  in  accordance  with  the  formation  of  the  com- 
pound b^-  tiie  action  of  liyuucbiorite  of  cakium  or  iodide  of  ammonium  (ubsenred  bjr 
PIftyf *ir),  thftt  TCMlBOB  \mag  altBPdgd  with  flvolntifNi  of  wnannia,  MOORdtug  to  th«  - 
aqiwtioii: 

2ClCaO  +  2NH*I    -    NHP  +  2Caa  +  2H'0  +  NH«. 

Bun  sen  (Ann.  Ch.  Fharm.  Ixxxir.  1)  has  also  examined  the  constitution  of 
iodide  of  nitrogen^  and  arrived  at  different  conclusions.  He  observes  that  the  mode  of 
inmation  of  tiie  explosive  compound  from  iodine  and  ammonia,  with  hydriodio 
acid  as  thf  only  secondary  pro  In  f.  shows  that  it  must  be  a  stiWitttt  inn-product  of  am- 
mooia,  of  the  form  NI*,  NHI-  or  associated  at  most  with  amttiouia  and  hydriodic 

Mtd ;  2.  That  it  caniiofr  eootoan  hydriodic  acid,  because  it  diMohrai  in  hydroehhme 
acid  without  (>rolTtHon  of  pi*?,  and  forms  a  soliiti(jn  pnntrunlna'  nmmomri  nn<l  protochlo- 
ride  of  iodine,  but  no  hydriodic  acid ;  '<i.  That>  to  determine  its  composition,  it  is  suM- 
dcttt  to  Mwrtain  how  moeh  Id  ond  hov  modi  it  yidda  irith  tgrdioeUorie  aeid, 
md  to  Me  which  of  the  foBovnag  eqiMlioni  agrees  with  the  teadto: 

FP  +  3HC1  -  8ia  +  NH»  .   .   .   .  (a) 

NHP  +  2Ha  «  2ICI  +  NH«  ....  (A) 

  NH^  +    HCl  «  ICI  +  NH»  .   .   .   .  (cj 

BE*!  -I-  VE*       HQ  -  ICI  'fSNH*  .  .  .  . 

Preparations  otitiiiied  hy  mixing  cold  and  monop  Ism  saturated  anhydrous  alcohoHo 

Fubitidiis^  of  iuillno  and  amtnoiila,  which  were  rot  dpromp<.st  *l  ]>\  wasKiiij^  with  nlisohite 
alcohol,  gave,  when  dissolved  in  l^drochloric  aad,  quantities  of  ammonia,  iodine,  and 
ddflrine,  in  Hie  stoisie  pro|)oHioii  el  S :  S  :  8^  Aowiiig  that  tiie  eonstltaHoD  of  the 

com|«>urul  thus  fonnrd  whs  NP.NIP.  A  prrparation  o1)tain«'<l  by  adding  ammonia  to  a 
solution  of  iodiBo  ia  nitro-murtatic  acid  diluted  with  water,  and  washed  as  quickly  as 
possible  witii  sold  wster,  gave,  with  hydrodhkrie  setd,  qiutnmtM  ef  aauMnk  end  pro- 
*  tochloride  of  iodine  in  the  atomic  proportion  of  5  :  12,  sliowliig  tliat  ifs  formula  Mas 
4NP.NH'.  When  washed  with  water  for  any  length  of  time,  even  till  the  greater  part 
of  the  compound  was  decomposed,  with  separation  of  iodine  tad  nitrogen,  the  nnde- 
eomposed  portion  still  yieldrd  nio,-i  tliau  1  at.  ammonia  to  3  at.  chloride  of  iodine,  a 
proof  tliat  ammonia  entfT^d  t  ssi  iitially  ijito  ifs  ron.sf  itnfinn.  "Runsen  is  of  opinion  t!iat 
there* exist  two  distinct  cumpouuds,  NlMs'll^  tuid  4^1 '.Nil',  foriut^  in  the  uuuiuer 
ifaawa  bgr  ^  e^natioBa^ 

2Nn«  +  CT    =    NP.NH*  +  3HI 
8(NP.NH»)  +  3H*0    =   2(4NP.NH«)  +  3(NH*)«0. 

The  formafion  of  the  soK^lied  iodid»»  of  nitrogon  by  tlio  action  of  ammonia  on  a  solu- 
tion of  iodine  in  uitro-muriatic  atid,  would  be  iiicousistent  witii  this  view,  if  that 
sohitioa  eootsined,  not  ICI,  but,  as  is  comaonly  supposed,  ICI*  because  NP  >  niild  not 
be  formed  from  tlie  latter.  Bunsen  has,  however,  snown  that  the  !?o]ntion  <>f  iodine  in 
sitfo-muciatic  acid  contains  only  ICL  The  formation  of  the  explosive  compound  from 
ICI  is  explained  by  the  eqnstion, 

The  imiitiwIiMt"  pyMflft^  — pWmt  tf^a  nitw^t^  m/tkA  IfjAwittMtt  mtSAi 

hpjth"  ^v*  4-  am. 

which  hitter  is,  ftv  the  moot  part,  lesolvpd  bjthe  hi|^  tom{  ^mtura  into  iodine  and 
li.vdroi>f'n,  whi!e  another  portion  unites  with  the  a-mmonia  of  the  compound,  form  in  pj 
iodide  of  ammonimn,  therdbgr  setting  free  quantities  of  iodine  and  intron:en  equi val*  nt 
to  tihis  amiuMiis. 

Tlu-  corniHjund  obtained  by  "nineau  ami  by  Oladstone,  vie.  di-iodamids  NHP,  ia 
intennediate  between  the  two  compounds  obtained  by  Bimsen : 

2N'I*H'  -I-  N*I"B*    «■  ONHP 
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Bmuon's  flnb  oompomd  KPJSB*,  may  be  reprearated  as  tri-iodainiiioii-aniiiM»iiiim, 
manner. 

I-Astly,  it  ,i]ipears  from  the  experiments  of  Stahlsc hmidt  (Pogg.  Ann.  cxix, 
421  ;  liiill.  Su.!.  Chem.  dc  Paris  1SG4,  p.  1 19\  t!iat  di-  or  tTi-iodanildo  xiuij  bo 
produced  according  as  aicohoiic  or  iiqueoiui  uiuiuonia  is  added  to  an  alcoholic  solution 
of  iodine.  By  mixing  aleoholie  solutions  of  amawiiia  and  iodine,  ha  obtained  a 
cnmpourul  yicldinn;  by  analysis  quantitiaa  of  iodina  and  nitoogan  in  tha  pnpoction  dT 
2  at.  1  to  I  at.  a,  therefore  NHJ*. 

On  the  other  hand,  a  prodoct  obtained  bj  addiqg  aqniNXia  ammonia  to  an  aleoholie 
tmetnxaof  iodine,  yi<M*  .l  ly  dooumposition  irith  mtfyfydfio  oddf  pvodnots Containing 
S  atk  I  to  1  at.  1^,  aocordiug  to  th<  equation, 

Ni«  +  ;m^s  -  mvj  +  2H1  +  s«. 

The  same  substance  tn^ated  with  iodide  of  joeti^lf  viewed,  in  24  honn,  two  lajers  of 
liquid,  the  upper  conaiBting  of  aaueous  hydriodic  add  and  kdida  d  aamMNunin,  i^hila 
tiMi  k»w«r  oontainad  iodofinm  and  pontMisdida  of  lat^^ 


2iaP  >  SCH*I   -*   iVB*  3CHP, 

lodof^onn. 

and2Nl»  +  9CH«I    =    2HI     +    CHI»  +  2N(CH»)«I». 

IfldoCDm.  Pcnta-iodlde 
of  letramethjrl- 
ommonium. 

On  trc^itinc  thf«  lower  liquid  witli  1>oiling  absolute  alcohol,  a  solution  was  obtaiiu  d  wliieh 
deposited  the  penta-iodide  in  shinii^  green  ocyatals^  whib  iodoform  remained  in  tho 
i»^e9>liqnor;  and  thta  voliiei^BnMr  naiqg  iri&  potaah,  ga-ve  off  aiomonia 

and  jioldod  iodoform,  togather  witn  jeltow  eaeyafcaU  having  the  oompoaition  «f  dt- 

iodomatibylaniidiB  N  |        ,  Hm  «a]ine  x«ndna  oontaiaed  budTiite  of  pofaanmn  and 

other  salts. 

If  the  tri-iodamide  used  in  the  proc»  diiip:  rcactiori  f<till  retains  ammonia,  the  pro- 
ducts obtained'are  penta-iodide  of  tetriiUu  thyl-anDiiuuium,  uada  compound  of  2  at  iodo- 
Ibrm,  with  mono-iodide  of  tetnunethyl-ammonium,  C«II"NI'  «  (CH>)*NI  +  2CHP. 

"Hy  aothifr  with  ammonia  on  penta-iodido  nf  rraTOotfiyl-ammoninm  (wliioli  contains 
4  at.  iodine  in  a  staia  of  less  intimate  couibinutiou  than  the  filth,  and  rcudy  to  act  like 
Hree  fodinaX  Slahladimidt  has  obtained  a  compound  containing  C*H'>N'P,  wtitk  maf 
be  regarded  as  a  compound  nf  di-ii>damid< .  NTH-,  with  tri-iodide  of  totrametbyl- 
ammonium.  The  same  oompouiid  is  farmed  on  mixing  alcoholic  Unetuze  of  iodine  with 
an  aninKndaeal  solntioo  of  mono-todtde  of  tetitunethylHunmonktm.  It  ia  a  Uack 
powder,  whi'<'Ii  t  xplodos  at  100**,  or  in  contact  with  sulphuric  acid,  giving  off  iiitiv)!.''  )!, 
and  leaving  the  penta-iodide.  The  same  decomposition  takes  place  on  lu^Atin^  its 
alcohtdio  solution.  Sulpbydric  acid  reduces  it  to  mono-iodide  of  tetramethyl-animonittBl. 
Nitric  acid  decomposes  it  slowly.  Heated  with  jNitsisU,  it  yields  iodoform.  It  is  in- 
aolublein  most  liquid?,  but  dissolves  slightly  in  absolute  alcohol.  (Stahlschmidt.) 

II.  Zodammonlam.  KH'I;  or  Iodide  of  Ammonia,  NHM.  —  D17  iodine 
absorbs  drv  ammoniu-gas,  100  purts  of  iodine  taking  up  8*3  pts.  of  ammonia  1^  4>  10^, 
9  pts.  at  (P,  and  9*4  pts.  at— 18'^.  T}i>  ]ituduct  u  n  falaoiah-licoini  Tuy  tenadoua 
liquid,  having  a  metallic  aspect,  smelling  i-f  nmmonia  and  iodine,  and  imparting  a 
brown  stain  to  the  skin  and  to  paper.  VYJku  btiitcd,  it  gives  off  a  portion  of  the 
ammonia  and  aablimcs  in  violets  vupours.  Its  liuttre  and  tenacity  are  destroyed 
excess  of  ammonia.  It  dis>.<j!vos  rcadilj  in  alooholj  and  ia  lesoived  faj  water  into 
iodide  of  ammonium  and  di-iodamide : 

2NIPI    =    NH«T  +  NH'T. 

In  a  current  of  hydrochloric  acid  gas,  it  is  completely  decomtKwcd,  yielding  nitrogen 
aal-ammmiiac,  iodida  of  ammoninm,  and  nee  iodine.   (Milton,  Ann.  Ch.  Pt^a. 

ix.  7S.) 

According  to  Bineau,  100  pta.  iodine  aboorb  20'^  pta.  ammonia-gas,  yielding 
a  pntdoct  fiiving  the  ctnnpoettion  M*B^*.   This  maj  be  wpfoaented  aa  an  iodide  of 


[N  5^'  1 
NH«I  J 


union's  compound,  if  ita  oompoaition  has  been  ooimctly  determined,  is  ranarkable 
as  preoanting  the  on^  knomi  inaftanna  of  an  ammoaiiwm'moloenle  eziating  in  the  ftee 

state. 

m.  MM««rMMBm«nm.  HH*I*  •  (NB*I)X->Thja  compound,  diaoorered 
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1i7  0iithri«  (Ch«B.  Boc  J.  zri.  289X  is  obtained:  1.  Jfy  adding  iioely-powdemd 

i'nlinr  to  a  siidiniN  il  solufinn  of  nitrate  or  CArlionate  of  iuninonisi  mixed  with  :i1 -out 
oue-tliird  of  lUX  e^uiTaleot  quantity  of  potash.  The  iodine  immediat«ly  liquefies,  with- 
OQt  peroepCible  nse  of  temp«rataT«,  sod  unite*  with  the  elemtnta  of  the  ammoma, 
forming  ft  T«nr  mobile  brownisli-Mack  liqoid,  vliAe  the  n^omfttant  solution  wmain* 
colourless.  The  iodide  of  io<lamniuninm  is  Bcparated  by  a  pipette  from  t\\o  saline 
solution.—  2.  A  simihir,  and  probubly  identical  liquid  ia  obtained  by  adding  to  the 
■otnrion  of  nitrate  of  ammoitiA,  nixed  witit  potaah«  a  astanted  iotntion  of  iodise  ia 
a/]neoua  iodid.-  uf  pot.visir.m. 

Iodide  of  iodjimnionium  dissolves  in  ether,  alcohol,  chloroform,  sulphide  of  carbon, 
«    Hr]<i  .i  jueoiM  iodide  of  potastinm.   When  heated,  it  is  partly  reaolTad  into  iodine^  WMi 
an  iodifen'>n'^  liqtiid,  Avhirh  mn.y  be  distiDad  wifthoilt  dooon^oaitlOll,  Mid  16  fCOhalli^ 
Millon's  or  liineau'a  "iodide  of  ammonia." 

NH4^   -   I    +  NH»I. 
aNHflP  -  I*  +  SNH*J>. 

Exposed  in  fbe  diyatete  to  the  air,  it  decomposes  spootaaeovaly  into  aromonift 
and  iodine,  no  perman«»nt  prs  Vifiiij^  evolved.  On  agitating  it  in  n  •■inli.>nM  fiT-lubc 
with  mercury,  iodide  of  mercury  is  formed,  and  the  mercury  is  depressed  by  the 
Eberated  ammonia  which  hitter  la  eompletclj  ahaorbed  by  water : 

It  ia  dpoompoaed  by  water,  ooloniinff  the  water  reddiah-brown,  &om  swaratton  of 
iodine;  evAlring  nitrogen  gas,  and  yielding  ft  reiidna  of  di-iodamkde  whiak  cxplodea 

sponUiicously  under  water : 

4NH»P  +  H^O  «  2NHP  +  2NH*I  +  2HI  +H«0  -  N»  +  4HI  + 1- +  2NH'I  +  H"0 

The  formation  of  the  di-iotlumide  is  more  rapid  than  its  decomposition,  so  that  some 
of  it  ia  left  after  the  original  compoond  is  broken  n|>. 

The  caustic  alk(t(is  rffrct  tho  sam--"  decomposition  as  watSTi  bot  aoffa  qvickly,  OB 
aooonnt  of  the  grater  afiiuity  of  their  motaJa  for  iodine 

JeUa  detennma  the  fonnation  of  ammonia,  «.  g. : 

NH»P  +  HCl       =    NH^Cl       +  P. 

A  portion  of  rh'^  oonipownd  prepared  by  the  first  method  (p.  2!^2)  and  doeomposed 
in  this  way  by  dilute  sulphuric  a4;id,  yielded  in  one  experimmt  o  Mi  per  cent^  NIP,  and 
W-47  I,  in  another,  ^6%  NH»  to  63  04  I,  the  formula  rwjiiirinfi  6  27  NH'to  9373  I.  On 
snbmittinu  tlio  compound  to  fractional  solution  with  chloroform,  llu-  residue  was  found 
to  hav(-  exactly  the  same  (xwipoeitioD  as  the  ongiual  substance,  showing  that  the  aub> 
atance  operated  on  waa  a  daSnite  oomponnd,  and  not  n  miztnre  of  two  or  aioco. 

fOIMURmV*  8nr.  with  looAvsiKTLAiiiiaL  See  FuiKTLAMiHm 

ZOSAXVZBZC  ACZS.  C»ITnn«.  PnKlih-d,  to^rther  with  hydriodntO  Of  OOGBai- 
aamic  acid,  by  the  action  of  hydri'vOic  acid  on  diaeounis-oxanisamic  add : 

C»H«N«0».C«H«NO«  -»■  21U    -    CH'NO'.HI  +  C«HaO»  +  N« 
Dtnoanif-oxaniHMde  HjrdriMiito  of  ledntilo 

•aid*  oaaowKnto  ediL 

It  fomi.H  w]iit»^  nfe<nos.  in';olnl>le  in  W'it<T.  r.nsily  soluble  in  alcohol  and  in  othr-r. 
'^m*Uv«r-*aU  is  a  white  amorpbuus  precipitate.  (P.  Grieaa^  Proc  Boy.  Soc.  s.  309 ; 
Jahzaober.  1860»p;4««.) 

**^*T^"TT"'ff  MOIb  8ae  k^mnno  Oxfimura  or  (L  986).  • 
SPStAflnH*  Sea  loMHH  Osfon-AfliM  ov» 
lOMAnUMMb  Sea  QoKOk  Imm  or  (S.  929). 
xoBBranAJmvi:.     o  BntnAima  (ii.  538). 

ZOBCTBTUVa.    See  Ethtuiii;  Iopatbd  (ii.  .579). 
ZOSH7X»]tZC  JkCm.    Pop  loniDB  of  HmnooTrx. 

XOSBTIIBZVS*  Compounds  derired  from  ^cerin  or  from  glycidc  (ii.  896),  by 
aanmptionof  thadbnentaef  hjdriodieaddaadcttm^^  OidytwohftTa 
liitherto  baan  obtained ;  bodi  oi  iriuoh  are  ^yddic  ethen^  Tia. 

lodhydroglyeide  or  Epi-iodbydmi  .  <^|o  *   ^^^^  4-  BI  -  8H*0. 

lodhydrodiglycid«(Berthelot'aIodhydrin)  ^^S'^'iA.-  2C«H«0>  +  HI  -  3H^0. 
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The  iHllMW  l>Mii  tlrMdjrdesflrfbed  (iL  899).  Th«  aeoond  is  obtained  bjietaMtiag 

glycerin  with  hydriodic  ai'id,  korpinix  the  liquid  in  a  flose  vessel  at  100°  for  forty 
hoonii  end  then  treating  it  with  {x>taiih  and  ether.  It  is  a  s^apy  liquid  of  a  golden 
yiSkm  eeloar,  and  specific  gravity  178S.  It  has  e  seoeharme  testa,  dieaolTeB  sboot 
one -third  of  its  bulk  of  water,  but  is  not  itself  iolnble  in  water.  It  is  soluble  in  alcohol, 
and  still  more  in  ether.  It  is  not  volatile  without  decomposition.  It  bums  without 
residue,  giving  off  vapours  of  iodine.  Potash  decomposes  it  slowly  at  100^,  producing 
iodide  of  potassium,  a  liquid  which  app<>ars  to  be  identie<d  with  glTBaria,  and  a  volatile 
liquid,  jirolnibly  oxide  of  glyceryl  i  C'IP)-0'.  The  iodine  in  cod-liver  oil  is  perhaps 
in  the  form  of  this,  or  a  bimihir  compound.  (Berthelot  aud  Delnca.  Compt. 
nod.  mix.  7i8.) 

ZOBIM  OV  AOSTTX..   ^    AcrxYi  (i.!  Sff).  The  iodidea.  of  Other  oigaafte 

radicles  are  also  described  uiidrr  the  .seveml  nidicles, 

SOIIZ2»a  or  AlbUMUriUllB.  See  AjLUMUdCK  (i.  157).  The  iodides  of  other 
metala  aie  alio  daasribed  vndw  the  aerwd  vetala. 


See  loDAimoinuM  (p.  S82). 
See  A]fiioanni-fiUx.ti. 

See  BoBON.(l  627). 

ZOBZBB  OF  HTBXOGEir.    ZOBBTBRZC  or  BTBBZOBZC  ACZB.  HI. 

Iodine  does  not  combine  with  hydrogen  at  ordinary  tempenitures,  even  under  the 
inflaenee  of  aoBahioe ;  bnt  when  hydr^oi  gaa  and  iodine  rapoor  are  passed  together 

through  a  red-hot  tube,  combination  takes  place.   Acconling  to  Blundell  (P 


Ann.  ii.  216),  spongy  platinum  brings  about  the  combination  at  ordinary  tempera- 
taree.   The  affinity  of  iodine  for  hydrogen  ia  inferior  only  to  that  of  oxygen,  fluorine, 

chlorine,  and  bromine  ;  consequently  iodine  separates  In'tlrogen  from  most  of  its  com- 
binations, vis.  from  phosphoretted  hydrogen,  sulphydric  acid,  ammonia,  and  many 
organic  compounds,  e.g.  alcohol,  ether,  and  volatile  oils,  the  result  being  in  all  cases 
the  ibfmatbn  of  hydriodic  acid  (Gaultier;  CoUd).  Iodine  does  not  deix)mpo.so 
watn",  even  at  a  red  heat,  or  at  all  ftvent.s,  produces  mere  traces  of  iodic  and  hydriodic 
acids  (G ay-Lussac).  If,  however,  there  is  likewise  present  any  sul  ^tniiee  that  can 
take  1^  the  oxygen  of  the  water,  hydriodic  acid  is  produced  in  almndanee.  Heaoe 
water  and  iodine,  in  contact  witli  ph<  sp}torus,  form  hydriodic  acid  aud  phosjihorous 
acid  (Gray-Lussac):  with  siUphurons  aeid,  only  however  when  a  considerable 
^nantity  or  water  is  present,  they  yield  hydtfedie  ana  sulphuric  acids.  With  mljMitt^, 
if  largely  diluted,  the  pmdiii-fs  are  hydriodic  arid  and  a  suljihate ;  similarly  with 
hyposulphites i  with  ar«enu>u«  octt^,  hydriodic -acid  and  arsenic  acid;  with  stannoua 
aaits,  hydiio^  aeid  and  a  stannie  aalt;  and  with  eertda  metals,  hydriodio  add  and  a 
metallic  oxide. 

Preparation. — 1.  In  the  gaseous  state. — a,  1  pt.  of  pho8j>horus  and  9  pts.  of  iodine 
are  moistened  vrith  a  small  quantity  of  water,  or  covered  with  moistened  glass-powder, 
and  heated  in  a  retort  connected  with  a  mercurial  tn)up;h.  Towaida  the  end  of  the 
operation,  hydriodateof  pliosphamine  (p.  201)  may  sublinn-.  Personne  (Compt.  n^-nd. 
lii.  468)  recommends  the  use  of  amorphous  phohiphorus  fur  this  purpose.  The  phosphorus 
is  to  be  intxodaeed  into  a  tubulated  retort,  covered  with  a  layer  of  water,  and  io<Une 
added  by  sneeefisive  portions,  while  the  whole  is  gently  heated.  A  regular  stn-am  of 
hvdriodic  acid-gas  is  then  ^iveu  off  quite  free  from  iodine-vapour. — b.  1  pt.  of  phos- 
imoru.s  is  gently  heated  with  14  pta.  of  iodide  of  potassium,  20  of  iodine,  and  a  small 
quantity  of  water.  If  the  evohifion  of  gas  becomes  too  violent,  tlie  v.  s'-el  must  be 
^li^ed^to  cold  water;  if  it  becomes  too  slow,  heat  must  be  again  applied  (Millon, 

4KI  -I-  P*  4.  P*  +  7H«0   -   VBKy  4-  14HL 

i.  In  thr  liquid  state. — Iodine  and  persulphide  of  hydrogen,  which,  when  they  come 
in  oontact,  unite,  and  form  a  yellowish-brown  liqtiid,  are  placed  together  at  the  closed 
cod  of  a  diry  glass  tube;  and  at  a  short  distance  trova  them,  in  a  bend  of  the  tube,  ia 
nilaeed  a  small  quantity  of  water.  If  the  tube  be  then  sealed,  and  the  first-mentioned 
Iiq[nid  brought  in  contact  with  the  water,  decomix)sition  takes  place,  restilting  in  tlio 
aqparatiou  of  sulphur  and  hydriodic  acid,  a  considerable  portion  of  the  iullcr  cundcns« 
ing  in  the  Hqnid  state.    (K  e  m  p^  FhiL  Mag.  J.  viL  444.) 

3.  hi  uqwoHS  solution. —  The  aqueous  aeid  may  be  prepared  l>v  passing  the  g:is 
obtained  by  either  of  the  preceding  methods  into  water,  which  absorbs  it  very  rapidly 
and  in  lai^e  quantity;  or  direetly :  1.  By  distilling  iodine  with  phosphorus  and  a 
large  (jTiantity  of  water. — 2.  T^y  pjtssing  sulphydric  acid  gas  into  watt  r  in  which  iodine 
is  diffusixl,  the  liouid  being  weU  agitated  all  the  whii^  till  the  iodine  has  disappeared, 
and  the  liquid,  whiofa  WM  hcown  atilzat,  hai  beoome  odomlcw;  the  liqiiid  m  then 
filtered  and  heated  to  eornrn mcing  ebdlitjw^  in  ocder  to  espel  the  eateaae  of  fa^lgrdBO 
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acid  (Oay-Lnssao).  Since  the  sulphur,  as  it  precipitatc.^i,  »  nvelopc«  the  iodiue  which 
atOl  famains  undissolved,  L(*  Royer  and  Dnmas  recomnieiul  the  proeeaa  of  aatnaatiiig 
water  with  iodine — docanHncr  the  liquid  fiv)ni  the  undissolved  |x>rtion  — con  verting  tho 
diii(K>lved  iodine  into  iiyelriodic  acid,  means  of  sulphydric  acid — digesting  in  this 
lii|tiid  a  fresh  portion  of  iodine,  which  duMdvaa  omeb  man  abvadantly  in  the  hydriodio 

aeid  aln-ady  pnduord — decanting  a^n— once  more  saturating  with  Hulpliyih  i  -  ;ieid  

again  dieting  with  iodine,^ &c,  &c.  Another  method  in  that  of  titratingh,  which 
eonaiali  in  paaring  sulphydrie  aeid-gaa  tinoogh  »  aohitiim  of  iodine  in  16  pta.  of 
fll<  <ihol,  filterinfr.  diluting  with  32  pts.  of  water,  and  fn  eing  the  product  by  distillation 
from  alcohol  and  flacoen  of  aulphjrdric  actd.^  The  acid  prepared  in  this  manner  is  liable, 
howerw,  to  h©  nixed  vidi  n  pcodnet  of  disa^eable  odour,  arising  from  the  action  of 
the  sulphydrie  acid  on  the  alcoh«L  '<  ludide  of  barium  di^olved  in  water  io  naietiy 
deeomjwiied  by  the  equivalent  quantity  of  sulphuric  aoid,  and  the  pitxluet  is  separated 
by  filtration  fromsidphate  of  barium(Glover,  Phil.  JMag.  [3J  xix.  92). — 4.  Granulated 
lead  is  agitated  with  iodin<-  and  water  till  the  liquid  beoomeo  eoIovileoB;  sulphydrie 
acid  giis  is  then  passed  tlirougli.  and  the  liquid  d<'eanted  (Joss,  J.  pr.  Chem.  i.  133). 
The  aqueous  solution  of  tlie  acid  obtained  by  either  of  these  methods  may  be  conoen- 
tattd  Of  heating  it  in  a  retort. 

Projterti'S. — Hydrio  li.-  aeid  is  a  colourless  gas,  which  reddens  litmus  strongly,  and 
noduoes  dense  white  fumes  in  moist  air.  It  has  a  very  sour  suffocating  odour,  extinguishes 
flama,  and  is  not  itadf  eombnsHble.  Its  specific  gravity,  aonnduiff  to  Oay-Lussac's 
det.  rmination,  is  4'4429,  which  shows  that  the  gas  is  composed  of  equal  volunu*s  of 
hydrogen  and  iodine-vapour  imited  without  condensation ;  for  tae  density  thence  deduced 

127  +  1 

ia  — 1^        «  64tatexadtolqrdiogoainnni7,andM  x  O'Oesa  -  4*iMSxclbind 

to  air. 

Hjfdziodic  acid  gas  may  be  liaueiied  by  pressure  (p.  284).  The  liquid  acid  has  a 
Tdlow eidonr,and  sotidiilwi  at  ->61^,  ftnning  a  transparrat  eolottrless  mass  intersected 
by  fissnrt%  lun  lee. 

The  aqueous  acid  smells  like  the  gas;  its  taste  is  punpmt  at  first,  afterwards 
•stringent  and  sour.  When  conoentnEsd,  it  fumes  strongly  in  the  air.  Its  specific 
gravity  and  boiling-point  vary  witli  iti  alxength.  An  aeid  oontaining  67*0  per  esBtw 
HI  \)o\ls  constantly  at  127'^  under  a  pressure  of  774  mm.  A  weaker  or  a  stronger  acid 
may  be  reduced  to  this  strength  by  distillation  under  the  ordinary  pressure  (in  an 
atmosphere  of  fajdvogsn,  to  avuid  di  composition).  When  dry  hydrogen  gas  is  paasfd 
through  weaker  or  str^tncrer  ficid.  till  the  remaining  ncid  attains  a  constant  strength, 
this  add  is  found  to  contain  from  60  3  to  607  per  cent,  HI,  if  the  experiment  is  made 
nt  a  tenperatnre  between  15*  and  19^,  and  horn  BS-i  to  6S'6  per  eent.  HI,  if  it  hai 
been  performed  at  100°.    (Roscoi'.  Chfra.  Soe.  J.  xiii.  ICO.) 

J/ecammmtioiu, — 1.  A  mixture  of  hydriodic  and  oxyg<-n  gases  passed  through  a  red- 
hot  pore&dn  tube  la  reeolred  into  wnter  and  Iodine'  (G  ay  -  Lussae).  The  aqneons 
solution  undergoes  a  similar  deconi[H>sition  when  exj>osed  to  the  air.  becoming  brown 
from  separated  iodine. — 2.  The  following  compounds  give  up  thoir  oxygen  to  the 
hydrogen  of  the  hydriodic  acid,  forming  water  and  separating  iodine,  liydrated 
prroxidr  of  hydrogen  is  converted  by  it  into  water  (Th6nard)>  iSIW^Allfeiil 
lirtdf  andhjdriodie  aeid  gases  yield  water,  sulphur,  and  iodine: 

S0»  +  4111    =    2fl»0  +  S  +  P. 

If  vator  is  present,  the  two  acids  have  no  notion  on  one  another  u  m  a  s).  ITydri- 
odieadd  m  <vi(>  ooaomtwtad  amaoni  aohitioa.  ii  dMonipoaad  by  strong  su/jthuria 
«n<  jielflOng  vntsr,  odphnooa  aeio,  and  flna  iodina: 

HfiO«  +  8HI    -   H'O  +  W&O^  +  P. 

On  the  addition  of  water,  sulphuric  arid  and  hydriodio  neidf  m  V^VOdnoed.  Aqpeovo 
Mie  acid  and  hydriodic  acid  yield  wtiter  and  iodine: 

HIO»  +  6HI  -  3H»0  +  I«. 
Bypochhnmi  add  decomposes  hydriodic  acid,  both  in  the  gaseous  form  and  in  tho  state 
of  aqueous  solution  (Balard).  Nitric  acid  yields  iodine,  water,  and  nitric  oxide 
( rj  a  y  -  Lu  esac).  Ferric  «<j//j»  arc  converted  by  hydriodic  acid  into  ferrous  salts,  iodine 
being  at  the  same  time  precipitated  (Gay-Lussuc). — 3.  Chlorine  gas,  in  small 
qnaim^,  ooBfailB  hgpdriodie  aeid  gaa  into  hydcoehloiiB  aeid  and  iodine: 

a  -f  HI    -    HCl  +  I; 
in  laqpr  q^umtilj,  into  hydrochloric  acid  and  trichloride  of  iodine;  e.y. 

4a  +  HT    -    HCl  +  TC1». 
(Gay-Lnaane).    In  a  similar  maunur,  itroininc  and  hydriodic  acid  gas  yield  hydro- 
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bromic  acid  gas  and  iodino,  the  action  being  attended  with  evolution  of  heat  (Balard). 
Hence  hydriodic  acid  imparts  a  blue  colour  to  starch  on  the  additioa  of  chlorine  or 
bromine  (not  in  excesii),  or  of  Hul^nric,  nitric,  or  iodic  floid,  ovft  aixtnre  of  bydbro- 
chloric  acid  and  chlnntfo  (»f  potassium.— -4.  Potassium,  sine,  iron,  vit^nrf/,  an<!  ot!i«r 
metals,  immersed  iu  this  gas,  aru  converted  into  iodidei^  1  volume  uf  hydrogru  l>eiug 
at  the  same  time  libenited  from  2  volumes  of  h^dri(»dus  add  gas  (G^ay-Lussac).— 
r).  With  most  basic  mfttiUic  axidr.'t,  hx>\r{od\t:  iu-id  furm^  WTitrrnnd  a  motallic  iodide, 
^me  of  these  iodidea  aeparate  immediately,  no  that,  with  the  salts  of  certain  metallic 
«xidi«^  MOMmM  hydriodSe  acid  fonu  precipitates  coanttrngct  metallic  iodide^  and 
distinpuisliej  V»y  tin-  fo!lo\viiiir  culoitrs :  Ox!<l<.'  of  l-iMtnuth,  bnnvn;  oxido  of  lead, 
orange-yellow i  mercurous  oxide,  greooiah-^dUow ;  mereune  oxide,  scarlet;  oxide  of 
rilver,  yellowiBh'irliite.  Other  metalfio  iodidn  remam  dbitdTed  in  the  liquid,  and  in 
that  state  may  be  regarded  as  hydriodatos of  metallic  oxides.  With  inrtaUic  peroxide*, 
e.g.  the  peroxide  of  manganese  or  of  lea<!^  bydiiodie  aoid  fonos  a  metallio  iodide  (or 
hjdriodute),  water,  and  free  iodine ;  e.  g. 

PbO  ■¥  VRL   «•   Pbl  •I'  H*0  ^  L 

'With  nanj  orgmdo  compoundg,  hydriodic  acid  reacts  in  the  same  manner  as  with 
inorpranie  compounds,  sometimes  <lc(»xl<lislii;^'  tlivm,  with  f jnnatldn  of  wntcr  and  elimi- 
uatioii  ul  ioiiiue,  wmetimes  simply  exchanging  iu>  hydrogen  fur  a  radicle  of  the  oigauii! 
compound.  Examples  of  the  first  mode  of  action  are  afforded  bjmannite,  with  iviiaeh 
h^'dricidic  arid  yields  iodide  of  lit  xyl,  wntrr,  and  ioiline  (p.  154),  and  by  crrthTOmrin- 
mtc,  with  which  it  yields  in  like  manner  iodide  of  tetryl  (ii.  505).  An  instance  of  the 
aeeood  mode  of  action  is  eodbibited  by  salicylate  ctf  methyl  (^wintergroon  oil),  with  whbh 
hydriodic  acid  forms  iodide  of  hiqU^I  lod  aaliqylLB  aoid.  (Lautamann,  Ann.  Ch. 
pharm.  cxxv.  18.) 

cm*(CH»)o»  +  HI  -  cm  +  cbw. 

It  ia  hy  reaetioM  of  thia  kind  that  Hatthieaaen  and  Foster  (Ghem.  Soo.  J.  xrl  8fiB) 

have  shown  that  cotamim-  and   its  dLi-ivatlvi's  ;iri'  tm'tliyllsfd  compounds.  (Sea 
CovaamNB,  ii.  90 1  Hsiupuac  acid,  iiL  112 ;  Ofiakic  acid,  and  Nabcotinb.) 
fiydriodio  aoid  vnites  dtnedy  with  ammonia,  phosphamine,  and  other  oifganie 

amines,  phosphines,  arsinee,  stibincs,  inc.,  forming  salts,  which  may  be  regarded  either 
as  hydriodates  of  these  ammonia-derixiUives,  or  as  io  iitU  s  of  the  corr»«»poiidinp;  deriva- 
tives of  ammonium,  e.o.  hydiiuiLite  of  tricthylaiuiiio,  M^^O-ll^/'.lil,  iudidti  of  triethyl- 
ammonium,  [N(.C-n')'H]I.    Similari|y  irith  other  organic  bases. 

It  likcwI.Mf  unifca  directly  with  many  hydrocar1>ons,  contuinini::  e\'en  nnmlffrs  <*£ 
hydrogtu-atoms;,the  oleiines  and  camphenes,  for  exauipi*;.  Greviiie  Williams,  by 
distilling  the hyiihiocarbons  obtained  from  Boghead  naphtha  with  faming  hydriodic  aadf 
obtained  compounds  wlii.  h  niighf !«  ri>x<irded  as  hydriodates  of  olefincs,  C"H*".ni,  orni 
iodides  of  the  corresponding  monatomic  alcohol-radidoK,  C"!!*"^'!,  as  when  treated 
-with  alcoholic  ammonia,  they  yielded  the  hydriodates  €ft  the  eorresponding  amines, 
C'H*"'*"N.ni.  Thf-  hydruMlalof.  oftli.-  olrfines  are  not,  howovcr.  in  all  cases  identical 
with  the  eorrespondiAg  mouatoouc  alcoholic  iodides  i  hydhodate  of  amyJlene,  for  «x> 
ample,  is  merely  isomerie  witii  iodide  of  amyl :  far  when  treated  with  mokt  oadde  of 
silver,  it  yields  a  hydrate  of  amylene,  not  <  \'  H  hUp;  the  properties  of  OOmmonimyltO 
alcohol.    Similarly  w  ith  hydrioaatc  of  hoxylenc  (  ji.  ISS). 

lOSZSE  or  ^iTMO&mx,    St  <.-  Iodamiuls  (p.  2S()), 

ZODXBES,  ncSTiUULZC*  These  compounds  ore  obtained  by  the  same  processes 
that  yield  the  chlorides  and  hvomides. 

1.  T>y  thf  dir.  i'f  action  of  iodine  on  a  metal,  freqncnflv  «  vfn  at  ordinary  tr-nipcraturcs, 
as  in  the  case  of  mercury.  The  oombtnatkm  is  attended  witJi  dovelopment  of  heat, 
aometimes  with  ilame,  whieh  is  oohmred  Tiol«t  hf  Ihe  iodins  Tapour  (<  ^.  x>otassram 
■odimn). 

2.  By  the  action  of  iodino  on  certain  mrtaUic  oxides,  hydrates,  or  carbonates. 
Iodine  displace  the  curides  of  potassium,  sodium,  barium,  and  calcium  at  a  red  heat, 
and  that  of  oxide  of  silver  at  ordinary  temperatures.  When  solutions  of  cau.stic  or 
carbonated  alkfjli  nrr-  fvi-ati  d  with  iodivif,  mixtures  of  iodide  and  iodate  nre  producrd. 
whieh  Ittat  brtlt  in  decuuiposed  by  heat  into  iodide  and  oxygen.  Iodine  and  pm>xide 
of  baiinm,  whan  miied  with  water,  dsoomposs  into  iodide  ofWiim  and  vMJSiia^  tiraa : 

I»  +  Ba'O*    =    2BaI  +  0«. 

3.  By  the  .iction  of  certain  mctnk,  suchas  p>otaBsiuin,^inf',  and  iron,  on  hydriodic  ncid, 
the  metal  then  replacing  the  hydrogen. — 4.  By  saluraLiug  hydriinlie  ncid  with  oxides, 
hydrates,  or  carbon«tes.  With  a  p<TOxide  and  hydriodic  acid,  iodine  is  liberated.— 
5.  Th«'  iiiKoIuble  io<1ides  are  prepared  1  y  adding  Igrdriodio  acid  or  the  aolatumof  a 
metallic  iudido  to  solutions  of  the  hea\7  metais. 

All  iodidfls  ata  dsatitate  of  metaUle  Iiutre;  lome  of  thm  aca  yrry  hewitifiillj 
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(vdoured.  Their  specific  gravity  xn  often  lower  than  the  m^an  sjx^cific  ^vity  of  their 
constituents :  sucb  is  thf  l;imo  with  the  iodidea  of  potaa*»ium,  copper,  tiud  silver. 
(BovlUy.) 

But  few  mptallin  i(xli»lo.s  ape  decompost  il  liy  li^at  aloiiL- :  tlii'  loilides  of  yoltl,  silver, 
platinum,  and  pttUadinm,  however,  give  up  their  iodine  vhen  heated.  Mubi  metalUo 
iodidet  when  ignited  in  twwaV  so  tluit  tii*  air  hat  e»e«i  to  tiMm,  give  up  ihtSit 
iodine,  ami  ari-  couvorfiMl  iriln  nxldrs  ;  s\ic\\  however,  is  not  tlu'  casi>  witli  th»'  )<».lldcs 
of  potaasiiUB,  sodium,  bismuth,  aod  lead.  ChioriuM^  at  red  heat,  decomposes  the  me- 
tdlie  iodidM»  oonmtii^  tiiioi  into  ddcnMei,  and  siiher  letting  the  iodfneilrae  mfnof 
ing  chloride  of  iodine.  Bromine  acts  in  a  similar  manner.  Chlorine- water  likewise 
liberates  the  iodine.  Ih/drctehhiHc  acid  gas  decomposes  metallic  iodides  at  a  i^ed  heat^ 
forming  hjdriodic  acid  gn^  uiid  a  metallic  chloride.  Concentrated  sulphuric  and  nitric 
add  and  likewise  acid  sulphate  of  potassium  decompose  all  metallic  iodides  on  the 
application  of  hent,  the  protlnctf!  I'oinn;  ioiliiic,  whi.  h  escapes  in  violi »  vapours  (which 
give  a  blue  colour  to  paper  moistencHl  with  starch),  aud  a  sulphate  or  nitrate  of  the 
eotrcspondiiig  meCaL  when  this  <^ange  is  produced  by  nitric  add,  penutrie  oxide  ia 
fonnea  at  the  pamo  timf.  Sulphuric  acid  and  nrid  «;nli>hati-  of  pntr\?r«;him  cvohv  PTslplni- 
rous  oah/drido,  sometimes  also  sulphdyric  acid.  Sulphuric  acid  or  acid  sulphate  of 
potaaannii  with  perazide  of  nangunese,  peroadda  of  lead,  or  ehoramate  of  potaarinn, 
producea  the  same  decomposition,  but  without  evolution  of  sulphurous  anhydride.  A 
bead  of  microcosmic  salt  saturatud  with  oxide  of  cvf/jptr  communicates  a  beautiful 
green  colour  to  the  blow-nipc  flame  on  the  additkn  of  a  metallic  iodide  (Beraelins). 
MetaUie  iodides  agitated  with  salplnrie  add  and  av^pAAIf  Mr4w«»  connnnifMita 
an  amethyst-red  tint  to  the  latter. 

Vexy  few  metallic  iodides  remain  unaltered  in  contact  with  water:  such,  however,  is 
tbaoaaa  vith  tba  iodides  of  bismuth,  lead,  OOpvx  r,  and  <•  v*  ral  of  the  noble  metals. 
Some  of  them  nre  converted  hv  water  into  nn  oxide,  which  is  j»n  eipitat<  d,  and  hydri- 
odic  acid  which  dissolves  in  the  water  (iodide  of  tin) :  or  into  a  predpitated  cumpoimd 
«f  iodide  and  oxido  of  tlio  metal,  and  a  aolotioa  of  tue  iodide  in  aqu^us  hy<biodieadd 
(the  iodides  of  antimony  and  tellurium).  Most  metallic  iodides  ai^>erfi  i(ly  eohible 
in  water ;  and  the  solution  may  be  regarded  us  eontaining  either  the  unaltered  iodide^ 
or  a  liTdxMdata  of  the  oxide  formed  bj  do«d>Ie  deoompoaitioii  (e.g.  the  iodidea  of  <lte 
alkali- metals,  iron,  nickel,  cobalt,  &c.). 

The  soluble  iodides  are  extremely  poisonous.  When  evaporated  out  of  contact  of  air, 
ihey  generally  leave  anhydrous  metallic  iodides,  whicli  partly  tseparjite  in  the 
AjataUina  ftunn  beflare  tlw  water  is  wholly  driven  ofil  The  earthy  hydriodate«, 
however,  are  resolved,  on  evaporation,  into  the  earthy  oxides  and  hydriodio  aeid, 
which  escapefi,  A  very  small  quantity  of  chlorine  colours  the  soiutiou  ytsllow  or 
brown,  by  partial  decomposition;  and  a  somewhat  kurgsr  ooantitf  takes  up  tba 
inliiile  of  the  niefal,  forming  a  chloride  (or  hyilroehlorate),  ana  separates  tht-  iodine, 
which  then  gives  a  blue  colour  with  starch ;  a  still  lai^er  quantity  of  chlorine  gives 
the  liquid  a  paler  eoloor,  and  eonverte  the  aepanited  iodise  into  tmUoride  of  vMim^ 
"uhich  does  nof  t'lve  a  Mue  eolour  witti  starch,  and  frequently  enters  into  combination 
with  the  chlonde  produced.  Strong  sulphuric  add  and  somewhat  concentrated  mfrie 
oolonr  the  MMWon  yellow  or  brown ;  and  if  the  quantity  of  the  iodide  is  large, 
and  the  solution  much  conci  ntrated  or  hmted,  they  liberate  iodine,  which  partly 
e8cap<»f»  in  r'uAvX  vaponra.  Slcrch  mixed  witli  the  solution,  even  if  it  be  rerr  dilute, 
is  turned  blue— perniaueutly,  when  the  decomposition  is  tficcted  by  sulphuric  acid; 
Ibr  a  time  only  when  it  is  effected  by  nitric  acid,  espeoiiUy  if  that  acid  be  add>  d  in 
large  quantity.  If  the  sulphuric  acid  contains  sulphurous  acid,  which  is  very  likely 
to  be  the  case  with  fuming  oil  of  vitriol,  it  does  not  produce  the  blue  colour,  even  when 
added  in  laine  azoeaa.  B  a  liquid  in  which  iodine  ia  preaent  (urine^  Ibr  example) 
contains  mnch  orp^anic  mutter,  which  may  decom{H»se  tlie  oil  of  vitriol  nnd  form 
aulphonHis  acid,  it  will  not  produce  the  blue  colour  with  starch  and  sulphuric  acid 
nnlesfl  it  tw  diluted  with  water  (Dupasquier,  J.  Phaim.  S8,  218).  If  tm  aoliition 
likew'i>ie  contain8  a  ^alf  of  i'xl^r  acia,  most  acids  produce  a  brown  colour  and  iodine; 
because,  by  vurtue  of  their  affinity  for  the  base  of  the  iodate,  they  facilitate  the 
lantaal decomposition  of  the  hydriodic  and  iodic  acid:  lUO'  +  5HI  ■>  8HK)  4-  8P. 
Thd  serarotion  of  iodine,  and  the  blueing  of  the  Ntart- h  likewise  takes  {da^  on  adding 
hydrochloric-  acid  to  the  solution,  together  with  a  stannic,  ferric,  or  niprie  salt^  or  a 
salt  of  cliromic  acid.  Also,  if  the  solution  uf  the  iodide  be  covered  with  gelatinotuf 
starch,  the  negative  pole  of  a  small  Toltaie  batteiy  immersed  in  the  former,  and  the 
positive  pole  in  the  latler.  the  starch  is  tnrn<  d  liluein  the neighl>ourhood  of  the  positive 
wire,  even  if  thu  Huluiion  contains  a  much  larger  quantity  of  bromide  or  chloride  than 
of  i'>dide  (Steinberg,  J.  pr.  Ghem.  xzr.  988).  If  the  aqneona  folntioik  of  a  metallie 
iodide  contains  only  ^77,  ',,,  P^^rt  of  iodine,  it  i^ivcH  fi  strong  blue  colour  with  dilnte 
l^fcincma  atarch,  on  the  addition  of  aqoa-regia :  with  ^^J^  part  of  iodine,  the 
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precipitate  in  violet ;  with  j^v^coj^  roBe-coloured ;  and  with  rsr5.hns^  »  P*l«  K»©-oobur  ia 
produced  after  the  lapse  of  a  few  hoiin  (Harting,  J.  pr.  Chem.  zaoL  46).  If  the 
sohiiion  iikfwift-^  contains  a  largf'  qnantitjof  rtu'f alHc  cliloride,  thebltuniif^  of  the  starch 
ia  not  readily  |>roduced  by  the  addition  of  nitnc  acid,  in  consequence  of  the  fonnatiMi 
of  <^]oride  of  iodine:  in  thieeaee^  a  solirtioii  of  itenh  in  lioiliDg  dilute  en^ifaiirie  aflid 
may  bo  addi>J  to  the  solution  of  th<'  iodido.  and  thon  a  very  small  quutity  €lt  . 
ohlorino  water,  the  li(^uid  being  stirred  at  the  same  time.  (Berzelitis.) 
.  The  aqueous  solution  of  an  iodide  gires  a  brown  precipitate  with  salts  of  its^ 
nmth;  orange-yellow  with  ImJ-.-'a/Ls ;  dtriy-^liita  with  mprom  aalla.  and  nieo  wildi 
etrpric  Halts,  especially  on  th<'  udditiou  of  sulphurous  add;  greenish-yellow  with  rrur- 
curom  mlis ;  scarlet  with  mercHric  salts ;  yellowish-white  with  «7ver-8alt8;  lemon-yellow 
with  gold  salts;  brown  witli  piaimic  saUti, ftnt  boveirer  torning  the  liquid  dark  brown- 
red;  and  black  with  saxlts  of  palladtum,  even  when  extremely  dilute.  All  thi  s.e  pnci- 
pitales  consist  of  metallic  iodides,  many  of  them  aolubla  iu  excess  of  the  soluble 
lo^Bds:  the  aiWer  precipitate  if  iaeolvUe  ia  nitrie  aeid  «ad  ipciy  little  nUble  ia 
•mmontit. 

When  iodiae  is  added  to  an  aqu^us  solutiua  of  h  salt  of  hydriodic  acid,  the  liquid 
takes  vp  aa  addHaopal  qaaati^  of  io^e,  equal,  aeooiding  to  Baup  (J.  Vbmrm. 

ix.  46)  to  that  which  it  already  contains.  It  thereby  acquires  a  dark-bro\rn  colour, 
and  is  supposed  by  some  chemists  to  contain  a  metalUc  pohfiodide  or  a  salt  of  i^fi- 
odotu  add;  but  the  afi&nity  by  which  the  iodine  is  retained  is  very  feeble. 

Many  metallic  iodides  absorb  ammonia  in  definite  proportional  lonaing  compounds 
which  may  rei;arded  OS  iodidee  of  aminoiiiim-moleriilab  himng  pact  of  the  hj> 
drogen  replue«d  by  a  metal. 

Some  of  theae  oaai]ioiinda  anite  with  the  oacftbt  of  tbe  eaweq>ocding  metals,  Ibnodung 
oxyiodidf'fi.  e.g.  antimony  and  tellurium. 

Mf^ftjly.  iodides  also  unite  with  one  another,  forming  double  iodideaor  iodine- 
aalti. 

lOHWBSS,  OROAirxC. — 1.  Acid.  The  iodides  of  acid  orgeaie  radicles  have  not 

been  much  .studied.    lodi  1   r  f  acetyl,  C'-TT'OT,  is  oliiaim  d  by  the  action  of  iodide  of 

Phosphorus  on  acetate  of  uota^ium  or  acetic  anhydride ;  and  iodide  of  benzoyl,  CTH'OI, 
y  the  action  of  iodide  of  potaseiain  on  dUoridie  of  benaoyL   Theee  add  iodides  re- 
semble the  oorre-sponding  chloridr"*.  l.nt  are  much  more  easily  decomposible. 

2.  Alcoholic,  lod^dric,  or  JUjfdriodic  ethtrt.  The  monatomic  alcohoUe  iodidee 
un  prodnoed  hj  uie  aehoa  of  hydnodic  add,  cat  iodide  of  phosphorus,  on  the  oorre- 
spondii^  alcohols,  and  by  that  of  hydriodic  acid  on  the  corresponding  diatomic  hydro- 
rarbon««,  e^.  iodide  of  amyl,  C*H"1,  from  nmylene,  C*H'*,  and  hydriodic  acid.  It  is 
duubtful,  however,  whether  the  iodides  obtained  by  this  last  process  are  really  identical, 
or  only  isomeric  with  those  obtained  from  the  alcohols  ({k  %M), 

The  monatomic  alcoholic  iodides  are  less  stal)le  than  rorrp*jpondini»  chloridci',  snme- 
time  deoomposiug  under  the  ixitluenco  of  light,  into  tlic  aicohol-radicle  and  free  iodine, 
e^.  iodide  of  ethyl. 

Ileatod  in  «ealfd  tubes  with  rertain  metals,  viz.  -irir,  pnfijssium^  or  ."odhm^  they 
yield  a  metpallic  iodide  and  the  alcohol-radiele :  e.  g.  sine  vrith  iodide  of  ethyl ;  potassioia 
or  sodxnn  with  iodide  of  tetryl.  With  mefcmp^  Hn,  lead,  arsMw,  antimony,  and  a  few 
other  metals,  under  the  influene'^  of  heat,  or  of  the  sun's  rays,  they  yield  t^ie  itidides  of 
ofg«uiOom«.>taUic  bodies  \  thua,  iodide  of  ethyl,  enclosed  in  a  sealed  tube  with  strips  of 
tiiubil,  aad  heated  ia  %  sealed  tabe  to  180",  or  exposed  to  Ae  san*s  T&ya  cuacentrated 
by  a  lens  or  mirror,  yields  iodide  of  stannetbyl,  (CH*)'SnT  (ii.  236).  Sometimes 
the  organo-metallic  compound  thus  formed  «ot.s  further  on  the  iodide,  giving  rise  to 
new  products  (ii.  633,  636).  Similar  reaction^*  take  place  w  hen  the  alcoholic  iodides 
an  heated  with  the  arsenides,  antimo^des,  stannides,  &c.  (;f  i>otassium  or  sodium,  the 
oi^no-mptallic  radicles  being  then  lormed  with  greater  faolilgr,  beoMue  the  alkaU- 
metal  unites  with  the  iodine. 

Hie  aleoholio  iodides,  heated  ia  sealed  tabes  with  ammmia,  yield  a  mixtara  of  the 
iodides  of  various  ammoninm-bases,  in  whifh  the  ljydr<igen  of  the  ainTtionium  is  mrtro 
or  less  re^aoed  by  the  aloohol-radicle ;  thus,  iodide  uf  methyl  with  ammonia,  yields  a 
suztere  <ff  theiofidesof  anunoniam,  and  of  methyl-,  dimethyl-,  trimcthyl-,  a»dtetranM^ 
thyl-ainnioniuni.  With  pn'/xari/  and  sw-'iulurj/  ni'^uouinf mu\  clinnihn  -s^  they  react  in 
a  similar  manner,  the  reaction  becoming  Ices  complex  as  the  amine  itself  is  of  a  higher 
order.  With  tertiary  Tmmamines  thev  unite  dirsetly,  yielding  the  iodides  of  ammonium- 
bases  ia  which  the  hydrogea  is  wholly  Kplaoed  Ij  tbe  alsMiol-ndida, 

(CTT^7X  +  C»H»I    =  (rH»)*NI 
Til(<(hjl.       ledideoT     Iodide  of  teCnAhjr|> 
•arine.         eibyL  mmonlmm* 

Similarijy  with  tettlaiyj^AoqiMMi^  aninet,  &MiimB,  fte. 
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Alcoholic  iodides  treated  with  pidauiusn-  or  sodium'UlookoU  yield  the  oxide*  of 

CFm   4    CH'NaO      •      Kal    4  (0^*)H> 
ladHtoer        BthvUiaoT  XthyUe 
«difL  Mdlaim.  oslde. 

CH'I  +  C*IPNaO  -  Kal  4  CH»C»H».0 
MM*  of  BtbYlatoof  llMlijl'tUifUc 
■MttvL  aoilaau  wSd*. 

"Wtth  jgiMr  wrfto  tfotjftme  aeieb,  they  jldd  oompoo&d  ethen,  e.^..> 

cm  +  «^(o    -   ^  + 

Iodide  of  Acoute  of  Acetate  of 

ethyl.  illfer.  ethyl. 

Th>^  facilitj  with  which  the  alcoholic  iodides)  are  decomposed  bv  thfm  sovernl  roaKcnts 
reii  U  rs  them  pecfdiarij  Veil  adapted  to  the  pgepag^aon  cf  oumt  eompooode  el  tiie 

alcohol-ra>lu  lt  s. 

Diatomic  Alcoholic  Iodides. — The  iodides  of  the  oleftne«,  OH*"**!*,  which  nre  the 
only  known  oompoaiidt  of  this  groups  axe  produced  by  direct  combination :  ahso  by  pinfting 
tht-  ntponrs  of'  tlw  oomspoodiiig  monatomie  aMohoUo  iodides  titron^  a  red-hot 

tube;  e.g.: 

S(7BR[   —  OT*P  +  COT  ♦  W; 

and  by  the  acticn  of  IgrAriodie  aeid  on  the  djatomte  aleohols  (ii.  678).   The  few 

which  have  been  prepared  are  crTstalliiio  soliflx,  ranily  resolved  into  iodine  aii'1  the 
diatomic  alcohol-radicle,  the  decumpusitiuu  taking  place  slowly,  evcu  at  ordinary  tem- 
pemtures.  They  are  completely  decomposed  by  aJcoholic  potash,  yielding  iodatcd 
hydrocarbons;  e^.,  iodide  of  ethylene.  C'H*I',  is  n>S4>lvcd  into  hydnOilii-  .loitl,  TIT,  .ind 
iodethylene,  C^I.  Their  reactions  with  ammonia  have  not  be«m  much  examined,  but 
thej  appear  to  he  aimilar  to  thoee  of  the  eorreeponding  bxooiidM.  (See  ErflminK 
BASES,  ii.  5B5.) 

3.  The  organo-metallic  iodides  resemble  the  corrrs ponding  bromides  and 
cUorides;  thqran  obtaiiied  ht  tbenuraner  abore  deaertbed  (  >y  the  aetioB  of  metals  and 

alloys  on  the  alcoholic  ioilidrs-  -n  l  r  'ho  inflnence  of  h-  at  or  Ughi; 
ZOSZDE8  or  TTXTROGEW.    S,-;-  loir.^mBF.s  (p.  'josy 

Z09X9BS  or  FBOSPHOKVS,  SBUEWZITK,  SVXiVaim»  and  TSUUW 

Sea  fiieae  aewnl  elenaata. 

  Aftmic  weight,  127.    Svmiol,  J. — This  element  was  discovered  in  1812, 

hj  M.  Oonrtoi!',  of  Pari.-,  in  tlie  inotfier-liquor  of  kelp  from  which  carbonate  of  snda 
had  beeii  prepared.  Its  ciiumitiil  properties  were  oxainined  by  Clement  and 
Desormes  (Ann.  Oum.  Ixxxnii.  804),  and  afterwards  more  completely  by  Davy 
(Phil.  Trans.  1814,  i.  74)  and  Gay-Lns^ac  (Ann.  Chim.  Lxxxvlii.  311.  319;  xci.  6). 
Its  name  is  derived  ^m  the  Greek  word  lay  (violot)^  ou  account  of  the  euloor  of  its 
Tapour. 

iodine  exists  in  mariy  .s.ilt-.springs  and  other  mineral  waters;  al.so  in  Pea-water, 
which  is  the  great  source  of  iL  The  pruportion  of  iodine  in  ^ea-watt^r  i»,  however,  so 
niaate^  that  n  ean  only  be  delected  by  operating  upon  very  large  quantities ;  haH  it 
becomes  stored  np  In  the  Imdie.'j  of  marim-  plants  and  animals,  esjieoially  in  irrtalii 
algSBb  the  Fucus  palmaius,  for  example.  These  plants  are  collected  on  the  coast  of 
Seotland,  Jemey,  and  otbw  places,  and  homt  to  adiee  in  a  AtSkfw pit  to  fomi  kelp  or 
var<'('.  a  i^ubt^tance  which  wa.s  formerly  valued  diicflyfor  the  carlxjiiate  of  sodium  that 
it  yielded ;  but  now  that  this  salt  is  more  eoooomically  mannfikcturcd  from  chloride  of 
aodium,  kelp  is  dnefly  valoed  Ibr  tiu  deride  of  potassittm  ud  tha  iodine  ubiaiucd 
frr)!a  It,  especially  the  latter.  Iodine  exists  in  kelp  in  the  form  of  iodids  of  potsMiiam 
and  iodide  of  sodium,  which,  being  much  more  soluble  than  the  othea*  constituents, 
remain  in  the  mother-liquor  after  the  carbonates  and  chlorides  have  crystallised  out. 

Iodine  has  also  been  found  in  eartain  land-plants ;  e.g.,  in  tobacco,  and  in  a  epecics 
of  Salsola,  growing  in  the  floating  gardens  on  the  fr«^-irat»  laksa  near  the  city  of 
Mcxh^ 

yarinaa  marina  animals  also  contain  iodine,  viz.,  the  common  qiongc,  the  horse- 

fponj;^;  T:inow«i  species  of  Sertularia,  TSth'ifaria,  Fihico.<.fnm(i,  (\/nvn,  Dori.^,  T'ftfi'.f.  and 
oy-sters.  It  i.s  also  contained  in  cod-livt  r  oil.  Llm  pale  oil  coutuiniag,  acconiiug  to  L>e 
Jongli,  0-0374  percent.  iudine,thep«lebrown  oil  00406,  and  the  brown  oil  0*0295  per  crot. 
Iodine  i.s  lik«'wis*-  found  in  fteveml  miinTal.s,  r/~.,  a.s  iodide  of  mf^rniry  and  iodide  of 
silvitr  ;  afi  iodide  of  potaiisiutu,  hodium,  or  uiugnt  btuui,  iu  Chili  salt]  *  tre;  as  iodide  of 
aalcium  or  magneaittm  in  certain  dolomites ;  in  the  rock-salt  et  Ifalle  in  thel^ffol, 
pro! 'ably  in  the  form  of  iodide  of  sodinni  ;  and  Kublinii  s  as  iodide  of  anunooilim, 
together  with  sal-aumoniac,  in  the  buruiug  coal-mine  of  Comment ry. 

tm..  m.  u 
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Todi<!A  of  {iTnmnnmm       hoon  found  in  gn.c-trater,  in  tin  6ok«  Mt  in  Ibt 
aud  in  the  u^hes  of  coal  uud  £>eal  frotu  variouii  localities. 

Chatin  (Compt  rend.  xzx.  868;  zzzi  880;  SX&L669;  miii.  B19,  629,  681)  has 
fmmd  iodine  in  fhe  waters  of  mriotis  streams  and  rivers,  in  qxiantity  incnnsing  with 
the  proportiuu  uf  iron  present,  and  more  abundantly  in  the  waterti  uf  Tolcauie  dis- 
tricts than  in  those  ftoia  the  oolitic  and  limettone  formations ;  also  in  the  rain-watar 
of  Paris,  T'ma,  Fiorvnce,  and  other  localitie? ;  bnt  none  in  tho  rain-wator  of  moun- 
tainous districts.  He  also  states  that  it  is  sometimes  present  in  the  air  in  certain 
loealitses;  but  Lohmeyer  (Phil.  Mag.  [4]  yi.  237),  Macadam  (Ch«m.  Boc  Qa.  J. 
vi.  166)  and  others  hare  failed  to  dt^tectits  pr^»8enei>  in  tlu-  air.  Maradam  has  found 
iodine  in  oommeroMi  potash,  in  rarions  aamoles  of  alkaline  carbonates  (used  as  leageots) 
io  th«  aalist  of  «ood*diaMotl,  in  toti§,  waa  in  wmaoot  plaati. 

preparation. — 1.  "Fwm  mms  cat  kelp.  The  material  is  exhausted  frith  hotmtar; 
thf  solution  is  frr-ed  as  much  as  posBible,  by  eTapcmtion  and  coulinp',  from  the  crys- 
tiiliiaed  tudtti  contained  in  it  (chloride  of  potassiuiii,  chloridt  uf  .sodium,  carbonate  of 
•odioiBp  Mdnliftto  id  lodium,  &c.);  and  the  motlier-liquor— which,  besides  iodide  of 
sodium,  still  contains  •?nlphidf^  and  hjf^sulphite  of  sodium,  and  a  portion  of  the  salts 
already  meationed* — is  subjected  to  one  ol  the  following  processes :  1.  It  is  heated  in 
«  mbliBing  apptntw  iritfi  oU  of  vitriol : 

ava    HRW  .  Kaffio*  ^  iffo  -f.  so*  4-  p. 

This  method  is  not  xery  ad^antag:^•o^ls,  bocuuso  tli<»  sulphurous  acid  evolved  acts  upon 
the  iodine  and  the  water  which  is  presAol^  in  SQoh  a  Baaneir  m  to  pfodnoo  Jq^dnodie 
•fid  sulphuric  acids.  (Sonbeiran.) 
S.  The  mothes^Ikpor  is  h^^af  ^  .l  in  a  mhSmMg  tpptntm  irith  pwwaridff  of  bm- 
UMse  and  solpbnri'-  acid  (Wu  Huston): 

2XaI  +  2ii-.sO«  +  Mn-0«  -  Na'f?0'  +  Mn-SO*  +  2H«0  +  I« 

Mr.  Whytelaw,  of  Glasgow,  adds  one  measxxre  of  oil  of  vitriol,  carefully  and  in  small 
portions  at  a  time,  to  eight  measnms  of  tiw  mother-liquor  contained  in  a  leaden  boiler 
— whereupon,  carbonic  anhydride  and  sulphydric  acid  (from  the  sulphide  of  sodium)  are 
first  evolved;  and,  after  exposure  to  the  air  for  a  day  or  two.  pnlphurmis  anliydriiU 
(from  the  hyposulphite  of  sodium)  escapes,  and  sulphur  is  prccipitaiod.  lly  then 
pours  off  the  li(]uid  tnm  the  cryi^Uised  sulphate  of  sodium  into  a  h'ad.  n  cylinder 
plact'd  horizontally  in  a  ?»nnd-b.ith,  and  fittod  'krith  a  lioiid.  flio  beak  of  which  pfl!»««<'S 
into  the  first  uf  three  tubulat4xl  receivon?  luted  uuo  intu  Iho  other;  heats  the  mixture 
to  MP  C.  (149*^  F.) ;  and,  after  adding  the  peroxide  of  man^nese  and  patting  on  the 
head,  gradtutlly  ralsl^«!  the  temperature  to  100*^,  but  not  higher,  becatise  at  11 S"^  C. 
(244°  F.)  ahloride  of  io<line  ln'irinfi  to  distil  over.  Sometimes  also  cyanide  of  iodiuo 
coUedamtbe  last  receiver  in  wiiit<\  needle-shaped  crystal!.  The  liquid  which  remains 
in  the  retort  ht\\\  contains  iodine,  aod Ott  cooliii|^ dgpcaita  ciyaldi  <tt iodi^ 
double  iodide  of  lead  and  sodium. 

9.  The  mother-liquor  is  eraporated  to  dryness,  the  remdne  heated  with  penxdde  of 
roanpujfw,  and  the  ifxline  precipitated  from  the  filtered  solution  by  chlorine.  This  is 
Barruel's  method,  which  is  carried  out  as  follows The  r<>sidue  obtained  by  evapo- 
Tating  the  mothep-Uqiior  to  drynen  ie  nfawd  iritii  ^  of  tto  weig^  of  peroxide  of 
nianKnn«'.«e,  and  the  mixtnrp  heatwl  in  nn  ir  n  res,sel  to  commencing  redness  (stirring 
all  the  while)^  but  not  high  enough  to  cause  the  evolution  of  vapoars  of  iodine ;  the 


heat  !■  eontimied  tfll  a  Moiplt  of  Ae  mixture  1a«eted  trith  enl^irano  aeid  no  loiter 

evolves  sulphydric  n*"id  or  deposits  s<ul|>hur;  that  is  to  K%y,  till  the  whole  of  the 
mlphide  and  l^posulphite  of  sodium  ace  converted  into  sulphate.  The  mass  is  then 
diiaolTed  in  encn  a  qwmti^  of  irater  that  the  edution  may  have  a  density  corre- 
sponding to  86°  of  Baumi's  hydrometer ;  chlorine  gas  is  passed  through  the  filt^ared 
liquid,  which  is  constantly  stirred,  till  a  sample  treated  with  more  chlorine  no  lonper 
gives  a  precipitate  of  iodine  (excess  of  chlorine  would  convert  the  iodme  iutu  chloride 
and  rcdissolve  it),  and  the  pulverulent  precipitate  of  iodine  is  collected  on  a  iltcr» 
and  pttrifii-d  by  sublimation.  Mohr  is  of  opinion  that  a  li>s8  of  iodine  may  OOOUT  in 
this  proeeiis  during  the  heating  of  ^e  evaporated  residuo  witli  niantranese. 

4.  The  mother-liquor  is  pfeei|ntat<  il  by  a  eopper-s:ilt  and  nictallia  iron,  and  tha 
cnpmns  iodide  heated  with  peroxide  of  manpanese  fSo  u h  e i  ru  n).  The  mothor-ltquor 
is  diluted  with  water,  and  mixed  with  a  solution  of  sulphate  of  copper,  as  long  as  aujr 
prsoipit^  it  pto&MMd: 

SKal  4  Cii«0*  -  Ha«0«  ^  CM  +  I; 


flia  Bqaid  owrtahifng  tha  ftae  lodbe  if  lepttfatod  ty  deeaatatkBi  and  iwwhing  hem 

•  A  mtOm  l^asr  htm  mrttf  nssaliMd  kj  Seebslraa,  oootaioed  no  carbonate  or  mMMit* ;  the  pciA.  i 
«IVdrtllseanialao«lBtt,lDaMllooioilielMMes,«steiaealCratiseredelm  | 


Digitized  by  Google 


IODIN&  291 

ttM  prcoiintated  cuprous  iod^  and  mind  vidi  niplMltt  of  copper  and  inn  fllnui  till 
ii  no  knigar  wnriki  of  iodino : 

I  +  Ct3'SO«  +  Fo'    =    Cu'I  +  F.'SO*; 

and  the  ca|pvoiui  iodide  thus  produced  is  ouicJcJjr  saparatcd  bj  elutriation  fVom  the 
«anMi  of  imn4BSngiB  tad  fkom  tbe  liquid,  bofeco  ib»  ftnow  sulphate  has  timo  to 
oxivliitc  in  the  air.  Th©  two  portiuns  of  iodide,  obtained  as  above,  are  iwsKt  dried  al 
A^aotle  boat  Strongoc  liMt  would  decfnnpose  the  cnproos  iodide,  siocro  it  is  m^xM 
wiA  byie  fame  OolpMte,  tad  Ofolve  iodino) ;  the  whole  is  mixed  with  twice  or  thnn; 
times  its  weight  of  peroxiMf  of  manganese,  and  a  sufficient  quantity  of  aolpluuie  idd 
lo  font  it  into  a  pa<«te  ;  aud  the  mixture  ii  strongly  heated  in  a  subliming  nppirotH! 
I  Cu'I  +  Mu'O*  +  2SH«0«    -    Cn'SO*  +  Mn».SO«  +  I; 

or  tbe  fulpbiudc  acid  is  dispensed  with,  and  a  stroog&r  h«at  appli<  d  : 

2Cu1  +  8Mn'0«    •    Cfu'O  +  2Mn»U^  +  1^ 

In  both  cases,  the  iodine  which  passes  orer  is  aooompanied  by  water  (1<  nvt  ci  from 
the  hydrate  cuprous  iodido,  fi-om  the  sulphate  of  Oalcinm  precipitated  with  it,  and 
frr>m  tht'  sulphuric  ftoid  when  it  is  uhM  in  the  prcxws.    This  wat^  r  h-Ms  in  solution  a 

I  {■<jrfion  of  the  iodiDe,  which  may  bo  again  jirocipitatt-d  by  .sulphate  of  copper.    By  *j>*T 

j  j  nx't  sM.  100  |j(t«.  of  tiie  mother-liouor  yicUl  l  pt.  of  iuJino. 

'  II.  "Fron   th-  rnoOwr-Uquor  of  th$  (Wioib      i^mk^IiuO  MOtborjiqMg  OOBtaiu^ 

aooozdiog  to  Beichardt's  analysis  : 


Nitrate  of  sodium  •  • 
Ghkcido  cf  oodinn 

Sulphate  f    i';^iu  siuia  , 

Chkgide  of  uagneaiuin  « 
T««^t^^  of  oodiwB, 

Water,  given  off  at  lOO*'  . 
Comhinod  water  (asd  loss)  • 


23-300 
8*dM 
2-214 
1121 
0^0 

67-406 
6925 


100-000 


According  to  GriinobeTg  (J.  pK.  Gbem.  Ix.  172),  part  of  the  iodine  iu  this  liquid  ia 
in  the  ftm  of  iodide  of  wtagneaiinB»  whiah  if  deoompoeed,  dunng  the  eraporatiun,  into 
magnesia  and  hydriodic  acid,  thereby  occa.sioning  loss  of  ii>Jinc;  this  ho\*.  ver  may  be 
prrranted  hj  the  addition  of  oaustie  soda.  The  liquor  is  then  treated  with  inm  flUiiga 
and  mlphato  of  copper  (as  i&  SooboiM&'i  autiiod)  till  tiio  vlnU  of  the  iodlao  la 
naeiuteftcd  aa  iitonia  and  nuirnaa  iodide : 

lodatcof 


and  the  precipitate,  whidi  also  contains  oxychlorido  of  copper,  is  distilliMl  with  pi  roxide 
of  mangaiww  and  wdphario  acid*  1^  receiver  cootaiiw  crysUla  of  iodiao  and  cUortdo 
ofiodiaei  The  lattw  !a  fefaled  w4<li  eartoMte  of  potaarimn,  wludt  i«fm^ 

iodine,  'wntb  formation  of  chlorivle  and  chlorate  of  polasfsiuni. 

Jaoquelin  and  Farre  extract  the  iodine  from  the  mother-liqaora  of  caliche  and  com- 
Biemiu  nitrate  of  sodium,  by  the  icdlowiog  process,  founded  OA  tile  action  of  sulj^huruus 
acid  on  tlwiodatea: 

Tlie  s<jlution  of  the  riitro  havinp  1>een  Ponoentrated  to  36**  or  37*'  Bm.,  a  sample  of  it  is 
mixed  with  aqueous  sulphurous  acid,  cautiously  aad  with  ooastaat  stirring;  until  all  the 
iodine  is  precipitated  ;  the  quantity  of  sulphmma  acid  vaed  la  then  noted ;  and  frum 
the  data  thus  obtained,  the  manufacturing  operations  are  managed. 

The  solution  of  the  nitre  is  run  into  a  cistern  built  of  stone  or  fire-bricl^  and  closed 
with  a  cover  coated  on  the  under  side  with  gla^^  plates.  The  ciatem  is  fitted  with  an 
agitiitcr,  hating  alOtteware  anaa  worked  from  al>ovo  through  the  cover,  while  the  solu- 
tion of  snlphuroT)^  noid  is  b.  in^  mixed  with  the  liqiiid.  Ilie  iodiao  wlucli  pndpitatoa 
is  coIlectCHl,  wae^iiid,  and  .'sublimed  <vs  above. 

If  the  iodine  is  present  in  the  form  of  iodide  and  iodate  together,  bt^h  dilorine  and 
iniljiLiirou.«  acid  must  lu'  cmployf  d,  the  neccj^ary  quantities  having  been  previously 
asc«trtuiued  by  tt;bt-»auipli«.  If  the  iudate  is  present  in  the  large»t  proportion,  the 
oUorine-water  is  first  used,  and  then  the  aqneooa  aolphwona  add;  Dut  whm  the  iodate 
is  the  chief  ingrt'diont,       order  of  treatment  i?  reTfr«»od. 

III.  Frmn  Mnund  watti'^. — Th©  quantity  of  io<litie  existing  in  certain  niio' ral 
waters  and  in  spent  artificially  iodised  bt^hs  may  ht  exirueted  by  means  of  charcoal, 
Vhieh  oonploteil^  preeipdtatea  free  iodine  on  the  aoEfiuo  of  ita  particlaa^  whore  at 

u  2 
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remains  ^xd  like  a  dyo  upon  cloth,  and  cannot  be  Tf^niovod  hy  heat,  hy  cWorine, 
or  by  water  or  alcohol  either  hot  or  cold.  Animal  charcx)al  acta  most  powerfuUyt  but 
lamp-blade  is  TeCMMuttenM  f»  tiie  purpoM  on  aeeovmt  of  ita  elu«|meM  and  ita 
state  of  fine  divisiun.  The  water  containing  the  iudino-coinpounJ  having  been  tn^ated 
with  a  mixture  of  1  pt.  aulphoric  to  3  pt«.  nitric  acid,  to  aet  the  iodine  free,  is 
rtin  on  to  a  titer  filled  with  eiumwil,  and  llie  duMoal  tiraa  fodiaed  ia  plaeed  npoD 
another  filter,  where  it  is  mixed  witli  hyilr:it<  tl  protoxide  of  ir<>n,  -wlit  n-l'y  flie  iodliif  is 
converted  into  soluble  iodide  of  iron,  which  may  be  obtained  in  the  solid  state  by  eva- 
porating in  a  curreat  of  hydrogen,  or  distilled  with  peroxide  of  manganese  and  sulphorio 
acid  in  the  usual  way,  to  obtain  iodine. 

Purificntion. — ^Tho  iodine  obtained  by  either  of  the  preceding  processes  may  !>« 
puritiLHl  by  washing  with  a  sm^  qnanti^  of  water,  pressing  between  paper,  drying 
and  subliming  a  second  time.  Afloording  to  Serullas,  the  iodine  of  commt^rce  may  be 
completely  purified  by  solution  in  alcohol,  filtration,  and  precipitation  with  •watfr. 

For  fuilher  detaib  relatiug  to  the  manufacture  of  iodine,  see  likharcUuu  and  Halls' if 
OkmHka  Mmelogy,  toL  L  part  8»  pp.  682-676. 

Properties. — Iodine  i«i  at  ordinary  tempcrat'urps  a  crrstalline  solid,  havinct  a  preyish- 
blaek  colour  and  metaUic  lustre,  like  plumbago  or  specular  iron-ore.  It  ia  transparent 
•onW  in  very  thin  aHoaa,  and  then  appears  xmL  by  tzanamitted  l^t  It  is  terf  aott, 
and  easily  pulvoristd.  It  crystalliseH  \>y  siil'liination  in  large  brilliant,  rlionilKAM;il 
l>latas,  or  ia  elongated  o<^ah«dxona.  Finer  cxystaXs  are  obtained  from  solution,  as  by 
exposing  to  the  •&  an  aqueous  sdlntion  of  hydnodie  add,  or  a  solntioii  of  iodtno  in  ether. 
The  crystals  1)elong  to  the  trlmi  trio  system,  havinii  tlu-ir  axes  in  the  ratio  of  4  :  3  :  2. 

Iodine  melts  at  107^  C  (224*6  F.  i,  and  solidifies  in  a  lamellatod  mass  on  cocking. 
It  boils  (when  immeiwd  in  strong  sulphuric  acid)  between  175®  and  ISO*'  C.  (347^ 
366°  i'  i  In  the  o}i<"n  air  it  volatilises  at  ordinary  temperatures,  especially  when 
moist,  difiusing  an  odour  having  considerable  resemblance  to  that  of  chlorine,  but 
easily  distinguished  from  it.  Its  vapour  has  a  splendid  violet  colour  (hence  the  name 
of  the  substance).  The  saturated  vapour  is  so  deep-coloured^  that  a  stratum  four  inches 
thick  is  impervious  to  daylight  or  can(lleHf>;lit.  Th(»  colour  is  seen  to  prt-at  atlvaiita{»e 
when  a  quantity  of  iodine  in  thrown  upon  a  hot  brick.  Iodine-vapour  is  one  of  the 
hevfieet  of  gaseous  bodies,  its  specifle  gsavity  referred  to  niv  as  unity  being  8*716 
according  to  the  cxperimontt  oi  DwuMt  And  127  x  0*0693  »  8*801  Iff  oalenlation 
from  the  utoiuic  weight 

Iodine  dissolves  but  sparingly  in  ttoto*,  1  pt  of  iodine  requiring  7,000  pti.  of  water 
to  dissolve  it  at  ordinary  temperatures.  Alcohol  and  rthr  diMsulve  if  more  rradily, 
furming  dark  brown  liquids.  The  iilcoliolic  solution  yields*  erystals  of  iudiuo  by  eva- 
poration, and  is  decomposed  by  water,  which  tinwws  down  tlie  iodine  as  a  biown 
powdi.T.  Iodine  also  dissolves  with  facility  in  water  containing  Holiible  ivtfichs,  or 
nitrate  or  chloride  of  ammonium^  the  solutions  hnvine  a  deep  red  colour.  A  liquid 
eontdbifng  M  grains  of  iodine  and  80  gnuns  of  iodrae  of  potasshim  in  an  ounee  of 
wati  r,  is  known  a8  Lupol's  solution,  ana  is  preferred  in  medicine  to  the  aleoliolie 
tincture,  because  it  is  not  decomposed  by  dilution  with  water.  Iodine  ia  soluble  in 
§uipkiie  of  Mrbem,  t  rety  small  quantity  of  it  being  snfBoisnt  to  impart  to  the  liqmd  a 

very  rii/h  violet  tint. 

Iodine  in  iU  chemical  reactions  resembles  chlorine  and  bromine^  but  is  less  Miageti(^ 
and  is  displne^  from  most  of  its  eombinstions  by  oCiher  of  those  ttodies.   It  destrOTS 

colouring  mattere  Itut  slowly,  and  does  not  dcconiposo  wati.r  under  the  influence  of  tne 
son's  rays.  It  exerts  a  destructivv  action  on  organic  tissues,  jprodoctng  a  deep  yellow 
brown  stain  on  tiie  skin,  paper,  &e, .  This  oolovr  disappears  after  a  while  'under  the 

influence  of  heat,  if  the  contact  has  not  !><  i  ii  t(>.»  much  prolonged. 

Iodine  forms  with  starch  a  compound  of  a  de^  blue  colour,  soluble  in  pure  wat<^r, 
but  insoluble  in  acid  and  alkaline  solutions.  Ita  production  affords  an  exceedingly 
deltOBte  tc}<t  of  the  presence  of  iodine.  If  the  ioaine  is  in  the  frc^  state,  the  blue 
colour  is  at  once  produced,  but  if  it  ia  in  combination  as  a  soluble  iodide,  no  colorntion 
takes  place  till  the  iodine  is  liberated  by  chlorine  or  nitrous  acid  (see  Iodide%  Metaujc, 
p.  287).  The  Une  compound  is  decolorised  at  a  temperstnre  of  70^  or  80^  CS.  (168®- 
176*^  F.),  bnt  recovers  its  colour  us  the  liquid  cool?. 

Iodine  is  emi>I'  yvd  in  the  laboratory  for  many  clit  iuical  prtpsirat  ions,  and  a  teat  for 
starch.  It  was  first  introduced  into  medicine  by  Coindct  of  Geneva,  who  employed  it 
with  success  for  th<"-  tr»'afmput  of  goitn-,  eitlier  di-<olv('<l  m  alcohol,  or  in  solution  of 
iodide  of  jwtassium,  or  an  iodide  of  sodium  ;  and  since  that  application,  most  nuneral 
waters  to  which  the  virtue  of  curing  poitro  was  ascribed,  have  )>• « n  A  nnd  to  contafai 
iodine  (Bouss  ingault,  Ann.  Ch.  VUys.  !iv.  163).  On  the  other  hand,  LoLnu  yor 
(PhiL  Mag.  [4]  vi.  237)  failed  to  dclcit  iodine  iu  the  air  and  water  of  c<»tain  moun- 
tninoos  d  ist  nets  which  are  peculiarly  free  f rom  goi  t  re.  lod  ine  appears  to  here  S  meoilio 
•ction  in  eauing  the  sbowptimi  of  glsnddiar  sweUingfUi  and  is  also  ftd^wntttmd  as  s 
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tonic.  Iodine  swaiiowed  in  the  eoiid  state  causes  ulceration  of  the  mucous  oicmUraoe  of 
tiw  stofsruK!^),  and  d««th, 

Ii«rin.>  is  *'xt«  ii-<ivflr  nsrd  in  pTiAtn^rmpliy.  Tlic  nsirivp  film  of  the  dnfruerreotyjw 
plate  coujuata  of  iodide  of  silver,  produced  by  exposiug  u  polished  plate  of  the  metal  to 
^  MJtkm  of  lodtne-TBiwiir;  and  flu^uwt  oi  paper,  collodion,  albmun,  in.  are  vendcitd 
capable  of  taking  {iK't  ii^nijiIni'  pidurea  bj  dipping  them  i,r-t  la  a  Ndiilioii  of  nitnte  of 
ailver  ;i;id  fhm  in  iudidc  [<yr  '.>>?n»  times  bromide)  of  potasaium. 

XonZVE*  SSOIISZI>£S  OF*  Iodine  fornts  mth  bromine  a  solid,  volatile, 
orjstalline  compound,  probably  a  protobromide,  IBr  (Balard),  and  with  excete  of 
bromine,  adnrk  brown  liquid,  soluble  in  wntLT,  prnVuMy  a  jx  iif  i;'i-ornide,  lUr*  ( LuwiaV? 
On  tJLpui^iiig  the  pentabromide  to^^othcr  witii  a  small  quantity  oi  water  to  a  temperatfiM 
bdow  0'^,  a  crystalline  hydrate  »  foniwd  which  At  4^  is  x«0olTcd  into  WttMf 
br      '  •  of  iodine.    (Lowig.)  ^ 

Z09ZVS*  CBXkOBZIMM  OF*  Iodine  unites  directly  with  chlorine,  forminc;  a 
protoehloride  and  a  trichloride,  and  perhaps  also  a  pttntacliloridc.    There  is  aJfto  a 

tetrachloride  pr«>t!uc»»d  Ity  decomposition  of  the  protoehloride. 

Protocbloride.  ICi. — Of  this  compound  thore  are  said  to  be  two  modifications, 
out*  liquid  at  common  temperatures,  the  other  solid ;  but  the  differences  observtnl  are 
perhaips  due  to  the  presence  of  small  quantities  of  foreign  substances,  or  to  slight 
variations  in  tho  proportions  of  f!u'  cliLirinn  nnd  iodine.  It  is  o',f.iin,Ml : — l.  V,y 
passing  dry  chlorine  gas  over  dry  iud in-'  till  t!u'  whole  is  liqueii*  d,  but  no  longer,  - 
3.  By  dist  ill  ill  if  iodine  wifll  chlorate  of  ]/o'assiu!ti,  <  xygen  being  then  eA-olve<l,  the  proto- 
ehloride dist illinpr  over,  and  n  mixtvn  of  chkicide^  iod^Ct  and peKcfalocate  of  potaaaiia 
rcmaiiuag  behind  (Berzelius^: 

P  ^  SSaO*   -  KCI(H  1-  KIO<  -I-  XGI     O*  Id 

The  protoehloride  of  iodine  obtained  by  either  of  these  processes  is  described  as  a 
reddish-brown  oily  lipoid,  and  nothing  is  said  about  its  solidification  {Gmelin's 
Handbook,  ii.  346).  Aceording  to  J.  Trapp  also  (J.  pr.  Chem.  Ixiii.  108X  the 
liquid  protoehloride  obtained  as  above  does  not  solidify.  axX  P.  Schntzenberger 
(Zeitscnr.  Chem.  Pharm.  1862,  p.  1)  by  passing  dry  chlorine  in  tho  o  i  l  ovt  r  dry 
iotline  (100  grms.)  till  it  was  liquefied,  then  adding  more  iodine  (5u  Kruij>.),  dibtiiliug 
iK'twoen  100^  md  102",  and  rectifying  between  the  xame  Umita^  wtained  a  liquid 
w  liirh  crystalli&t  <l  in  Ion?  needles  when  cooled  to  in*^  in  nn  open  ve^j^el,  but  if  .(!<  d 
up  iii  a  flask  before  it  luul  time  to  solidify,  retained  it^.  llmdit^  fur  21  lionrs  avf  n  ^vh.  ti 
cooled  to  botwwa  2^*  and  3^,  and  wh«n  the  flask  was  opened,  8olidifi<  1  su  Idmly,  with 
ri-''  of  tt  inppr3tnrt\  like  a  TOpcrs'ntnmted  5o]tition  of  Glauber's  salt  Tht>  rrvi^tals 
wiicii  cA|x»j»ed  to  the  air,  melted  at  ^O'*  and  soliditied  again  at  26°.  A  similar  insult 
was  obtained  by  intraAiflnig  81  gnna.  of  iodine  into  a  fla^k  i  ontaining  8*7  gmis.  of 
c!ili)rinf  fquantities  pr'*pnrfion;d  tn  the  ;  tomir  wri^zlits).  Tin'  whole  nf  the  t-lilorine 
was  rapidly  absorbed,  and  a  liquid  was  formed  which  remained  uiiaUt<rt>d  iur  many 
homs  at  fi^or  Imt  nhimatfll/  soUdifted  oompletelv. — By  distillius  iodine  with 
chlorate  of  potassium,  ScWtwiihaigtt  Vikgmi»  tiks^gooM  which 
quickly  crystallised. 

Trapp  (Joe.  eit.)  bat  alw  ohteined  the  pcotoddoride  of  iedna  in  Hw  wlid  atato  \/f 

strongly  hoiiting  iodine  in  a  retort  til!  it  molted,  and  pasf^int?  n  sfrcam  of  dn'  ddoiina 
into  ue  iodine-vapour  till  all  the  iodine  bad  disappeared ;  the  upper  part  of  tb»  retort 
then  hoeame  iUea  triHi  a  Uddc  Md-farown  vapour,  and  tha  loHd  psoloaliloride  «f  iodbia 
collected  in  the  rr^  eiver  in  large,  hyacinth-iady  tram^anol  piifBII  and  taUoi^  wfaifih 
hmUmI  at      to  a  red-brown  oi^  liquid. 

Pkotoefakffida  of  iodhia  it  ymj  -volatile ;  has  a  pungent  odofar  of  diorine  and  iodine ; 
attacks  the  eyes  stron_'ly ;  t^iKtes  slightly  .leid,  strongly  astringent  and  biting;  stains 
the  skin  deep-yellow,  and  produeaa  nnarting.  It  decolorises  indigo  and  litmus,  but 
does  not  give  a  bhia  colour  with  itatck.  It  deliqiiewee  in  the  air,  and  according  to 
Cby-Lnssac,  dissolves  easily  in  mitfr  without  deoomposition ;  aceording  to  Schiitaen* 
bergor,  on  the  other  hand,  it  is  decomposed  by  water,  yielding  iodic  nnd  hydrochlorie 
acios,  with  separation  of  iodine,  nnd  formation  of  an  iodised  compound,  which  remains 
dissolved  in  the  water,  but  may  be  extracted  therefrom  bj  ether.  Th*  piotodiloride 
dif«soh*e«i  in  alcoFuJ  nnd  In  ether,  forming  yellow  solutions. 

Protoehloride  of  i<xliuo  sometimes  decomposes  spontaneously  into  tho  tetrachloride 
and  free  iodine:  4IC1  -  ICl«  +  P  (Kimmerer,  J.  pr.  Chem.  Ixxxiii.  83).— When 
heated,  it  ^ives  oft  the  trichloride,  learinyra  re?iidue  of  pure  i<Hline:  ."^ICl  =  ICl'  +  P 
(Kane,  rhil.  [3]  x.  430).  iitdphurous  and  suJjaihjfdric  iicid*  decompose  it  with 
Separation  of  iodine.  With  eqneaM  folntaona  of  the  ued  aUMii  it  jid«  a  diloiida 
■ad  iodate  and  free  iodine : 

6KHO  +  51CI    »    r,KC\  +  KIO»  +  311-0  +  I«, 

the  iodine  however  dissolving  in  excess  of  the  alkali  iu  the  iorm  of  iodide  and  iodate. 
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~With  nquooQB  or  nlooholic  cmflumto,  it  jMUfrarious  iodamides  (the  KXtSL^  iodides 
ti  nitrogen  (p.  289^  aMOvdiag  to  tht  prapcttioni  ued  ud  ih»  waaanm hk  wUA  A* 
raetion  takes  pUce,  e.g. : 

3IC1  +  NH*  .  3HC1  +  NI*.  (MitacherlioL) 

2IC1  +  NH«  -  2HC1  +  NHP. 

ICl  +   NIP  =.  HCI  +  NH'I. 

3ia  +  2Nn'  =  3HC1  +  NI»J?H«.    (Bun  son.) 

Mfrrvrie  chloride  addrd  to  a  concentrated  aqueous  solution  of  protochlorido  of  iodiad 
throws  down  mercuric  iodido,  leaving  trichloride  of  iodine  in  solution  (Kane) : 

Id     HgQ  -  Bgl  -I-  la*. 

AAMtiMw«  «U9rAi»  added  in  miall  qvaatitj  to  the  eonesntnited  aqwovs  obhitioii,  pra- 

oipitatfs  iodiiu',  and  is  convorted  into  stannic  chloride:  Imt  on  adding  a  larger 
^uantit^  of  the  stannous  chloride,  the  iodine  disappears,  and  stannous  iodide  s^aiatea 
in  brilhant  QraDge<^ioloiired  needlea  (Kane) : 

SIOl  8rOP  -  P  4-  8ia«. 
2ICI  ^  sa&OP   « .  8nP  -t-  SSnGt*. 

Protochloride  of  iodine  acts  very  readily  on  many  organic  compound?,  the  chlorine 
taking  up  an  atom  of  hydrogen  to  form  hydrocldoric  acid,  and  the  iodine  taking  its 
place.  In  this  way,  many  iodino-substitatkn-compounda  WKf  be  obtained  which  eonld 
not  be  formed  by  the  action  of  iodine  alone ;  e.g.,  lodopyromoconic  acid,  C*H*JO*,  from 
pwromeconie  acid^  C*H*0'  (J.  Brown,  Edinb.  Phil.  Trans.  xxL  [IJ  49);  mono-  and 
m-iodophenie  aeida,  from  fKmie  aeid,  0"H"0  (Sengenwald,  Gompt  rend.  liv.  197). 
On  tho  alcoholic  h'/rln'drs,  hydride  of  hcptyl  for  example,  protochloride  f»f  ioliiio  acts 
in  a  manner  opposite  to  that  just  mentioned,  converting  them  into  chioride&  with 
elimination  of  BTdrioffie  add  (Soborlenmer,  &  144).  In  aome  eaaea,  chlendo  of 
Sodiaa  naites  dirf-ctlv  with  an  organic  compound,  with  fthylcne,  for  example,  forming 
eUociodide  of  eth^l^ie,  C'fl^CU  (Maxwell  Simpson^  Pioc.  Boy.  &>c.  »i.  278^ 
Aoeording  to  Oonther,  Iwwnr  (Ana.  Oh.  FbanL  enuL  12S),  iriien  irj  eoal-oa  k 
passed  over  fu.^ed  protochloiida  of  wdine^  tho  ¥ihj\M»  ofiiitained  in  it  ii  oonTartea  into 
dichloride  of  ettgrlene : 

CH«  +  2IC1   =  c-n«ci'  +  p. 

From  iodifled  oiganic  compounds  it  sometimes  takes  awav  one  or  more  atoms  of  iodine, 
radadng  them  I17  ahktino ;  tkm  it  oonvnCi  imlMf  rftAjfl  iaibt  dikrida  of  ftii]i 
(Gouthor): 

cmn  +  ICl    =    C»H»C1  +  I«; 
di-iodide  of  ethtfUiu  into  chluriodido  of  ethylene  (Max  well  Simpson): 

CFOV  4  101  »  OWXJi  +  F; 
«v  into  diflMorido  of  eClijlaBo  (Oontlras) : 

o«H<p  ♦  iioi  »  owa«  +  I*. 


C*H',  is  violently  attacked  by  protochloride  of  iodine,  vielding  chiefly 
cryfitnlline  olUoriaatod  pcodoota  of  high  balling  pointy  together  vithaodated  bodiaa  and 

free  iodine. 

Tiiolftloride.  ICP.'^This  compoond  ia  piodneed: — 1.  By  treating  iodine  at  a 
sentle  heat  with  excess  of  chlorine  pas. — 2.  By  introdiicinir  finely  divided  iodic  anhy- 
dride iuto  dry  hydrochloric  acid  gas ;  the  mass  then  iiouulies  and  boils,  and  on  oooliug 
dapoiita  trioUorida  of  iodiao  in  kng  aoediM  (Sornllna): 

PO*  -f  lO&CI  «   llOi*     ffTO  -I-  CI*. 

Alao  by  mixing  the  cr}'Kta11ised  iodic  acid  or  anhydride  wittl  otnnig  I^jdfoddoric  toid, 
the  trich loride  then  crystallising  out  (Soubeiran.) 

'Hrichloride  of  iodine  is  orange-yellow,  aad  ciystallises  on  cooling  after  ftision  in  long 

needles  (Serullas).  Itactson  other  8ubstances  in  the  same  manner  as  the  protochloride 
(Kane);  decolorises  solution  of  indijxo  (G  a  y-L  up  sac);  does  not  turn  Nfan'h  l>lue,«^xcept 
on  the  addition  of  an  aqueous  solution  of  stannous  chloride,  or  other  dechluriiiating 
substance,  which  sets  the  iodine  free. 

Tt  nn-Its  at  a  temperature  between  20^  and  25°,  evolving  chlorine  gas,  which  it  again 
ab.sorbs  on  cooling  (Serullssj.  In  contact  with  a  very  small  quantify  of  water,  it  is 
partly  resolved  into  an  insoluble  yellowish  portion  (probably  a  mixture  of  trichlorido 
of  iodine  and  iodic  anhydado)i  and  a  aolnUon  of  ptotechiorida  of  iodino  and  hjdvo* 
chloric  acid  (Serullas) : 

4ICa«  +  6H*0    =    lOlICl  +  I-O^  +  2IC1. 

ThkUoridaof  iodiaaii]aHi«ndi^diMl?ad  hjwttr^^  the  protocUorido ;  tho 
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saturattiHl  ttolutiou  m^y  be  regarded  either  an  aqaeoofl  tTichloride  of  i(xiint>— which  ii 
the  more  probable  suppodtioD ;  or  as  b  mixture  of  hydrochloric  acid  and  iodic  acid 
<v>nt:uniDg  free  iodiae ;  or  as  a  mixture  of  hydiooUofio  Mid  Mid  M  aeid  of  iodioit 
which  coolaiiM  2  atoms  of  oxygon  (iodous  aoid): 

6IC1"  +  9H»0    -    15HC1  +  3HI0»  +  I«. 

ledleadi. 

or        ICSP  +  tBH)  -    SHa  +  mo'. 

A  siniHar  f5olutir>n  Is  oMaincd  on  passing  cUorino  p:is  to  j^atunition,  tTin.nph  1  pi.  of 
iodine  difiused  in  4  pta.  oi  waiat,  the  mixture  being  kept  cool,  and  the  excess  of 
dklomw  sftcorittds  mnoved  liy  ft  eui'mit  of  sluospliflno  sir.   The  oohitioii,  wheu 

8:ttiir;it<'d  with  cJilorine  as  coniplcti'ly  a.**  pfj.sf-Iblo,  lia.s  <i  bright  yellow  colour  and 
contains  rather  more  thftn  8  atoms  of  chlorine  to  1  atom  of  iodine,  becaune  the  wnt4>r 
gives  rise  to  tiie  fbwnation  of  »  snail  quantity  of  hydrochloric  add  and  iodic  acid 
(S  o  ubeiran).  Solution  of  trichloride  of  iodine  may  also  be  prepared  by  precipitating 
an  aqueous  solution  of  the  protochloride  with  mercuric  chloride,  and  the 
liouid  after  decanting  it  from  the  prcci{>itated  iodide  of  mercury. 

when  an  aqueous  solution  of  trichloride  of  iodine  is  gradually  mixed  with  snlphurM 
acid,  and  the  vessel  kept  cool,  the  trichloride  separates  in  the  fonn  of  a  white  curdpr 
mass,  which  afterwards  assumes  ati  oninge-yellow  colour ;  on  heating  tho  niixttire,  it 
dipsolvei^  bat  npsrates  again  as  the  liquid  cools ;  on  distilling  the  mixture,  tht;  tti- 
chloride  pawf*  over  (SprullasX  I>hrr  do'-n  not  SL^prirate  triohloride  of  iodin>^  from 
an  aqueous  solution  (I>uma») ;  but  if  pnjtoohloridt.*  of  io<litio  is  also  present,  the  ether 
takes  up  the  trichknde  in  company  wit}i  it.  pnividcd  the  solution  is  not  too  dilute 
(Seruflas).  An  aqueous  solution  of  triohlorido  of  iodino  neutralised  with  a  fixf-d 
alkaii,  yields  a  chloride,  an  iodate,  and  a  precipitate  of  iodine,  which  redissolves  in  an 
cneMofalkdi  m  die  ftm  of  iodide  and  lodiH^ 

aa*  ^  18EH0  •  i«Ka  -t-  mo*  -i.  p  •»  mo. 

Ob  VHadng  the  aqneoae  eolation  with  an  aqueous  sdntioa  of  Mdnl  Mate  ofpohunium 
and  then  adding  alcohol,  aoid  iodate  of  potassium  is  precipitated  (Serul las").  An 
nqueoas  solution  of  trichloride  of  iodino  agitated  with  a  small  quantity  of  oxide  qf 
mtter^  jielda  diloride  of  ailTer  and  iodic  add ;  whra  ftlezger  qiuuiti^of  oside  of  «h«r 
is  used,  the  chloride  of  silver  is  mixed  vith  iodate  (SeriillaaX  ^  fitm  ia 

probably  formed  at  the  same  time '. 

3IC1»  +  5Ag'0  +  H'O    -    OAgCl    )-  Agl  +  2III0* 

SiJver-kqf  is  converted  by  aqueous  trichloride  of  iodine  into  chloride  and  io<Ude  of 
silver  (Serul la8>  When  aqueous  trichloride  of  iodine  ifl  ndzed^  with  a  email 
qaaatxty  of  a  solution  of  ttannous  cUorUe,  »prad^tala  of  iodinaia obtained  aolaiUe  in 

excess  nf  the  tin-salt.  (Kano.*) 

Trichloride  of  iodine  unites  with  7ii£tallic  chlorida.  (Filhol.) 

9etraelilorlde.  ICl*. — Produced  by  imontanmos  decomposition  of  the  liqnU 
prot">chloride,  4IC1  —  TCI*  +  P  rVrstalfises  in  red  oeUihodrons,  the  free  iodine 
s^Arated  at  the  same  time  remaining  dissolved  in  the  mothw-liquor.  (Kammerer, 
J.  pr.  Chem.  hadii  88.) 

Pentacbloride.  ICl*. — Not  known  in  the  free  state.  Dry  iodino  onnnot  he  made  to 
combine  with  6  atoms  oi  dilorine  (Lie big).  Iodine  difiHised  in  4  pts.  of  water  does 
not  aboori)  much  more  than  8  atoms  of  chlorine,  and  the  yellow  solution  obtained  yields  a 
precipitate  of  iodine  when  saturated  with  alkalis  (Soubeiran).  The  same  results  are 
obtained  when  the  quantity  of  water  is  8  or  10  times  as  great  as  that  of  the  iodine. 
Hi  however,  the  iodine  be  diffhsed  through  a  still  lai^ger  quantity  of  water,  20  pts.  for 
(Soubeiran);  the  iodine  combines  with  5  atoma  of  ehhirine ;  the  solution  in 
this  case  is  eolonrlew,  or  m<»rely  coloured  yellow  from  <»xcesft  of  chlorine,  which  n)ay  bp 
removed  by  a  current  ot  air ;  it  exhibiti$  all  the  properties  of  a  sululioo  of  hydrocluocie 
and  iodie  adda  (Liebi|^  8»nbeirnn,  L.  Thompaon): 

p  4-        fiH*o  w.  lOHa  amo*. 

A  aohrfioa  of  the  same  kind  is  obtained  on  mixing  dihite  hydrochloric  and  iodia  aaldn 
It  smells  strongly  of  chlorine  and  slowly  decolorises  a  solution  of  indigo  (G  ay-Lussac). 
Stnx^  aolphnric  acid  preci^tatee  triohloride  of  iodine  firom  it  and  liberatee  chlorine. 
(Sonbeirnn.) 

ZOBZWa,  SBTBOTZOV  AKS  BSTIMATZOV  OT,    Iodine  in  the  frm 

s*atp  is-  r>asily  recc^isod  by  the  violet  va{.K>ur  which  it  gives  off  -when  heated,  and  by 
itfi  reaction  with  stordi.   The  starch  for  this  purpose  should  be  perftictly  colourless ;  ;t 
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may  be  prepared  by  boiling  potato -Rt arch  «r  arrow-root  with  water  and  leading  it  to 
cool.  To  obtain  ft  ddiakt«  m^gtmt^  B^ehamp  (SSeitadw.  Analyt  Chan,  i  4MX  recon- 

moiKls  tho  following  TOi "If  of  iiropai-ation.  ri<  lafiii.<ns-  .t-T  irc'i  is  Thjilnl  \\\th  ;i  rjihiiifity 
of  conoentanitad  potash-l*  >  etiuai  to  ^5  of  the  weight  of  the  dry  starch  ooiuuined  in  it, 
tail  it  ham  become  perfectly  fluid ;  the  liquid  is  then  dihttMl  with  water,  stiporMtnmted 
with  acetic  and,  and  pnpcipitat«?d  with  iili-oli  il :  :iii<l  tlio  Imlky  precipitate  is  hoiT-  1  fir-f 
with  alcohol  of  60  vol.  per  cent,  then  washed,  first  with  alooLoI  iu:iduhited  with  sul- 
phuric acid,  then  with  pure  alcohol  of  the  eeme  strength,  and  dried.  For  use,  the  dried 
prejxinition  is  to  bo  suspended  in  hot  water. 

When  iodine  cxiata  in  solution  in  the  form  of  hydriodtc  acid  or  a  metallic  iodide,  it 
may  be  separated  by  the  addition  of  chlorine-water,  sulphuric  acid,  or  nitric  acid,  and 
WW  then  gi^  the  blma  fsohnir  with  starch.  When  chlonne-water  i»  n»  (  iro  mu!>t  >>o 
tiiken  not  to  add  an  excess,  as  a  chloride  of  iodine  will  then  be  fimned  which  will  not 
exhibit  the  starch  reaction.    (See  Iodides,  p.  287.) 

Th(<  method*  of  detecting  iodiaa  in  inatJuble  iodides,  and  in  presence  of  oxygen, 
sulphur.  ;  >hnspbovn%  dw,  are  the  Mae  as  thoae  anplpjed  when  it  ia  (o  be  eatimated 
quail  titaiivi'iy. 

Quantitative  j?«<«ma<lofi.^Todine b the flweftatoia beat delmnined  bj means 

of  a  standard  solufion  of  siilphiirous  acid  (see  Axaltsi*",  Voi.nfrrRir.  i.  ^(Mi).  When  it 
occurs  in  the  solution  in  the  form  of  hydziodic  acid  or  a  metallic  iodide,  it  may  either 
be  eel  free  1^  ekhrinf  watwr  and  eednitttod  in>litmetrieally  in  the  same  manner ;  or  it  may 
be  precipitated  by  nitrate  o  f  .s/Vrr  ;•  in  \\\c  Fame  manneras  chlorine  ami  bromina  (L  677* 
903).    100  pta.  of  iodide  of  silver  corrc^nd  to  ^128  pta.  of  iodiue. 

It  nmy  alao  be  precipitated  aa  iodide  of  paHadinn,  bj  mixing  the  Motion  with 
chloi  i'lr  .ir  nitrate  of  palladium.  A  Miu^k  jin  i'i{if;it<'  then  fulls,  ulii  li  si  ffii  s  down 
slowly  but  completely,  and  when  iaxuted,  leaves  metallic  palladium,  XOO  pts.  of  which 
are  equivalent  to  289^3  pta.  of  lomne. 

This  last  method  of  precipitation  serves  also  to  separate  iodine  from  bromine  and 
chlorine.  If  the  chlorine  is  also  to  be  estimated,  the  precipitation  must  of  course  l>e 
made  with  nitrate  of  palladium,  not  with  chloride.  If  bromine  ia  present  without 
4blorinc^  the  iodine  must  bo  |Meimtat«d  with  chloride  of  palladium,  because  the  nitnto 
would  preciplt«tp  br-iTnine  fis  well  as  iodine;  the  prrcipitntion  of  the  bromine  may 
however  be  prevciitni  Ijj  tho  addition  of  a  jsoluble  chluruit.  Tu  estimate  the  chlorino 
and  bromine  in  the  filtered  liquid,  the  excess  of  palladium  is  removed  I>v  snlj  liydrio 
acid  and  the  excfs't  of  the  latter  by  means  of  nit  no  ai-id  or  a  ferric  salt.  Tli<<  l'n)minr> 
.  and  chlorine  may  thun  be  procipitultd  by  uilj-jili;  of  silvir,  aud  the  precipitate  tri  aittl 
ill  f  h'  manner  already  described  (i.  903).  Iodine  may  also  be  estimated  in  prewnco 
of  c}il<a-ine  bytlie  ni>  tlu>d  aln  ady  dcMTilnxl  (i.  07S)  fi^rthc  o.«timation  of  bromine,  viz., 
bj  precipitating  the  two  elements  with  nitrate  of  silver  and  heating  the  silver  precipi- 
tato  in  a  atnam  of  ddoriao.  Tho  qnantilgr  of  kdino  ii  aqnal  to  tho  hm  of  weight 

A  precisely  similar  method  may  be  applied  to  llic  dctvrmiualion  of  iodine  in  presence 
flf  bcoDHM^  ua  poacipitata  of  iodnda  ani  bvondde  of  sihvr  being  ignikcd  in  bromine' 
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Toponr,  andlliolotiof  waigbtBudt^Iied  by  «  270. 

For  other  metboda  of  eatimating  iodtoo  in  preseoea  of  clbfetitta  and  Immine,  am 

i.  n7R. 

The  method  of  dccompoaing  intoiublt  ioHdes.  so  as  to  obtain  the  iodine  ia  solution, 
am  aimilar  to  Ukm  adoptM  i&  inaolnble  bnmiiti^ 

lodatea  iMidpcrioJatis  are  reduced  to  iodides  by  the  action  of  sulphurous  or  sulphydric 
add.   To  d(*compoee  th^  by  ignition  woald  not  give  aoonrate  teanlts  na  a  poctioa  of 

the  iodine  would  be  drivwi  ofc 

The  compounds  of  iodine  with  phosphorus,  OfOMl?  oad  4in^imon v  may  bo  decomposed 
and  analysed  by  treating  them  with  watrr  or  aqMe<>Mf»  alk  i'i-^  M-h.-n  T.v  flu-  iotline  ii^ 
converted  into  hydriodic  acid,  and  may  then  Lo  ^ti vlmt.it e<l  wan  nitruti.;  uf  j?ilvei*  from 
a  solution  acidulated  with  nitric  acid.  The  iodides  of  sulphur  aru  most  readilj 
analysed  hy  h<atinji  thnvn  inn  eomV-nsl  ion-lube  with  nitrate  of  potassium  and  earl 'onnto 
of  Bodium,  whereby  the  iodine  and  sulphur  are  couverted  into  metallic  iodide  and  aul- 
phate.  (Gathria.Gh6ai.8oa.Xxif;M.) 

loilino  in  oraanic  componr.d.^  may  b'^  estimnted  in  the  samo  mnnnor  n."  cldonno 
(L  247).  In  the  more  easily  dc-compo£>iblo  compounds,  such  as  the  iodated  oiiganie 
aeida,  the  iodine  may  also  be  determined  by  decomposing  the  compound  with  water  aiul 
s  vltuni-amalgnm,  then  acidulatiricr  \\v  PKlution  %vit\  nitnV-  ncW,  and  [ireeiplTatin^  wi'li 
nitrate  ot  silver.  The  same  method  mav  be  applied  to  the  corrcKpoudiug  bromiuc-  and 
^falorino'Oimpattndai   (Xcknl4^  Ann.  Ch.  Pbwnn.  SuppL  L  388.) 
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Atomic  Weight  of  Iodine, — The  earlier  attempts  to  determine  the  atomic  weight  of 
tliit  element,  oy  Prooat,  IHiTy,  Oay-LiL«isac  and  Bm^iiM;  nye  netilte  rarying  from 

81  to  12fi,  fliaJ  is  to^,u^  eoiisMrra1>ly  li-'low  thoso  ohtnin.Hl  ny  moiv  ri-rt  nt  (IrtcrnnMa- 
tious.  MilioD,  bj  igniting  ioUuto  of  potassium  and  iodate  of  silx-er,  and  weighing  tho 
ttmrnaSaxg  ioMdgm,  MtaxDcid  the  iramlMr  IM'47 ;  but  the  mnilt  is  not  qnite  exacts  be* 
cau»o  the  iodido!?  tlit  tnst  lvos  nro  partly  iloi-ompdsed  by  ignition. 

The  most  exact  duterminatioDS  hare  becnmadd  by  Marign  a  c  (Bibl.  oniv.  de  Geneve, 
xlvt  867)  and  Bnmae  (Aub.  Ch.  Ffamt  e?.  98).  Marignae  determined  the  quantity 
c)f  iixliile  of  potassium  required  for  preoipitjititi^  a  known  quantity  of  mIIvit  from  the 
nitrato,  andibundf  as  the  mean  of  fire  closely  agreeing  oxperimeDts,  that  mo  \>u.  silver 
are  precipitated  frt«n  the  sohition  of  the  nitrate  by  153*74  pts.  iodide  of  potat^ium  ; 
whe  nce  the  proportion  100  :  153-74  —  108  :  x  pVes  166*04  for  the  atomic  w«{^btof 
iodide  of  potassium ;  and  this  diminished  by  39*2,  the  atomie  ve^t  <£  potaflBaun^  giree 
for  that  of  iodine  the  number  126-84. 

In  another  set  of  experiments,  Mangnae  detenniocd  the  quantity  of  iodide  of  silver 
precipitated  by  iodide  of  potas^inm  from  n  known  wi  i^flit  of  silver  dissolvrd  in  nitrio 
acid.  As  the  mean  of  tlu«e  closely  agreeing  experiments  he  found  that  100  pta.  of 
silver  give  217*611  pfta^  Agl;  flme  the  atomie  wt^(pt  of  iodide  of  ailTer  ia 

dimiBiahed  by  108,  glTCt  Ibr  iodine  die  number 

Dumas  decomposed  pure  io  lide  of  silver  by  ignition  in  a  strram  of  chlorine,  and 
weighed  the  chloride  of  silver  thus  produced.  In  one  experiment  3*620  pmis'.  iodide 
of  tilr^  gave  2*149  chloride ;  in  another  7  Oil  iodide  gave  4*281  chkrido.  Loth  these 
fenillB  giro  Ibr  iodine  the  atomie  ve^j^  187,  irhieb  is  the  nnmber  nov  adopted. 

ZOBZmB.  03LZSES  iUVD  OXYOSir-ACXBS  OF.  The  scries  of  oxidised  com- 
poanda  of  iodine  ia  oot  aa  yet  so  complete  aa  that  of  chlorine^  The  fcUowing  haTebe<ai 
deeeribed  and  analjaed  with  mora  or  leae  aocnincj ; 


Byp».iod«m  acid  .  HIO 


Ibdieaeid        ....  BIO* 

Periodic  acid      ....  HIO* 


MiUon's  8ub-hypo-iodic  acid  .  I'«0'» 
Periodic  oxide  (MDoo'BHy-)  jq,  j,^, 

po-ionlc  i\c\<\)  J        uri  V 

Intermediate  Iodic  oxido      .      .  1*0" 
Iodieanh3rdnde  ....  PO* 
Periodic  anhydride      .       .       ,  I-0\ 

Of  tho'-o.  the  only  compound'^  w!io«^e  composition  Tins  I  c.  n  estal  li^lied  with  certainty 
are  iodic  aud  periodic  acids,  with  tUtir  corr*«jx>iiidii>iz  anhydride-  aiid  salts.  The  ex- 
ialenee  of  hypo-iodona  add  and  of  periodic  oxide  has  rti  n  nd<  n  d  probable  by  cxpm> 
mmts  wliich  will  be  prfH^ntly  di'Scrilx  d.  The  n'mainii)*;  oxides,  P*0"  and  I*0",  aro 
of  veiy  doubtful  constitution :  the  substances  analysed  were  perhaps  impure  periodic 
flsidf^  ov  tike  laat       Iwfa  bean  iodle  anhydtida  oontaining  exoeaiof  iodbt^ 

An  oxygen-acid  of  iodine  corresponding  to  hypochlorous  add  appesn  to  oxi.vt.  Lut 
neither  the  acid  nor  its  salts  have  yet  been  obtained  in  definite  fcrm.  According  to 
Mni^us  and  Ammormiiller,  disodic  periodate  gives  off  part  of  its  oxygen  when  ignited, 
and  yields  a  residue,  the  solution  of  which  in  cold  water  possesses  bleaching  proi)ertiea 
(p.  310).  Mitscherlicli  (Votm.  Ann.  xi.  162;  xvii.  481).  by  dispolvin^  iotline  in 
moderately  strong  soda-ley,  till  the  liquid  began  to  show  colour,  .irid  I'vajMji-atiiig  at  a 
low  tempantnre,  obtained  a  salt  consisting  of  Na'l*0».  lOlPO,  whi  di  however  might 
have  be^n  a  mTxfnre  <v>mpo«pd  of  iodido  and  iodat*.-  of  Kodivini :  Nal.N'alO*.  10H*0  ;  in 
fact  the  fcult  uIk  n  tn  attd  with  ah'.>};t>l  is  resolved  into  Bolubla  iodide  and  insoluble 
iodate.  Wiibh  r  I  Pogg.  Ann.  viii.  !)(>),  hy  <1t^«iip  iodine  with  anhydrous  peroxide 
cf  :> arium,  obtained  a  yellow  liquid  which  lie  legprned  aa  hypi^iodoiia  add,  or  latiier 
anliydride.   (Vid.  Qm.  ii.  262.) 

Aeeofding  to  SohSnbein  {J.  pr.  Chem.  boadr.  885), -when  I  at  iodine  ia  diaiolvad 
in  an  aqni-ous  s.duticn  of  1  at.  potash,  fho  formation  of  lodate  of  potnosinm  does  not 
take  place  immediately,  but  is  preceded  by  that  of  hypo-iodite  of  potassium,  juat  aa  in 
Ae  eaae  of  dilorine;  the  aohition,  wlddi  baa  the  odonv  of  aaffleo,  and  ezhlbita 

propertio«  sinular  to  tlioso  of  the  hypochloritrs,  is  however  very  nnj-fable,  the  h\-po- 
lOfhte  being  resolved,  gradually  at  ordinary  temperatures,  and  instantly  at  the  boiling 
beat,  into  iodide  and  iodate:  8KI0  -  «KI  -i-  KTO*.   SehSnbdn  also  fade  that 

bypo-iodito  of  ammonium  is  formed  by  tlie  aefion  f>f  iodine  on  <  xeess  of  ammonia. 

According  to  Lenssen  and  Ldwenthal  (J.  pr.  Chem.  Ixxxvi.  216),  hypo-iodotis 
acid  is  contained  in  the  eolation  fomed  by  the  action  of  carbonate  of  bodium  (or  other 
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alkaline  liquid)  on  trichloride  of  iodine,  which  is  yellow,  reddens  benzene,  colours  starch 
blue,  and  contains  n.  n.ilt  having  the  composition  Nal'O  or  NalO.P,  that  ia^  ^po- 
iodite  of  so«linm  wlih  2  atoms  of  free  iodine,  on  the  removal  of  wluL-h.  oi'tlier  by  exef««!s  r»f 
alkali,  sulphurous  acid,  benzene,  or  other  reagents,  the  h)po-io<litt>  of  potassium, 
is  immedkiWlgr  resolved  into  iodide  and  iodate.  The  alkaline  solution  of  hjpo-lodou 
nc'ul  is  decomposed  by  iodida  oi  potaaniuiv  ]ra«14iiig  Hree  aUuli  and  £dm  iodiiM^  aoeosd- 

ing  to  the  equation :   

KI  +  KfllO  ^  WO  »  SHO  -I-  KiHO  <*•  P. 
TBub  Mlgcct  requires  further  examination. 

Periodic  oxide,  10^,  and  OxiJis  ruarh/  alluJ  to  it  in  rompainfion. 

Periodic  oxide  is  obtained^  according  to  Milloii,  l)v  tr«<ating  with  dilute  alcohol  the 
powder  (p.  299)  produced  by  the  ftedon  of  fuming  uitrie  add  on  iodine,  regarded  by 
Kiimmerer  as  nitroso-iodic  anhydride,  IK)*(NO)'. 

When  iodic  anhydride  is  heated  with  6  pts.  of  strong  sulphuric  acid,  till  a  few 
bubbles  of  oxygen  are  giTen  oi^  a  scaly  sulphur-yellow  substance  is  formed,  which 
appami  to  oon^  of  4FOt8IO*j30*B'.  if  the  bouing  be  continued,  the  evolution  of 
oxygen  goes  on,  and  crystAla  are  formed,  hnring  a  much  dt  tpt  r  yellow  colour  than  f  ho 
preceding,  and  a^piin  ntly  consisting  of  lir-OM0'.SO'H.  Water  decomposes  lx»tii 
tiicM  Qompounds  into  Bulphimc  acid,  iodic  acid,  and  iodiBO.  oontiiwiiig  the  action 
of  thr  siilphuric  acid  till  iodine  Tt.nrins  to  escape  as  well  as  oxygen,  two  other 
coiupouiids  are  formed,  to  which  iliilon  assigns  the  formulro  2IO'.2SO".IPO  and 
I"'O'M0SO*,fi'O.  These  substances,  btil  j.-  ted  to  the  action  of  moist  nir,  appear  to 
yield  th«>  eonipound.s  10-  and  i'«0'-  in  the  ficee  state.  To  the  latter,  MiUon  gnrae  the 
name  suh-ht/po-iodic  acid  ianht^drid^]. 

When  sulphurous  anhTCUride  is  allowed  to  act  upon  iodic  anhydride  longer  than  ia 
required  to  f 'rm  (he  c<inipouiid  Sl'O^i'^O*  (p.  2991.  u  largo  quantity  of  iodine  is 
separated,  and  a  lumpy  adluwlve  mass  is  formed,  which,  if  left  for  a  day  standing  over 
water  in  a  be11*jar,  then  washed  with  alcohol  and  with  water,  leavas  an  oodde  of  iodine 
conlniiiinp  1*0",  contanrinafrd  witli  a  snuill  (piantity  of  Hul|ilinric  acid.  It  is  a  l>ro\rn- 
yellow  powder  -which  does  not  decompose  in  the  air,  but  absorbs  a  small  quauiit^  of 
water  mm  it  Dilnte  nitric  add  dissoltee  ity  with  aeparation  of  iodine;  Aiming  nitrie 
a<  id  Converts  it  into  iodic  acid.  heated  to  100°,  it  splits  np  Into  iodine  and  iodic 

anhydrido:  61*0"  >■  131^0'  +  I*.  Water  decomposes  it  slowly  at  oiduuuy  tem- 
pemtnres,  qviekly  at  IWP,  Into  iodine  and  iodie  aeid. 

Aqurons  alkalis  act  in  the  same  manner;  but  alcoholic  allialls  do  not  act  upon 
it  at  ordinary  temperatures.  This  circumstance  distinguishes  it  from  the  oxides 
10*  and  I'*0*»  abore-meotioned,  which,  according  to  MUlon,  tana  with  alcoholic 
potash,  brick-red  easilj  deoomposible  salts.  Absolute  alcohol,  ether,  acetic  ether,  and 
M]I[>hidc  of  carbon  are  likewise*  without  action  on  the  oodde  1*0'%  even  at  the  boiling 
heal.   (Kiimmerer,  J.  pr.  Chem.  Ixxxiii.  72.)  * 

lodio  aaid,  Anhydride  and  Salts. 

Zo^  AoM.  mo*.  (Qm.  tt.  SM.>— This  add  is  produced  by  the  action  of  oxi- 
dising agents  upon  iodine  in  presence  of  ■«-ati^r  or  alkalis.  AceordioL'  to  P o 1 1  c  n k  o  f.  r 
(Jahreabcr.  1857,  ^  681),  it  is  sometimes  found  in  oommcivial  uitne  add  (the  iodine 
bein^  doubtless  derived  from  the  Chili  siUtpetre  need  in  the  prcin^ration).  Aeoording  to 
TvicTic  (Compt.  rend.  xlvi.  3  tR\  it  i^  produced  Viv  the  (  l.-ctrulysis  of  aqueous  hydriuih'c 
acid  or  aqueous  iodine ;  in  the  former  case,  the  hydriodic  acid  is  simply  oxidised  to  UIO' 
by  oxygen  erolved  by  the  dMompoeition  of  the  water;  in  the  latter  the  iodine  is  Unt 
Cfmvcrtcd  info  liydriudic  acid,  wnlch  is  then  oxidised  in  the  manner  jnsf  nicnti'jned. 
It  is  also  produced  by  the  action  of  iodine  on  chloric  or  bromic  acid.  (K&mmcr  or,  J, 
pr.  Chem.  lixzT.  4SSL) 

Preifirafidi).  1.  Small  quantities  of  Iodic  acid  are  conveniently  pivj-iarcd  liy  heating 
iodine  with  the  stiongest  nitric  acid  free  from  nitrous  acid  in  a  wide  glass  tube,  and 
leaTing  the  liquid  to  oooL  Iodie  add  is  then  deposited  in  crystals  (Oonnel). 
Jacqnelain  (Ann.  Ch.  Fhys.  [3J  xxx.  332)  recommends  this  as  the  best  mode  of 
preparing  iodic  acid  in  all  cases.  He  heats  5  grms.  of  dry  iodine  in  a  flask  with 
200  grms.  nitric  acid  of  specific  gravity  1*5  to  60°  for  an  hour;  decants  the  supernatant 
liquids  (the  upper  consisting  of  nitric  acid  containing  pern i trie  oxide,  the  lower  of  % 
TfA.-hmvm  solution  of  i  dino  in  nitric  acid)  from  the  separat^l  iodic  add;  distils  those 
liquids  down  to  ouo-sixth  ;  and  ^tully  heats  the  residue,  together  with  the  crystallised 
iodie  add,  in  a  v^.scl  in  which  it »  protected  Ihmi  dust ;  iodic  anhydride  then  sepavatea 
in 'naerpous  crystals.  — 2.  For  preparing  larger  qunntitics,  Llcldfr's  method  is,  however, 
generally  preferred.  It  consists  in  suspending  an  ounce  or  two  of  pulverised  iodine  in 
a  ponnd  of  water,  and  passing  a  stream  of  <»hnnne  thnKig^  the  %iiid,  tOl  the  iodine 
is  eompUtely  dissolve  d ; 

(ili-o  ^  6ci»  +  1=  «  loHa  +  2nio*. 
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The  brown  strongly  acid  li«iuid  is  then  slighdy  wipcrsaturated  with  carbonate  of  sodium, 
viuNbj  a  eoondenible  qoant^  of  iodine  is  prt-oipitated,  vhieh  WBJ  be  collcoted  on 
•  filter,  thrn  flupflnded  in  \rat<»r.  and  tn-atcd  with  cldonno  as  before.  The  filtered 
•oltttiou  cuntaliw  iodAte  and  chloride  of  sodium,  with  a  trace  of  carbonate,  which  nu^ 
1m  Mntndiaed  hy  hydfodilorie  acid.  On  afterwaxda  adding  chloride  «P  baifon  to  the 
filtcnxl  Hqiiid  as  long  as  a  2">rccipitato  is  fornu'd,  the  wholo  of  the  io<lip  acid  is  flimwn 
down  afl  iodate  of  barium,  which  maj  be  collected  on  a  filter,  dried,  and  then  decom- 
pOMd  by  boiling  it  ftrhftlf  aa  bov  witli  S  pit.  of  oQ  cf  Thriol  dihrtad  witb  10  or  IS 
pts.  of  wat(  r.  The  iodic  acid  thus  lilifrated  dissolves  in  the  water,  and  the  solution 
filtcmd  £rom  the  aulnhate  of  bariom  and  eraporated  at  a  gentle  heat,  yields  the  add  in 
tte  hrm  ottk  erfatauhw  aian.  KSmmorer  (J.  pr.  Cbmu  bndz.  94)  diasotret  iodina 
in  hot  witurated  baryta-water;  filt<  rs  the  solution  of  iodide  of  barium  from  the  sepa- 
rated iodate;  passes  chlorine  through  the  filtrate  (which  at  first  procipitatee  iodine,  but 
in  a  state  of  very  fine  division,  so  that  it  is  very  quickly  oxidised),  and  thereby  converts 
the  whole  of  the  iodide  of  barium  into  iodate,  from  whicli  th*  iodic  acid  may  then  be 
separated  by  suli)huric  acid.— 3.  Another  very  good  method  of  preparing  the  acid  in  to 
digest  4  pts.  of  iodine  with  7*5  pts.  of  chlurate  of  potassium  in  40  pts.  of  water  acidu- 
lated with  10  pts.  of  nitric  add,  and  heat  the  liquid  sufficiently  to  cause  rapid  evolutiatt 
of  chlorine.  In  a  short  time  the  iodine  is  completely  oxidi.sed,  and  the  iodic  acid  thus 
formed  may  be  precipitated  by  baryta,  and  separated  again  by  sulphuric  acid.  The 
hlMlt  crystals  are  obtained  when  the  solution  contaulf  a  slight  excess  of  sulphuric  acid. 

The  crystallised  ncid,  HIO'  or  r-'0*.H''0,  wlien  expos/'d  to  ;i  licnf  of  130°,  or  digested 
in  absolute  alcohol,  is  partly  resolved  into  water  and  iodic  anhydride,  which  remains 
conbbMd  with  tha  iodie  aeil  foiadag  flia  oompooad  POIHIO*  ok  SIH)*.HH>  : 

which  at  170®  niflbn  fbrther  deeompodtion,  yielding  water  and  iodie  anhydride. 

Iodic  anhydride,  PO*,  cr\'stalli.'<c8  in  forms  bdonping  to  the  trimetrie  system, 
and  often  reduced  to  the  tabular  form  by  the  predominance  of  two  parallel  faces  ooP. 
ForPthaiilioor  aepiiBelpel  to  tiie  eeoonduy  aaae  iel:0'7ffM:<h7in.  AnglM 
P  .  P  in  the  tarminal  edjjps  -  99°  22',  and  105°  12';  in  the  latend  edges  «  126°  7'; 
»P :  ooP  M  99^  37'.  The  pyramidal  faces  occur  aphenoi'do-hemihedraUy.  Cleavage 
Mrl!»et  paraDel  to  1^«d  ;  imperfect  panllel  to  Pee  (Sehabn^  Bethmmunff  £t 
Art/staltgestalli  n  in  cht  iniacL  ti  I.ahoratorien  crzeitgter  Produk(e,Vf^icu,  1855  ;  Jahrc«iber. 
1854,  p.  310).  Spedfic  gravity  of  the  crvstals  =»  4-260  (PilhoL  Ann.  Ch.  Phys. 
[3J  xi.  416).  At  the  tomperatnie  of  boiliug  olive-oil,  the  aidiydride  is  completely 
lesolved  into  iodine  and  oxygen.    It  dissolvos  in  water,  forminp  icMlic  acid. 

Pulverised  iodic  anhydride  is  reduced  at  ordinary  temperatures  by  a  small  qoanti^ 
of  sulphurotu  anhydride,  yielding  sulphuric  anhydride  and  free  iodiine ;  by  eoatinuw 
action  of  ealphuone  anhydride  at  100°,  it  is  converted  into  a  light  yellow  granulo- 
crystalline  mass,  consisting  of  an  iodosul j'huric  anhydride,  6P0*.S0*.  This 
oonij-'ound  is  quickly  decomposed  by  contact  with  air  and  water,  with  separation  of 
iodine.  By  abeohrta  ahsohol  or  ether,  it  is  resolved  into  1*0*  and  SO*;  and  by  alcoholic 
pot.ish  it  is  ctjnverted  info  iodate  and  sulphate  of  potassium.  Strong  sulphuric  acid 
does  not  act  upon  it  at  common  temperatures;  hydrochloric  acid  dissolves  it,  with 
cTolntioai  of  chnrine  and  fbrmation  of  chloride  of  kdinc  By  still  longer  ezpoeera  to 
the  action  of  .'sulphunnis  anhydride,  the  iodic  anhydriijp  i^  completely  decomposed, 
yielding  a  largo  qiumtity  of  iodine,  and  an  adhesive  ma^n  containing  an  oxide  of 
MdincTPO"  (p.  298).  ' 

Nitro-iodic  anhfdrkh,  PO'fNO)'  ?_Millon  (.Inn.  Ch.  Phys.  [3]  xii.  330),  by  tri- 
torating  iodine  with  strong  uitxic  add,  obtained  a  yellow  powder  which  ho  regarded 
ae  a  qwipound  of  nitric  add  with  periodic  oadd^  10*;  it  wu  rveolTed  by  water  into 
aifcieaeia,  iodic  acid,  and  iodine,  and  when  treated  wi^  ^Bhite  ale  .hoi  yi.  Ided  a  small 
miantity  of  periodic  oxide,  10*  (Millon's  tffpo4odh  amd).  Kammerer  (J.  nr. 
Chem.  IxzziiL  72)  has  obtained  the  same  eobetaaee  by  Haion|e  method,  deo  \j 
trHiting  io^e  witli  a  mixture  of  fuming  nitric  and  strong  sulphuric  adds,  and  a.'^.'^ipis 
to  it  the  composition  above  given.  He  finds  that  it  is  decomposed  by  drying  over  lime, 
with  evolution  of  nitric  oxide,  and  that,  when  dried  in  an  atmosphere  of  caiboua 
— **»ydrid<s  it  iplite  into  nitric  oxide  and  i  «  ri<>di(.-  oxidi*.  It  is  decomposed  by 
water  and  by  aqueoiis  acids  and  alkalis;  hydrochloric  acid  dissolves  it,  with  eTOlvtioB 
of  chlorine  and  format  ion  of  chloride  of  iodine.  Alcohol,  ether,  and  acetia  ether  are 
viokBtfy  attacked,  often  with  incaDdeeeeace,  even  by  small  quantities  of  the  oonipoimd. 
By  exposure  to  moist  air  at  common  temperatures,  it  is  decomposed  into  iodine,  iodic 
add,  and  nitric  acid ;  in  dfy  and  very  cold  air  it  remains  unaltered  for  a  long  time. 
It ^beoIreB  slowly,  and  without  deoomposition,  in  strong  snlphuric  add,  and  sometimes 
separates  from  the  solution  spontaneonely,  but  is  easily  prrcipitated  on  scratching  the 
Btops  of  the  vessel  with  a  fl^aes  rod,  or  adding  fuming  nitric  acid  to  the  solution.  The 
nlplmiie  aeid  •obrtioB,  wfinibo^ 
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Iodic  acitl,  IIIO',  crystallise* fk>in  a»tron{'nqtiPcm88olQtionintransf«u«nt«ix<4idod 
taMoH  without  wat^r  of  crystallisation  (Seriulos,  Marignac).  According  to  Kam- 
mr  NbfTrr  fPnrr!^-  Ann.  xc.  12)  the  crj'stals  arc  trimptric,  the  ratio  of  tho  brachydia- 
uiaciudiatj'OJiaJ,  ami  i>rin(  ip;il  axi«  Mnir  =  0-68906:  1:  1'1903.  The^  exhibit  the 
fact's  QoP,  foo,  oP,  with  ^f'x  and  I'T  /  -il>orJin;ito.  In  th«  brftdrrdiagoiial prill* 
cip  il  j<.  f« ion  ccP  :  -xT  ^  119°  0';  P«  ;  I'ao  =80®  4'.  Tlif'  crystals  aw  transpa- 
rent and  Imve  a  vittvous  lustre;  thoy  arc  generally  either  tabular  by  prjjdumiaance  of 
oP,  or  elongated  in  the  direction  of  tiM  braohjdiagonal ;  clearago  distinct  parallel  to  oP, 
le^s  (lixtinct  parallel  ty  v. P.  Aoconlinc;to  Mn  ri  gnac(Jahresber.  1 S5G.  {\  20fi,  IS'tT.  p.  1 24^ 
iodic  acid  crystaUiijeb  fruta  aqueous  solution  at  60** — 60°  for  tlitt  most  part  iu  tiiL'  lurui 
detenniiMd  by  Schabus  for  the  anhydride^*  Ims  abundantly  in  the  form  just  describoil 
as  determined  by  Rammelsberg.  Marignac  finds,  l.owovor,  diflrn  nt  vulues  for  some  of 
the  aisles,  tuc,  qoP  :  ooP  in  the  bracbydiagoiial  principal  section  =  lii^  40';  J^od  :  oo 
in  the  wme»79^  SS*.  Kim  merer  (J.  |)r.  Chem.  \xan.  4£3)liMobl«i]Md  a  hjdrato 
<rf  indie  noid,  2ITIO'.0TI'O,  -vrhioh  cry^fallisi-fi  ;it  17°  in  beaiiflfiil  hi'xao;onal  t.iTslos. 

Iodic  acid  ia  very  soluble  in  water,  slightly  soluble  in  akx>UiA.  The  aqueous  acid 
bUttcbes  litmus  paper  after  iint  reddeumff  It.  Itu  easiljr  decomposed  by  tUo^dtabig 
ao'  /if-i,  YiL-Min^  in  tlii.>  first  instance  hyamdio  add,  wbiidl  then,  witll  Uie  Mmaiiiillg 
iodic  add,  forms  water  and  free  iodine : 

HIO»  +  fiHI    =    3H»0  +  !• 

Hence  aqueous  iodic  acid,  though  it  does  not  of  iti^elf  impart  a  blue  colour  to  starch, 
prodtuMi  this  eoknir  Immadiately  on  the  addition  of  hydriodie,  snlphydrie  or  ettlph«row 

acid,  fitannons  cliljriilo.  vccrotabb'  acid?,  or  othr-r  deoxidising  agmt'?.  Tn  somo  ea«*^? 
however  an  excess  of  the  reducing  a^ent  conrerta  the  free  iodine  into  hjdriodic  acid 
rad  deatactiTi  the  bine  ooloiir:  tbu  with  ai^hwoaB  add: 

HW  -¥  V  +  m   -  8BI  •^  IPSO*. 

SulphiirOU  Suiphude 
acUL  adds 

KHric  oxi'h:  gas  reduces  aqueous  iodic  acid  at  ordinary  temperatures  (Kammcrer). 
The  acid  heated  in  Hcnlfd  fubcfi  with  sulphide  of  carhiw  \s  reduecd  to  hydriodic  acid; 
in  like  manner  iodatt' of  poUi8f»iumto  iodid6(Schlugdett  hauilV  u,  J.  Pliai-ni  xxxiv. 
176).  Ferrovs  svJphaie  does  not of  itwlf  appear  to  reduce  iodic  aicic  on  addition 
of  c;tii«;tic  soda  and  sidi'-^qnent  (mpersatiinition  with  snlphuric  arid,  iodine  is  set  free. 
In  this  case,  it  may  be  supposed  tnat  the  ferrous  gulphate  first  separates  iodine,  whicJi 
!■  taken  up  by  the  soda-ley,  forming  iodide  andiodateof  sodium,  end  thai,  on  addition  of 
sidphnric  acid,  iodic  and  hydriodie  acids  arc  set  free,  which  act  upon  c.nch  other  in  tli.^ 
way  above  mentioned,  yielding  free  iodine  (U  em  pel,  Ann.  Ch.  Pharm.  cviL  97). 
Aqoeont  iodic  add  yieldi  hf  tketretytit,  oxy^  at  the  ponlrra^  and  Mdineat  the  n4g»> 
tire  pole,  tho  t-i^paration  of  tlic  latter  belni:  due  fo  the  action  of  nascent  hydpopren  re- 
Bttlting  from  the  deconipoaition  of  tho  water.  Accordi^  to  Buff  (Ann.  Ch.  ilE'hann. 
A  Wt\  tiie  todie  add  m  iwd^sd  br  the  emreat  into  H  and  10*,  wUeh  latter  is 

decomposed  by  the  water,  yielding  ITIO'  and  freo  oivixen. 

I*4l«tea.  Iodic  acid  is  mo^ba^  like  chloric  and  bromic  acids,  the  geaeral  formula 
of  its  normal  salts  being  ^ 

MIO»   -  0  or  M=O.PO».  ■ 

But  there  ar«  likewise  add  iodatcs,  or  more  properly  anhydro-iodut<^  which  may  be 
xi^l«rded  as  compounds  of  the  noanil  iodatee  with  one  or  mofte  moleonles  of  iodic  anhj* 
dnde:  thvs tbera are idiree  iodatoe of potaiuam,  hs'dng the IbUowing fii^ 

Normal  iodate  of  potasdom  .      .      .      .    200' or  K*O.PO» 
Di-iodate  of  potassium         .      .       .     2KI0*  I-0»  or  K-0.2W. 
Tri-iodate  of  potassium        .      .       .  2KIO*.'2l'0»  or  K»0.3'I0». 

The  normal  iodates  are  obtained:  1.  By  bringing  iodine  in  contact  with  an  alkali  and 
wiitcr,  and  removing  the  metallic  iodide  formed  at  the  same  timo,  by  digestion  in 
alcohol.— 2.  By  direct  mixtnrr-  ef  iodic  add  witha  ealifiable  baacb — 8,  Bjr  bringing  the 
aqueous  acid  in  contact  wiLli  mt  tals. 

Most  iodates  are  ittodnUe  or  sparingly  soluble  in  water,  the  only  easily  soluble 
iodates  being  the  nmmoninm-,  potassium*,  and  K  Hiiuin-s alls.  The  solutions  of  these  salts 
give  with  somewhat  concentrated  solutions  of  strontium-  and  calcium-salts,  and  with 
dilate  solutions  of  barium-,  lead-,  and  silvcr<ealtly  lrilite<9jltalline,  granular  precipitates. 
The  8ilTer>predpitatie  is  easilj  soluble  in  •mmoni^  tety  sljgfaU/  sdoble  in  nitrio 
acid. 

The  Bormsl  iodatei^  when  hentcd,  dther  rive  np  8  atoms  of  oscygra,  bvt  no  iodine,  and 
are  oonrcrtcd  into  metallic  iodides  (f.  g.  KlO*  —  0*  ^  EI),  or  tiMjjr  part  with  thdr 
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iodine  and  5  atoms  of  oxyppn,  ami  are  mluocd  to  inffa!lio  oxidos  (,:  q.  Ba'O.PO*  — 
()•  -  X»  =  Ba^O),  aoeordingly  as  the  meUi,  has  greater  affimtv  for  iodine  or  for  oxy- 
gen. Soum  iodatef  dtttonafte  whm  h«ated  witih  oomtaatible  bodiefl,  e.  g.  on  red-hot 
eoals, — 8ometim(s  rven  when  i  i  r  !  ,  Truck;  Lut  the  detonation  ia  much  weaker  than 
tibat  produced  by  chkaat«8  or  nitrates.  The  aqoeoiu  solution  of  an  iodato  mixed  \ritli 
inlplnnoin  acid  yields  iodine  and  ndphinie  add,  part  of  which  combines  with  the  base 
(G  .ly-Lu  ssac.)  Witli  sul|iliydnc  jickI,  the  solution  of  an  iod&te  yieldlbydhodic  acid, 
water,  sulphur,  and  a  sulphate  (H.  Kose);  with  hydriodic  aoid,  or  with  n  dissolved 
lodkle  mixed  with  an  acid  to  liberate  the  hydriodic  acid,  it«  yiolUii  a  metallic  iodid«v 
iodiiuh  and  «iier: 

KIO»  +  6HI    -   KI  +  P  +  8HH). 

Iodides  and  iodatos  containing  weak  bases  mny  also  depoTnpo?e  one  another  in  ^^oltition 
inthout  the  intervciution  of  an  acid,  yielding  uu  uvido  and  trett  iuUine :  thus  with  the 
tilMT  iMllllI' 

ZnIO*  +  5ZnI    =    3Zn«0  +  I« 

With  hydrochloric  acid,  the  iodates  form  water,  a  Tnet.dllc  chl*  rid«\  trichloride  of 
iodine,  and  free  chlorine ;  and  the  metaUic  chloride  ihui*  produced  often  entars  into 
eamlKMtianiritht]»tBcUariAe<tfwdiiM  (Filbol): 

XIO*  +  0BG1  •i*  SH*0  -I-  KCl  +  ICI*  4-  OP. 

Arsoiiious  aoid,  with  the  aid  of  heat,  aii  1  likewise  dichloride  of  tin.  separate  iodine 
from  aqueous  solutions  of  the  iodatoi  (Si  mon).  Dilute  sulphuric  acid  at  a  boilinc  heat 
separates  the  iodic  add  ftOB  fhMe  iiltB  (Ga^-Lnsaac).  When  an  aquoous  solution 
of  an  iodate  is  heated  with  nitric  acid,  that  acid  at  first  takes  bold  of  the  Imse,  either 
wholly  or  in  part ;  but  when  the  solution  is  evaporated  to  'Irynrss  and  more  <<tronjr!y 
heated,  the  leas  volatile  iodic  acid  drives  out  the  nitric  acid.  (I't'uuy,  Auu.  i'im-m. 
JUxrii.  203.) 

lodnt.  s  li.  ati'd  witli  stronp  hydpioM'^r?--  arid  and  moirnrr,  or  with  H-fn'tnfr  ««n!].!uiric 
acid  aad  tVn-oso- ferric  oxidf,  impart  u  blue  colour  to  iit«a'ch,  in  cuusc(^uence  of  the 
libemtion  iodine. 

locJate  of  A!  It  HI  in  t'itm.  A  solution  of  moist  hydrate  nf  alttniina  iu  iodic  acMf 
evaporated  to  a  symp  and  then  left  ovee  sulphuric  acid,  yields  delique.<icent  crystals. 

Iodate 0/ Ammonium,  (NH')IO*,  is  produced  by  sahnating  caustic  ammonia  or 
carbonate  of  ammonium  with  iodic  acid  or  chloride  of  iodine,  and  separates  as  a  crys- 
talline powder  if  the  solutions  are  moderately  concentrated.  By  spontaneous  evapora* 
tiun  it  IS  generally  said  to  be  obtained  in  small  shining  cubes.  According  to  Mitrignac^ 
however  (Ann.  Min.  [6]  ix.  1),  t};c  n  vKtals  are  diniotri.*,  exhibiting  the  combinatioil 
oP.  o&Pao,  often  with  P,  2P,  ccP,  Poo  and  2Poo  subordinate.  Angle  oP  :  P  - 
124°  64 ;  oP  :  2P  =  105°  14';  oP  ;  Poo  »  134°  87;  P  :  P  in  the  termimU  edges  - 
109*7^.  That  the  crystals  are  not  monometric,  is  also  shown  by  the  obserratioa  of 
Marbach  (Jalirt  -slnV.  IS.jij,  p.  l  t.j).  tliat  thpy  aft  n|>nn  polarisoil  light.  It  decomposea 
with  a  hissing  uoists  at  loo",  ffivintr  ot^'oiiuai  volumt.:^  of  oxygen  and  nitrogen  together 
with  iodine  and  wat«r.  It  oetonatt  >  on  glowing  coals,  and  is  decomp>o«ed  by  hydro* 
chloric  aci'l,  yi'  Iditig  a  rompoiind  <>f  s,d-ammoniHC  and  trichloride  of  iodine,  together 
with  water  and  free  cldorijie  (Filhol).  It  diasolvea  in  38 '5  pta.  of  cold  water  at 
sod  in  6*9  pis.  of  boillag  mtcr.  (Bamitt^l sberg.) 

Iodate  of  JiiiriHOi.  2T)aTO»TnO.  —  Tliis  salt  U  prooipitated  wlion  iodine  is 
di8«olved  in  baryta* water,  iodide  of  barium  remaining  in  solution.  It  mav  also  be 
prepred  by  satvntiag  so  aqvMiu  solution  of  trichloride  of  iodtne  with  earDOnate  of 
banutn  or  Imryta- water,  or  by  iiivcipitating  n  ronct-nf rau-il  ^-ohiii-nj  of  chloride  of 
bftriiua  with  iodate  sodium.  The  hydrated  salt  forms  a  granular  powder.  From  a 
solnlion  in  hot  nitrie  add,  howerer,  H  is  deponted  on  ooolmg  or  on  addition  ef 
ammonia,  in  small  crystals  (Rammolsborg),  which,  according  to  Murignac  (loc.  dt.) 
are  monoclinic  and  isomorphous  with  bromnto  and  chlorate  of  barium,  exhibiting 
the  combination  ooP  .  (Pas )  .  -  Poo .  Anglo  ccP  :  ooP  in  the  dinodiagonal  prin- 
cipal section  -  82°  0' ;  (Poo  )  :  (Bco  %  in  the  same  =  7G°  42' ;  -  P*  :  ooP  =  1 19='  4'. 
The  Wat*  r  of  cryfif  alligation  escapes  at  a  temperature  below  200^.  On  heating  tlio 
mall  more  stroiigly  in  u  porcelain  retort,  vapour  of  iodine  and  oxygen  gaa  are  evolved, 
ttd  a  fsiidiie  ii  obtaiiiea,  r^^^  of  b«aie  peiiodaie  of  barium  (Bammelsberg) : 

ffBsIO*   -  BsIO«.SBa*0  -»>  41  +  0». 

It  does  not  detoi^xte  on  ignited  ehareoal,  bnt  sometimes  exhibits  phosphorosconce 
(Gay-Lussac).  llydrochloric  acid  dissolves  it  readily,  even  in  the  cold,  the  liquid 
assuming  a  dark-yellow  colour  (probably  arising  from  the  formation  of  a  double  chloride 
of  iodine  and  barium)  and  evolring  chlorine.  It  dissolves  with  difReulty  in  warm 
aitrio  acid  (&ammeUberg>.  U  w  sofaible  in  9,833  pta.  of  water  «t       in  625  pta. 
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of  boiling  wat.-r  (Oay-Liissac),  in  1,746  ptai  of  Vltar  at  15°.  nnd  in  fiOO  pts.  of 
boiling  water  (Hammflftaberg);  the  anhj^ous  salt  diMolres  is  3,018  pU.  witter  at 
l'i  5°,  and  in  661  pts.  boiling  water.   (Kremers,  Pogg.  Ann.  zdr.  355.) 

Iff 

lodate  of  Bismuth,  2Bil*0*.H*0  lodate  of  sodiam  added  in  excess  to  a 

•olution  of  bismuth  which  is  no  longer  precipitated  by  water,  throws  down  the  whole 
of  the  bismuth  fi8  iudato.  The  precipitate  is  nearly  insolubJie  iaiUftBO  afiid*  WlUB 
ignited  it  leaves  trioxide  of  bismuth  mixed  with  iodide. 

l04aU  of  Oaleium,  9(U0"U»H^.— G^TatalliiM  dovlj  ftom  the  auzed  idlii- 
tions  of  iodatf  of  potassium  and  cliloride  of  culclum  in  water  (Pleischl),  a  large 
proD(»tion  of  the  salt,  however,  remaining  dissolved  (K  amm  eUberg;).  The  crystals  an 
TCDOflMd  aiibjdfoae  bjbeat.  The  drj  nit  gently  ignited  in  a  p(»«elilo  vetoct  evoltea 
14*7S5  per  cent,  of  oxyg'  "  nnd  !)i-07'2  of  iodine,  leaving  a  residue  amounting  to  31-148 
per  cent.,  and  consisting  chiefly  of  pcntabaaie  pehodate  of  calcium ;  but  when  heated 
inore  strongly,  it  evolves  a  still  larger  amount  of  oxygen  (in  the  whole  17*176  per  cent.) 
and  of  iodine  (in  the  wh<^  6S'478  per  cent.),  and  leav^  20*346  per  cent,  of  a  mixture 
of  pentabasic  periodate  and  muen  free  Ume,  which  may  be  separated  by  water 
(Rammelsbcrg,  Pogg.  Ann.  xliv.  676).  lodate  of  calcium  detonates  violently 
on  ignited  charn)al  (Oay-Lussac).  When  treatsd  with  concentrated  hydrochloric 
acid,  by  which  it  is  readily  di-snh  cil,  it  yields  an  oranee-coloured  liquid,  smelling  of 
trichloride  of  iodine,  and  similar  to  that  yielded  by  iooate  of  potassium ;  it  does  not, 
however,  give  crystals  of  the  double  chloride  of  iodine  and  calcium  (Filhol).  The 
liydrattKi  salt  fonu-s  four-sided  pri'^mf,  which  effloresce  in  the  air,  with  partial  loss  of 
water,  and  become  anhydrous  at  a  temperature  below  200°  (Itammelsbeiig).  From  a 
•olntion  acidulated  with  nitric  arid,  it  acparatefl  in  trinctrio  OTstsls^  odP  .  copao . 
3P  .  P  .  oP  .  3f»x  .  if'x .  Ratio  of  axes.  a:b:c^  0-4687  :  1  :  0-5231.  ooP  :  aP 
in  the  bnchydiagoQal-1320  66';oP  :  P»127<^  22';  oP  :  SP  -104°  17'  (Senarmont, 
Marignao^  Jahretber.  1867,  p.  120).  The  eiTBtalsdisMhtt  in  454  pds.  of  water  atl8^»  * 
and  in  102  pts.  of  boiling  water  (Oay-Lussac) ;  in  253  pts.  at  15°,  in  75  pts.  of  '  * 
boiling  water,  and  much  more  copiously  in  nitric  add.  Prom  the  latter  solution  tlM 
salt  is  predpiteted  bj  ammonia  m  misms  (Rammeltberg).  Akobol  Beparatea  (be 
•alt  from  an  aqueous  solution.    (0.  Henry.) 

lodate  of  Ceriu m,  2CeI0».H\"),  is  a  wliite  pradpitato  whieh gNw <|ff  ita  water ai 
200°,  and  leaves  pure  eerie  oxide  when  ignited. 

lodate  of  Cobalt,  20oIO*.HK),  is  obtained  bydinolving  n>centl7 predpttatod  «u>- 
l>onatc  of  cobalt  in  hot  nqueous  iodic  acid,  and  separates  partly  on  cooling,  j  artly  by 
evaporation,  in  violet-red  ciystalline  cruata.  Dissolves  in  146  pts.  of  cold  and  90  pts.  of 
hot  water.  Oirea  off  ita  water  of  ayslalliaation  at  tOO^.  At  a  i«d  heat,  it  aim  odP 
iodine  and  oxygon  and  leajres  cobaltoso-cobaltic  oxide,  Co'O*.  Alcohol  adOM  tO  a 
solution  of  this  salt  in  sal-ammoniac,  throws  down  a  pale-red  double  salt. 

lodate  of  Copper. — lodate  of  sodiam  forms  with  sulphate  of  copper  (after  some 
time  only  if  the  solutions  are  dilate)  a  greenish-bhM  pradpitate,  consisting  of 
4CuIQ'.HH-0,  M-liieh  gives  oflT  its  water  at  200°  (RammelsbergV  AccordinL'  to 
Hillou,  iodic  acid  forms,  even  in  very  dilute  solutions  of  copper-.s^ilt.s.  a  blue  ery.stalhne 
pneipitafco  eompoeed  of  2CqI0*.H'0,  and  the  same  oomponnd  is  obtained  ])y  digesting 
recently  precipitated  hydrate  or  carbonate  of  copper  with  io-hV  acid  at  ordinarj-  tem- 
peratures. When  hydrated  cupric  oxide  is  washed  with  boiling  water  and  covered 
with  a  flufHcient  qnantity  of  aolntiou  of  iodie  add,  an  olive-coloured  pawdor  iaabtsined 
which  has  the  same  Mmposition  as  the  blue  crj-f^als,  but  requires  a  tempemture  about 
40°  higher  to  dehydrate  it  completely.  Ignited  cupric  oxide  shaken  up  with  aqueona 
iodie  add,  forms  a  banc  salt^  8(2CaIO'.CQ*0).H*0,  wldeh  howwrar  is  eonveited  into 
the  oliTe-eoloured  salt  when  the  mixture  is  boiled. 

lodate*  of  J r,.  v. —Ferric  lodate,  FeW2PO».8H«0  or  <A10»/t'0.81P0,  is  a 
jenowish>wfaxte  pn  i  ipitate  obtained  by  adding  iodate  of  sodium  to  amroooio-fiBRie 
sulphate.  The  precipitate  when  dry  becomes  heavier  and  assumes  a  reddiflh  tiatk  It 
is  soluble  in  nitric  acid,  and  leaves  pure  ferric  oxide  when  ignited. 

Ferrous  lodate  is  produced  on  mixing  ferrous  sulphate  with  iodate  of  potassium,  os  a 
white  predintate,  wnidldkMires  reamly  in  excess  of  thaftarons  solpliat*-,  but  quickly 
tonw  brown  and  decomposes,  with  tnolnfion  f>f  iodine,  especially  when  hi  Mfcd.  Tlio 
brown  precipitate  dissolves  in  hydrochloric  acid,  with  evolution  uf  chlorine,  and 
ammonia  throwi  down  ftom  tha  lolnlioB  a  adstnre  of  fttcio  hydsata  and  iodide  of 
nitrogen. 

lodate  of  Lanthanum^  2LaI0'.H*0*— Precipitated  as  aciystalline  powder  on 
adding  sulphate  of  lanfhannm  to  eqneont  iodio  acid.   From  eolation  in  hot  water,  it 

separaf  I  S  on  i  vMporation  in  white  crystalline  scales.  Gives  off  its  water  at  a  temperataa 
above  110^.    (llolzmaun,  J.  pr.  Chem.  Ixxv.  321  ;  llermann.  O-iJ.  Ixxxii.  385.) 
Iodat$  of  Lead^  PblO'. — White  precipitate^  very  sparingly  soluble  in  water  and 
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in  nitric  acid.  Gives  off  iodino  nnd  oxjgen  when  heated,  and  leaves  a  mixture  of  oorfcUl 
and  iodido  of  lead,  from  •which  the  oxide  is  e  vsily  dissolved  out  hy  acetic  n<^id. 

lodate  of  Lithium^  LilO'.— Crystiiiliuc  cruitti,  soluble  in  2  pts.  ot  water. 

Jodatt  of  Maynetium,  MgI0*.2HK).-~SliI]iing  ciystals  solnblB  la  t  pl».  of 
boiling  and  9  13  pta.  of  cold  water.    They  are  monoclinic.  <  .vlilbiting  the  combination, 
«eP  .  eePoo  .  -t>P  .  — P  .  oP .  — |Poe.   Xa  the  cUnodiagonal  priiicipiU  aeoti(», 
•P:       -  78<»  W;  +P:  +P  -  M^tfr;  -P:  -P  .  \W>  W\  fttrtber.  oP: 
aPx  =  100°  40';  oP  :  -JPx  =  153«  82'.    Tlie  crj-.stals  cleave  very  distinctly 
McaUal  to  qdP^  (Marignac,  Jahresber.  1857,  p.  126).    When  heated  they  quickly 
MeooMopiqno  ana  am  Mfwater,  becoming  completely  anhydrous  at  240^  (Mi Hon). 
Jklb  %  red  neat,  t]io  giui  MflbcB  dt  oomposition  and  leaves  pure  magnesia. 

lodate  of  ATawy a ne*«,  Mn  10',  is  best  obJ.aini  d  1>y  precipitating  a  con<»(pntrated 
solution  of  acetate  of  manganese  vn^x  iodate  of  sodium.  It  is  pale  rt^d,  soluble  ia 
200  pts.  of  water,  and  when  ignited  leavt  -s  ])nre  mRngmMH<MiMmgMfe  oaddk  Aeeordiiig 
to  Berze-lius,  it  contains  \  at.  water  (2MnI<.)MI-0). 

Jodates  of  Mc roury.-—!.  Mmmric  lodate.  Produced  by  digesting  recently  pre- 
dptt*t<d  laefgoiio  odds  in  iodie  uML  It  is  •  irliHil  ■ah jdrans  powdtr,  inadttble  m 
water,  Lut  dissolriiirj  easily  in  hydrochloric  noid,  with  <'voIufion  of  cbloriue.  The 
solution  mixed  with  stannous  chloride  yields  a  red  precipitate  of  mercuric  iodide,  which 
by  the  further  action  of  the  tin-salt  is  reduced  to  yellow  mereuroso-mercuric  iodide 
Mercuric  iodata  wh* n  lieated  gives  off  oxygen  and  is  converted  into  iodide. 

2.  Mercurous  lodatr,  IThglO*. — A  solution  of  mercnrous  nitrate  rendered  as 
utiulral  as  possible,  yields  witli  iodate  of  sodium  a  white  precipitate,  which  is  dissolved 
1)j4ivdfOfliuorie aoid,  with  r  volution  of  chlorine,  and  yields  a  s<dution  from  which  am- 
monia tbrows  down  iodiJo  of  nitrojim.  It  dissolves  with  dilfiiulty  in  nitric  acid,  and 
is  oomplet«iv  voLttiiibtid  by  heal,  hvnig  at  ike  same  time  retnilved  into  mercuric  iodide, 
H»tCTiy  aad  oxygen. 

.  lodaff^  ff  Nick,  !,  2XiT0'.n"0.— Ol-tainrd  hy  dif*«(»lvlns  r.-o*'ntly  prectpifat.  d 

^  bydrate  of  nick*  !  in  iodic  add,  or  by  evaporating  to  dryness  a  sohitioa  of  1  pi.  sulphat« 

•H^        or  ncitol  and  l  ^  pt  iedalA  of  todiwa,  mA  dlssolTing  out  the  sttlphato  of  sodhmi  from 
4^'        the  rt  sidu''  with  wa'        Fruin  a  liot  Hnfuratod  solution,  if  noparatrs  as  a  light-green 
tfTstalitpe  powdec   It  dissolves  in  77i  pts.  of  boiling  and  1204  pts,  of  cold  water, 
when  ignited,  it  Imvm  jmt  ondB  «f  aioDU.  Aamoiii*  dinotYeo  it  readily,  forming  ft 
Mm  liqpn^  ttum  vUflb  aleoliol  throvi  down  Um  OTiti]^  or  aci^  stalliM  po«dsrreoo- 

r^ilingflf  Itfdrtt^ufcJW  Mmmmium,  ]fflO*.2NH*  -  I0*J7|^'gl^'. 

Iodate»  of  Potassium. — 1.  Mono-iodate  or  Normal  lodate.  Thi^salt  isprepart^d: 
-1.  Uyaildiug  iodtn*"  to  solution  of  potash  till  al'rowu  colour  is  produced,  evaporating  to 
dryiiemt,  aud  dibttulviii^  out  the  iodide  of  pula!»biuiu  fonned  at  the  sam,e  time  with 

aleohol  of  ipedio  fpnttf  0*81 : 

6XH0      P   «  EIO*  ^  iKI  -¥  8H*0. 

Should  the  iodate  thus  ol>taInHl  contain  carlxtn.itr  of  potassium,  the  latter  musf  h»» 
decomposed  by  ac^tio  acid,  tha  wboU  OTSjpotrated,  and  the  acetate  of  potassium  removed 
by  aloohoL 

2.  By  disMlTingtridilotidi  of  io^Minpoliil^flMJff^ 

uhlftfffdff  of  potaft^inm : 

12KII0  4-  3lCi»    «    2TaO'   I-  9KCI  +  KI  +  6H'0. 

The  iodide  and  chloride  are  dissolved  out  by  alcohol,  as  in  the  former  process,  but  tho 
latter,  heasg  loss  solublo,  is  more  difflcult  to  remove. 

^.  T»y  mt'lting  ioJidc  of  potassium  in  a  crucibh',  leaving  it  to  co..l  till  U  lifcomr'!? 
semifluid,  and  then  graduaUy  adding  1^  pts.  chlorate  of  potassium.  The  mass  bocomos 
flidd,  owttlli  up,  and  aolidifloa  to  a  spongy  mass  o!  iodi^  tad  oUorido  of  potasiiinB. 
It  is  di<>Hlv^a  in  hot  wat<  r,  the  iodate  left  to  ojitallias^  IheetyatalaiodiaROiTMl  in  hot 
water  and  the  iodate  precipitated  aloohoL 

Mono>lodate  of  potaasnna  ftnaa  small  white  enhie  «97atala  (Oay-Laasae); 
oeOoo  .  ocO  (Marignac),  but  it  is  not  easy  to  obtain  distinct  crystals.  Specific 
gravity  3-9/9  (water  at  17-6°  -  1)  (Kramers).  It  dissolves  in  13  pts.  water  at  14*' 
(Gay-Lu8sac);  in  1»^>2  pta.  water  atO*^^,  &  H'85p«aiat  9«4«  ia  10-77  pfs.  at 
22-2*',  in  6-96  pts.  at  46-8*=*,  and  in  3  G7  pfs.  at  CO  2°.  An  aqueous  Foliifion  of  specific 
gravity  1  0741  at  19-6^  contains  9  08  pt«.  K10»,  for  every  100  pts  wnt*>p.  The 
saturated  aqueous  solution  boils  at  \07P  (Kremers,  Pogg.  Ann.  xciv,  271  ;  xcv.  121 ; 
xcvii.  5).  More  soluble  in  aqueous  iodide  of  potassium  than  in  water.  Insoluble  in 
n1  r>hol  of  sp(  ciflc  gravity  O  KI .  Soluble  ia  warm  ralphnxioacid  without  deoompontkm 
of  til 0  iodic  acid.   (Be rzcliu{>.) 

Al  a  lov  lad  noal,  tho  lalt  bmHi  and  ftolibi  up,  tad  waonTortad,  wHh  leea  af 
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%2'59  per  cent,  oxygen  into  iodide  of  ^tassium  (Gftj-Luasac).  If  onlj  part  of  the 
oxygen  is  expelled,  tho  reridiu  oaosuts  of  todioe  Mid  iodMe,  without  any  pcmdate 

(Ram  rn  t' 1  s  1j  i»rg).    It  deflatrratfs  M'ifli  ;i  purpli-  li^ht  on  ^^lowiu-;  cliurcoal. 

The  aqueous  solution  exhiUite  viUi  sulphjdric  acid  and  other  rcdooiag  ageots,  the 
reactions  already  deflcribed  foot  iodites  in  gea«nl  (p.  301).  From  a  ao^tioii  of  tho 
salt  mixed  urith  iodide  of;  potassium,  the  stronger  acids  precipitate  iodine.  With 
stron;^'  }iytlroobiOEic  acid,  r(  yields  water,  free  chlorine,  and  chloride  Of  iodiDA  $aA 
pota'-siuiu:  i^jQ,  ^  „    gjjiQ  ^  (^^1,  ^  j^iQn 

A  solution  of  iodaie  of  potasBiom  in  ezoass  of  boiling  nitric  acid  yields  cxystals  of 
iodic  add  on  eooling,  wliilo  nitre  feoaiiu  ta  folntion ;  v  hovcrer  it  i»  erapomtwl  to 

dryness,  otii'  Imlf  tho  nifro  foriiml  is  dcfonip'vsed,  and  flirre  rcinalii.s  a  mixtaro 
of  1  atom  of  nitrate  and  I  atom  of  di-iodate  of  potaasiiua,  When  greater  heat  ia 
aptilied,  all  the  oitrie  uSA  if  daqoMipoted  Into  pomibne  oxide  md  oxygen,  tod  drifni 
(AY,  so  tliaf  tho  r' mdu«  eoniifti  menlj  of  ioda^  ^oanj,  Ann.  Gli. 

Phann.  xxxvii,  203.)   

Jhuik-mlt  of  lodaU  md  Aeid  BulpkgU  qf  FcUufiwm,  KIO*.KBBO<.<-This  salt 

sepamtes  after  the  tri-iodatc  (p.  305)  from  a  solution  of  the  mono-iodate  )iiixr<i  with 
sulphuric  acid.  Itwasfirt^t  obtained  by  Serullas  (Ann.  Ch.  Phys.  [2]  xliii.  113), 
vho  regarded  it  as  a  compound  of  the  di-iodute  with  anhydrous  di-sxilphate  q£ 
potaaanm.  Mil  lo  n  (Ann.  Ch.  Phys.  [3]  ix.  497)  supposed  it  to  be  a  compound  of  aoB<^ 
iodato  and  mono'^ulplnff  of  pita-'sinrn.  2KT0Mv*S'O«.  The  f  irinula  iiliyvo  prfTi  was 
determined  by  Maiiguac  (Aim.  Miu,  [5\  ix.  1),  who  obtained  it  of  tijc  s»am*j  com- 
poflitioii,  e\'t  ii  \vh<  u  tiM  proportions  between  the  nlphlurie  acid,  iodic  acid  and 
pota?h  in  the  soluiiDii  •n'orf  %-arii<l.  The  crystals  are  monoclinio,  t  xhibiting  tho 
eombinatiou  ocP.  .  ^V'o  .  xl'ao  .  oP.  —  P  .  -P2  .  —  Poc  .  +  Pac  (pmlominating 
at  the  ends)  -i-  3P<x>  .  (P<x> ) .  (^Pqo  ).  o»P  :  odP  in  th'  elinodiagonal  pnocipiil 

section  =  64°  63';  ooP2  :  odP2  in  the  samp  -  92^  10';  oP  :  ooP  -  91°  29';  oP  : 
ooPoo  -  93<'U';  ooPao  :  +P«>  •  116^  5U  ;  ooP«  :  -P»  •  120O  42' (Marignac). 
When  lieated  to  f«dneai^  thej  gi-re  off  oxygen  nnd  iodine  and  la«ra  MlplMtoMiaiodido 
cf  potussiiun. 

JH^aU,  mO».l»0»  or  K«0.2I«0».— Obtained— 1.  By  mixing  the  aoueoas  eola- 
tion of  the  tnono^iodato  with  hydroditotie  teid,  and  preci^)ital  ing  with  alootud. — 2.  Bj 

pjirtirtlly  saturating  an  aquf  utis  H,luti<  >n  of  trichloride  of  iodine  with  caustic  potash  or 
carbonate  of  potassium,  whereupon  the  mixture  beoomes  heated,  and  on  cooling 
dejx>8its  a  compound  of  the  di-iooatc  with  chloride  of  potassium  (the  motlier-liquur 
eaturnted  with  potnsh  still  yit  Ids  the  mono-iodate).  The  solution  of  this  compound, 
largely  diluted  with  water,  and  evaporated  in  the  air  i4i  t>6^,  j-ielda  tho  di-ioaate  in 
beiiutiful  transparent  right  rhombic  prisms,  with  dihedral  summits,  having  a  sour, . 
astringent  taste,  and  add  reaction. 

Accordingto  Marignac  f.Tii!in--];.  1856,  p.  2071,  th..  rrystals  eonfain  Tr"0.2P0*.H«0, 
and  exhibit  throe  easenliallj  diUcrtut  forms,  vuc  IrimeU-ic,  the  other  two  monodinic, 
the  otKorrence  of  which  is  independent  of  tho  tcmpentarft  of  crystallisation.  The 
trimotric  crv^til's,  vrhrch  spp:irat»5  only  from  solutions  contsining  a  small  quantity 
of  th»'  ni<>iio-it'd,'.f«>.  fxliiiiit  L'liii  fly  the  combi' at  ion  a  P  .  ocf  ae  .  «i*oo  ,  oP  ,4P  .  . 
if'y:  jV-j-j .  Aiifi'Ii'  crP  :  y.\'  ^  10';  P  :  P  in  tho  nuiirodiagonal  principal  s.  tioo  m 
87*^  10';  in  the  bracliviliac:' nal  101°  40';  op :  P  ^  mr,^';  oP :  IPoo  - 
127°  23';  oP :  1^00  »  14U^  45  .  No  cloavn^re.  Accurdmo;  to  Hchabus  (Jaliresber. 
1864,  pw  310),  the  combination  is  oP  (predominant)  .  P  .  fP .  P«» .  |P«B .  OftP  .  »p€0 . 
ocPoo .  For  P,  the  ratio  of  principal  and  se.  )nd;irv  axes  is  1  :  0-8r>7'^  r  0-7819.  Angles 
P  :  P  in  the  the  terminal  edges  -  111°  13'  and  121°  2';  in  the  lateral  edges  =  97°  2'; 
ooP :  o»P  —  82*  4'.  CleaTB^^c  imp<  rfoet  parallel  to  oP. — ^Tbe  aeoond  ftwm,  ifhidi  ia  : 
inoi»ii('!ini'',  H.'jiamti  s,  jn'fordmir  to  .\riirii,ni;u',  cliii  (ly  fran  s(iliiti')iis  oonfaiiiini^  a  ^li^lit,  I 
excess  of  acid.  According  to  bchabus,  the  predominant  combination  is  ocP2  .  wPgo . 
oP .  -f  P .  —P.  The  priiwipal  axii^  dino*  and  ortho-^mi^nalg,  are  ui  ttie  proportion  r 
1  :  ITHOT  ;  0  8627.  Angle  of  the  inclined  axrs  ^  S7°  16'.  ocP2  :  aP2  in  Ahw-  I 
diagonal  principal  section  -  78°  48' ;  aP  :  -P  =  129°  22' ;  oP  :  +  P  -  128^  9'.  The 
crystals  an  often  joined  aa  twins,  the  face  of  eombination  being  apparently  pamnel 
to  +  rJPoo .  Murignuc  has  also  mefi.-iiii'f  l  those  cry-tals,  viewing  them  in  a  different 
direction,  so  that  the  faces  oP,  oePoo ,  ooP2,  &c.  in  the  prccinling  determination,  become 
Tr'M{K>ot.ivoly  coPoo ,  oP,  (^P»  ),  &C.  in  tha*  of  Marifrnac.  Regarded  thns,  the  crystals 
I'xhibit  the  faces  oP.  ocPoo  .  »P2  .  — P  .  (Poo  )  .  (^Pco  ),  with  serevalanbordinate clino* 
diagonal  domes  and  hcmipyramids.  qcP2  :  00 P2  in  the  clinodiagonal  principal  section 
120°  17';  -P  :  -P  in  the  same  ^  87°  48';  oP  :  (P«  )  =  110=>53';  oP  :  (^Pw  )  = 
127°  20';  oP  :  ytPx  ^  91°  06',  The  riy>^tid8  are  almost  always  intersecting  twina, 
with  theftice  of  combination  —  Pao  ;  rarely  contact-twins  jolnfjl  a-  the  fn.r  oP.  ricavrtpje 
parallel  to  oP. — The  third  tbrm,  which  accompaniea  th«  uthor  two,  is  aibo  monocliuic^  ' 
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t3»  erysteb  being  mostly  aggregated,  and  exhibiting  the  combination  oP  .  obP  .  +  Poo . 
—  Poo .  —  JPoo .  (Poo  )  .  (2Pao  )  .  —P.  Angle  ooP  :  odP  in  tho  clinodkigonal  prineipal 
section  -  99°  80';  oP :  -  P  -  122°;  oP  :  osP  »  96°  i^y ;  oP :  -Poo  »  129°  28'; 
oP  :  +  Poo  -i  117**  16'  (Marign  ac).  RammelsbeiTg,  who  formerly  regarded  the  crystalg 
as  anhydrous,  fotind,  by  a  lat«r  di't<>rminatioB  (Jahieib.  1^7,  ow  1861  thai  thagr  oootaai 
2(K«0.2PO»).3HX)  [?  in  which  form]. 

Di-iodate  of  potassium  is  soluble  in  W  ptM,  mlbm  at  15^,  iniolnble  in  alcohol 
(Scrullas).  When  l^atfd,  it  givof^  off  oxygen  and  vapour  of  iodine,  and  is  convected, 
fast  into  the  mono-iodate,  tlion  into  iodide.    It  deflagrates  on  glowing  charcuaL 

A  double  salt»  fOMiiriiH],  of  di-ioeUit^  and  chloride  of  pt>tas9ium,  2KGL^I0*.P0*,  is 
obtainM  when  an  aqueous  solntion  of  t  richloiids  of  ioiiiiMt  ill  apt  qirilit  natnTBttri  irith 
(totash,  and  the  sohition  is  left  to  evaporate : 

4KH0  -I-  8ia'  +  TWO    -   (2KCL3EIO'JK)*)  -i-  4IC1  +  18Ha; 
«r    heatiDg  iMifraadila  of  poCairim  with  dilirta 

4XI0*  *  mOl    -   (2KCL2KIO*.I*0*)  +  WO. 

It  form?  nhining  transparent  prisms  and  elongated  four-sided  tables  with  truncntod 
terminal  edges  (Serulias,  Ann.  Ch.  Phy&  [2]  xliii.  121).  According  to  Millon 
{ibkl.  [8]  ix.  407)  aad  Xarlgaav  (Jalmab.  1866,  p.  298)  the  crystab  oontain  1  at. 
water.  Aoconling  to  Rammelsberg  (Pngg.  Ann.  xovii.  92),  who  also  flncU  thom  to 
Tw  anbydroug,  th^  are  trimetnc,  exhibiting  the  oorabination  x}*  .  oaPoo . obPoo  .  Poo . 
iPoo  .  oP  .  PS.  Ab|[^o  «»P  :  oDp  in  ^  maorodiagonal  prinripal  aMdoB  »  9iP  8*; 
Fx  :  ,  in  th<'  Panio  =  07°  0';  }Px  :  ,  in  the  same  =  132°  16'.  Proportion  of 
bradmliagonal,  macrodisgonal,  and  pciooDal axis  0*8718  :  1 :  0*7709.  The ojitala 
an  mmmemU  aolvbla  ia  19  water  at  10*  (S«ii*«11aa>.  OoM  deoiul  dinoiTea  oat 
the  chlori(k  of  potassiaBi,  ItDf^  the  di-iodate.    (Filhol,  J.  Pharm.  xxy.  606.) 

Di-iodate  with  IH-tMaiB  0/  PoUu$ium^  E*SK)'.£1^"  ?— This,  according  to 
SernUas,  is  the  oompositloa  of  ue  double  salt  obtained,  after  the  separation  ofjthe 
tri-iodate,  when  a  solution  of  the  mono-iodate  is  mixi>d  with  sulphuric  add. 
aeeording  to  Millon  and  Mazigaafl^  tliia  «lt  fontainn  not  Uie  diriodats^  bat  the 
iodate  of  potatMium  (p.  303). 

Tri^iodate,  2KI0».2IK)»  or  K«0.3P0».-This  salt  is  obtained  by  mixiag 
iodic  acid  with  a  Fmall  quantity  of  potash,  or  hy  adding  a  solution  of  the  mono-  or 
di-iodate  to  aqueous  sulj^huric,  phosphoric,  hydrocliloric,  nitric,  or  silicic  acid.  Whoa 
a  solution  of  tha  mooo-iodifff  in  heated  with  a  large  ezcees  of  dilute  sulphuric  acid, 
and  1<  {^  to  evaporate  at  2o°,  the  tri-iodate  crystaUiiei  <Nll^  Icwing  m  ffftl^tiffll  • 
compound  of  iodat«  and  acid  sulphate  of  potassium. 

The  tri-iodata  forms  huge  transparent  crystals — ^trieUnie,  aecotding  to  Bammdsbeig 
and  Marignac— which,  evfn  when  free  from  sulphuric  arid,  assume  a  reddish  colour 
after  a  while.  According  to  tierullas  and  Banuneisbera,  thevanj  anhydrous ;  according 
to  IBBoa  and  Mariffm^  Ifcajr  oontahi  %  at.  watCT:  EK>.8F0^SH!*0L  Hm  lalt  wImii 
moltod  givPB  off  f  of  its  iodine,  leaving  iodide  of  potassium.  ItdiMdlfaa  ia 
water  at  16°.   (Serullas,  Ann.  Ch.  Phys.  [2]  xliii  117.) 

Bnh  ledaU    Aeeording  to  Qay-IiaMaeb  a  aqlatkm  of  tiia  imaHviodata  «i»id  with 

P'^nnh  de^x^sits  a  8:dt  eontiiining  rxccsM  of  potaA;  huty  iwwtfag  tO  BaUawMMq^ 
nothing  bat  the  mono-iodate  eryf^tallises  out. 
/pd9*4  of  Mw,  Agio,  obtained  by  precipiuting  ultiate  of  aOrer  with  iodio 
oriodataof  sodium,  is  white,  insoluble  in  water,  nearly  insoluble  in  dilute  nitric 
oaaQy  sohible  in  ammonia,  the  solution  yielding  by  spontaneous  evaporation,  pure 
be  of  silver  in  monoclinic  crystals,  which,  accoraing  to  Marignac  (Ann.  Min.  [6] 
ix.  \\  exhibit  the  faces  ocP  .  <xPoo ,  inclined  to  one  another  at  an  angle  of  127^°,  and 
a  number  of  other  faces  at  tho  ends  of  the  pri«;m,  extending  in  a  direction  pnr;illt'l  to 
the  orthodia^naL  Sulphurous  ucid  pu«.sed  into  tho  srilution  of  tho  salt  in  ammonia, 
is  eonverted  into  sulphuric  acid,  and  throws  down  imlide  of  silver.  Hydrochloric  acid 
deeooiuoees  it  readily,  yielding  chloride  of  silver,  chloride  of  iodine,  and  fr«'e  chlorine. 

lo dates  of  Sodium. — The  mono-iodatr,  NaIO»  or  Na^.IH)*,  is  obtained:  1.  By 
passing  chlorine  ^  to  saturation  through  10  pts.  of  water  oontaiaiag  1  pt.  of  iodina 
diflFused  throiigh  it;  neutralising  the  liquid  witli  carbonate  of  sodium  ;  pa.ssing  chlurino 
again  through  it,  in  order  to  dissolve  the  iodine  thus  thrown  down  ;  again  neutralising 
Wft  the  carbonate ;  redisnlfiBg  tiia  iodine  thus  separated  by  means  of  chlorine,  ana 
so  on.  T!ic  liquid  is  then  evaponited  to  ^th  its  Imlk,  mixed,  while  still  warm,  with 
half  its  volume  of  alcohol,  and  the  oomnact  cmtaliine  mass,  consisting  of  eight-sided 
prisms,  produced  on  cooling,  ii  ftoad  nam  adhering  chlorida  of  lodium  by  washing 
with  alcohol  (Liebig,  Pogg.  Ann.  xxiv.  362).  An  excess  of  carbonate  of  ;^(xiinm  must 
be  avoided;  otherwise,  basic  periodate  of  sodium  will  be  formed  (Magnus  and 
AamaraiftllerX  AaooadiBg  to  Dwfloa  (fiUnr.  J.  biL  890^  tha  dmon  of  all 
k  unnecessaij,  la  tha  k»  aoira  kdate  oaa  ha  ananlvd  toi  tha  tUmid^ 
VoL.UL  X 
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bj  rryBtalliBiitioii. — 3.  By  pntiidl.r  saturating  aqoeovs  trichloride  of  iodine  with  camlie 
eoda  or  carbonate  of  soditun,  precipitating  with  alcohol,  washing  the  predpitato  vitli 
the  same  liquid,  and  recrystalfismg  from  hot  watpr.    (Sorull us.) 

Mono*ioduito  of  sodium  sra^arutc^  fix»n  au  uquoous  eolation  kll  to  evaporate  in  mode- 
rately warm  air  (Bammelsberg),  or  from  a  hot  concent  rat  lhI  >«oliition  on  fnnliiw 
(Penny),  in  crrstal*  confaining  1  at.  water:  NalO*.ll'^^>  T!i's  hydrate  f mnfl  tufts  o? 
fine  silky  needles,  wliicii,  if  the  temperature  f  dls  below  o^,  whiici  tlu>y  arc  »tiil  immersed 
in  the  tiquid,  are  converted  into  tne  pentabydrated  evyttelik  Tbej  give  off  all  their 
wntcr  nt  180^  (RammelHborg.  Penny).  The  pentahydrated  salt,  NaTO'.oUK), 
obttiiut^d  by  &poulautx>u8  evaporuttuu  below  6^,  fomu»  octa^roual  prisms  of  the  trimetria 
fjstem,  with  pyramidal  sammitB,  the  comtinttiop  being  ooP .  oaPoo .  o»1^oo .  P,  with  ^oo 
subonliiiate.  Axfs  a  :  h  :  c  ^  0*9534  :  1  :  0-6607  (ii.  144).  Angles  P  :  P  in  the  ter- 
minal edges  -  IIU*'  66  nnd  12S^  30';  in  the  lateral  edees  -  87°  30';  ooP :  ooP  «  i>2^  45' 
and  87''  1ft'.  Tbe  oystals  are  prismatiMilly  elongaUa  fai  the  dtreetion  of  Ae  principal 
axis,  the  filers  a.P  belnp;  almost  always  uno<inalIy  developed.  When  exposed  to  tlie  air, 
they  give  off  4  at  water  and  are  converted  into  the  numohydrnted  salt  (Kamm els  berji:, 
Fogiir.  Ann.  xUr.  648 ;  ».  19).  Aeeording  to  Hillon  (Ann.  Gb.  Fhys.  [3]  ix.  400), 
crs'-stals  containing  2,  and  8  at.  water  are  also  ohtaincd,  under  sp<'oial  oircuni;>tanoeB. 
Penny  (Ann.  Ch.  Pharm.  xxzviL  203^  by  cooling  a  somewhat  diliUe  ■olutian,  obtainad 
cry8tala  wwitatnlng  NaIO*.SH!H>. 

The  anhydrous  salt,  obtained  by  drying  the  crystals  at  150^,  dissolves  in  13'8  pts.  d 
water  at  14-5*',  but  is  insoluble  in  alcohol  (Oay-Lussac).  According  to  Kremers 
(Pogg.  Ann.  xcvii.  6,  8X  it  dissolves  in  3976  pts.  water  at  0<»,  in  H  03  pts.  at  20<*,  in 
6-95  pts.  at  40O,  in  4*79  pta.  at  60^,  in  3*61  pts.  at  SO®,  and  in  2  95  pts.  at  100^.  The 
saturated  solution  boils  at  102''.  A  .solution  of  specific  gruvity  1  1)098  at  I'J  o  contains 
8"13  pts.  of  the  anhydrous  Bidl  for  every  100  pts.  of  water.  (Kremers,  Pogg.  Ann. 
»iz.444.) 

Mono-iodate  of  sodium  melts  when  heated,  and  while  still  below  redness,  girm*  off 
24'4.'i  per  cent,  oxjrgen,  t<^ether  with  iodine,  leaving  a  mixture  of  iodide  of  sodium 
and  soda  ( ( T  ;i  y  -  L  n  s  8  a  cX  According  to'  L  i  e  b  i  g,  it  leaves  a  hypo-iodite  ef  sodima, 
containing  2Na-0.P0  or  Na'PO' .  when  heated  to  redness,  it  yields  24"21  per  cent,  of" 
oxygen,  and  7o'7d  of  iodide  of  sodium  (Benckiser).  Ifc  detonates  on  glowing  char- 
eoaCBod  slightly  when  mixed  with  sulphur  and  ttnuic  (€kaj-Lnaiac).  It  is  deecna- 
pf>sed  by  concentrated  hydrochloric  acid  into  water,  chlorine,  and  a  yellow  liquid, 
which  probably  contains  tziohltrnde  of  iodine  and  sodium,  KaCSJCi",  but  does  not 
yield  Uiia  eooiponnd  in  a  iiijHlillfna  Ibm  (Pilbol,  J.  Fbam.  nr.  440).  Hsated with 
a  little  nitric  acid,  it  yields  di-iodate,  and  with  a  larger  proportion,  tri-iodate  of  sodium 
in  the  anhvdioas  slate  (P  enny).  When  dissolved  hot  in  a  mixtare  of  equal  quantitiea 
Off  snlphnna  mt3A  and  water,  it  gives,  by  evaporation,  ocyttals  wfaf^  wmn  pUmd  <m 
bibulous  paper  and  nearly  dry,  become  all  at  once  fluid  and  tenaciou.".  (Liebig.) 

Double  Salt9ofMono-iodateo/8odiutiK—l.  With*ron»Mte^<(?rf»i«n,2NaBr.NaIO«.9H'0. 
—Obtained  by  dissolving  the  iodate  in  a  hot  strong  solntum  of  bromide  of  sodium.  It 
crvstaUiaoi^  by  cooling  or  Sfmntaneous  evaporation,  in  aggregations  of  extremely  fine, 
Colourless,  transparent,  six-sided  laminse,  apparently  rhombohedral  combinations.  It 
is  easily  soluble  in  water.  When  heated,  it  gives  off  a  lai^  quantity  of  water,  mc^Itit, 
gives  off  oxygen  mixed  with  iodine,  and  Isivea  a  mixture  of  bromide  and  iodide  of 
^•od^tlm.  Two-thinis  of  tlie  water  is  girnn  off  over  snlphurio  aoid*  (ftaainelabevg^ 
J.  pr.  Clicm.  Ixxxv.  436;  Rt-p.  Chim,  pure,  18G2,  p.  261.) 

2.  With  Chloride  of  Sodium,  3NaC1.2NaIO»9H'0.— (1.)  "Whm  fUoriae  is  passed 
through  a  solution  of  ii'xlate  of  sodium  mixed  with  a  rather  large  quantity  of  caustic  soda 
as  long  as  basic  jteriodato  of  sodium  (p.  310  )  continues  to  separato,  the  decanted  liquid, 
wfaa  left  at  rest,  deposits  crystals  of  eliloride  of  sodinm,  fi»t  combined  with  iodate  or 
sodium,  tlien  I'V  itself,  and  afterwards  niixodwithchlorn'e  of  sodium. — (2.)  The  mother- 
liquor  obtained  in  the  second  mode  of  preparing  mouo-iodate  of  sodium  (see  above) 
dqMMita,  at  a  higher  temperatme  and  greater  degree  of  eoncentra^on,  crystala  of  the 
compound  of  ionato  and  chloride.  The  crystals,  which  are  large,  aduurless,  and 
Qjften  transparent,  belons  to  Uio  tcidinie  ayeUm,  and  are  sometimes  triclinic  eyra* 
mida  having  aO  thfllr  eoges  and  amnndts  trvnsalsd,  frequently,  also,  nodificia  br 

Various  y-ynimidal  faces.  Th'-y  al.<0  form  twins  joined  T)y  the  basal  end-faces,  and 
giving  the  crystal  a  tabular  character.  The  axes  a,  h,  c  of  the  pyiamid  (o  being  the 
principal  aadSi)  aM  to  one  Mother  as  I'1S09:  1  :^1  10436.  The  in^natMna  of  the 
princinal  sections  are  by  direct  meaj^nrement,  ooPx)-.  acFoo  =  1)7^  16';  oP  ;  oc'Px 
104^  0';  oP:«>]^oo  «  100°  63'.  Inclinations  of  the  axes,  by  calcul^ion»  bicmm 
102^  57';  a  :  e  »  99*^  9'  ;  a  .b^  W*  tUf.  The  crystals  are  not  efBorcsetnt,  but  when 
hsMtod,  liMgr  give  off  their  water,  and  melt  to  a  clear  liquid  which  gives  off  nothing  but 
oxygon  gas,  and  when  very  strongly  heated,  leaves  a  mixture  of  iodide  :ind  chloride  of 
sodium.  Water  extracts  the  chloride  of  sodium,  leaving  the  iodale  with  1  at.  water. 
(Rammelabarft  Fbgg^  Ann.  3cUt.  M9t  esf*  584^) 
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r^.  With  Iodide  of  Sodium,  Nnl.NalOMOH'O  (Mit  3che»li«k) ;  ^NaI.2NaI0«. 
19H«0  (Pennv);  GNal.'iy  -.rn'.-ioir-O  (Marignac).— This  compound,  discovered  by 
Mitscherlich  (Pogg.  Anu.  xi.  IG2;  xxii.  481),  in  obtained  bj  dissohang  iodine  in  a 
cold  aud  not  Terjr  oonoontrsted  aqoeotu  mbtioo  of  mtutic  soda  (or  the  carbonate, 
accorcling  to  Penny)  till  it  begins  to  turn  brown,  tbeu  loa-v-ing  it  in  a  oold  plaoo  till  it 

Siit«iiliM;».  Pri4«ms  of  pure  iodate  of  sodium  theu  &r&t  appear,  but  aftervmrds  rtdis- 
ve,  and  are  replaced  by  this  com|ioiilld  (Mitscherlich).  The  mom  crystals  are 
pro''ni  r^l  in  a  few  days  Ly  immersing  ciystnLs  of  iodatr  rf  'j^^dium  in  a  strong  solution 
of  the  iodide,  and  leaving  the  liquid  to  iteelf  at  a  temperaluru  uot  above  16*^  (Penny, 
Ann.  CSu  "Simaa.  xxxni  909).  Tbe  ci^vtals  an»  hata^al  tables,  oB .  mB,  tmh 
+  "R.  -  and  other  feces.  Angle  oK  :  E  =  n5«>  7"  :  oK :  -  «  133*  Itf 
(Mariguac,  Jahresbw  1867,  p>  124).  When  heated  they  first  give  (mQT  water,  then 
oxygen,  widbatnee  of  iodine.  OiM  wttw  dimlTM  tliaD  irfthooft  doeoi^^ 
^Ic/hol  dipsolvfs  the  iodide  of  sodium,  Jeaviiig  the  iodat./. 

Acid  lodaia  of  Sodium. — Whmaa  aqiMous solution  of  trichloride  of  iodine  is  mixed, 
flint  with  9iflM»-iodatfi  of  sodinni,  €bm  with  aleobol,  tlio  di-ledste  sepontw  oat,  bnt 
this  salt,  if  dit-solvfd  in  water  and  cvaj>orated.  yields  crystals  of  tbe  mono-iodate,  and 
an  add  mother-liquor  (Sernllas,  Ann.  Ch.  Phys.  zlv.  69).  By  evsporatin^  also  a 
mixtne  of  the  iowe  imh  ODeess  of  iodie  add,  the  neutmi  salt  ernwUseo  out  first; 
and  then  the  iodic  acid  (Rammelsberg).  Ponnj obtained  *  dh«eld  andtriHMid 
•alt,  by  treating  the  mono-iodatf  with  nitric  :^n<\. 

lodattoj  Iodate  of  sodium forau,  with  dicbloridp  of  tin,  a  precipitate  which 
ie  iHute  at  fii«^  tal  soon  tms  yelknr,  brown  and  grey,  y ieMing  tetaEselilacide  and  dl- 
oodde  of  taa  and  fireo  iodine. 

lodafcsof  Uranium.— Thp  nranic  salt,  TJ*0».P0'.5lT-0 'or  2(U^)'ICP..'IT"n, 
la  obtained,  by  double  deoomposilion,  as  a  yellow  precipitate  which  diasolvas  with  diiii- 
enil^  in  nitzio  add,  leaves  uranoso-uranic  oxide  when  ignited,  and  ia  decompoaed  by 
potash.  Uranouji  iodate  is  obtained  by  precipitation  fr<3m  rimnous  chloride,  as  a 
greyiah^een  subatauce,  which  soon  decomposes,  being  partial]^  converted  into  the 

Iodate  of  Yttrium. — Precipitable  from  concent nited  solutions  ;  remains  as  a  crys- 
taUine  cru*»t  on  evaporation..  It  is  anhydrous,  dissolves'  in  160  pts.  water,  and  when 
suddenly  heated,  decompoaaa  witJi  ezploaian  and  defiagratbn. 

Iodate  of  Zinc,  ZbIG^.WO,—To  pca|Mm>  this  aalt^  a  aolo^  of  anlphate  of 
einc  and  iodate  of  sodium  in  f»quivalent  p"'  r-  Ttions  is  evaporated  to  diynese,  and  the 
resulting  sulphate  oi  sodium  is  dissolved  out  by  water.  Icxlate  of  zinc  then  remains 
as  a  white  powder;  aolnble  in  7fi*0  pta.  of  hot,  and  1 1 3-8  pts.  of  cold  water,  aolnbia  alaa 
in  nitric  acid  and  in  ammonia.  The  ammoniacal  solution  yields  by  ^^^pontanefms  cva- 
poraiiou,  or  on  addition  of  alcohol,  a  oTStalline  salt  consisting  oi  ^ZnI0'.4Nli'  or 
8(lIH*Zn)I0*.HB*.  Itkdaeonmoaedtj  watM^  withiapaaialibiirf  oiidaof  ainft, 

lodala  of  aina  laaiM  cndaof  aino  irim^nitad* 


F§rMic  Attidt  Ankfdride  Md  Salti. 

Perlodlo  or  Bypaaiodlo  wuoUL  HIO*  or  HH>.IK)^  or  according  to  Langloii^ 
H*IO*  or  6H'0.P0'.  (Magnus  and  Ammermiiller,  Poag.  Ann.  xxviii.  614. — 
Benckiser,  Anni.  Ch.  Pharm.  xvii.  264.— Langlois,  Ann.  Cn.  Phys.  [3]xxxiv.  267 ; 
Jalmah.  lUi,  pt  84ftb)— This  acid,  which  was  mseovered  by  Magnus  and  Ammer- 

miiller  (Pogg.  Ann.  xxviii  'rbiX  is  prodnced,  in  the  form  of  a  diKodic  suit,  by  the 
action  of  chloone  on  a  soiuuoa  ui  iodate  of  sodium  mixed  with  carboualo  of  sodium  or 

NaTO*  +  SNaEO  4*  CP  «   Na*H*IO«  4*  SlTttCL 

ikxile  Diaodte 


A  good  meAod  of  preparing  it  is  to  add  1  pt.  of  iodine  to  a  solution  of  7  pts.  carbonnto 
of  sodium  in  100  pts.  water,  snd  pass  chlorine  into  the  heated  liquid  as  long  as  a  preci- 
pitate continues  to  form.  This  precipitate,  which  consists  of  disodic  periodate,  is  dia- 
aohad  in  nitric  aeid  perfectly  free  from  nitrous  acid  ;  nitrate  of  silver  is  then  added ; 
the  resmlting  yellow  precipit;ito  of  diargenf  ic  periodate  is  dissolved  in  hot  dilute  nitric 
acid;  and  the  solution  i«  concentrated  at  a  moderate  beat,  till  the  monargentic  per- 
iodate, Agio*,  crystallises  out ;  thi?  salt,  separated  from  the  mother-liquor,  is  treated 
with  cold  water,  which  extracts  half  the  periodic  acid,  re]»roducing  the  diargentic  per- 
iodate ;  and  the  filtered  solution  is  evaporated :  pure  periodic  acid  then  crystalUsea 
out  (Magnus  and  Ammermiiller).  Another  aMtiiod ii to  pvsoipitate  the  solntum 
of  tha  dbodia  tali  in  nitida  aeid  wilb  nitzate  of  land,  daeoflipoaa  Ilia  pg^^ 

x3 
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io«!Ato  of  l<  f\(!  wifh  somewhat  less  than  an  eqnivalont  quantity  of  dilate  arQlpliTinc  acid, 
and  conoentrat*'  tbo  tiltrato  by  evaj)oratiun  (Beuckiser).  According  to  Laiigloi!>, 
huw«n  «r,  the  acid  thus  o!)t«in«Mi  is  always  contaminated  with  iodio  acid. 

The  acid  may  likewiso  l>c  obtained  liy  I'lznitinp  lodivto  of  Ixiriiim.  whioli  tlien  gives 
oflf  iodinf  and  oxygon,  and  is  converted  into  pentabasic  periodaleof  barium — and  decom- 
posing that  salt  with  sulphuric  acid.  But  thi*  mithoa  is  not  advantageous,  became' 
a  consid*  rable  povtiaB  of  thtt  M^^d  is  sosipletoly  fssolTtd  faj  tbe  hMt  into  iodine 
and  oxygen. 

The  kkUites  «yf  Hie  aUnli-vMttls  give  off  fhe  yfcn^  of  th«v  oongw  vlwn  beafted^ 

and  aro  ronvr-rtrd  iiito  indidi-s:  ivi)v<^i<]iU!l|flj  pCRodio  tcidnfillDt  M  pMpvedxn  the 
same  manner  as  pt^rchloric  acidJ^yttll), 
PMiodie  «eid  Be{>aratMS  from^PSqueom  soliilum  by  evaporation,  at  a  ^nlie  Iie«l> 

in  cok)urK's.s  crv^lals.  app  .-i  1"v  haviiij?  fho  form  of  o)>!iqui»  rhomlnc  pnsros,  wliirlx 
deliquesce  quickly  in  moist  air,  melt  at  130",  and  at  160°  give  ott  their  watei^  leaviiig 
a  white  mesa  of  peri  odio  anhydride,  I"0*  which,  at  189*  or  190*^,  gives  offosjfm 
■with  prreat  rapidity,  leaving  iodic  anln.lridi'  (Tenckiser).  The  crystals  are  rhombic 
prisms,  having  the  oomposition  H*l6*  =  H10*.2HK)  or  bWQ\^b\  They  melt  at 
180*',  and  1>etween  SOd®  and  210°.  *r?vo  off  6  at.  water  and  2  at,  oxygen,  and  are 
ledaceil  lie  anhydrido,  PO*,  ^  I  at  a  hig^  teiopSBUin  is  eolhplkefy  MsalTed 
i&to  iodiiK'  and  oxyf^en.    (Langluii;.  ) 

Periodic  acid  dissolves  very  easUv  in  water,  s^riugly  in  alcohol  and  in  etbfr,  in 
whieh  solutions  it  is  slowlv  reduced  to  iodic  acid.  It  is  likewise  seduced  by  many 
other  organic  s'u^)sfnvrfi.f,  nna  iii^^tantly  by  hydrochloric,  sulphnronf,  or  fnilphr/dric  acid. 
With  hydrochloric  acid  it  forms  wat*  r,  chluride  of  iodine,  and  free  chlorine.  SN/ji/mr 
is  not  fflddised  by  it;  but  phosphonu  is  partly  converted  into  phonphoric  acid — for 
the  most  part,  however,  into  oxide  of  phosphorus.  Mrtals  are  oxidised  hy  the  solution, 
forming  basic  periodates.  It  forms  a  precipitate  with  tannic  acid,  a  reaction  which, 
distinguishes  it  firom  iodic  ncid.  The  preeipitate  dimolves  in  potash  and  in  aromoniSi 
with  dark  red  odour,  ari'^ing  fr^m  the  oxidation  of  the  tannitt  ndid,  the  iodine  at 
the  same  time  uniting  with  the  alkali-metal.  (Langlois.) 

PeftodMafc  Pewodie  sdd  is  generally  regard  ss  moiiolMnc;  like  peidiloriQ 
acM  t]].  formula  of  its  normal  salt.s  being  MIO' or  !\rO.PO'.  Only  four  of  these 
anhydrous  monometallic  pcriodat^  are  however  known,  namely  those  of  umoKmiun, 
potassivn,  sodium,  and  nlTo*.  AH  otiier  periodatM  contain  a  larger  proportion  or 
base,  nnd  may  be  d<  rived  fmm  the  crystallised  acid  FPIO',  regarded  as  HIO'.2inO, 

the  replacement  of  the  water  of  gystalliHatiou  by  «  m^«lUo  oxide  or  bydrato^ 

Periodie  aoid. 

Mono-ammoTit>  periodatSi 
Disodic  period  ate. 
Triplumi>ic  {x  riodate. 
Tetmenpric  periodate. 
Pentabarytic  periodate. 

The  existence  of  the  mondiydriic  add  HIO*  must  howewv  for  the  present  be  rtiganii^ 
as  hypothetical,  tibe  only  iQrdnte  iriiose  ooostitKtioil  has  hem  established  by  ana- 
IjaislMiiigthepsBtalgFdne  add,  mO*,  aaa^jssd  hj  Tm^^;  and  tetm  tim,  legndsd 

as  n  pitstoiidemolseiil^  ^^ff *|  0*>  ^  graatw  nmnlMr  of  the  pcciodalM  waj  b« 

derived  by  t!if>  partial  or  total  r<^plaoom<^nt  of  the  hydrogen  by  metals.  The 
anhydrous  periodates  of  potassium,  silver,  and  sodiom^MIO*)  m»j  then  be  regarded 
as  metapofodales,  bMring  to  the  oithoperiodatsa,  3HPI0*,  a  xcbtion  similar  to  nmt  of 

metaphosphoric  to  orthopnosphoric  ucid.  There  are  a  few  periodates  which  cannot  l>e 
included  in  either  of  the  preoMling  formulae,  viz.  a  barium-aalt  oontiaining6Ba*Q.21'0^  or 
86a*0.4BaI0^  a  potassium-salt  containing  2KH).V0^  or  E*0.IBIO*  and  •  sDmsalt 
containing  2Ag*0.H«0.I»0'  or  Ag*O.HIO«. 

The  monometallic  periodatos  are  resolved  by  heat  into  oxygen  and  metallic  iodide ; 
tlif  polymctallic  sahs  into  a  mixture  of  iodide. and  oxide  or  reduced  mctaL  Most 
periodates  are  sparingly  soluble  or  insolohls  ill  water,  but  they  all  dissolve  easily  in 
diliit  -  nitric  acid.  Tlie  solution  of  the  monosodic  wal^,  added  to  a  solution  of  a 
bariiiiu-,  caleium-,  lead-,  or  ailver-salt^  precipitate's  the  polymetallio  or  basic  pi^riudates 
of  these  baees^  the  liquid  fl^'^'t**^  an  acid  reaction. 

Pt  riodnte  o  f  Amtnonium,  (NH*)I0*.2H'0,  separatoa  on  mixing  thf  Polutions  of 
ammonia  and  periodic  acid.  It  dissolves  in  a  large  quantity  of  water,  and  the  solution, 
evaporated  at  a  gatttte  hsaft,  yisUs  ecystals,  i^pareutly  having  the  form  oi  riiombio 
pr!.<4mR.  It  has  an  acid  reaction,  and  explodes  when  heated  in  a  tube.  (Lan gl  oi s.'i 

P«r»0if4iis«  q/jBarf«sik---ThenKiiioha>3rtieBa^  is  not  known.  A  jMi^o^ofyto  or 


ETC  .  H«0   .  IPO   .  . 

(NH«)IO^  .  H«0   .  H«0   .  . 

NaIO«  .  NaHO.  H*0    .  . 

PblO*  .  Pb'O  .  H«0    .  . 

CuIO*  .  Cu'O  .  CtiHO.  . 

BaTO*  .  BaK)  .  Ba-O  .  . 
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ptnlabasic  salt,  Ik^IO*  or  6Ba*0.iH>',  is  obtain^  by  ignitiiuc  iodate  of  barium  or  a 
mtxtam  of  iodide  aad  pnoside  of  Inriom,  and  dissolving  out  tba  ktSAt  cthnhm  Imm 
the  r«  fiiilue  with  \r:ifer.  Its  solution  in  nitric  acid  }  i«-Ma  with  nitrate  of  silvt^r  a  yrltow- 
brown  precipitate  of  basic  periodate  of  aUrer.  (KammaUberflLPogs,  Ana.  zlir.  272.) 

A  Mitt  eooteiniaigliitfManidibMfMe^  tii.  2BM0a^' or  |iB«*O.SI*0',  i» 
pncipifatt'd  hy  ammonia  fiv>m  the  solution  of  fh»*  ]H-ntabasic  salt,  or  frfim  a  mixtur© 
of  a  Mojubie  ban  tun-salt  with  monobasic  periodate  of  sodium  dissolved  in  nitric  acid ; 
also  on  mixing  nltmto  at  Iminm  iritb  dimnfl  patiodtto  of  Mdxmn.  The  precit»tat« 
contains  5  at.  Mater,  which  are  given  off  at  100°;  bv  lou^*  r  exposure  to  this  temptn^ 
tore,  the  salt  is  oraoplete^  conTertad  into  iodat«  of  barium.  (Aftmrnelsberg.) 

A  dibarytic  m  otbath  atlt^  Ba^B^O*  or  2Ba'O.8HK)JP0'j  is  obtained  by  adding 
baryta-water  to  a  solution  of  the  corresponding  sodinm  wit  mixed  with  a  few  drops  of 
nitric  aad.  It  is  a  white  precipitato  viiioli  OoeoiBpoiei  at  «  Xttd  hmi,  ji^dii^  tba 
pentaba]:;ytic  salt  (Langlois): 

10Ba-II*IO«    «    4Ba*I0«  +  I»  +  0"  +  1511^. 

Periodates  of  Calcium.— Kdiealeictalt,  Ca«H«IO«  or  2Ca»0.3H»O.I20»  {at  lOQOX 
is  obtained  by  decomposing  the  sodium-salt^  NaH^IC,  with  nitrate  of  CHlcinin,  as  a 
white  precif^ile,  wiiidii^mean  crystalKne  Qad«r  the  microeeope,  and  when  heated, 
gives oiff  wat<»T,  oxj'gpn,  nna  iodinp.  and  leaves  thf  pentiieah  ie  ^;ilt,  Cn*IO*  (Limj^ioi  4). 
Ihe  lntt«?r  is  likewiije  obtjuncd,  but  mixeii  with  lime,  by  igniting  iodate  of  caleium  m  a 
clowe  veiisel. 

Prriodafe  o/Copper,  Cu'TTTO*  or  4Cu-0.H^0.T^0',  is  precipiUted  by  mixing  the 
solutions  of  sulphale  of  copper  and  the  munoeodic  salt — a  considerable  quantity,  how- 
erer,  ranaioTng  in  solntimi— or  by  the  aetkm  of  aqueous  periodie  add  in  d^g^  axoMi 
f>u  liydrafed  ear!K:)nate  of  co{}p<'r.  (Langlois.) 

Periodu  te»  of  Iron, — Inm-salts  (ferrous  or  ferric)  form,  with  solution  of  periodate 
of  sodiuni,  yellowiah  white  preeipitates,  easily  soHibM  in  idtHe  aeid  (Benckiserl 
Aocording  to  Langlois,  periodic  aeid,  in  contact  with  ferrous  oxide,  is  roduoed  tO  iodM 
acid,  and  ferric  iodate  se|mratT«i  oat.    Similar  reaction  with  manganoim  oxido. 

Periodates  of  Lead.— A.  iripiumhic  or  triiMsie salt,  Pb'H'IO*  or  3PbH).H*0J*0', 
is  precipitated  on  mixing  I  at.  of  the  disodio  salt  with  8  at*  nitxate  of  I«ad>  in  mieto- 

^e<Jpie  erystals,  whieh  do  not  suffer  any  \>><-s  of  wrii^lit  br-tween  120''  and  130**,  \>i\t,  at 
a  higber  U  niperatnre,  give  olf  water,  oxygen,  and  iodine,  and  leave  an  oxjiodido  of 
kad contmnlng  2Pbtfim> (Langlois): 

4Fb*H«I0*    «   mieiSW  *  0^  ^  P  *  4HH>. 

Periodate  0/  Liihiu  m,  Li»IO*? — Br  tr<?a ting  carbonate  of  lithium  with  periodio 
acid  aidefaporating  the  solution  at  a  gentle  heat»  a  OTitalUne  mass  is  obtained,  whieh 
di^lvefl  (V)mpletely  in  wat<  r,  and  » In  n  dried  in  a  vacuum,  and  then  heated  to  redness, 
gives  off  sacce^Kivoly  water,  oxygen,  and  iodine,  but  without  undergoing  complete 
dsecmpoaitioii.  (Laagloift) 

Periodaff  o  f  Mru/  n  esinm. — Magnosium-falts  are  not  precipitated  hy  solution  of 
periodate  of  sodium.  ( ^irbonato  of  magne»um,  immcxaed  in  aqueous  periodic  acid,  is 
conrnted  inlo  inaolnble  pi^riodde  of  magneriMn,  wfcich  dissaJTea,  howipver,  ia  memm 

of  the  acid.  The  nalt  consists  of  uniall  px-i.^-mati  '•-  -fids,  which,  wht  n  dried  at  mean 
teupeffatures,  oontaiA  2Mg'Ii'iO*.9il'U  or  2Mg*0.aKH>.IH)'  4  9  aq.,  ^to  off  9  at. 
water,  at  IWfi,  and  leafo page  aMgniiiii  ^Am  ignited.  (Langlois.) 

Pfriodatet  of  Pota»siunK''-Vh»  tnonopotassie  »a/t,  K10\  is  predpitated  in 

spariiiLdy  f^olulilc  ery.Hfalline  grains  on  pa.«;.<?ing  chlorine  into  a  solution  of  the  iodate 
mix>-<l  with  |tota.<k  or  carbonate  of  potaftsium.  Its  aqueous  wiutiun,  mixed  with 
canati '  ]K^ta^]i,  yields  the  Mnifotamie  salt,  K'O.2KI0«  or  2K*O.PO^  whieh  is  alito 
wpnrinulv  soluble  in  water,  and  is  eonrrrted  I'V  iunition  into  a  roixlum  of  potash  and 
iodide  ot'  potassium.  The  neuttul  salt  when  ignited  leav^  the  puce  iodide.  (Magnus 
and  Ammaraftller.) 

Periodaff  s  of  Sif  v,  r. — Nitrate  of  silver  added  to  n  Mufion  of  disodio  periodate, 
throws  down  a  greeaiab  yellow  precipitate  which  is  a  basic  ^>eriodata  of  silver.  By 
washing  it  witli  water  eontainin^  nitrfo  acid,  then  diMolTing  it  nearly  to  eatniatloii  in 
warm  nitric  acid,  and  evaporating  by  lu-at,  tlic  lunnnanji  xdr  ■•-a't,  .\l'TO*,  is  obtained 
in  anhydrous  orange-yellow  crystals.  This  salt  is  deoomjposed  by  warm  water,  which 
dissolves  oat  half  the  aeid,  ImTiag  a  blacidsh  brown  teddoa  of  fha  MMvwmlfe  eolir, 
2A^.1'0MI'0  or  Ag»0.2AgI0MI«0.  whieh  turns  nd  by  trituration.  Cold  water 
decottipoees  the  «dt  in  like  manner,  but  the  rendnal  salt  ia  a  yellow  powdar,  consisting 
of  Ag'H'IO*  oir  3Ag'0.3HK).PO'  and  sepaiatea  ftom  a  aolnlian  in  dOnta  dighUy 
waxiMd  ttitde  add,  in  d«aw-jdiow  trjAiiMt  whidi,  aococdinf  to  Bamaasltoayy 


Digitized  by  Go< 


810  IODINE^  SELENIDE  OF-aODOCINNAMIC  ACID. 


(JUwMb.  1157,  p.  126),  am  AmhtMnl  exhiUtiaff  the  conUmtioD  K .  -2R .  oR. 

For  Tl,  tho  ratio  of  tho  secondary-  axps  to  the  principal  axis  ■■  1 :  2'0653.  An^lo  T? :  R 
ia  tlie  terminal  «dge8  m  74°  0';  oR  :  E  iri<^  4d'.  The  dystala  become  darker* 
eoloored  by  exMiim  to  Hgbt.   On  pouring  boiling  wHier  en  Hum  oyitalf  cr  <ni 

tlto  yellow  powder,  2  atoms  of  'n'ntcr  arc  removed,  aiM  tin  ivd  ttlt  Ab0VA  BMtttiOBfld  ii 

produced.    (Magnus  and  Ammermullor.) 

Periodates  of  Hodium. — The  monoiodic  salt,  NalO*,  ia  obtaiQcd  by  saturaUng 
tiie  diiodic  salt  wtth  porfodle  Mid,  and  enporadiig.  It  is  colourless,  very  tolable  In 
■water,  anhydrous,  crystallises  readily,  nnd  is  permanent  in  tho  air  (Magnus  and 
Ammermiiller).  The  ci^stals  are  dimetric,  P.  Poo.  For  P,  the  ratio  of  the 
■eeeodaty  azaa  to  ^  principal  aziB  ii  1 : 1-59.  Andie  P :  P  in  tho  terminal  edoes 
«c  09^  30' ;  in  the  Istonl  edg^  4'.  TIm OTStatt  an  colonrieai.  (Bftmmela- 
berg,  loc,  cit.)     

The  Utoik  or  dihatia  mKi»  Na'HVO'  or  SNft*0.8H*01>0\  fis  (Mned  by  passing  • 
chlorine  pas  into  a  hot  solution  of  1  pt.  iodine  ai?d  7  pt-s,  earlxmato  of  sodium  in  100  pts. 
irutcr,  or  into  a  aolotion  of  1  pt  iodate  of  aodiiun  mixed  with  3  pta.  of  caustic  soda 
(Magnus  Mid  AvtmarMftller).  Lan^on  nam  equal  «<^|hte of  eanatie  mda  md 
the  iodate,  and  to  obtain  a  solution  as  concentrated  as  possible,  first  dissolves  tho 
caustic  soda  in  water,  then  adds  the  iodate,  and  amrounds  the  filtered  solution  with 
hot  water  while  the  chlorine  is  passing  into  it ;  tlia  aodio  periodate  then  separates  in 
oonsidezahle  quantity,  as  a  crystalline  powder,  having  the  composition  just  mentioned. 
It  is-  ftparinfrly  soluble  in  cold  water,  somewhat  more  in  warm  water,  and  rfay  be 
obtaiucd  iu  the  cr^staliiue  form  from  a  boiling  solution  of  the  neutral  salt  mixed 
with  caustic  soda.  At»«faito]iaalvitgiTWoffSa&ir«taraDd8at*o«jBH^  aadba^ 
an  co^iodide  of  aodium: 

2Na«mo«  -  WO  -  0»   -  Na<PO. 

At  a  low  red  heat,  it  loses  only  3  at.  OTTgeu,  leaving  a  re*;idue  of  h}/po4odiU  of  s<jdinTn, 
Na*PO*  2Xa*0.I-0  (or  perhaps  a  compuuud  of  iodidti  and  iodite  of  sodium, 
SETal  +^  3Xa«O.PO«orNaI.NaK).NaIO«).  This  coimonnd  is  sparinglv  sohUe  in  water, 
hi"  :\T\  iliiie  reaction,  and  1ilenehe?s  vegetable  colottrs,  but  loses  tnis  property  when 
boiled  With  water,  iodate  of  sodium  being  then  formed,  and  the  salt  becoming  easily 
aolnUe.   On  aatpoaw  to  iJie  air  It  tnina  nKriMv  and  gradually  yielda  ftee  iodina 

Periodate  of  Zinc. — TTydrated  carbonate  of  zinc  is  converted  by  aqueous  periodic 
acid  into  a  granular  powder  of  periodate  of  2dnc,  Zn*H10«  or  4Zn«0.H"0.I»O',  which 
dissdTcs  readily  in  excess  of  the  add,  forming  a  solution,  which,  when  evaporated  at  a 
geolla  haai^  jira  laaoinas  cfjitali  of  another  aalteontalniag  S&*0.yfl*O.SPO*,  ia. 

a  double per-iodio  molecule,  Zn'HTO"  "»  Zn'Il'l^'*  (T'""?^^'"^ 

xoBZKs,  BSLManmit  sitlphzsb,  and  TBUVUDS  or.  See  Sklb- 

inuii;  SoLFHUB,  and  T^maxmnt,  lonma  ov. 

10»m,  nMVnsm  MBW  mOiWWm,  VatiTe  iodid«  of  aQvar.  (9m 
fliLTn^  lonnm  or.) 

zoBOBsnozc  ACXB.  CrE*IO^--,AnacidpxodiMedtiy  thaaotknof  Iqrdxi^ 

add  on  diasobenzo-oxybenzamic  acid : 

C"H"N'0'  +  2H1    =    C^HT^O'.HI  +  CH'IO'  +  N«. 

Dmzohonzo-  Hydrfodat*  of  lodotx'niols 

okjrbenumic  ojybwiiiakt  add. 

aoM.  aoU. 

It  crystallisefi  in  needles,  is  heavier  than  water,  easily  soluble  in  alcohol;  sublini.  H 
without  decomposition;  forms  a  white  silver-sal^  C'H'A^O',  insoluble  in  water  and 
in  akohol;  ia  omiTfTted  by  filming  nitric  add  into  nitro-iodobenzoic  add.  (Griess, 
Ana.  Gk  fbann.  eiiit.  SOI.) 

xoBomrczira.  Syn.  with  Iodide  ofBrucine.  (See  BnoM^  i  0SS.) 

zoxio-cAOirrcHZTtr.   sv  r Knwrxns  {}.  737). 

zono-cBZ^mo-irzTSOBikMava.  Sjn.  vith  IH-iodide  of  GhknMutxH 

haxmine.   (See  Harmucb,  iii.  12). 

i»iKi€imy<Wit»m  Sea  OunsmnM  (i.  97O). 

S0MOI»jrAino  MJOm,  0*HnrO>?— When  dttianiSa  aeid  ia  melted 

excpfts  nf  iodine,  ":id  the  dark  brown  mass  h  b'lHf  d  \rith  water  till  all  tlie  free  iodino 
m  volatilined,  the  liquid  on  cooling  yields  small  colourless  stellate  oystals  of  iodocin- 
namic  acid,  which  aeqnite  •  &int  yellow  coloar  On  expoavre  to  tiw  air.  Tha  acid 
diaMilTea eaaify  ia  hot  vatcrcad ia aleohd.  (Heriog^N.  Br.  Aidt  xz.  147.) 
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WIlHillllllrflBB.  Qjm.  with  Iodide  of  CMabM.  (8ea  Ooinfin^  i  1068V 

ZOOOFOXM.  CHP.  m-iodattd  iofluJc  of  methyl  (Gm.  vM.  330 ;  Gorh.  i.  609.) 
~Tiiu  comDouad.  vhich  was  discorered  iu  1824  by  Serullas  (Aim.  Ch.  Phys.  xxv. 
S14X  is  proanoed  W  tiie  tetuni  of  iodine  and  alkalis  or  alkalltte  eariMmatcs  on  \rood- 
spirit,  ak'uhol,  or  etu<T  ;  in  small  quantity  also  by  the  action  of  tho  hamo  Hulistancos  on 
oaoe-ffugar,  |daoos^  gum,  dextrin,  and  several  albuminous  substances.  It  has  also 
been  oi»Mma  aoMmg  Che  prodnete  obtained  by  heating  glycerin  with  hydriodic  acid. 
(Erl  enmoyor,  Jahrosb.  1861, p.  668.) 

Preparation.-^!  pt»  of  ulcohol  is  addrd  to  a  eolution  of  2  ptfs.  crystallised  carLonafo 
of  sodium  in  10  pte.  water;  the  lit^uid  is  heat^  to  6U  or  80° ;  and  1  pt,  of  iodine  ia 
added  by  small  portions,  till  it  la  eotivalj  diaiolred,  and  the  liquid  has  become 
roluurlf  SN.  Iodoform  then  makes  \\s  appearance  towards  the  end  of  the  operation  and 
iiinkii  tu  tho  bottom  of  the  hot  liquid,  which  must  be  filtered  to  collect  this  first  portion 
of  the  product  Tho  mother-liquor  is  then  a^n  heated  to  60**  or  80° ;  another  portion 
of  carbonate  of  sodium,  equal  to  the  former,  is  dissolved  in  it ;  a  frt  pl:  j  nrtinn  of  alcohol 
is  added ;  and  a  cxurent  of  chlorine  is  passed  into  the  liquid,  which  must  be  continually 
Hfc>>"d.  ao  that  the  iodine  which  separates  may  mix  wril  with  it  When  the  process 
iR  ?o  rondnctcd  that  a  slight  excess  of  iodine  is  constantly  prcst  nt,  iodoform  is  prodticod 
in  abundance.  When  a  considerable  quantitvhas  been  deposited,  the  stream  of  eUoiiiie 
is  intenttptod,  the  liquid  is  kft  to  dseoloBse,  and  tlks  asoond  porticm  of  iodolbrai  Is 
added  to  tin-  first.  The  molher-llquor  may  thm  \x-  tri?ul<xl  witli  chlorine!  and  a  tliird 
portion  of  iodoform  obtained.  The  process,  when  property  conducted,  yields  a  quantity 
of  iodolbrai  weighing  40  or  M  per  eent  of  ths  ioaina  used.   Osm  lawl  ba  tafcan, 

thronghout  tlx- operation,  to  avoid  a  great  cxcesg  of  iodine,  as  in  that  case  the  iodoform 
will  not  be  prodooed  at  aU.  Sorax  nugbe  used  instead  of  cittbonate  of  sodium,  and 
win  yidd  ft  nodnet  of  eq|ul  aanvBt  wUh  phosphate  of  sodhim  the  product  is  not 
m  good.    (F  i  I  h  o  1,  J.  Pharm.  (3]  vii  2f)7.) 

Cornelius  and  Gilie  (t'Ma.  xxii.  196)  prepare  iodoform  by  adding  hypochlorite 
of  calcium  to  an  alcoholic  solution  of  iodide  of  potassium  heated  to  40*^,  continuing  t  he 
addition  till  the  liquid  becomes  oolourless.  It  then  cm  oodiiag  yields  a  crystalline  de- 
poisit,  POTTsistIng  of  iodoform  mixed  with  iodate  of  calnnm,  from  whioh  tli-  i  iloform 
may  bo  difcsolri'd  by  boiling  ulcohol.  8  pta.  of  iodide  of  poUussimn  yield,  by  process, 
2  ]>t.s.  of  iodoform  and  2  pts.  of  iodat«  of  ealoiain. 

Properties. — Iodoform  crystallises  in  nanrous  scales,  friable,  soft  to  the  touch,  having 
a  sulptrar-ypllow  colour  and  the  odour  of  safiron.  Aooording  to  Kam  meltiberg  and 
Kokscharow  (Jahresber.  1867,  p.  431%  HlB  exyatak  are  hexa^ronul  combinatioM 
oP  .  P.  For  P  tlie  ratio  of  the  secondiiry  axes  to  the  principal  axis  is  0-902.3  :  I. 
Ai^le  P  ;  P  in  the  terminal  edges  =  I3a^  36';  in  the  lateral  edges  —  104*'.  Spocifto 
gravity  about  S*0.  Melts  between  115°  and  120°,  and  then  vaporieeM,  partly  with- 
out attention,  partly  resolved  info  iodine  and  hydriodic  acid,  -with  a  residue  of  char- 
eo^  With  vapour  of  water  it  distils  undecomposed.  It  is  not  perceptiblv  soluble  in 
wttier,  iuSdt,  or  aqueout  aUbaUt,  but  diBsolTM  leadily  in  ofeoAo^  Oker,  ana  oitt,  both 
fixed  and  volatile. 

Dteon^fomMotu. — 1.  lodofom  heated  in  a  sealed  tube  to  150°,  either  alone  or  with 
MbUf  is  tntkmlL  into  di-iodlda  of  methylene,  and  ft  xraadbsr  of  mxnm  tatataftosa  not 

yet  examined  (11 0 fm  a  n  n.  Cliem.  Soe.  J.  xiii.  65). — 2.  Iodoform  is  acted  upon  by 
OrvaMiii^  yielding  bromiodofom^  CHiir'l. — 3.  With  moist  cAlorine,  it  yields  chloio* 
tfcbonie  oxide,  liydnidiloKio  ado,  and  |nlodil«EEidft  of  iodino; 

CHI»  +  H"0  +  CP   —   O0CI«  +  8HC1  +  3ICL 

— 4.  Heated  with  pentachloride  of  phosphortu,  it  yields  an  oily  liquid,  perhaus  chloio- 
ftmifOr  aeeording  to  Butlerow,  di-ioidide  of  methylene.  CH'I*  —  f).  Distilled  witn  chloride 
of  merrjtry,  had,  or  tin,  it  yields  chlorioiloforni,  CTirpt.— 6.  Distilled  with  fvIphlJe 
of  mercury,  it  yields  a  small  quantity  of  an  oily  liquid,  which,  according  to  13  ouchardut 
(J.  Pharm.  xxiii.  12)  is  sulphoform,  C-HS':  but  aooording  to  Egg*  rt  (Obem.  Otatx, 
1857,  p.  ."513)  is  nothin^f  but  disulphide  of  carbon.— 7.  With  n/imide  of  mcrcurtf  or 
cyanide  of  sil&er  it  yielcS  a  sublimate  of  iodide  of  cyanogen. — 8.  When  cyanogen  pas  is 
passed  into  an  alcoholic  solution  of  iodoform,  the  bquia  becomes  heated  and  assumes 
a  violet  tint;  and  if  then  left  at  rest,  deposits  gold«n-yellow,  prismatic  cry.-lals,  from 
which  alcohol  extracts  two  snhstanoea  havmg  a  strong  metallic  lustre ;  one  \%'ith  a 
greenidi  goM,  the  other  with  ftTiolot  ooloir;  the  latter  appears  to  he  cyanide  of  di-iodo' 
Vi'  thyl,  CHJ'.Cy  (St.-Evrc,  Compt.rpnd.  xxvii.  533).— 9.  Heated  witli  alcoholic  solution 
of  eulpAot^anaie  of  potaeeium,  to  100°  in  sealed  tubes,  it  yields  a  ga&  and  oilv  compound 
^rindh  baa  as  odour  of  borse^n^sh,  and  forms  a  crystalline  compound  with  ammonia, 
though  not  8o  readily  iiK  oil  of  mustard  (TT 1  a s i  wet  z,  Ann.  Ch.  Pliarni.  exii.  IH  J). — 
Itt.  Mcrcvric  oxide  gently  heated  with  ioddbrm  acts  ccergeticaliy  upon  ^  producing 
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watfr,  carbonic  anhydride,  formic  acid,  and  nioreuric  iotHde. — 11.  T<"'dofonn  boiled 
vitb  a4^ueous  poUish  is  partij  oo&veited  into  formats  aud  iodide  of  pot-iissium,  a  portion, 
iMyirever,  volatilising  with  watMty  Taponr.— IS.  With  alcoholic  potash  it  forma  m 
liquid  which  Bnining,  who  fir«t  obtiunM  it  (Ar.r,  rh.  Ph.irm.  civ.  187)  r«'jrarded  aa 
CHPOf  bat  which,  aocordiog  to  Butloow,  is  di-iodide  of  methylene,  — 13.  With 


#i|toto  Vawlliww,  iodotfann  yiddi  iodida  of  m^UiykM,  CB'P.  togaAflr  iriHi  iodide  «f 
MMUlim  ud  aldehyde  (Butlerow,  Ann.  Cb.  Pharm.  CfB,  110): 

OWaO  +  OHP   =    CH'P  ♦  Nal  +  (?H«0. 

According  to  moro  recent  experiments  by  Butlerow  (ibid.  exit.  204  ;  cxntt.  325)  it 
appears  that  aczylic  acid,  CH*0*f  aud  ethyl-iaccic  acid,  CH'*0*,  are  likewise  formed 
ID  Udt  MMlian. 

14.  Iodoform  heated  mth  poiasshim  produece  a  riolen*  rx]V!r=inn. 
16.  With  triethjft-pAott]^hme,  iodoform  unites  directly,  without  tlie  aid  of  hcat^  yielding 
the  td4odid«  cf  tenyl-aciMilfayl-  triphospliowfam  ^oftii*iin,lPto&Boj.  Soft,  x.  IM): 

CHP  +  mmfB  «   CPTOPP  •  [(CH)-(C"H»)««rP. 

WtHt^nm,  A  ntlMiie  Biaml  mentioned  by  C.  U.  Shepard  among  a  mnnber 
of  others  whidi  brt  inytftot^y  dweribid.  (flOL      J.  £S]li  SH;  ^ 

402;  XT.  363.) 

SOBOMBCOVB.  C'H  l'U'.  (J.  Brown,  Edinb.  PhiL  Trana.  xxi  [11  49.V— A 
substaaeo  ftaaod  Ij  tnotiiig  pjnooMMiiio  odd  tritfi  lOBOMi  of  piotociuatioi  «f 
iodisa* 

C«H«0»  +  8IC1  +  4H-0    -    cmW*  +  2C0»  +  SHCl 

On  adding  potash  to  the  yellow  liquid  thus  obUuued  (after  sepaiation  of  a  small  qnan* 
tity     io^^yyromoeoiiie  add)  impure  iodomeeoM  it  olitalnM  aa  »  bhdk  precipitite 

vliiili  rcdissolvcs  on  a^tation.  The  addition  of  p*ita«li  mu.st  be  diseontinned  a»  soon 
aa  this  precipitate  exhibita  a  lighter  cobur,  no  longer  tediasolTes  on  agitatioi^  md  ia 
sot  nenaaed  bjAedi  iddhions;  and  by  then  eolueting  ^e  prteipitate,  and  vaahinjg 
it  with  cold  water,  and  rfj^atodly  cn.'><tallisinp  it  from  K»iling  alcohol,  iodomeoone  ia 
obtained  in  the  pure  state.  It  may  be  obtained  in  the  name  manner  from  meoonie  or 
comenie  add,  wmdi  dif^  from  pyromeoonic  add  only  by  the  dements  of  carbonic 
anhydride. 

lodomoconc  forms  sMning  yellow  hi'xagona!  phit<f»,  haring  an  odour  which  reosdla 
that  of  &afi&x)D  ;  it  has  neither  an  add  nor  an  alkaline  reaction,  hublimea  bdow  lOU^  ; 
is  insolublo  in  wataii;  ocdnble  ia  alcohol  and  in  ether,  insoluble  in  li(fdiochloric  and, 
which  does  rnf  dpr^ompow  it  even  at  the  boiling  heat.  It  is  decomposed  by  strong 
jiiirie  add,  and  with  aid  of  heat  by  stxong  smlpnurie  add.  Caustic  potaah,  after  kng 
boilings  afartneta  Ihaa  ifc  a  gaiaU  portion  «f  iow^ 

mWBlBOOHlB*  Sea  Ujnoim'. 

tonovrEJiATTTiiTm.  See  Mxlahiuks. 

zosoauB&cinftATss.  Compounda  of  mennrie  iodida  vith  dw  iMit  lauaa 

iodides.   (See  Mbbcubt,  Iodidbb  or.) 

BmUMtmaJMEMM, 
See 

XOBOMOSVKZVm   See ! 

Z0]M>VZCOTZ17E.     ^^ee  'N'i('OTr>'E. 

ZOSOSrZT&OBAJillCZirx:.     Syn.  with  Dl-Tnr.TT)r  oF  NtTBOnAnwrKB  (p,  11), 
ZOSOVXTBOPKBirZC  ACXB.    Sec  Pilenio  acU),  DsbitaTZTSS  OF. 

See  Pataybbikb. 

  See  VnattuMom,  DawATifM  ov. 

(i.  098).  Orsuamm 

ZOBOVIAXffYZi    S\-n.  with  losoHscOKiH. 

X01MKFSJkTZJrA.xzui.  Compoottda  of  platinic  iodido  with  the  more  basio 
iodidan  (Sea  'PLiaarm,  Imam  or.) 

MMMMWnara.   See  Au.n,  louBM  or  <i 
xosopnoMBcoarzc  aczb.  See  FxaoMiooino  Aim, 

ZOBOQVZKZB-B.    Ree  QviNiXK. 
TOlHISAZiZGTUC  ACZB.    S«C  SaucyUC  ACID. 
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20IM>-SUSftTZTUTX0V  COXFOTODS*  Iodine,  thongh  g^nfralTy  sf«Alcin|v 
Tety  similar  in  its  action  to  chlorine  and  bromine,  acta  for  the  moist  purt 
anogetiflaUy,  and  »  much  leas  disposed  to  Ibrm  substitution-compounds  hy  direct 
a<*tion  ^  mc"  c'->nipnnr!  !«  '-rntaining  hydrc^:©Tj,  indofd,  are  acted  upon  by  iodine  in  the 
Barue  nmimer  as  hy  I  ruUiUii-  or  chlorine,  part  of  the- Lydrogen  being  abatractt'd  to  form 
hyilriodifl  add,  and  its  plucc  being  siip]ilied  by  an  equivalent  qunntity  of  iodin@;  mch 
is  the  case xritb  ammonia  (iii.  280),  ethjlamine(iL  636),  methylamine,  and  phen^  lamino. 
Bat  iodatt^  organic  acida  cannot,  for  thd  most  part,  h^  formed  in  this  way ;  to  produce 
them  from  the  original  acids  it  is  neoeesary  to  use  chloride  of  iodiM  failtfi^  of  frea 
iodine,  so  that  tbo  supenr^r  ^iffinity  of  th^  f^hlonsa  ftv ^OfdHifNi  Ha^  SBBOVS and 
eaahle  the  iodine  to  t^e  its  place  (p.  29  i )  ' . 

c»H*o*  +  la  -  iia  +  c»H«io». 

Pyrorae-  lodopyro- 


On  theotiMrbaad»Ka1tttU(0h«B.Soe.J.XYii.  206)  has  lately  ahomttal  many  ludo^ 

!mb«<titufi>^ii  mnrponnds  are  decomposad  bj  lijdiiodk  add,  ioduw  baiog  aet  tm  asd 

the  orig;inal  acid  reproduced,  e.  g. : 

C«H*IO«  +  HI    -    CH^  +  P. 

IiidopropI-  Propionic 
ooic  acid.  acid. 

It  is  evident  that  where  this  reaction  takea  place,  it  is  impoosible  that  an  iodiat4  com- 
poimd  ean  1m  imdtteed  by  the  £fect  aetkm  of  iodiiia  on  an  oifuiie  add.   [For  an 

exception,  perhajw  only  apjiarent,  to  this  rule,  ?r>e  Saxictj.ic  acto.] 

The  action  of  hydnodic  acid  on  iodated  organic  compounds  JinA  noticed  explains 
the  ndncing  action  wUdi  it  ozeiti  on  entda  Ofgude  adds  (p.  SS5)l    The  faadioti 

takes  place  in  two  stag<-s,  ua  i<>do-<:>u1)stitutt<)n  c*<:)mpottnd  boiqg  flnt  fttBMd|  aitd 
sobM^oout^  deoompoeed  in  the  uioiiuer  above  expiaiuid.  c.  q.: 

Gljrcollle  lodacetic 
add.  acid. 

CmO'  +  HI   -   1»  C»H«0«. 

loiHtde  Acetic 

add.  «cid. 
lOnOStrXiVBXSi:  or  AWTZMOVT.    Sec  Aktocokt  (L  8S8). 
XOSOTBXAinULTBS.   See  TrnxuBixm,  looms  or. 
ZOIkOTOXifmTC  AC  131.    Sec  Totrruo  AOOK 
ZOXtXTS.    Syn.  with  Dn  huoue  (ii.  320). 

ZOWAVBTHXV.  lias  name  i»  given  by  Carey  Lea  (SilL  Am.  J.  [2]  xxxii. 
811)  to  a  Mlominffaiafttar  obtained  in  preparing  napiithylaminc  fi-uni  nitronaphthyleno 
by  the  action  of  fpiTOtis  acetate  (^Guufins  Ihnnlhook,  xiv.  9o.  5).  If  the  mixture  is 
heated  before  being  treated  with  caustic  potash,  a  faint  red-coloured  liquid  distill  over, 
which  |«raa  Tiolsi  cm  addkion  of  mineral  acids,  and  if  subsequently  hattod,  as  j^umett  a 
dark  pnrple-blue  coloar,  jintl  afl^er  a  whQe  yields  a  blnck  crystalline  predpitate,  tlio 
<)uantity  of  which  is  increased  by  further  heating;  thia  iti  ionDa{>hthin.  The  ciystals 
ara  libdc,  with  gre^  mdalKe  reflex,  and  dissolve  in  alcohol  with  blood-red  eolovo*, 
which,  oil  addition  of  a  very  small  quantity  "f  sulphurie  or  nitric  aeid,  changes  to 
•caiiet^  and  finally  to  purple-btu«,  ia  uot  altennl  hy  lieuiitig  with  sulphuric  acid,  but  ia 
dumavd  to  straNr>7dlDiw  by  hot  nitric  acid.  From  the  brown  aMther-li  (^uor,  ammooia 
throws  down  daurk-coloured  flocks,  which  are  insolul  le  in  wnter  and  in  alcohol,  are 
Uadiaied  by  diluta  sd^uric  acid  ami  bichromate  of  potash,  and  then  iixm  a  violat 
•olntiMi  whh  ^hto  aitde  add. 

ZVaOACVAMBA.  An  emetic  snbstamw,  the  root  of  several  plants  {rrn win)?  in 
South  Amcrien.  All  the  kinds  have  nearly  the  same  ingredients,  but  differ  in  the 
amount  uf  the  aetive  principle  (emetin)  whidi  they  contain.  The  beat  ia  U»«  umnlated, 
yielded  by  Opfmlis  Ij>ecacuanha,  a  small  shmhhy  plant  of  the  rubiacoous  order,  native 
of  Brazil  'and  New  Granada.  It  h  found  in  commerce  in  pieces  f£om2  (o  6  inchea  lolu; 
and  about  the  thickness  of  a  straw,  much  bent  or  twisted,  and  sometiinea  branehed, 
with  a  wmarkably  knoUy  diaiader,  oiirillg  to  vmmmt  dicular  dcprewsions  or  clefta, 
which  give  the  wliol..  the  appeamnce  of  a  number  of  rinp^.  It  consists  of  a  central 
axis  called  mcditnUium^  and  an  external  portion  caUe*l  the  cortical  part.  Kuch  of 
thewooatoiaa  emetin,  haft  hjCvtha  greater  poftkmaanita  in  the  ooctical  part. 
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814  IFECUAMIC  ACID  —  I&IDIUM. 

The  Mowing  are  aiMjy»«  of  fflfawnt  Midi  cf  ^HWiwiiitiliii : 

— •'  ^ 
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a.  Grey  ipecacnanha,  analysril  hy  Bamich  and  "Richard  (the  2'4  per  cont.  gixm 
includes  saline  maltersi  b.  'Biacki«h-grey,  analysed  by  f  elletier.  c.  Keddish-|^y, 
dcprired  of  its  BM^UtmHwn,  anfllysed  by  BeOett«>.  In  an  sah-grey  variety,  F«]fiti« 
fiwnd  9  per  cent,  fatty  matter,  12  emctin,  and  79  starch,  puin,  and  woody  fibre. 

Another  sort  of  ipecacuanha  is  obtained  from  the  Fsychotria  emttica.  This  kind 
contains  only  9  per  cent  emctin;  and  the  nndnlated  or  amylaceous  ipecacuanha,  the 
prepuce  of  Richardtonia  scabra,  contains  only  6  per  cent,  emetin,  with  92  per  cent, 
starch.  Bcsidr-s  these,  Ihp  ly-ots  of  nnmcroBS  other  plants  are  used  in  tropical  oountries 
as  emetics,  aad  oft^in  tcrmea  ipecacuuuha.  (Peloaze  etFrcmy,  Tratie,  \L  399.— 
JlHN^  qfclopmditit  suL  17.— Soohleder,  Fkjftoohmu, «.  181.) 

ZVacVAVZO  AOX]>.  An  acid  ezitt&l|baccordingto  WiIll|;k(Ann.  OLFImrd* 
Ixxri.  342),  in  the  root  of  Crphalis  Ipecacuanha.  It  is  extracted  from  the  root  by 
boiling  with  alcohol,  precipitating  \t'ith  basic  acetate  uf  lead,  aiid  decomposing  the  load' 
salt  vnth  sol^ydiio  acid.  Ir  is  a  reddish-brown,  very  bitter,  amorphoQt  mass,  solublft 
in  ether,  more  soluble^  in  alcohol  and  water.  It  colours  ferric  salts  prfOTi,  the  colour 
being  changed  to  violet  by  anuuouia.  Its  dilute  solation  does  not  pnacipitate  neutzal 
aoetete  of  lead.  When  mixed  with  an  alkali,  it  absoibi  oxygon  from  the  air  and 
becompj*  coloured.  It  gires  by  analysis  56*22  per  cent.  C,  and  6'23  H,  whence 
Wiliigk  deduces  the  formula  C"H»0'.  Pelletior  (Ann.  Ch.  Pl^s.  iv.  172)  regarded 
Has  gallic  add 

ZFOBUBZO  ACZ3I«   An  add  prodniwd  \ff  the  action  of  nitric  add  on  rfaodforatie 

ncid,  a  derivative  of  jalap-resin  {q.  v.)  It  agrc^  with  sebacic  add  in  all  its  properties 
excepting  its  melting  point — which  is  104*^,  whereas  sebacic  add  melts  at  127^ — and  in 
aome  of  its  rdationa  to  baaea  (Mayor,  Ann.  Ch.  Pimm.  Izdul  I4SX  Sea  Skaioo 

Xaxavarm»  Ir  ^  99*13  or  Irr  «  198-26.— The  bkck  scales  which  rpTTtain  when 
nadve  platinum  is  dissolved  in  nitromuriatic  add  were  found  bySmithson  Tenuant 
(PhiL  Trans.  1804)  to  consist  of  an  alloy  of  two  metals,  iridium  and  osmium,  hence  called 
iridosmine.  Hie  same  alloy  occurs  in  flat  white  metallic  jc^ins  in  native  platinum. 
Iridium  has  also  been  observed  in  combination  with  about  20  per  cent,  of  platinum, 
crystallised  in  octahedrons,  whidi  an  vfaitar  tbaa  gialiiwini,  and  am  aaid  to  Yam  » 
gr*»:itOT  density,  namely  22  (Vv 

Th«  feeparatiou  of  the  osnuuiu  anil  iridium  is  tlFtJcted  by  tho  following  methcKLi: — 
1.  The  iridosmine  is  mixed  with  an  equal  veigbt  <rf  common  salt,  and  subjected  to 
the  action  of  a  stream  of  chlorine  in  a  porcflain  tul>e  heated  to  redness.  Double 
chlorides  of  iridium  and  sodium,  and  of  wimium  and  solium,  ar^^  then  formed,  and  if 
the  chlorine  is  uoiatt  o  oartain  quantity  of  osmic  acid,  whidi  volutiUses,  and  may  be 
Condensed  in  nqneoti?  ammonia.  The  mixture  of  the  douVile  eliloriik-s  is  detached  from 
the  tube  and  boiled  with  nitric  acid.  Osmic  add  is  then  evolved,  and  may  be  con- 
dfloaed  in  an  alkaline  solution,  while  the  eblorido  of  sodium  and  iridinm  mnaina  in  the 
solution,  and,  when  mixed  with  sal-ammoniac,  yiilds  a  precipitate  of  chloride  of 
iridium  and  ammonium,  which,  on  ignition,  leaves  metallic  iridium.  (W  ohler,  Pogg. 
Ann.  mi.  161.) 

2.  A  mixture  of  100  prms.  of  iridof;mine  and  300  grms.  of  nifro  i.s  pl-ac*x1  in  an 
earthen  crudbie,  and  heated  to  bright  redness  for  an  hour,  the  resulting  mixture  of 
osmate  and  iridiate  of  {wlaasiiim  powred  oat  oil  a  cold  metal  plale^ 
atabiilatedwtort»aiiddiftabdfrH]ia]aig8eiMofidtdead^  A  laiga  quaathj  of 
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osmic  add  then  volutilisoi^  and  eond^es  in  the  zeoeirer  in  beuuliful  white  cry.-stuk. 
A»  soon  us  tho  ovolutioQ  of  atmitt  Mid  oeaaaa,  wat«r  is  added,  and  tlie  randne, 
con.sl.scing  of  oxide  of  iridiuin,  with  n  cprtnin  quantity  of  oxido  of  osmitmi,  is 
coiiected  on  a  filter  and  boiled  with  nitromumtie  acid,  which  dissolTeii  the  two  metals 
M  dUtMidea.  TUm  solntun  U  Hub  wind  vrith  sal-ammoniac,  vludb  predpitirtcs 
chlorosnmto  and  chloriridiate  of  ammonium ;  and  the  mbced  precipitate  is  susponded 
in  water  and  e^osed  to  •  eatrent  of  sa^nrons  aeid,  whereby  the  chlonridiate  of 
MMMonhm,  MH^a««  iseimrttd  into  dikriiMHe,  (NH«)«Ii*Cl«  wUdi  dimdrw,  irhOe 
the  clilorosmiite  of  ammonium  remains  unalt^Ted,  and  does  not  dispolvc-:  this  latter 
dilorida  yields  pore  metalliB  oamiPHu  by  calcination.  Xfae  solution  of  ddorindiate  of 
flKBsonmi  kwrasi,  vImb  vfsBOfwbsd,  iMenbAd  famni  crystals,  wliieh  "hy  eakinetioit 
yield  nietulh'o  iridium.    (Fremy,  Compt.  rend,  xviii.  144.) 

Iridosmine  generally,  however,  contains  platinum  as  well  as  otlur  metals  of  the  sarao 
group,  which  are  soi  lAetnaUy  sepsnted  by  tlw  nettodt  ymt  daseribed  The  com- 
plete separation  of  the  serenil  metids  of  the  platinum  group  of  late  years  formed  the 
subject  of  sevesral  elaborate  iuTeetigationa,  which  will  be  more  fully  oonsidend  under 
Pi^TomK ;  those  more  espedaUy  relating  to  iridium  are  the  following : 

3.  The  separation  of  iridium  uam  platmum  depends  upon  the  ready  conrertibiKty  of 
the  eliloririaiate  of  ammonium  or  potrissium  to  a  lower  degn*©  of  ohlorin;ition  hy  the 
aetiou  of  reducing  agenty,  and  the  easy  solubility  of  tho  re-sultinj?  double  chloride. 
Xuckli  and  W^lller  (Ann.  Ch.  Phann.  civ.  368)  treat  chloriridiiit*'  of  ammonium 
Containinor  pl.itinum  with  solution  of  eyanide  of  potitssinm,  adding  the  solution 
eautioiuiiy  auU  avoiding  an  excetti^  then  digest  it  at  a  gentle  heat  till  the  undisik/Ired 
foMoa  am  acqofaed  a  light  yellow-brown  eoloiir.  The  chloriridiate  of  ammonium  is 
tiras  converted  intochlonridite  of  potassium,  which  ea>iily  dissolves,  wherf  t  ^  thr  rM">ro- 
platinate  resists  the  action  of  the  Mdncing  agent  much  h>nger,  and  remains  uudiiMoived. 
The  completion  of  the  pwoei  iv  jMafy  iiSSeakad  by  the  change  of  eolotir  of  fhe  tn- 
diMsolred  salt,  since  the  preftcnce  of  »  smill  fMBtity  ot  4*  BMioBl-flrift  gh«l  m  deep 
red  colour  to  the  chloroplattnate. 

Tlie  niMaw^  manr  ahM>  be  effeeted  by  mitjhotjaat/bt  ct  potaamni,  flw  aotkm  of 
which  is  similar  to  that  of  the  cyanide,  but  somewhat  more  complex.  It  h  luKer, 
however  to  reduce  the  chloriridiate  of  ammoniom  1^  so^l^drie  acld,or  by  sulpharow 
•ad,  9M  in  Fr^lmy's  raeHrad  (se*  above),  beenn  metalWe  irUKmn  nay  tbeoi  be  Imme- 
diately rl  '.lined  by  simply  evaporating  tho  filtered  solution  of  the  eliloriruUte  of  am- 
monium, uud  ignitiag  m»  zaeidttA,  (ClanSf  Axta.  Ch.  Phann.  cvii.  129 ;  Jahresb. 
1868,  p.  210.) 

4.  The  iridosmine  which  rfmains  after  the  complete  exha\isfion  of  platinum  ore 
with  nitromuriatic  acid  is  a  mixture  of  two  substances,  one  of  which  is  scaly  and 
eonsists  of  osmium,  iridium,  and  ruthenium,  while  the  other,  wfaidi  is  gnuralar,  contains 
tmt  mere  traces  of  osmium  and  ruthenium,  but  is  very  rich  in  iridium  and  rhodium. 
Now  when  this  residue  is  heated  to  bright  rednei^s  in  a  porcelain  tube  through  which 
a  current  of  air  (freed  from  carbonic  add  by  pa^^jjing  tlinjugh  potash,  and  from  organic 
Blatter  by  passing  Uirougfa  oil  of  vitriol)  is  drawn  by  means  of  an  aspirator,  osmic  acid 
and  oxide  of  ruthenium  nre  forme<l,  the  latter  eryf?tallif«ing  in  the  eolder  part  of  the 
tube,  while  the  more  volatile  osmi(?  aeid  is  carried  forwards  (see  0:jMiL'M  and  Ki  xui:- 
mt-M),  and  an  alloy  of  iridium  and  rhodfam  fumaiiM  behind.  To  separate  these  metals, 
the  residue  thus  obtained  is  calcined  in  nn  cnrthrn  mieible  with  four  times  its  weight 
of  nitre,  care  being  taken  not  to  curry  the  procc^  too  far ;  and  tho  product  is  exhau^;!^ 
with  boning  water  and  ffltaed.  The  filtrate  consiilB  of  an  alkaline  solution  of  oonita 
of  potassium,  the  ojrmium  never  being  completely  removed  liy  the  previous  roastinp, 
whue  a  copious  precipitate  containing  the  iridium  and  rhodium,  together  with  potash, 
naMttns  on  the  filt^  On  treating  this  precipitate  with  nibtmuriaHe  add  for  eevenu 
hours,  the  iridium  is  converte<l  into  chloriridiate  of  pota^^ium,  wliieli  may  bo  iHseolvod 
out  hy  boiling  water,  the  rhodium  still  remainii^  undissolved.  {Frimj,  Compt.  rend. 
nuTui.  1008.) 

6.  Iridosmine  in  fine  powder  (into  ;ib- oh  state  it  may  be  hroupht  by  caleinJnfr  it  in 
a  crucible  with  four  or  five  times  its  weight  ol'  zinc,  till  the  flame  no  longer  exhibits 
Mj  tnea  of  tlMdiaMlal)  if  nfand  wHIi  3  pts.  peroride  and  1  pt  of  mtiate  of  barHm, 

and  heated  to  redness  for  an  hour.  The  bin  k  i:ilil»'  substance  rr mainiiig  in  tho 
crueihle,  and  consisting  of  osmo-ixidiate  of  barium  containing  ruthenitun,  is  freed  from 
oaalsaeid  i  y  ^  rolonged  boiling  wMi  Bftraanrntie  aeid ;  fte  Difyta is  then  preeipitoted 
by  the  exact  quantity  of  sulphiu-ic  acid  rc-quired  (this  qtiantity  being  known  front  \hn 
iwevious  weofi^uaat) ;  the  dark  red  filtrate  mixed  with  excess  of  hydrochloric  add  is 
erapor^tfld  ovir  w»  w«tei4Mlib,  and  mtxedl,  towwdf  fhe  end  of  die  operalioii,  with  a 
largo  excess  of  wilid  sal-ammoniac;  the  ref>i(liie,  no  longer  smelling  of  acid,  i.s  washed, 
first  with  a  concentrated  solution  of  Bal-amnnoaiac  (which  dissolves  out  tho  rhodium, 
together  wiUi  met^da  not  Mongiug  to  the  platiMun  group)  tail  the  hapuA  no  ' 
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nam  mmgr  vAmn^  Umi  with  «  mean  iSka»  wMm  tt      iUM  salt ;  the  rastdtie, 

chiefly  consiBtiiig  of  chloriridiatc  of  anmumium,  is  dried,  heated  to  commendi^ 
redness  (bo  as  to  decompose  the  ammomnm-salts  completely,  the  chlorides  of  the 
platinom  metals  imperfectly),  then  ia  a  cnnent  of  hydrogen  to  complete  the  redaction ; 
and  the  resulting  metallic  sponge,  in  w)iich  the  metals  are  not  alloyed,  baft  flolj' 
mechanically  mixed,  is  treateid  with  nitromuriatic  acid,  which  oompli  tt  l  v  remoTfs  «ny 
platinum  that  mar  still  he  present,  but  leaves  behind  a  certain  qnuntity  of  osnniiMi. 
The  remaining  piUWCQlent  metallic  mass  is  thea  Ibsed  irith  a  mixtiu-d  of  nitratt^  and 
hydrate  of  p<jtassi!im ;  and  the  unattackcd  portion  of  the  mptal,  ufter  being  careftiUy 
freed  frum  ruthcniale  of  potassium  by  washing  with  water,  is  heated  to  wmteness  in 
a  crucible  lined  wiUl  dutfcoal,  in  which  it  bdus  to^gHiMr;  ttm  pbead  !&  a  vess^  of 
lime  and  igiiitfii  in  an  oxy-h^'drogen  flaniP  contjiming  excess  of  oxygen,  till  ercry 
trace  of  the  odour  of  usmiuni  luis  disappeared;  and  lastly,  fused  at  the  strongest 
heat  which  the  oxy-hydrogin  flame  is  capable  of  producing.  (Dcyille  and  Behraj, 
Ann.  Cb.  Phys.  [3]  hi.  386 ;  R6p.  Chini.  pure,  1869,  p.  541  ;  Jahresber.  1869.  f.  241.) 

6.  An  intinute  mixture  of  100  pt^  iridosmine  or  platinum-residues,  100  pts. 
nitrate  of  barivm  and  200  pts.  caustic  baiyta,  is  heated  in  a  red-hot  earthefi  emeible ; 
and  the  fritted  ma.sa,  after  being  pulveri-sed,  is  thrown  by  t^inull  portions  into  eold 
water,  then  mixed  with  mtric  acid,  and  heated  till  all  the  osmium  is  driven  ott'  as 
camleaeid.  A  amaU  quantity  of  hydroeUovfe  Mid  Is fhm  added;  1^^ 

and  filtercMl  through  gun-cotton  ;  iin  l  the  iridium  is  ik'parated  flrom  the  other  metal* 
contained  in  as  in  the  preceding  method.  (l>eTiile  andDebraj,  Ck>mpt.  reiML 
Ut.  IIM.) 

7.  Platinum-rr  -i  liio,  finely  pulverised  and  tcevd.  by  levi;LM',i' ii  f:  rn  the  eoarser  grains 
of  osmide  of  iridium,  is  gentibr  igahed  ia  a  ooveied  crucible,  then  mixed  with  i  pt^ 
finely  granulated  lead  and  If  pt  fitharga,  and  heafctd,  ^rith  sHnii^  in  a  thidc* 
bottomed  hcssian  crucible  till  tlie  mixture  becomes  p-rfectly  fluid.  By  this  means  all 
the  silicates  and  earthy  minerals  present  are  converted  into  a  sla^;  me  metals  man 
oxidable  than  lead  are  oxidised ;  and  tiie  specifically  heaner  platinum-metalt 
collect  in  the  lead-regulus.  The  latter,  after  being  freed  m>m  slag,  is  dissolved  at  a 
gentle  heat  in  nitric  acid  diluted  with  1^  vol.  water,  which  dissolves  principally 
copper  and  palladium,  leaving  a  residue  which,  when  washed  by  decantation^  consists 
of  a  fine  blade  metallic  powd»  of  iridinm,  rhodium,  and  ruthenium,  together  with  fine 
graini*  and  scales  of  iritiosmine,  which  must  V)e  8e))arjit»'d  by  levigation.  The  black 
powder  is  immediitttjly  available  for  further  trvatraeut ;  the  iridosmine,  on  the  other  hand 
(together  with  the  coarser  grains  obtained  by  levigating  the  crude  platinum-residu<'  i.  is 
reduced  to  powder  by  ftising  it  in  a  charcoal  crucihle  witii  twice  its  wei;,dit  of  gTnnuhit«>d 
sine,  and  then  raLiiiig  the  heat  to  whiteness  to  drive  off  the  ziuc  (p.  '615).  The  finely 
divided  iridosmine,  is  then  heated  in  a  stream  of  oxygen  to  expel  the  ot^miium,  and  the 
residue,  together  with  the  black  powder  of  iridium,  rluxliuni,  and  nif]:,  nium  alioT**- 
mentioned,  is  uiixed  with  au  equal  weight  of  cldorido  of  stxLium,  and  dtiumipotteti  b^ 
Wdhler's  method  with  chlorine  gas  (p.  314).  The  dark  brown  solotkm  llnis  ofatainedja 
nilxcd  with  a  little  hydrochloric  acid  and  one  fnttrth  of  its  bulk  of  ordinary  nitric  acid,  and 
distilled  to  one-third,  the  osmic  acid  which  passes  over  being  condensed  by  ammonia ; 
the  lemaining  liquid,  which  contains  the  doable  ehkodea  of  fridiina,  Is  fliised, 
while  still  warm,  with  an  etjnal  volume  of  a  saturjitiv!  snhition  of '•nl mnn  niac:  and  the 
red- brown  precipitate,  after  standing  for  some  days,  is  separated  from  the  liquid,  and 
washed  irilili  sslHuainouiae  solntion  tHI  the  liquid  nns  off  cokmiess.  Tae  -wash- 
water  contains  the  whole  of  the  rhodium-««i]t,  the  mother-liqnor  consiFts  chiefly  of 
chloride  of  iron  and  ftmmonium,  with  traces  of  iridioai,  rhodium,  and  gold.  The  pre- 
cipitate, eondsting  of  ddoarixidtate  of  anunommn  ooptaiwinated  wHn  plalimm  and 
riithenium-5alt,  js  mix<^,  after  drying,  with  1 J  \>\.  cyanide  of  iKtta.-^iuni,  and  melted  for 
10  or  16  minutes  in  a  oapaciotts  porcelain  cruciblo ;  the  cooled  mass  ia  dissolved  ia  the 
smalketpossiUeqoairtlly  of  water;  and  the  jeUowfiUnte  (after  llwwiiole  of  Ibe  five 

cyanide  of  pota.s'^ium  has  been  decomposed  by  dilute  hydrochloric  acid)  is  prfcipitat«vi 
by  sulphate  of  copper.  The  resultiiuc  precipitate^  coosistiog  chiefly  of  plaUno-  and 
iridio-cyani^  of  copper,  is  washed  DollIng  water,  fint  hy  deeaatation,  then  on  n 
filter,  and  finally  decomposed  with  boiling  baryta-water,  whereby  oxide  of  copper  is 
separated,  and  the  platinum  and  iridium  are  converted  into  platino-  and  iridio-cyanidra 
of  barium,  which  are  easy  to  separate,  the  platinum-salt^  wnieh  is  mneh  more  solublo 
In  hot  tfum  in  cold  water,  separating  out  completdy  at  first,  and  the  white  iridinm-salt 
crystallising  afterwards.  The  mother-liquor  of  the  iridium-!^lt  contains  a  small  quan- 
tity of  ruthenio-cyanido  of  potasdum ;  any  ibodium-salt  that  may  be  present  may  be 
precipitated  hy  aMthmUL  (OL  A.  Mnvtiti%  Aon.  Ch.  Phiim.  ocni  M7 ;  Jalombft'. 

I860,  p.  202.) 

8.  The  fuUowii^  procetts  is  given  by  Devi  lie  aud  Debray  (Aon.  Ch.  Phjs.  [3] 

9 ;  JiliNslx  1991,    «68)  liw  obtaid^|g  ia^^ 


Digitized  by  Google 


IRIDIUM:  ALLOTa 


817 


Icnovn  in  thoT^W'^-i  in  mhit  a-i  "iridium-oxide'* — a  not  qtiitt^  iiriTf  >rm  nbrtOM  MB*- 
tainiwg  indinin  slh  uAiJe,  and  having  the  following  &Teiage  ooroposition : 


VoUtUe  substances  (luid  orrgen)  .      .      «      •  28*0 

8ohbleialt«(Naa«iidO^><)  ....  ISO 

Platintim  •      •      •  S*8 

Bhodittm   1-8 

BOIadhm   ........  0*4 

C<H>P«r   ^ 

Iron     .........  0*7 

Iridium  (and  loss)   62  7 

100-0 


TIw  flvbttnioe  is  ignited  in  ft  emdU«  Uned  irifli  diBnmd ;  tnd  fbeicadnetemulMd 

with  w«ier,  heated  with  strong  s-ulphnrici  acid  to  the  boiling  point  of  that  liquid,  and 
Hgain  washed  with  wiktei^  whorebj  all  the  soluble  salts  are  ^removed,  topvther  with  the 
copper  and  iron.  If  the  amoont  of  platnnim  is  known,  and  1h»  object  is  to  prepare  an 
alloy,  the  waslu  d  metaU  is  heated  to  whiteness  (to  giye  it  a  compact  texture),  and  then 
fuwxi  before  the  oxy-hydrogen  blowpipe.  To  obtain  pure  iridium,  the  crude  mi  talHi» 
powder,  after  treatment  with  sulphuric  add,  is  digested  with  nitromuriatic  acid,  tiie 
gytrtir  pait  of  llw  iridiam  (witli  Immb  «f  iliodiiiBi}  then  Mnmning  behind. 

M'tallic  iridinm  is  obtained  from  tlio  olil  r;  l-  by  reducing  that  salt  with  hydrop<  n 
at  a  red  heat^  or  by  qporing  it  alone  to  a  tcij  high  temperature,  or  more  easily  by 
igniting  tJi*  ehlofirfdiate  of  ammonium  S14^  in  ue  ftrai  of  a  grey  metallic  powder 
much  resembling  ^pong}-  platinum.  It  is  the  most  refractory  of  all  bodies  excepting 
ruthenium  and  osmium ;  not  being  fusible  in  the  flame  of  xh^  ordinaiy  oxy-hydrogen 
blowpipe.  Children,  however,  by  the  discharge  of  a  very  large  voltaic  battery, 
Bucoeeded  in  melting  it  into  a  globub*  m  htch  was  white  and  very  brilliant^  Imt  Still  a 
little  porous,  and  had  a  density  of  18  G8  ;  and  Peville  and  Debrny,  by  means  of  their 
powerful  uxy- hydrogen  l>la.st  furnace,  have  fuscni  it  completely  into  a  pure  white  mass, 
resembling  polished  steel,  brittle  in  the  cold,  ^omewliat  malleable  at  a  red  heat,  and 
having  a  density  f<\ym\  *a  that  of  platinum,  viz.  21'lt5.  By  mnistening  the  pulverulent 
metal  with  a  small  quantity  of  water,  pressing  it  tightly,  first  between  tUtering  paper, 
then  very  forcibly  in  a  pw»  md  wleining  it  at  •  iraite  heat  in  a  forge-fire,  it  may  be 
obtained  in  the  form  of  a  pompaet,  very  hard  majw,  capable  of  taking  a  goinl  polish,  but 
still  vei^  potouH,  aud  of  a  deui»ity  not  exceudiiig  IGO.  After  strung  iguition  it  is  in- 
golnbla  m  all  adds,  but  when  reduced  by  hydirogen  at  low  temperatures,  it  naridiiigi 
■lowly  at  a  red  heat,  Av.i\  dissolves  in  nitromuriatic  It  :«  ir '::i!ly  r^dered 

soluble  by  fusing  it  with  uitre  and  caustic  potash,  or  by  mixing  it  with  common  salt^ 
w  beCter  viUi  %  nixtue  of  the  ddondes  of  potMrivm  and  sodium,  and  igniting  it  in  s 
current  of  ehlariiM<»tiMwby  it  !■  WTittedlato  th»ioi«M» 

ZIUl>rU]ldC,  ASmEMTB  OT,  1  pt.  of  iridium  combines  at  a  wliite  heat  with 
4  pts.  of  copper*  ^»f^w*e  adnctile,  pale  red  alloy,  wlildb  is  much  hardt  r  than  copper, 
and  pvea  19  ill  oanptt  to  nitcie  tad*  tb»  iridimii  iwnaining  in  the  fonn  of  a  buck 

powder. 

With  gold,  iridium  forms  a  nudlakble  alloy,  having  a  colour  vofjr  nradi  lik«  thst  of 
gold:  nitn.»muriatic  acid  diflsolres  out  the  uold  and  leaves  the  iridium. 

1  pt.  of  iridium  and  8  pts.  lead  heated  together  to  an  intense  red  hei^,  form  an 
allegr  wbich  is  very  dtetfl«v  bat  nodi  binder  and  whiter  than  lead,  md  bdwTM  willl 
mtri6Midlik»th»«opparalkgr«  On  eopdlatioi^  tbe  aridtom  it  left  m  a  aoil  Un^ 
powdsr. 

With  merenr^r,  iridSan  fnn«  t  viMid  nnalgain,  wUdi  is  oMsiiMd  bjr  fmnonng 

Bodinm-amalgam  in  an  aqueous  solution  of  eh1i  r>idiate  of  eodiura.  Wlien  verj'  strongly 
United,  it  leaves  a  black  powder,  from  which  boiling  nitric  add  extracts  a  small 
qauiHfy  of  menniT,  leaving  a  randna  of  port  iridhmi,  aahMa  in  boiling  nitwwnnriatie 
acid.    ("Buttger,  J.  pr.  Chom.  xii.  252.) 

The  eom^iouiid  of  iadinm  and  osmiu  m  is  not,  properly  speaking;  an  alloj,  inasmneh 
as  osminm  is  ntb€r  a  metalloid  Uiaa  a  metal.    (See  lBii>osMiini.r 

Platinum  and  iridium  easily  melt  together,  and  form  alloys  which,  even  when  they 
contain  20  per  cent  of  iridium,  are  still  malleable  and  capable  of  being  worked,  but 
are  less  easily  attacked  by  chemical  reagents  than  ptire  platinum.  (Devilleand 
Debray.) 

Equal  weights  of  the  \vro  mf  fnls  form  a  brittle  alloy  capable  of  welding  to  a  certain 
extent.  The  alloy  01  pliituiuia  with  a  few  jiiirts  per  cent,  of  iridium  is  ductile  and  much 
bifdiVfllHip'Ue  platinum,  and  more  cajmble  of  resisting  tbeactioh  of  fire  and  of  chemical 
fMynhi  CBersaliaa),  An  aUqrmada  bj  tamiog  1  pt.  iciditm  and  10  plaHnim  in  th« 
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flame  of  the  oxyliydropMi  blowpipe,  \b  very  malloablo,  suseoptiHo  of  Iiardpninf^,  doea 
not  tarnish,  aud  when  laid  on  copper  Berves  for  metallic  luirrorti.  (Gaud  in,  J.  pr. 
Ch»m.  xvi,  65.) 

A  native  alloy  of  Iridium  nnd  platiimm  culled  nativp  iridium  ocritr*  in  tli^  Ural 
in  cnbo-octahearuus  of  specific  gravity  varying  from  21-8d  to  22-6o  aud  22  8,  aiid  in 
Brazil  in  winte  nMuid  gnum  lit  mdSo  nsrily  M'Mk  {SrAiiberft  €hiidkf» Stmdh» 
Ti.8M.) 

Pt.  tr.  Rh.         Pd.  Oi.  Fe.  Cu. 

T'ral    .  19  G4       76-86        .    .         0  89        .    .  .    .         1-78    =  99-16 

Unucil  .  [yo-W       27-79       6  86       0-49       trace        4-14       3*30    =  98-02 

1  pt.  of  iridium  nmtes  but  impezfect^jr  with  2  pta.  of  silver.  (Yanquelin.) 

1  pi  of  iridioiD  miftea  irtth  4  pifes.  of  tin  at  an  inteose  ved  heat,  Hmming  adidi  white 
easily  crystalHsaMc,  liiml,  maUciiWe  alloy.  (V.uiquclin.) 

\fhm  indosmioo  ia  fiiaad  with  fiom  5  to  6  times  it«  we^it  of  tin,  the  allojr  being 
kept  tn  a  long  time  «b  a  nd  leat  in  tiie  durcoal  oraeOib^  tiien  slowly  ooofed  mm 
twated  with  hydrochloric  acid,  tin  passes  into  solution,  together  with  traces  of  iridium, 
and  there  remains  a  mixtiire  (sepArable  by  a  fine  sieve)  of  finely  pulverulent  crystallino 
osmiuin,  and  Lu-go  shining  cubic  crystals  of  an  alloy  of  tin  ana  iridium,  which  m  not 
attacked  by  nitrorauriatic  acid,  but  when  stmm^ ignited  in  an  atmosphevaof  aalphv- 
dric  add.  qires  off  tlio  wholo  of  the  tin.  rinr^nntirv:!:  to  h^^  Q  per  e»"'nt.,  rs  siilpnicfn, 
leuviiig  43  -i  p*!r  cunt  iridium. — By  fusing  tin  \>ii^  a,  mass  containing  platiuuiu, 
iridium,  and  rhodium,  and  dissolnng  tlie  excess  of  tin  in  hydrochloric  add,  a 
m  siuUine  residue  is  obtained,  whose  compusitiun  (if  Ft  denotea  tba  platumni  metals 
in  general)  is  Pt*Sn*  or  PptSn*.    (DoviUe  and  Dcbray.) 

An  alk^  of  iridium  and  zinc,  obtained  as  in  Beville  and  Debn/a  first  method  of 
preparing  an  alloy  of  iridium  and  tin,  i*;  not  crystallisublo. 

XitlOXUlCt  GAXBXHB  OV*  When  a  coherent  mass  of  ixidiom  is  bdd  in  the 
ilame  of  a  spirit-lamp,  bhei  names  appear  on  its  smfime^  ^dtidli  are  a  cadnde 
eor   i   i  „  1"^'     11   1  a*,    u  '  1  or  IrC.   The  oarbon  bums  off  re^i^  ia  tiie  air. 

XSXDIUM,  CHXiORXBSS  OI*.    Iridium  npprars  to  farm  four  OOBipomida  villi 
chloriuf;  but  only  two  of  them  have  bttn  obtained  in  definite  form. 

The  protochioride^  ltd,  is  said  bj  Pimelins  to  be  formed  when  pnlvsclaad 
iridium  is  heated  to  low  redness  in  chlorine  pas.  It  is  de.^icribed  as  a  dark  olive-green 
powder,  insoluble  in  walor,  slightly  soluble  in  hydrochloric  acid,  and  forming  double 
salts  with  the  chlorides  of  the  alkali-metals.  AccorvUng  to  Clans,  however  (Ann.  Ch. 
rfiarm.  lix.  255),  the  so-called  protochloride  of  iridium  is  merely  a  mixturo  of  the 
sesqnichloride  with  metallic  iridium.  The  protochloride  sfpeacs,  however,  to  exist  in 
eertain  double  salts  (p.  322). 

'ft.,>  ^f!)qnich!orirh%  L^Cl'  (or  trichloride,  IrrCl'),  is  prepared  by  dissolving:  the 
iM*M|uioxide  in  ^vdrochloric  acid,  aud  evaporating;  it  also  sublimes  when  iridium, 
either  alooe  or  mixed  with  nitre,  is  ignited  tn  dilorine  gas.  It  is  blaek,  ddiqnescrat^ 
and  docs  not  crystallise.  It  unites  with  the  chlorides  of  the  allcali-mt.'tuls,  forming 
doable  salts,  called  chloro-iridites,  which  are  prepared,  either  by  mixing  the  sola* 
lioas  of  the  component  ciUoiidflS  in  tihe  reqnired  proportions,  and  evaporating  or  by 
reducing  the  solutions  of  the  corresponcfing  chloriridiate.s  with  sulphurous  acio, 
soiphYdnc  add,  alcohol,  or  ferrooranidD  of  potawsiam.  CUaaa  has  obtained  the  eom- 
poimdi  8NH4ClIi*GP.8H»0,  8KCLIi*Ci^.8SPO,  and  TSSwXSLVXSPX^iSPO,  Ther  af« 
olive-mreen,  judveruli  ut  salts,  soluble  in  water ;  the  sodium-salt  is  also  soluble  in 
aloobol ;  the  other  two  axe  insolnhle  in  aloohoL  Berseliua  obtained  a  potaasiiUD-ealt 
containing  2KGLIi^. 

Chloririditc  of  silrrr,  Aft'Ir^Cl*  =  3AgCLIr"Cl*,  is  produced,  on  adding  nitrate  of 
silver  to  aqueous  chloriridiate  of  potassium,  as  a  deep  indigo-coloured  flocctilent 
precipitate,  which,  however,  becomes  paler  in  a  few  seconds,  and  finally  loses  its  colour 
altogether.   The  reaction,  which  is  attended  with  evolution  of  oxygen,  is : 

6AgN0»  +  4KIrCl'  +  H«0    =    2Ag»Ir«a«  +  4KN0*  +  +  O. 

With  a  boiling  solution  of  chloriridiate  of  potassium,  the  same  compound  is  formed 
iraraediatelv,  without  the  intermediate  production  of  a  blue  uubbtonce.  The  silver- 
salt  is  insoluble  in  wtUtt  and  in  adds,  and  but  slightly  soluble  in  aamioina.  "Wlieii 
it  is  coTorcd  with  strong  aqueous  ammonia  and  l<'ft  to  iti-elf  for  a  ffw  days,  one  portion 
disiiolves,  and  the  remainder  is  converted  into  a  cryBtaliino  modification  of  the  salt 
compofiea  of  riiomboliedroaa  faafiBg  an  adamsmtine  Instni  (Clatii^  Aan.  Gh.  Fhaan. 
Ixiii.  nr.R.) 

The  dichloridey  IrOl'  (or  tetrachloride,  IrrCl^),  is  obtained  by  disBoIrinff  vezr  finely 
dirided  iridiian,  or  one  of  its  oxidf«,  or  the  sesquiddoride^  tn  nttrenmAlro  m&A,  ud 

heating  the  liquid  to  the  boiling  point.  On  evaporating  the  solution,  it  remains  in 
the  fcim  of  a  black,  deli^aeseeat,  amarphoos  mass,  tcansluccnt  with  dark  red  colour 
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at  t!)c  o<1grs.  It  .s-n<itaias  a  rathor  strong  boat  without  deoompontion,  bat  at  a  hufa«r 
temperature  ia  reduced  to  the  segqnicblondo  and  ultimately  to  metallic  i^mrai 
(Berielins).  It  dissolTM  in  water,  forming  a  ri  ddish-yellow  Bolutiou.  It  ttiiitaiivitll 
the  alkaline  chloridt  s,  forming  definite  crystalline  double  salts  called  chloriridiat«% 
tlie  genezal  formula  of  which  is  MIrCl*  »  MClJrCl'  (or  M'lrra'  *  mCLlxrCl*),  Hm 
nmoHiMmaalt,  2(NH«)IfCP.H*0  [or  (NH<)«IrC1«^0],  is  oVtebed»  m  mii^tba 

solutions  uf  tho  conii^:)n»'nt  rlil(jridt>s,  as  ii  vi-ry  dark  lirv.)wn  precipitate,  wliicli  dissolves 
in  boiling  wa|er  and  cssyatallises  is  octahedrons  on  coolii^  It  diwolves  in  20  pta. 
of  odd  mitar,  fenaiaif  m  dade  nd-bravn  UqvH  and  imparte  dMnet  vSoraAm  to 
4,000  ptsL  of  watiT.  Tlio  rf*!  colour  often  oxfiibited  l>y  chloroplatinato  of  ammoiiimn 
is  due  to  small  quantitiee  of  this  salt.  The  acmeous  solution  supersaturated  with 
ammonia  forms  a  pale  yeUov  miztnrek  whidi  oeoomea  pecfsctly  oohwiem  wheq 
exposed  to  light,  hot  aftsrwiida  tMom  ptofi^  thm  TO}lat»  and  flnaUy  ■■iwmrt»bgt«ti- 

fkil  Wup  colour. 

Th«  ckloriridiates  are  easily  converted  by  the  action  of  sulphurous  acid,  sulphydric 
add,  and  other  tedaemg  amenta  into  tin  moca  aoIaUe  diloriridites,  a  reaction  whieh 

af^>^l3  the  Tn<»an8  of  eeporatin;^  iridium  frorn  v»l!>tinum,  the  chloroplaiinates  being 
but  very  slowly  reduced  under  the  same  circumst.  iux-s,  and  not  converted  into  more 
Mhibb  salts  (p.  315). 

The  pf>fasiiiiiii/i-,<s(ih,  KTrCl'  or  K-Irrd*,  is  predpiUitrd  on  mixinp;  thp  aqueous  solu- 
tioos  of  it^  coiupououl  baits.  It  may  also  be  prepared  by  pa&s>iug  chlorine  gah  over  a 
gently  ignited  and  intimate  roixtureof  finely  divided  iridium  and  chlodde  of  potassium ; 
filt<-ntig  from  unalttrt'd  iridium;  disimlviug  the  unfused  liIack-liroTm  mass  in  hot 
water ;  mixing  it  with  nitzomaziAtic  add;  and  eraporating  to  dryness ;  extracting  the 
esion  of  clikndo  of  potaarinm  bj  sbmU  quaartiti^ 

in  boilinff  wjiter;  admnp  a  small  quantity  of  nitromuriatic  acid,  and  evaporating  to  tho 
crystallising  ]  oint.  It  czystaliises  in  black  octaiiedrous,  yielding  a  rnl  powder,  lb 
iSmotwm  very  !  vly  In  Cfsm  water,  but  quickly  in  boiling  water,  forming  a  liquidwiiiell 
appears  drop  rod  in  tho  mass,  hut  yell thin  lilms.  It  is  insoluble  in  saline  solu- 
tions and  in  alcohol,  which  predpitates  it  from  solution  in  water.  The  aqneoua  solution, 
Biaed  inOx  wmem  ot  potara,  b^area  in  the  same  manner  as  tbe  ammoBiiim-aii^  with 
excess  of  ammonia.  At  a  strong  heat,  it  is  converted  into  chloriridite  of  potassium, 
and  at  a  still  higher  temperature,  leaves  me  tallic  iridimn  mixed  with  chlonde  of  po- 
toisium.  Thp  soditm^t,  NaIrCl*.3H^0  (or  Na-Irr(Jl*.6H'0)  is  obtained,  like  the 
potassiun)  .  i  U  l>y  passing  chlorine  over  a  gently  ignitod  mixture  of  iridium  and  chloride 
rif  ho<lium.  It  forms  black  tables  and  fnnr-sided  prism*  wjfli  dihedral  »^nTnTnit«,  iso- 
morphous  with  the  corespMlding  plaiiuuni-salL  When  heated,  they  leave  the  anhydroua 
aali  in  the  form  of  a  Wowaish-grey  powder.  It  is  easily  soluble  in  mlar,  tanBL  1h» 
•olntion  mixed  with  sal-ammoniac  yidds  a  precipitate  of  chloriridiute  of  ammonium. 

A  trichloride  of  iridimn  was  obtained  l^iSenselius,  in  combination  with  chlocide  of 
potoirittin,  by  fbaing  iridoniino  wiA  nSbra^  distilling  the  product  wth,  nilmuivriatis 
acid,  and  treating  the  repiduo  with  succes-five  portions  of  ■water.  A  dark  red  solution 
was  then  obtained,  which  vielded  a  salt  hsrii^  the  compogitaoaa  SKCLIrCA*,  but 
■eeording  to  Clam,  timaatttinitflMaiDtd  vatMally  a  niAcidsn-«oni|>oa»d,  hmmg  boon 
prepared  by  In  r  ■  lin  ^  from  iridosmino  containing  ruthenium.  Pure  iridium  fup«  1  M  ith 
nitr'-'  nnd  slis'iU  i]  v,  ith  nitrornnn'riti?'  nrit\.  yh'l'h  a  salt  containing  dii-hkjride of  indium, 

xjLXDruia,  z>£TiiCTXOv  JkXJ>  ssTxacikTlOV.  Iridmm  in  its  free  state 
is  ea>ily  (iistinguished  from  all  other  metals  excepting  rhodium  and  ruthenium,  bj  ito 
in.«olubility  in  adds,  not  being  attacked  i:\  f'l-  compact  Jitate  by  any  acid  whatever, 
and  in  the  state  of  fine  division,  only  very  slowly  by  nitromuriatic  add.  Its  infusibility, 
•fvn  in  the  ordinary  oxy-hydrogen  blowpipe  flsoM^  MTVOi  alto  to  dlilingviih  ft  ftmn  all 
Wetab)  excepting  rhodium.  rutheni>im,  ana  osmium. 

It  may  be  distinguished  from  rhodium  by  fusing  it  in  the  finely  diTided  state  with 
nod  anlpbafo  of  potoiahini.  Ttu  iridimi  is  tiun  eonvntod  into  seaqiiiuzida^  but  dooa 
not  disf^olre  in  th  -  ri  ->ir!  pnl]Vi:i*p  nr  colour  it  red,  as  rhodium  rL  <  >.  Another  method 
of  distingniirfiing  iridium  from  rhodinm,  and  likewise  from  ruthenium,  is  to  mix  it 
tnttoMilify  witfi  ^lorfde  of  potmlvn  w  sodiuni,  boat  llto  uiature  in  a  stioam  of 
chlorine,  and  dip^i  lvf^  the  rf-stdting  double  chloride  in  water :  iridium  thu.s  treated 
yields  a  black-brown  solution,  rhodium  a  roae-zod,  and  rotheninm  an  orango-JoUow 
Million.  (See  I^odicv  and  BrTUBwiun.) 

All  compounds  of  iridium  are  easily  reduced  to  the  metallic  state  by  ignition  in  an  atmo- 
sphere of  brdrogen ;  the  reduced  metal  may  then  be  tested  in  the  manner  just  described. 

bidic  MNmtions  (containing  the  dioxide  or  dieUloride^  which  arc  those  of  most  tte^ 
qnent  ocemropce,  are  of  a  dark  brown-red  ookmr;  indous  solutions  (containing  the 
swiquioxide  or  sesqTtichloridr';!  h  n  e  tin  olive-green  c"loT;r  Thn  characters  of  an  iridic 
solution  are  best  observed  witii  chionndiate  of  sodiuoi,  as  ail  the  other  oompouoda  are 
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320       IRIDIUM  — DETECTION  AND  ESTIMATION. 

Caustic  j>o(axh  in  cxpcss  dceoTorisos  tha  solution  of  in  iridic  salt,  chanjririti  the  dark 
red  colour  to  a  very  £uiit  greenish  tint,  knd  uAer  some  time  thiowi  down  a  slight 
UadE-tom  precipitate  of  tiiloriridiate  of  potaMintt.  If  the  desr  iHlnlion  bn  liMted, 
and  thf-n  left  in  contact  with  thp  ai-,  it  first  acquires  a  faiut  red  and  then  a  Tiluo 
colour^  gradaallj  incTftawng  in  inteatdtv  from  the  surface  downv)iEdSk  aod  oltinuiteljr 
bwnnung;  m  deep  m  tixat  of  an  ammomaoal  eolation  of  The  aolntioB 

rat^nl  to  dryness,  leavee  a  -white  mass,  which,  wlicn  treated  with  water,  yields  a  colour- 
leas  solution  and  aa  imolable  blue  powder  oonaistisfiu  according  to  (JIkum,  of  iridic 
Vdnte.  Thk  Is  the  mcwt  ehartctaristb  ^  Thepraence 
of  paUtuUiim  interferes,  liowpver,  with  tlie  j>n>luetion  of  the  blue  colour,  and  girss  lUW 
to  the  pndmtatum  of  iridic  oxide.  A  solution  of  iridium  containing  plctinum  {<;  h'ke- 
wlta  not  ootonred  Una  by  potash,  but  is  decolorised,  and  yields  a  red  precipitate  of 
chloroplatinate  of  potassium  containing  iridium ;  on  heating  the  liquid,  this  precipitate 
redissolves,  and  another  precipitate  is  fonnetl  consisting  of  platiinferciiis  iridic  oxides. 
If  tJie  solution  contains  rhodium,  no  alteratiou  takes  pkeo  at  first ;  but  subsequentiy, 
A  li^t  yellow  precipitate  of  rhodie  l^dnto  u  produced ;  or  if  the  BOlvlun  is  htik,  tas 
precipitate  is  of  %  dirty  £^yish-green  colour,  and  the  solution  becomes  colourfps«». 

Ammonia  in  excess  also  di^colorises  iridic  solutions,  and  forms  a  slight  blackiah  pre- 
cipitate. On  boiling  the  solution  for  some  time,  till  the  greater  part  of  the  ammonia 
is  expelled,  the  solution  acquires  a  bltie  colour,  c^ipocially  if  left  exposed  to  the  air; 
but  um  colour  is  neither  so  pure  nor  so  deco  as  that  produced  br  potash.  The  pre- 
MOM  of  prilftdnmt,  platintun,  or  rhodium  mooiftes  tlie  ntOim  wm.  ammatok  mmok  in 
the  same  manner  as  with  potash.  Carbonate  of  jy'r^'^'y  minrm^  a  red-bmwu  preci- 
pitate^ which  cradualiy  dissolres,  the  liquid  afi«rwards  turning  blue  when  exposed  to 
the  air.  Carbonatt  of  ammonium  tmparts  a  blue  eolour  to  the  b'quid  wider  the  in- 
fluence of  the  uir.  Sttlphydric  arid  aecolorises  the  folntion  at  first,  and  afterwards 
fbrms  A  brown  predpitate.  CMoride  qf  ammonium  forma  a  dark  cherry-red,  pulrem- 
I«ftt  preeipitoto  of  Mhriridiate  of  anutKmhnn.  nrroeymmie  ofpeiauiim  and 

sufphfitr  of  ir<m  decolon.se  the  solution.  Bichloride  of  (in  fomt  n  Ught  IvOvn 
precipitate.  Zinc  pxecipitates  metallic  iridium  as  a  black  powder. 

<iiiamUtaii99  §»timai4on  and  ttparafion, — ^Indium  is  completely  precipi- 
tated from  the  solution  of  an  iridic  salt  hy  Treating  the  solution  with  diloride  of  am- 
monium chloride  of  potassium,  and  then  adding  uo^ol  containing  ether,  in  which  the 
cUiOriridiate  of  ammoniam  or  potassium  is  quita  inscdublc.  The  precipitate  may  bo 
collected  on  a  weighed  filter,  washed  with  alcohol  and  ether,  dried  in  the  water-bath, 
and  then  weighed.  The  ammonium-precipitate  contains  11  21  per  cent.,  the  pota-ssium- 
precipitate  40*38  percent,  iridium.  The  ammouiuai-precipitate  mav  also,  alter  washing 
with  sitim^aleohot  (not  on  a  weighed  filter),  and  drying,  be  carefully  ignited  in  a  tanS 
platinum  crMelKlo^  and  the  weight  of  the  remaining  iridium  directly  determined. 

If  the  iri>lium  exists  in  solution  as  ses^uichlorid^  it  mnsti  bef(CH«  precipitation,  be 
4MHiTerted  into  dishkniiin  hj  pssiiiig  oUoiuM  gu  into  or  hmtiag  it  wifii  idti»- 
muriatic  acid. 

The  niodo  of  precipitatiim  just  described  serves  for  the  separation  of  iridium  from 
al  IsMtals  exL^ting  platimnn,  riiodium,  ruthenium,  and  osmium ;  and  frein  all  thfM|, 
except  rhodium,  it  may  be  .separated  I'y  n^ducin^x  it  to  the  state  of  sesqnichloriile,  and 
then  adding  to  the  liquid  an  excess  of  a  concentrated  solaticMi  of  sal-ammoniac.  Chlori- 
ridita  of  ammonium,  tNHKILIi*Ol",  ii  tii«n  ibniiod*  whidi  is  solnblo  in  sdMnBrnonlM; 
whereas  the  double  compounds  of  chloride  of  ammonium  with  the  chlorides  of  the  other 
pktinun-metals  (oEoept  aesquichlocicLe  of  rhodium)  are  inMioble  in  excess  of  chlonda 
of  ammonimn. 

The  r«H!uction  of  dichloride  of  ii  i  lium  in  solution  to  stsquicldoride  may  be  eflfecteil 
by  any  of  the  reducing  a^enia  already  mentioned  (pp.  31£i,  319),  bat  the  moat  con  venient 
mt  analytiea]  pnrpoees  n  mtfphvdrie  add. 

When,  for  example,  iridium  is  to  be  separated  from  platinum,  both  being  in  the 
form  of  dichlorides,  the  mixture  of  these  compounds,  or  rather  their  double  siJts  with 
chloride  isi  ammonium  or  potassium,  may  be  treated  with  a  small  qxuinti^  of  water, 
and  solution  of  sulphydac  acid  added  by  small  portions.  The  reduction  of  the  iridic 
chloride  then  takes  place  immctliatcly,  a  green  liquid  being  formed,  rendered  milky  by 
precipitated  sulphur,  and  coloured  browu  by  sulphide  of  pldliiiuin,  if  that  metal  is 
present  in  rather  large  proportion.  Iridium  is  not  |moipitated  from  its  solutions  as 
sulphide  by  sulphydric  acid  at  ordinary  temperaturei?,  unless  the  reaprnt  is  added  ia 
very  large  exces.s,  and  even  tlien  the  precipitation  takes  at  least  21  liours.  The  reduc- 
tion of  the  iridium  to  se.squicliloride  Witt  OOB^Iete^  sal-ammoniac  is  added  in  excess, 
and  the  liquid  filtered.  The  platinum  then  remains  midissolved,  while  the  iridinna 
patises  into  the  filtntcL  and  may  bo  reconverted  into  dichloride  ly  mciuis  of  nitio- 
niu  riatJo  sdd,  and  pn^tatad  aa  already  described. 

The  sanw  melliod  nnqr  asm  to  sepante  iridimn  from  osminn,  but  tha  sepaaatioa 
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«f  Clirtaetalitom  flM  other  membeno^  groap  is  generally  eflbetoA  by  dleHOhtion 
vitllllifeRMiiTiatic acid,  or  by  rousting  in  an  atmosphere  of  ox^'gon.    (See  Osjcicm.) 

Pftlladinm  is  easily  separated  from  iridium  by  precipitation  with  cyanide  of  mer- 
cnry,  irbidi  does  not  throw  down  iridium;  also  by  nision  with  acid  sulphate  of 
pcrtassium,  which  diasolTes  the  palladium,  but  merely  oxidlM  S  the  iridium. 

The  separation  of  iridium  firom  rhodium  may  be  iffectfd,  when  the  former  is  in  the 
state  of  dichloride  and  the  latter  in  the  state  of  sesquichloride,  by  treating  tJio  solution 
with  excess  of  chloride  of  ammonium,  which  forms,  with  sesquichloride  of  xhodiliB,  a 
doublr-  tii\\t  Kolubli'  in  fxcess  of  chloride  of  ammonium,  when-us  ehloriridintc  of  ammo- 
nium is  iosuluble  in  excen^  of  that  salt.  Another  mode  uf  separation  is  founded  on  the 
ihet  that  chloriridiate  of  sodium  is  soluble,  and  chlororhodiate  of  sodiom  insoluble,  in 
aleolioL  The  method  of  fusion  with  acid  sulphate  of  potassium,  whereby  rhodium  is 
duMilTed  while  iridium  is  merely  oxidised,  serves  for  the  qualitative  distinction  betwem 
the  two  metak  (p.  819),  bat  ii  not  adapted  for  qiwititatiTO  eepaiatioB,  beoaase  tba 
solution  of  the  rlif^ilium  takes  place  but  slowly,  and  when  a  Pmall  quantity  of  it  is 
mixed  with  a  cousidorable  quantitgr  of  izidium,  not  a  tiace  of  it  ia  tikaa  by  tha 
tend  aeid  adphstai  (See  BaamuiL) 

Ato mio  Weigh  t  of  Ir  idiu  /n. — The  only  known  determination  of  this  number  ia 
that  made  in  1828  by  Berzelius  (Pogg.  Ann.  xiii.  435),  and  founded  on  the  analysis  of 
chloriridiate  of  potassium,  KCUzCP.  100  parts  of  this  salt  i^ted  in  a  atream  of 
h jdrocen  kat  S9  pfea.  of  oWorina.    Vow,  at  ooty  8  a&  dilonne  am  gban  ofl(  the 

chlurido  of  potaBsium  not  being  decomposed,  we  have,  for  'letenshnBg  tha 
weight  of  indimn  (taking  K  =  39  2  and  CI  =>  35  5),  the  proportkn 

1467      Ir  :  71    -    100  :  29 
vhanea  It      »  M*lt» 

If  the  cliloriridiatc  of  potassium  be  supposed  to  ooBtain  tetHMMwMo  cf  faidinm,  ita 
formula  being  2Ka.IrrCl«,  then  Irr  =  198-26. 

nUBZVICy  ZOSXBBS  or.  (Oppler,  Ueber  die  Jodverbindungcn  des  Iridiunu 
(piMMtatfaa),  Odttingen,  1867 ;  Jafanab.  1867,  p.  268.)— Iridiiim  appeaia  to  fm 
unaoompouuds  with  iodine,  namely,  TrT,  Ir'P,  and  Irl*. 

Tha  protO'iodide,  Irl  (or  di-iodide,  IrrX^),  or  Hypo-iridiout  iodide^  appears 
to  be  formed,  as  a  brown  powder,  by  passing  sulphurous  acid  gas  into  water  jn  which 
the  iridic  iodide  ia  BUspend»L  By  (ussolring  finely  pulverised  chloriridiate  of  ammo- 
niam  in  a  boiling  concentrated  solution  of  iodide  uf  potassium,  and  leaving  the  liquid 
to  stand  for  a  few  hours,  J^po-iodtridite  of  ammonium,  NH*IrI'  or  NH*I.IrI,  separatee 
aa  a  blade  oryHtalline  powder  or  in  blackish-grey  spangles. 

Th*"-  ficfqui-iodide,  Ir-I'(or  tri-iodido,  Irrl'),  or  Iridioua  iod id r,  separates  as 
a  black  cr)'stalline  precipitate  on  adding  chloride  of  ammonium  to  aqueous  iodiridiate 
«f  potaeainni,  EIrP  (iodiridiate  of  ammonium  being  probably  formed  in  the  first 
instance,  and  subsequmtly  resolved  into  sesqui-iodide  of  iridium,  iodide  of  ammonium, 
■ad  free  iodine!  It  is  very  sparingly  soluble  in  cold  water,  somewhat  more  freely  in  hot 
water,  hiaolabie  hi  aleohol.  It  unites  with  albaMae  iodides,  forming  double  salta 
which  may  (Tilled  i nd i  r id i  t  o?? .  The  arnmonium-sa/t,  2(\TI*)^Ir^I«.H''0  (or 
S(!Nfi*)'Irrl*.E^O)  separates  in  crystalline  needles  £rom  the  mother-liquor  of  hypo> 
iodiridite  <rf  ammoniwii  (eee  abofe)  on  repeated  conoentraiion,  ibrst  tosethep  with  oio 
latter,  afterwards  alone.  The  pota/tsium-salt,  K^Ir^T*.  sejiarates  on  adding  a  concen- 
tnted  solution  of  iodide  of  potassium  to  a  solution  of  sesquichloride  of  iridium,  aa  a 
line  crystalline  powder,  haTing  a  green  Inetre^  fnaolable  in  water  aod  ia  doohol,  dia- 
Boh-ing  slowly  in  acids,  easily  in  alkalis  when  heated.  The  sihrr-salt,  A|;^W*,  ia 
obtained  on  adding  nitrate  of  silver  to  a  aolntion  of  iod-iridiate  of  potassium,  as  a 
dark  green  amorphous  precipitate,  whidi  aftarwards  turns  brown.  The  reaction  by 
which  it  it  temed  ii  iimilar  to  that  of  nxtate  of  ailnr  on  ehloa^riditta  of  potaaifaui 

(p.  318). 

The  di-iod id e,  Irrl*  ^or  tetra-iodide,  Irrl*),  OT  Iridic  iodide,  is  obtniiK  1  as  a 
soft  black  powder  by  adding  iodide  of  potassium  to  a  strong  solution  of  dieldoride  of 
iridinm.  and  boiling  the  brown-red  liquid,  mixed  vnXh  a  little  hydrochloric  acid.  With 
alkaline  chlorides  it  forms  the  iodiridiates.  The  ammonium-salt,  NH*IrCl',  or 
CSnSfy^JCtl*,  separatee  after  eome  weeks  from  a  solution  of  chl<airidtate  of  ammonium 
IE  aold  conoenl  rated  nqneous  iodide  of  potassium,  in  dark  brown  shining  crj'stiils  »>a«,ily 
deeompoeed  by  heat  The  aqueous  solutioui  when  gently  heated,  becomes  turbid  and 
Utdb-nown,  depositing  hypo^odhfidxte  of  ammoiriwm,  NH*IrI*,  and  iridic  iodide.  The 
|POftmi'if'ii  It  IT  I*  r,  Kirl',  or  K'lrrl*,  sejiaratcs  after  the  iridic  iodide  itself,  fmni  a  cnlnfion 
of  iridic  chloride  mixed  with^  iodide  of  potaasium.  It  is  formed  ^  also^  thoiudi  ia 
email  quantity  only,  by  tha  aotum  of  iodiiMhfi^oar  oa  an  intfmato  niztan  of  iildiaiii 
and  iodide  of  potassium  heatod  to  60°— 70® ;  uA  in  larger  quantity,  by  adding  iridio 
diloride  to  n  nolntinn  nf  irrdidf  tif  rntaninrBithfr  Irttrr  trmrg  lr°r*     mi^:  ocby  dk< 
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m  IRIDIUM :  OXIDES  —  OXYOEN-SALTS. 

floM^  the  iridic  iodide  in  iodide «f  potaMim,  tad  ksnBgliha floikdiai  to  oTflfaillise.  It 

forms  diirli,  metalUr  -  hining:,  crTstalHne  frpanglcs.  appearing  aa  octahedrons  under  tho 
mioroaoope,  easily  Koiubie  in  water,  insoluble  in  alc«>itol ;  it  is  dissolved  by  acida,  and,  with 
dMonpontkm,  hy  alkaUa.  The  mdium-ttM^  Nalrl'.  or  Na^irl*.  ta  obtained  on  adding  a 
concentrated  solution  of  uKlidf  of  soJiuni  t«j  iridic  chloride,  as  .1  dark  lirowiii.sli-gr«en 
cijgtaUiiio  povder,  ijosoioble  in  alcohol  and  in  ooLd  watei^  sjgma^  soluble  in  hot 

ZRZSZirM,  OXZI»ES  OF.    Iridium  furms  four  eDmpoiUKbwilll  OS^Tgen,  nameiy, 

lr»0,  Ir^O,  IrH)^  and  lr*0'.  Tho  protoxide,  or  Hypo-iridiouB  oxide.  Tr*0  or 
InO,  is  but  little  known.  It  is  obtained  by  precipitating  au  alkaline  hypochloriridit© 
wilii  eaxutio  alkali  in  an  iteoaphere  of  carbonic  anhydride  (p.  32S);  Imt  on  ezpfMOM 
to  tho  air  it  is  qnickly  eonrcrtpa  into  a  higher  oxide.  (Claus.) 

The  »«»guioxide^  or  Iridiout  oxide^  Ir^O*  or Irr^O',  waafbrmerlj regarded  as  the 
noflt  earil7  ftmed  aid  moft  fltabla  of  the  oxid«8  of  iridaun ;  bvt,  aeeotd&ig  to  duH* 
it  has  a  great  t€nden<7  to  takp  np  oxyp^t  n  and  pass  to  the  state  of  dioxide.  It  may  be 
prepared  bj  gen^  ij^tiDg  a  mixture  of  cblorihdite  of  potaashun  (ftKCLIr^l')  with 
earoonsto  of  sodium  in  an  atmoi^boro  of  carbonie  anl^uido;  on  tawating  the  |Mod«a( 
with  water,  the  se^quioxide  remains  in  the  form  of  a  black  powder  instil iilde  in  acida 
(Clans,  Ann.  Ch.  Pharm.  lix.  251).  It  forms  two  hydrates,  one  containing  3  aC,  tho 
other  6  at.  water.  The  trihydrate,  Ir*0'.3fiK),  is  obtained  by  treating  a  solution  of 
the  oliTO-gioein  sesqnichloride,  or  one  of  its  double  sal^  with  potash  and  alcohol*  as  a 
Uack  procipitate,  which,  when  treated  with  hydroehloric  acid,  yields  a  small  quantity 
of  olive-^reen  sesquicliloride.  The  peutuliydrat  r,  Ir*0".6li'0,  is  obtained  by  mixing 
the  folntion  of  either  of  the  double  salts  of  sesqnichloride  of  iridium  with  a  smal 
qnantity  of  mnstic  potash,  and  leaving  the  liipild  fur  eotnf  time  to  iiself  in  well-clo^•od 
and  ^rl'ectly  filled  bottles.  It  is  then  deposited  as  a  yt  llowisli  precipitate  with  a  tinge 
of  ohve  green ;  but  it  cannot  be  ol)tained  pure,  as  it  easily  takes  up  oxygen,  taming 
Una,  and  being  poitioUjjr  eonmted  into  diooddeb  It  diasolTet  in  tho  mnnlfiiiit  qmntilj 
of  Jiotash. 

B00qn{oaddo  of  Iridium  unites  with  Imms,  Ibmiog  nUs  trUdi  mvy  he  «aUed  iHdi  to& 

A  solntion  of  a  cliloriridite  in  excess  of  lime-water  deposit?,  after  standing  for  nome 
time  out  of  contact  of  air,  a  dirty  yellow  nreeipitat^  contmnisg  Ca'IrO'  or  3Ga'O.Ir^O*. 
(Claua,  J.  pn  <%ein.  fades.  98S;  Jahxwb.  1860,  p.  207.) 

Till  a/'  '.Tide,  or  Iridic  oxidf,  Ir'O'  or  IrK)',  is,  according  to  Claus,  the  most 
easily  prepared  and  most  stable  of  all  the  oxides  of  iridium,  and  is  alwavs  deposited 
in  the  Ibnn  of  a  IndlEy,  indigD-ooloured  hydrate,  Iz<K>*.2H'0,  when  a  solutioa  <^  eitiier 
of  the  chlorides  of  iridium  or  their  double  salts  is  boiled  with  an  alkali;  but  it  always 
retains  3  or  4  per  cent  of  the  alkali.  The  hydrate  may  nl?!n  be  obtained  I'v  digsolving 
the  hydrated  sesquioxide  in  potaah  and  treating  the  solution  with  an  ucid.  A  greenish- 
Una  piocipitate  is  then  formed,  which  gradually  absorbs  oxygen  from  the  air  and 
aswnmefl  an  indigo-c^jlour.  The  hydrate  parts  with  its  water  when  heated.  It  dissolves 
in  acids,  forming  solutions  which  are  dark  brown  when  concentrated,  reddish-yellow 
vliMk  dilotek 

The  trioxide,  or  Psriridie  oxide,  Ir'O*  or  IrrO'  is  formed,  aoooidi^  to  daoa, 

when  iriditmi  is  niscd  tor  some  time  with  nitre.  The  resulting;  blackish -preen  rans^  dis- 
solveii  in  wuter,  forming  a  deep  indigo-eoloured  solution  of  basic  periridiate  of  potasj.iuin, 
leaving  a  black  crystalline  ijowder  eousisting  of  acid  periridiate.  Thits  powtler  when 
washed,  in  perfectly  neutral  and  tasteless,  and  dissolves  with  indigo-colour  in  hydro- 
chloric acid,  giving  off  a  very  large  quantity  of  chlorine.  The  quantity  of  potash 
in  it  io  variable,  but  Urn  iridium  and  oxygen  (in  the  add)  oonrtantly  inaintiun  tlia 
pn^ortion  of  1  to  3.   (Claus,  Ann.  Ch.  Pharm.  lix.  249.) 

X&llllUM,  OZTGE1Qr-SA,lLT8  OV>  Iridium,  like  the  other  plat  innm-mefals, 
shows  but  little  tendency  ti»  form  ox^en-salts.  The  oxides  dissolve  in  acids,  but  no  defl- 
nitaattt  no  obtained  in  thio  way.  ^le  aolution  of  iridioooddo  in  anlphnrie  add  haa  n 
dark  brown  colour  v:h\rh  is-  rot  modified  by  potash  in  the  same  "*^niiyr  aa  that  of  tho 
diehloridei  neither  does  it  yield  any  blue  pgeeijatate  on  boiling. 

Tiw  obJ^  detaita  oo^ygen-aaltB  of  hadinm  that  ham  ban  obtainod  aro  dooblo  ttiti^ 

fMiiiMmiig  mlfliiiinnii  ■ad  hy|iaMl|iliiiriii  mASm. 

■alt  is  obtained  as  a  white  powder  when  the  mother-liquor  obtained  in  preparing  chlori- 
ridito  of  potassium  by  passing  sulphurous  anhvdride  tlirough  a  solution  r»f  the  chloriri- 
diate  (p.  318),  is  eyaporatoa  to  a  small  bulk.  It  is  somewluit  crystalline,  nearly 
tastelew,  insoluble  in  water,  but  dissolves  eadly  in  hydrochloric  acid,  giving  off  sul- 
phurous anhydride,  and  yielding  a  yellow  prismatic  salt*  in  which  8  at.  SO*  are 
replaced  by  0  aL  CI.    It  disituhtti  in  potash,  funning  a  solution  which  is  decomposod 
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hj  heat,  widi  aepantionof  bint  iadie  fcydzste.  The  crTstab  oulifa  6  iti.  wita^vhidi 

isgTTOn  off  at  180°  ;  *h  n.  higher  tjmp—tow^  ftha— lt;«<inimfWi*ly  ii>^^ft,^7  C&lftllt, 

Aan.  Ch.  Pharm.  Ixiii.  362.) 

A  iloM  Br/po'iriHimt  AMl^Asfo  v^tt  Chtoridt  ef  Mnttum,  6KGL(Ir>0.2SO*).» 
Produef'«l  by  troating  the  salt  a  with  hydrochloric  acid.  TIi--  resulting  y«'llow  solution 
yields  by  evaporatioii,  pale  jdlov  ptianu,  veay  •oiubie  in  waU^r,  and  having  an 
•■tringent  niMrwliat  flVMltuh  tMlt.  Al « ledJiMt  it  ffxm  flff  aulphuroua  anhydride^ 
and  leaver  a  miztore  of  ueldlie  aridiiim  with  ddoiiae  and  inlpiMta  of  xmlaiMiiim 
(Clans,  loc.cit.) 

f.  A  salt  containing  2(2KCLIrCl).(aK»SO«Jr»SO'.SO*).12H»0  is  obtained  by  hoat- 
bm  A  tohrtaoii  of  chlonridite  of  potaaitatt  with  Mid  aolphite  of  potaMfaun  till  the  green 
colour  changes  to  red,  and  carefully  ovapomting.  It  fonna  mimnm-red  erj'stals.  yit  11^ 
protoxide  of  iridium  wlien  treatfd  wit!i  >  urbonate  of  potaannm  in  an  atmospiierc  of 
CMboBie  aahjdride,  and  is  ecmverted  by  {  rolungcd  heating  with  add  aolphite  of  pota»> 
mum,  into  the  white  salt,  a,  (Claus,  Ann.  C!i.  Ph;inn.  cvii.  129).  In  a  fornu-r 
memoir  (Ann.  Ch.  I'iiarm.  Lxiii.  344-348)  Claus  repreacuted  this  salt  bv  the  formula 
^KCaC^).  2KCI.  2IrO.S'0*a,  in  which  the  motaadde  of  iridiaa  VM  nqppOMd  to  be 
oombined  with  a  chloro-hypotmlphuric  anhjdnda  S^O^CL  The  maa  Mid  iM^ba 
■mooed  to  exiat  in  the  two  following  aalta : 

I.  4K(M.%B^0.9(3^0l.—¥orm9A.  bj  trcating  the  proeeding  salt  with  hjdioehlorio 
acid.  Depp  red  prismatic  crystals,  easily  soluble  with  yellow  colour,  in  water, 
inaolnblo  in  aloohoL  The  air-dxied  orjratala  contain  6  and  6  per  cent,  water  (  -i  illO), 
whSA  is  given  t&  wt  180^.  Alltaltt  dbwty  deeompoae  the  aalt,  and  nitromuriatic 
acid  converts  it,  after  some  time,  into  an  iridic  Halt.  Its  composition  might  alio  hb 
represented  by  the  formula  2KSO^.{2KCLlr*C^)i  bat  itappeoa  to  OOOtaia  A  pfoCo* 
lather  than  a  sesqui-eompouud  of  iridium. 

ft  4(MQj8C^)Jr08*0*a.—'nuB  8 alt  is  contained  in  the  mother-liquor  of  1^  and 
separates  as  a  tran-^hicont,  amber-coloured,  viscid  mass,  which  dries  up  to  an  amor- 
phoas  translucent  subbtaucc,  yielding  a  yellow  powder.  It  is  decomposed  by  water, 
part  of  it  diasolyinA  while  the  rest  is  converted  into  the  white  aoll «.  (01t«%  Aiui 


SUXPBXSES  or.  Four  of  tlif  rompomidi  are  described,  analo- 
gous to  the  oxide&and  obtained  br  precipitating  the  solatloiiia  of  the  chlorides  with 
aulphydrte  aeid.  Tha  protoiulpkuu^  Ii*B,  obtaued  aloo  by  bea^ig  either  of  the 

higher  8ulplii<l»  s  in  a  clo^c  vcsst  1,  is  gn  y  or  blackish-ldue.  According  to  Berzelius,  it 
dissolves  in  nitric  acid,  forming  hypo-iridious  or  iridious  sulphate ;  and  in  sulphide 
of  potassium  more  easily  than  Btilphidc  of  platinum.  The  tegquisulpkide,  Ir*S*,  is  a 
brown-black  precipitate,  sparingly  soluble  in  water  [?  when  partially  oxidised],  and 
bohaving  like  the  protoftulphide  with  nitnc  acid  and  sulphide  of  iv>t,assium  (Ber- 
zeiiua).  The  distdpkidr,  lr^\  is  obtained  by  precipitation,  also  l)y  igniting  chlori- 
lidntaof  ammonium  with  an  equal  weight  of  s\il]  hur  (Vauquelin) ;  by  k^nitiiig 

Sulvomlont  iridium  with  sulphur  and  an  alkaline  carl>onate.  and  t  xhausting  flif  pro- 
net  with  water  (Fellenberg,  ^oeg.  Ann.  lix.  66);  and  by  mixing  a  solution  of 
dkUorida  of  iridium  in  atroog  oIoomI  with  sulphide  of  carbon,  and  learing  the 
mixttiro  in  a  closed  vesfsel  for  a  week.  It  is  tlii'ii  converted  into  a  gelatinoiis  mass, 
which  is  to  be  broken  up,  collected  on  a  filter,  washed  with  alcohol,  then  repeatedly 
boiled  wilii  watsr,  ffitsted  and  dried.  The  pcodnet  thna  obtained  it  diidfplude  of 
iridium.  It  is  a  dark  ydlow-brown  powder,  which  i.s  dccompos'  d  by  hrat,  loaving 
the  mrotoBulphide  or  metallic  iridium  according  to  the  temperature  to  which  it  is 
nML  Tbe  dinilpUde  obtained  by  precipitation  bahaifia  wiHi  nittie  add  and  with 
anlj^de  of  f)otasj*ium  like  the  protosulphide.  The  tri8Hlphid(!>,  Ir'S',  ia  obtained  by 
decomposing  th(>  trichloride  with  sulphydric  acid,  but  to  complete  the  deeomposition, 
the  liquid  saturateil  with  sulphydric  acid  must  be  left  fox  a  considerable  time  in  a 
dooed  tombI  at  •O'^.  It  is  a  dark  yellow-brown  piedpitot^  which  behares  like  the 
preceding  compounds  with  nitric  acid  and  sulphide  of  potaaainm.  (Berzelius.) 

Z&ZSnrM-BASBS,  AMMOIVZACAlb.  Ammfmio-protochloridt  of  iridium, 
NH'.lrCl,  or  Chloride  of  iridamiiionium^  Nll'Ir.Cl,  is  prepared  by  heating  di- 
ddoeide  of  iridium  till  it  ia  eonverted  into  proto-chloride,  diMolring  the  brown 
reeinous  residue  in  carlwnate  of  ammonia,  and  adfling  hydrochloric  acid  ia  slight 
exoesa.  The  compound  then  separates  in  the  form  of  a  yellow  granular  preci- 
ultBtc^  ineohible  m  wtntm  Tba  oonde  corresponding  to  this  chloride  has  not 
Df  cn  olitained  in  the  free  state.  The  itulphatr,  (NH*Iry',SO*,  is  obtained  by  boat- 
ii^  the  chloride  with  dilute  sulphuric  acid.  It  oystalliaee  in  lan^e  orange-yellow 
hmbni^  eaaOy  adinble  in  water.— IMeMmonfto-proide^^    pf  Mmnn,  SHH* JiGl; 

or  Chloride  oj  ammridammoniumt  iiB.\iiR*)lT.Cl,  ia  obtained  as  a  white  pnci- 
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piUte  by  boiling  the  componnd,  NH'Ir.Cl,  vnA  OtoeM  of  umunStt.    Tieftt«d  vifih 

Siodamtoly  strong  sulphuric  acid,  it  yields  the  coiTespondingBulphut4j(NH\NH*^lr)*SO*, 
in  fhombie  pffimns;  and,  by  dMxrniposing  this  Bait  with  nitrate  of  barium,  or  th« 

chloride  with  nitric  aoi<l.  fh<>  nitrato  if  r-^^n^l,  I  in  yellow  ncdlos*,  vliirli  .lissr.lvn 
Mtdiljr  in  water,  melt  when  ht  ate<l,  and  tiien  suddenly  decomposie  with  flame. — 

 -*  *  (NO« 

aOoroinirai*  qf  ammindammimnm,  liH'(JKH«)Ir  |  oi'     IHiraU  ammoekUrriru 

dammoniuw ,  NTP(XTT'XTrCl)  XO',  analogous  tofhos's  platiuura-nitrato.  is  olitainfd 
sa  a  yellowigh,  crystalline,  granular  mass,  by  heating  the  chloride  of  iridammonium, 
KH'irCl,  with  iitrong  nitric  Acid ;  when  recrystalliaed  from  water,  it  ibnna  ehining, 
jiUow,  laminsr  erjiiu^^JHeiMU  of  am?nifidammoidum,  l!(B\m*ySx.Ci\  ov  <Mf 


tide  of  immMMorMdmmumkm,  NH^HH«)IrCl).OI,  is  obtuned  bj  trmting  the  laal- 

mention!'*!  salt  ^ith  hvflrorhloric  acid,  in  tho  turm  of  a  violet  prt'cijilfat*-,  wliioh 
diMKdTes  readily  in  hot  water,  and  separates  fbom  the  solution  in  yiulet  crystals. 
Vitnta  of  dh«r  Added  to  the  iohitkm  throws  down  only  half  the  dhlorine.  Tho 
nitrate,  treated  with  dilute  sulphuric  acid,  yields  the  chloro««lpli!it<<  of  ammiridam- 
monium,  in  delicate  greenish,  needle-sha]>rd  crystals.  (Skoblikof^  Ann.  Ch.  Phaaoi. 

Ltxxiv.  275.)  .,-  t  

NH?(KH*)I^^ 

The  Gompoand  £K£[*Jr*CP,  or  ^—4  .  LCi*.  is  obtained  by  mixing  a  diluts 

solution  of  cliloririilite  of  ammonium,  (NH')'Ir'Cl*  with  excess  of  ammonia,  and  loa\nniJr 
the  mixture  in  a  wcU-closed  and  completely  filled  bottle  for  some  weeks  in  a  warm 
plaee ;  beating  the  liquid,  which  has  then  acquired  a  rose  colour,  to  expel  the  excess  of 
ammonift ;  neutralising  with  hydrochloric  m<id,  eraporating  to  dryness,  and  twwring 
thp  ^rernish-yillow  rt";iduo  with  cold  water  to  extract  the  chloride  of  ammonium.  A 
light  flc-fch-L-ulonrod,  finely  crjstalline  powder  then  remains,  which,  when  dissolTcd 
in  boiling  water  aoiduliit«^d  with  hydrochloric  acid,  yields  on  coolintr.  a  cXTfltaUinSi 
precipitate  of  SNHMr'Cl*,  mixed  with  sesquichloride  of  iridium.  This  compotmd, 
when  dLsi>uh  ed  iu  a  boiling  solution  of  ammonia,  is  partially  decouipoijcd,  with  separa- 
tion of  blue  hydrated  dioacido  of  iridium  ;  when  digested  with  water  and  oxide  of 
mlrer,  it  yiel<ls  a  ro<?e-colnnrcHi  alkaline  solution  uf  tlie  hase  lOXITMr'O'.  This 
solution,  saturated  with  rarions  adds,  yields  crystalline  salts,  soluble  in  water,  namely, 
a  oorhomato,  lONSP.IHO'.SHOO',  as  alight  ileah-eoloiuiM,  finely  crystalline  aUnlino 
powder  ;  a  nitratr,  lONH'.Tr^O'.SN'O",  in  indistinct,  lijrht  nesh-cloured  neutral  priyni.'* ; 
and  a  sulphate,  10KH*JU:*O*.3S(P,  ako  neuti^l  andof  similar  colour.  (Oiauay.^t/ra^0 
Mr  43sMiMdU»^iMiMM«att^  1854 ;  Jafamtk  186i,  p.  434.) 

IBBMBMSn.  ValheMiiwMf(kmiide  of  Iridium,  (hmami*4rtSiumtIriio$mi^^ 

JsnrjansJcit'\  Sifsfrskil'. — This  compound  occurs,  tc^ethcr  with  platinum,  iu  the 
province  of  Choco  in  South  America,  in  California,  Oregon,  Australia,  and  iu  llie  Ural 
mountains ;  also  in  the  gold  washings  on  the  rivers  du  Loup  and  des  Plates,  Canada. 
It  sometimes  constitutes  the  principal  part  of  platinum  ore^  sspsdaUy  of  that  frcaa 
Katharinenberg,  Slatoust,  and  Kisebtin  in  the  Ural.  It  occurs  rarely  in  hexagonal 
prisms  with  replaced  basal  edges,  commonly  in  irregular  grains,  flat  or  round,  B0metim«-6 
in  very  thin  lamineeu  It  has  a  metallic  lustre,  tin-white  or  light  steel-grey  ooloiir,and 
ia  slightly  malleable.    Hardn*^««s  «  6  to  7.    Specifie  pmvity      19-3  to  21*12. 

The  following  are  aaaiy^^ts  of  specimens  from  difftireut  localities: — I.  By  Thomson 
(&MM/zV«  Handbook,  vL  425).— 2.  By  C 1  a  us  {Beitrage  ^c.).— 3.  By  Berzelitts  (Pogg. 
Ann.  xxxii.  232).— 4-8.  DaviUa  and  Dobaray  (Aaa.  Gh.£hys.  [8J  ivi  ZUi  Jabnib. 
1859,  p.  767)< 

I.  Brniil . 
a.  Nlicl.na  Tagll»k 
a.  KMiuuriQeuberg,  lamtiue  . 
4.  Ontoo,  tAi»  thfumg  teala 
t.       .,     roitnit  compact  gratnx . 
C  Calirorni.i,  Cavariunu  nwiu/ci, 

tomiiunies  filled  witfi  oxiilc  of 

Iron  or  cfiromic  iron  ore 

tL  Borass     •     .     »     ,  . 


Of. 

\r. 

lb. 

Pt. 

Cn. 

Fe. 

.  2fftb 

7-rliO 

•  ■ 

»*6n 

TOO 

.  87-39 

fil-24 

ibi 

«  • 

1>  0 

.  49- M 

■1*;  77 

3-4$ 

0  74 

1<«> 

.  I'W 

70-lU 

600 

•  • 

HJO 

.  a&  io 

wso 

om 

»  • 

0-00 

0-10 

100 

2  f.0 

•  • 

•  • 

too 

as-u 

SM 

•  « 

522 

m 

100 

&m 

100 

Iridosndae  has  nsnaHy  been  regarded  ao  consistii^  of  deilnlto  osmideo  of  iiidima 

(th-  'ri  'iiim  holnrr  more  or  less  replaced  l>y  rhodium,  ruthenium,  and  platinum);  No.  1 
4igrt>«'ing  nearly  with  the  fonunk  Xr'Os ;  2,  with  IrOs ;  and  3,  with  IrOs*.  Bofc 
aoooidtBff  to  Berille  and  Bebniy,  it  is  not  a  homogeneous  substance,  and  cannot  be 
W(garded  as  a  distinct  mineral  species. 
Iridosmin^  when  heated  in  the  air,  gives  offosmio  aoid,  with  greater  fitdlity  as  it  ia 
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richer  in  osmmm,  and  becunu  s  dull.  When  ignited  for  ■one  tune  with  nttro  alone,  or 
with  nitro  ami  cauulic  potush,  it  gives  off  part  of  the  oBminm  m  osmu'o  add,  nml  forms 
osuLOtc  of  potaiMiium,  together  with  iridiute  of  potassium  (p.  According  to 

Ftsoher  (Pogg.  Ann.  xriiL  258)  it  is  more  caiiily  decompos^  by  nitrate  of  calcitun, 
and  according  to  Dcviili'  aad  Debray  fp.  316)  l>y  a  mixture  of  p»*rijxii!>'  smd  nitrato 
of  baxiom.  ^itromoriatic  acid  hm  scarcdj  any  action  upon  it.  [i^'or  the  methods  of 
aaaljang  it^  Ma  Jamam,  pp.      918,  SSO;  abo  FLimnni-uamiiBa.] 

■  8m  Ohiik»uiis  (i  871X 

jmrUM,   This  iMune  was  giren  by  H«m«]iii,  J.  p.  Ckuou  zzlu.        to  a  blade 

mineral  from  thn  Ural,  cr^-stnlli'- d  in  rrpilnr  octahedrons  and  consifstinp  of  oxidis4<d 
platinom-nietaJs  (Ir,  le^  combined  with  the  t»C8<^uioxidee  of  iron  and  chromium. 
Xooofding  to  OIaub  (ibid,  ixxx.  2B5)  it  la  ft  r«ry  tamUe  ndztOM^  aooabtiiig  «iiMl3r 
of  iridosmine  and  chrome-iron  ore. 

ZROXir.  Synonyms:  fCis-n;  Fir;  Fcrrum;  Mara.  SjTnbols  nnd  atomic  weighta: 
Fe  =  28  ;  Ffe  «=  66.     E(iuivali  uts  Fe  —  28  fferrosum)  ;  fe  «  (fenieum). 

This  metal,  although  the  most  aboodant  of  the  heavy  metals,  and  ntoct  largely 
empluyt'd  in  the  arts,  is  but  li^'h  l■uo^vn  in  a  sfnto  (,f  ab8olut.o  chemical  purity.  The 
iron  met  with  in  commeroe  always  c-oatiiiiu*  carbon,  and  generally  some  other  foreign 
anbatances,  altogatherTaqringin'amount  ftom  G  o  to  nearly  10  per  oent  Probably  all 
these  ailiiiixturfs  expTcise  some  inflm-nrp  an  the  cliaracters  of  the  metf\l ;  but  it 
appears  to  be  chietly  the  amount  of  carbon  contained  in  iron,  which  deteminee  the  re- 
naii^aUa  <KAn«oees  of  ehwaeter  preeented  by  the  amnl  noietiea  of  iMtallia  iitm 
known  as  nialleablti  iron,  ea^^t  iron,  and  steel. 

Pure  iron  is  described  as  resembling  aHvet  ia  whiteness,  capable  of  receirlng  a  very 
high  polish,  extremely  tenadoaa,  aoltar  than  flcdinarjr  mallaaiUe  iioo,  and  |V«aantin^  a 
ecalv,  couciioVdal,  or  somptiiuo^  orystalliiie  ftMt««.  Spactfto  giMitj,  aftar  mdtuig 
l-^ZB,  in  aheet  or  wire  7  76  to  7'60. 

Ivon  olitained  by  clectrolysia  was  found  to  have  a  apeotfla  gnmty  oi  8*1898.  Ita 
■wlleability  was  not  aflrei  t*^tl  hy  heating  to  n-dju-ss  and  rapid  cooling,  nor  was  it  in  the 
least  degree  hardened  by  this  treatment.  It  was  scarcely  acted  upon  by  acids  at  the 
ordinaty  tcmpernture ;  but  dissolved  with  the  aid  of  heat«  evolving  hydrogen  quite  free 
ftam  mi  peculiar  smell  observable  in  tha  hjdcogai  avaML  dnriqg  tha  aMUticm  of  oidi« 
jiar%'  iron.    (Percy,  Metafbtrfjy,  ?i,  1) 

The  crv'stallino  form  of  iron  is  t- itlier  the  cubij,  octahedron,  or  some  other  ft^rm 
bib'Dinni^  to  the  regular  system. 

The  diffLTcnt  kinds  of  iron  employed  in  the  arts  maybe  comprised  under  throe  head?, 
vi^.  malleable  iron,  cast  iron,  and  steel,  the  latter  being  to  some  extent  inter- 
mediate in  ita  charaetflM  batwian  tha  other  two^  aad  aoaihiajng  aoma  of  Ilia  paooUttatiea 
of  both.    See  8TF,nr.. 

The  difference  between  these  three  kinds  of  iron  is,  however,  by  no  means  absolute, 
anranas  n^rda  their  diaraeton,  biitxiKnaadtf(lflf«Boainthadeg^inwUdipsiticBfa^ 

characti  Ti  are  presented.  Irc^n  approaching  nmrest  to  a  state  of  puritv requires  a  very 
high  tempecature  Huff  ita  fusion,  wlule  oaat  uon  melts  at  a  coiupunitiv^y  low  heat»  but^ 
not  being  atiflldently  malleable,  it  cannot  be  wrought  into  any  required  mKpf.  Malleabia 
iron  has  a  much  higher  degree  of  toughness  or  tenacity  than  cast  iron,  which  on  the 
other  hand  is  much  harder,  while  steel  may  be  melted  and  forged,  as  well  ns  rendered 
hard  or  soft  at  will,  or  as  it  is  technically  term»l  "  tempered,"  by  cooling  suddenly  or 
gmdaally;  on  account  of  these  varied  conAiuitions  dT  qiuUities,  Uie  diflbrat  kiada 
of  iron  hav*»  a  wide  range  of  applicaViility  to  a  pvnt  divcrnfy  of  jmrivopps. 

Leaving  out  of  oonsiderutiou  for  the  pre^ut  ail  the  other  substtmccs  met  with  in 
inm  cseapt  aari!>on,  it  appeara  that  the  greatar  or  les.^  nppn>xima(ion  to  the  character 
cf  pure  iron  is  no  uniformly  accompanied  by  very  sbcht  ditfert^'nces  in  the  amount  of 
carbon,  that  theiie  two  circumstances  may  be  regarded  us  having  a  very  intimalu  cau&al 
aonnaatioo. 

Karsten's  obf<ervationH  lead  to  the  conclusion  that  iron  containing  Cf-6.5  per  cent, 
carbon,  and  £ree  from  any  other  substance,  becomes  so  much  hardened  by  plunging 
it  uito  waCetv  while  lecUhot,  that  it  may  be  regarded  aa  ataeL  'Whan  tha  amount  of 
earlxon  is  an  much  as  1*4  or  1*6  per  cent,  tlio  metal  presents  the  maxinmm  PoinbinutiMii 
of  tenaci^  with  the  capabilil^  of  hardening  by  sudden  eooliiut.  Increase  in  the  amount 
of  eaxbon  beyond  thianniit  w  aeoompanied  by  tnermaed  hai^eaa,  but  the  tenacity  and 
matleability  arr  lesH.  "^'itb  176  per  cent.  carVton,  the  malh  al'ility  of  the  metal  is  very 
slight,  and  with  l  O  per  cent,  it  scarcely  admits  of  being  wrought.  Iron  with  U"3  per 
^nt.  carbon  preeents,  when  melted  and  gradually  cooled,  indieationa  of  grapbita  being 
separated  during  the  oooHng,  and  the  other  clianieters  of  cast  iron,  which  may  adntain 
an  amount  of  carbon  vnryinij  from  thi.'?  minimum  limit  up  to  &'75  per  cent. 

These  limits^  however,  are  somewhat  different  when  iron  contuina  other  substancce, 
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H  kvfiuilly  the  auw :  Unu,  taking  a«  the  criteriun  l^etwcen  malleable  iron  and  ateel,  tb# 

capability  of  acquirinpr.  by  sii<1^en  eooHnp',  mvh  a  cU-p^t^e  of  h:ir<lnes»  as  to  pro  sparks 
when  struck  with  flint,  this  is  pi  ni'rally  fomiti  to  ubtaiu  with  iron  coutaiuiiig  0  6  per 
cent  when  it  ako  contains  small  quatitities  of  silicon,  sulphur,  plio^>hOf«l%  fto. 

Takin;:!:  ■i'^  fho  critcrii.n  which  (listinf;;iusht'«j  ciist  iron  from  steel,  the  separation  of 
gra  I  'll  ire  whoD  the  mehed  metal  is  slowly  cooU  d,  and  the  want  of  malleability  in  the 
eoKi ,  i  t  i  s  found,  in  like  nuuuitr,  lliat  the  relation  bfltfrecn  tbcM  duiMtera  and  the  UMNuit 
of  carboD  is  not  striefly  constant,  but  that  it  is  to  some  pxtcnt  modified  by  the  natttre 
and  amount  of  other  admixturee^  not  only  by  their  rendering  the  metal  leaa  malleable, 
l>nt  also  by  thdr  promoting  the  teodnu^  to  the  Mpi^ 

SSaUeable  Zron  {Schmicdeisen  ;  Stabdsen;  Fer  doujc). — Ordinary  malleable  iron 
has  a  grey  colour,  which  varies  iu  it^  shade  aooovdixif  to  the  fh^tmMt^  of  the  iron,  and 
haa  sometimes  a  bluish  or  blackibli  tin^o. 

Tho  apedfie  gravity  varieo  betwor  n  7  3  and  7*9;  that  of  the  better  kinds  gene- 
w31y  approximating  to  the  mean  of  these  two  valuos.  The  specific  gr.i\  ity  is  iifTt  ctcd 
to  some  extent  by  the  alteration  of  interual  texture  produced  meehanitadiy.  Thus  a 
bar  4  inehta  wi*l'>  .nnl  1  inch  thick  with  a  ^teeific  gravity  —  7*8010  acquired  a  s^ 
cific  prravity  7  SG'21  when  rollfd  out  to  very  tliin  sh.  ct,  and  bccokcf  specific  j<n>vity 
7*7988  acquired  a  sptcitic  gravity  =  7'84*26  when  drawn  into  Teiy  thin  wire. 
(Ka  rsten.) 

Th"  s|i.>'irio  lieat  of  onliiinry  inallealjlt^  iron  is  0  11^5795.  and  il  WIIMifWliat  fal^^lMr 
when  the  amount  of  carbon  in  the  metal  ia  lar^ge.  (KeKnault.) 

fnie  eondiieting  power  In  heat  la  374*9  compared  with  gold  «  1000.  (Beaprata.) 

Tlio  linear  andcubicsjl  expansion  by  boat  Csoo  TTkat,  iii.  G8.  71)  is  less  than  that 
of  most  oth«'r  metals.  The  jUnear  expansion  fur  each  degree  between  lOiPand  300^  C. 
=  (Dulong  and  Petit.) 

An  iron  bar  expands  :j7,,  -vvhon  ruis<>!  from  n  red  heat  tO  a  wUtO  iMtt^  and  vImO 
heated  from  20°  C.  to  whitenesa.  ^(Binman.) 

The  melting  point  of  maHeaUe  non  baa  not  Wn  detmnined  niUi  any  degree  of 
tainty.    It  is  In-tween  the  melting  point  of  cast  iron  and  that  of  platinum,  and  ta 
estimated  at  1660O  C.  by  Poaillet,  and  at  2000®  C.  by  Scheercr,  and  then  ia no 
doubt  that  it  is  higher  in  proportion  as  the  metal  contains  1^  carbon. 

Pure  iron  is  attracted  by  the  magnet  more  powerMly  than  ten  fimitaming  fflwriiw, 
tind  it  may  bo  rendered  nmgnetie  ;  T>ut  \t  does  not  retain  the  magnetic  condition  po  long 
H»  iron  containing  &omc  oirbou.  Ordinary  hixr  iron  is  also  attracted  luorc  strongly 
than  steel,  and  is  more  eaaily  xendefad  magnetic,  but  it  loaea  ttn  polar  eonditioii  vndx 
sooner  than  steel  does.  It  appears  therefore  that  the  presence  of  a  certain  nmonnt  of 
carbon  is  in  boma  way  uoee6i»ary  for  the  retention  of  the  magnetic  condition  by  iron. 
Ban  of  iron  placed  vertically  or  naariy  so  become  in  ^mrae  of  thna  magnetic.  Ttu 
magrietic  condition  of  iron  IB  mj  saulj  deatrajad  by  A  red  haa<»  and  entirely  ao  bj 
exposure  to  a  whit«  heat 

Th»  eleetrie  oondnctivity  of  iron  ia  nradi  leea  than  that  of  eopper.  Taking  tbia  aa 

100.  thnt  of  iron  is  = '20  (H  arri  s\  15  R  (Beoqnereri.  17-71  (Lenz).  Matthies- 
8cn  considers  that  the  electric  conductivity  of  electro-deposited  iron  ia  much  higher 
than  that  of  odinaty  nalleabla  iron. 


Ceadoetltltf  atlPC. 

Perc«i>tJiKP  decrement 
in  conductmiy  between 
OP  and  100°  C 

Di^uced 

roDductiTitv  nf  pate  Irak 
•to°c. 

Elaolro(j|f0  iron 

100 

38-3 

f91-8 

36-0 

1027 

Plata  iron. 

\72  8 

341 

1021 

(84-0 

847 

The  hardness  of  malleaUe  iron  varies  conaidevab^ ;  it  is  influenced  by  the  preaenca 
of  ibrmga  anbatanoea,  andredneed  by  incMMeof  texnpemtara;  Itiabovever  hot  ^viy 

slightly  iiKT.  iised  by  sudden  cooling  of  the  red-hot  metal ;  the  less  so  the  smaller  the 
amount  of  carbon  ooatained  in  it.  A  certain  amount  of  carbon  seems  essential  to  the 
baxdaeaa  of  nudleable  tran.   Abaolotoly  pure  non  is  bo  soft  that  it  offers  but  little 

resistance  to  friction. 

The  tenacity  of  iron  also  varies  widehr,  and  is  influenee<l  by  the  n.il  ure  and  aTnonnt  of 
foreign  admixture  in  the  metal,  as  wtll  as  by  its  internal  texture,  by  t.-niperutme,  and 
by  other  conditions.  Up  to  a  temperature  of  146°  C,  the  tenacity  of  boiler  plate  is  not 
eeombly  diminished ;  but  at  a  red  heat  it  h  r.Mlnc  d  one  fourth.  The  t^-nncity  of  pcK>d 
rivet  iron  at  190°  C.  ia  a  third  greater  thaii  at  the  ordinary  tcmpcrat4r«  ;»but  at  a  red 
beat  a  la  rednead  toneacly  oaa  halt  (F*ir  bairi^  CTaf^lH^raMMbM jg^J%»Mcri.) 
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7\mad^0r  UntOt  ttrmtfftk  iron. 
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l  ltiin  itc  cxttn- 
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Authoritjr. 

Iiowiuoar  ifoikini6 
8hrfbr<khire  bar  iwm  j 

1  Swedish  bar  iron      .  | 

6t.200 
from  62.231  ( 

to  66,715i 
from  48,232  > 

to  47,865} 

»  ■ 
• 

(  0302 
j  0186 
j    0-264  ) 

j     0-27S  5 

Fairbain. 
Kirkaldy  and 
Napier. 

(Beo  Kirkal  dy.  Trans.  Instit  of  Engineers  in  Scotland.  1368-9 ;  and  Tetuite  Strmuik 
<lf  Wrought  Iron  and  Sfeei,  London,  1862. — Fairhairn,  Jirit.  Asssoc,  R  p^rt,  186^ 

The  malleability  of  iron  is  very  considerable,  tbougli  lejua  liiau  that  ol  silver  or  gsid. 
It »  infliienoed  by  Uie  presence  of  foreign  mlMtancefl  which  modify  the  hudmrn  tad 
tenjicity,  the  dcgrep  of  raalleabilify  Imng;  apparently  determined  hy  tbf  relative  hard- 
neas  and  tenacity,  and  to  some  extent  also  by  its  int^nal  texUire.  The  malkalHiity 
ofizon  ia  iaeroaaod  in  proportion  as  its  tanpsntera  m  nlnod,  iBaaanidi  as  it  than 
becomes  softer witbout  its  tenacity  being  proportiunally  lessened.  At  a  red  heat  it  is 
anfficient\y  wait  to  be  brought  to  any  required  ahafe  by  hammering  or  rolling,  and  at  a 
vMte  luMt  it  bootnnaa  quite  pasty,  so  that  aepamto  pleeea  may  be,  aa  it  wese,  kneaded 
together  into  oneniabs  ;  or,  as  it  is  terni<  d,  vihhil.  This  capability  of  being  fin|^ed 
and  welded,  so  important  as  regards  the  methods  by  which  iron  is  wrought  for  rano^is 
uses,  is  referable  to  the  wide  interval  between  the  temperature  at  which  the  metal 
pret!>>nts  its  ordinary  degree  of  hardness,  and  that  at  which  it  baoomes  liquid;  ai  Veil 
as  to  the  fact  that,  at  temperaturp*!  fnr  tlie  melting  point,  it  acquires  n  mft 

plastic  condition,  which  is  retained  m  a  gixaier  ur  leas  degree  through  a  conaiderabiQ 
mga  of  temperature. 

Amon^  the  foreign  substances  influeneing  prejudieiany  the  malleability  of  iron,  the 
chief  are  i»ulphur,  phosphorus  aiid  bilicon.  The  ^-st  communicates  to  it  the  charac- 
ter of  being  brittle  while  hot»  or,  as  it  is  called,  "  red  short "  ia  ftvging;  Fhonlioraa 
renders  iron  *'eold  sliort,"  or  brittle  and  weak  at  the  ordinary  temperature.  n 
baa  a  ^milar  influence  in  a  iughw  d^^ree.  Manganese  saama  to  be  bene&uai  »ther 
ihna  otiMtwiae  as  yeeatJa  the  aaHeabili^  of  iron.  The  MaHaabiK^  ol  iron  i>  eon- 
siderably  rc<lueed  by  immersing  it  while  red-hot  in  cold  water,  fis  well  as  by  long  con- 
tinned  hammmng  and  by  rolling,  but  it  is  again  restored  by  heating  Um  metal  to 
leABeas,  rad  alkminff  it  to  eool  gradualljr. 

Tih}  texture,  or  molecular  structure  of  iron  varies  very  considerably  according  to  the 
treatment  to  which  it  haa  been  mbjccted.  After  b«ai^  melted,  iron  ia  decidedly 
ciystAlline  or  granular,  and  its  fraetnre  presents  distinct  indicatiloina  of  that  condttion. 
By  hammering  or  rolling  w  hile  hot,  it  acquires  a  fibrous  or  silky  texture,  becomes  more 
tenacious,  less  susceptible  of  true  fracture,  and  capable  only  of  being  torn  asunder.  In 
the  usual  method  of  producing  malleable  iron,  it  is  not  melted,  but  wrought 
mechanically  while  in  a  kind  of  doughy  condition,  and  the  unifonndoae  flbiona  testavs 
which  determines  the  quality-  of  tlie  niet.'il  dep^pida  smoh  1^011  the  mtasa  cf  tllif 
trratment  and  t^c  extent  to  which  it  is  carried. 

Hf  hainmarisg  while  oold,  Ubioaa  iron  ia  rendered  harder  and  brittle ;  when  after> 
wards  broken,  it  prejjenta  a  granular  or  crystalline  fraetnre,  but  opinions  differ  as  to 
whether  this  crystalline  condition  be  really  a  result  of  the  hammering.  This  is  also 
tbe  eaae  with  r^ard  to  the  inflnenoe  of  long  continued  pressure,  vibration,  or  eonenariTO 
action,  in  affecting  the  texture  of  iron,  some  maintaining  tl)at  tln  j-e  conditions  slowly 
destTOT  the  fibrous  texture,  rendering  the  iron  czystalline  and  thereby  woakt>r. 
(Bankine^  Prooeadfaigi  of  Inst  of  <Stu  Engineer*,  IMS;  Percy,  MetaUur't/i/,  n.  8.) 

Malleable  iron  undergoes  no  rh  r  .f^  in  dry  air,  or  in  water  free  from  air;  but  in 
moist  air,  or  in  water  ooataining  air,  it  gradually  becomes  oxidiaed  or  rusted,  from  Uie 
aaftM  inwarda,  imtfl  eventnalfy  Ae  aatire  masa  nay  be  eonrerted  nto  tmn.  The 
Ctfbonic  add  present  in  atmospheric  air  apj>ears  to  contribute  largely  to  the  prodtietion 
of  this  chan^.  The  presence  of  saline  suostances  in  water  also  facilitates  the  oxidation 
of  iron;  while  alkalis,  and  oily  or  resinous  subetancea,  retard  the  oiddation.  ^alleti 
Actum  of  air  and  vtitt-r,  iS'c.,  upon  east  iron,  wrought  iron,  and  s/<<!,  Bnt.  Assoc. 
Reportf*.  1838,  p.  2o3  ;  1840.  p.  221.)  Contact  with  more  highly  eleetro-oositive 
BKtals^  such  as  zinc^  also  hinders  the  oxidation  of  iron  within  a  certain  ctistanoe 
around  the  point  of  contact. 

At  a  tempera furo  about  230^  C.  iron  b'-iv^mes  capable  of  combining  directly  with 
atmospheric  oxygen,  and  the  polished  surlace  at  firgt>  Ltscomes  covered  with  an 
extremely  thin  of  magnetic  oxide,  of  a  yellow  cold&  which  gradually  passes  into 
red,  bluC/Uti'?!  girtty.  At  a  red  heat  this  mi«»t  of  oxide--/'>r^T»  >  — becomes  thicker, 
and  gradl^l^^  passes  at  its  outer  surface  into  ferric  oxide.  At  a  white  beat>  iron  bums 
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in  the  lur,  with  production  of  ma|motic  oxule,  and  this  combiftjoin  may  b0  IMtelafld 
for  some  time  by  directing  a  blaat  of  air  UDon  the  metaL 

At  a  tempemtore  abont  IMMPO.  inn  oceompowi  watef^mpoai;  ftmliig  uagneiio 
^addc  and  librmtiii)^  liy<lpO£ron. 

fore ^rou  dijs*9olve8  compkt.  ly  in  moderately  dilute  acida.  Ordinary  malleable  iron 
disMlTee  completely  in  Btvong  liyiiroelilocie  add:  tunt-wHli  dilnte  odd  a  onlwoaeMini 
rwiidue  remains  undissolved.  In  bf^fh  ciises  also  the  hydro<;f  n  oTolved caniM  vitil  ifc 
earbonaoeoiia  vapoor,  which  oommimicates  to  it  a  peculiar  smelL 

XaUoiUa  iion  gonanlhr  eonCaiiH from <HU»  to per  eeat  eniNn;  aanatimw dw 
amovnt  is  mndi  mm.  Tna  amalltf  the  amooiit  ot  mhxmi^  Aa  agte  la  tlw  iioi^  and 
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tlielaiigerthe  mnount,  the  nearer  does  I't  approximate  to  the  character  of  steel.  Tlio  only 
kcm  tJuX  ia  probably  ouite  frvc  from  carbon  is  that  known  technical  ly  as  "  burnt  iron, ' 
whidi  oumot  be  wrandly  wdded.  Henee  it  has  httm  anppotcd  tbat  the  wpafaliity  of 
being  w<  1(!<  <1  is  dctcrmiued  by  tho  prescncr  of  carlx'n  in  iron.  Tlu  ra  are,  however,  no 
gpod  maona  for  thifl  opinioii;  it  ii  more  probable  that  the  peculiarity  of  "  bomt  iron" 
u  onty  indinetly  due  to  the  alwanoe  of  enfaon,  md  ie  datevmiiied  1^  flie  pneenee,  in 
the  metal,  of  a  iniuute  quantity  cicod^  wliieh  oould  not  hm  been  intiodaeedtokng 
aa  it  8till  retained  any  carbon. 

Among  the  foreign  substances,  other  than  carbon,  present  in  malleable  iron,  the 
atoatintportaut  arc-  sulphur,  phosphorus,  and  silicon,  cxiatiog  j  ajl  aI4y  in  combiaatioa 
with  eq«ivalint  proportions  of  the  metal,  as  siilphiii".  j  li  .>.j,hi.k>,  and  .sHiLido. 

Sulphur  hi  generally  present  to  somu  extent  in  nuillfable  iron,  uud,  oven  when 
amounting  to  only  0  034  pc  r  o<  nt.,  has  the  effect  of  rendering  it  "  red  shcot,"  and 
liable  to  crack  at  tlie  ed^i-s  in  foroinf^.  It  has  been  considered  th.-it  (J  OI  per  cer\f.  is 
tho  highest  amount  consistent  with  the  Uijrfulutjss  of  the  ixoa*  (Karsten,  Mandbueh 
i$r  Eisenhmcnkunde,  428.) 

Ph'Sphytm  is  also  frixpu'iitly  present,  and,  whra  amonnting  to  0'75  per  crnt.,  rondars 
the  iron  reiy  weak  and  brittle  at  the  ordinaiy  temperature,  or,  as  it  is  trailed,  "cold 
abort."  In  nBaller  BiiMmiit^  it  is  oonmdered  to  be  Befriseable  in  fendering  the  inn 
more  capa1>le  of  bt  Ing  \vild»  d.    (Karsten,  op.  cit.) 

SUicon  renders  iron  harder  and  Immmus  its  tenacitr,  makinff  it  what  is  termed 
"zotten"  in  woASng,  even  ivluni  pnaoA  to  the  esBtent  of  only  0'87  p«r  eent 

Manganese  is  considered  to  render  iron  harder,  but  not  to  make  it  steely. 

Copper  in  considered  to  render  iron  "red  short,"  and  to  reduce  the  capebility  of 
being  welded,  without  however  affecting  the  tenacity  of  the  metaL 

It  may,  however,  be  safely  said  that  the  evidence  upon  which  the  above  Opinions,  as 
to  the  itifluenee  of  the^e  admixtures  npon  the  cliaruetcr  of  malleable  iron,  are  fouinlt  d, 
is  much  too  sleuder,  and  it  very  desirable  that  tlui>  subject  ahoidd  be  more  thoroughly 
investigated. 

The  characters  of  ste^  and  the  nethoda  of  manafcctming  it*  vill  be  tnated  of  in  • 

separate  article. 

CiMt  arms,  9%g  trm  (RokeUmf  ChmHitn;  J^Wf).— Theie  are  tvo  essentially 
distinct  kinds  of  cast  iron,  viz.  grey  and  white. 

Grey  cast  iron  ( Graues  Jl  h^  ism  ;  Fonte  grise)  varies  in  colour  from  pale  to  dark  prfj. 
It  has  generally  some  slight  degree  of  malleability ;  but  is  harder  and  moru  briilie  than 
aialleable  iron.    Its  taxture  is  granular ;  sometimes  ver^*  fine-grained,  sometimes  ooaww 
grained  at  the  fracture,  with  minute  partii  les  of  graphite  visible  throiifrbont  the  mass. 

White  cast  iron  i^fVeisses  Boheism,  Fmite  blanche)  varies  in  colour  from  that  of  tin 
to  pale  grey.  It  is  vety  hard  and  brittle;  of  crystalline  lamellar  teztareb  md  some- 
times vesicular.  The  fracture  is  shining,  and  varies  from  lamellar  to  compact  and 
conchoids],  in  proportion  as  the  colour  varies  from  tin-white  to  grey.  The  most 
characteMie  varie^  is  <»Ued  spenito*  Inm  {SpiegeUkmi  f antes  UmStkum)* 

The  specific  gravity  of  gnj  eaat  Izon  i%  Ott  the  ttvecage^  7*1 ;  that  tiwbatB  cast  ina 
is,  on  the  average  7 '6. 

Qftiy  oast  mm  mtttM  at  about  1600^  0^  and  more  eanly  in  ptopeilioii  aa  Ike 
amount  C'f  carVtn  it  contains  is  greater.  "Wliite  exist  irun  melts  ut  a  \nv,  vr  t>'iiiperature; 
but  it  does  not  become  so  liaoid  when  melted  as  the  any  cast  iron,  which  Dasees  sud- 
denlylirom  the  abUd  to  the  liquid  atate^  i»hile  the  wbMe  east  ixon  remailm  in  a  oasty 
state  for  some  time.  Melted  cast  iron  dissolves  malleable  iron,  and  is  thus  rendered 
tougher  and  stronger  than  originally  (toughened  cast  iron).  White  iron,  when  cooled 
very  gradually  from  the  melted  state,  is  convorted  into  grey  cast  iron.  Grey  cast  iron, 
on  the  oontrary,  when  very  gnduaUy  cook hI  from  a  meltea  state,  is  not  altered  except 
in  becoming  softer  and  more  malleable;  but  when  rapidly  cooh  d,  it  ia  ennrerted  into 
white  cast  iron,  more  or  le&s  completely  in  proportion  as  tixe  amount  of  carbon  it  con- 
tains is  greater  or  less.  On  thia  aeootmt  the  outer  attrfiice  of  a  easting  has  a  hard  crust 
or  "riliin,'*  as  it  is  called,  in  ronspqnrnee  of  the  more  rapid  molinjr  of  that  portion  of 
tlie  uielt«)d  metal  which  com«s  in  contact  with  the  sides ot  the  mould,  and  its  conversion 
into  white  cast  txon.  This  effect  is  often  augmented,  in  practice,  bjr  lininff  the  monld 
■with  iron  plat*  ?,  so  as  to  faeilifato  the  rapid  cooling  of  the  oTitcr  portions  of  the  Casting, 
and  produce  a  layer  of  white  cast  iron,  fram  ^  to  |  an  inch  thick,  while  the  interior 
tttains  the  eondition  of  grey  cast  ixou,  Jtoft  w«ibiiiuig  the  particular  ad?aiitagee  of 
'^Qftt  ea5>t  iron  as  regards  hardnr.ss,  and  of  grey  cast  imn  i;^  rf^rtirds  strength. 

'It  has  been  observed  that  in  lai^  masses  of  cast  iron  Uiere  is  an  inequality  in  the 
anumnt  of  earbon  eontaincd  in  the  metal  at  the  eocterior  and  interior  portiona.  In 
masses  which  havi-  been  gradually  cooled  firom  a  nidted  nfate,  the  centre  [Hjrtion  eon- 
tains  less  earbon  than  the  exterior  portions.  There  is  also  a  further  difference  as  to 
tihe  otmdition  in  whidi  the  earbon  edata.  At  the  eentrc^  the  velatiiw  proportion  of 
giaphilkaaKto  M  confttcd  with  combined  ca^^ 
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|)ortiona.  This  latter  diffctx-ncc  will  be  mom  marked  in  proportion  as  the  melted  metal 
M  more  rapidly  Mlidifled  nt  the  sudlMW^  la  OM  instaoce  of  mm  «it  latti  iioiiBoa]d» 
Nftrnd  to  bj  SuiteiH  th»  fidknriiig  resnlts  were  obtained: — 

Total  qusnlllj 


Grafifattc. 

Cnst  iron  bfforo  mflting     .       .       .    4-0281    .    .        0-7812    .    ,  8'9409 

Outer  white  i>ortioa  of  cabling   .       .   6  0929    .    .    —  6*0929 

Liner  gi-cy  paitMn  of  easting    .      .   S'8047  •  •   m»  0^106    .  .  S*1941 

Tha  vudn  cSmnical  diflfaiciiiao  ti4>wuon  wlilla  and  grey  oast  inn  oowBirta  in  tfw  atate 

in  wlucli  tlie  oar1x)n  they  contain  exists.  In  spci.'uL\r  'mm,  the  whulo  of  thf  carbon  ia 
combined  with  iron,  while  in  the  most  characteristic  kind  of  grejr  cast  iron,  when  sdi^ 
at  leaat,  the  greater  part  of  die  eaAoti  h  uerety  mbcad  with  ttia  tiia  atate  of 

graphite,  and  only  a  portion  of  it  ia  in  a  state  of  combination-  Between  these  two 
extremes  there  are  a  variety  of  intermediate  states  in  which  white  and  grey  cast  iron 
are  mixed  together  in  various  proportions,  constituting  what  is  known  as  mottled  etui 
iroti  {halhirtei  Gusgciten  ;  /o/if'  trxitie). 

The  hardness  and  stronfrtl.  of  these  varietie!?  of  cast  iron  differ  considerablr ;  as  a 
rule,  the  grey  is  s-tronger  tliau  the  whit<>,  and  tlkiii  again  is  harder  than  the  grty. 
White  cast  iron  is,  however,  too  Itrirtle  to  be  used  for  structures,  except  for  the  purpose 
of  coating  the  Hiirfaee  of  casting»>  \nth  a  hard  crust  or  skin,  by  casting  ia  gwuwa  lined 
with  metal  (chili  casting^.   (R au  k  i  n  e,  Civil  Enaiiuering^  ^  499.) 

The  tanadty  of  eaak  utm  is  very  miioh  leas  toaa  Hiat  of  mattaaMo  iiOB;  Inift  ita 
capalnlify  of  leaiatiBg  enidiiag  ftcw  ia  Tuy  aioeh  gn^ 


Kind  of  Iron. 

niptonrflir«|asn 

Modulus  of  £!••• 

In  pouod*  per  Mjuare  inch* 

Cold  Mast  . 
Mot  blast  . 
TisQi^hiiaid  omI  isoa 

(  from  12,694 
\    to  18^866 
\  from  18,484 

j    to  2n,488 
j  from  23,461 
j    to  26,764 

56,455 
102«408 
7^198 

104,881 
129,876 
119,457 

36,693 
'  39,609 
29,889 
4J,497 

14,000,000 
17,036,000 
11,639,000 
3S»788,000 

The  stronji^h  of  c.xst  iron  ia  increased  Ly  roraelting,  bnt  reduced  when  the  mcltinpt  is 
repeated  several  times.   At  very  low  tcniperatures  it  becomes  more  brittle  and  weaker. 

gairbai?n  and  Hodgkiaaon,  Riport  on  tAa  JppUMUim  qf  Aim  i»  Sa/Shottff 
ritcturis,  p.  2C5.) 

The  specie  heat  of  specular  iron  ■>  (hlSSS^  that  of  otdioaiy  white  oast  icoa 
—  0>12728.  (Regnault) 

The  linear  exjmnsion  of  cast  iron  I>y  heat  is  greater  than  that  of  malleable  iron, 
amounting  to  ^  between  W*  aad  664)^  C  (x«d  lieat),  aad  ^  between       and  • 

white  heat  (Kinmnn.) 

Pieces  of  cold  cast  iron  thrown  into  the  melted  metal  iiak  to  the  bottom  ;  but  wiioa 
they  have  a  tempcratun^  near  the  melting  point,  they  float  on  the  mirfaca  of  the  melted 
metal.  Ilenco  it  would  appear  that  some  d^;ree  of  contraction  takes  place  in  the 
passaee  from  the  solid  to  ^e  liquid  state.  Thia  diaafactar  <tf  caat  iroa  ia  important  as 
regards  its  application  to  casting:  for  the  increment  of  bulk  nttendinp  rolidif! cation 
ensures  the  perfect  filling  of  tlie  moulds  at  that  moment,  and  the  production  of  sharps 
well-defined  castings.  But  the  greateat  anooat  of  ezpanmon  or  eontnuitaOB  takaa  plaoa 
just  below  the  melting  point.  On  aeoomit  of  tins  confr.ictlon  between  a  temperatova 
near  the  melting  point  aud  the  ordinai^r  atmospheric  temperature^  it  ia  neoeeaacy  to 
mafca  the  numua  fbr  eastings  propoitioBately  laiger  than  ue  eartiiiga  are  remurwL  to 
be.  The  contraction  of  j^rey  cai-t  iron  amounts  to  about  1  per  cent. ;  that  of  white  cast 
iron  is  from  2  to  2-6  per  cent,  of  the  hnear  dimensions.  The  aUowanoe  genecallj 
made  for  this  <*ahrinkage"  in  casting  is  A  or  one  eighth  of  an  indi  in  a  ftot  Oaik 
iron  also  undergoes  a  permanent  increaaaoc  boUc  vadarthia  lODg-OODtUUiad  laflnaiioa  of 
heat.   (Percy,  MetaUnrgy,  ii.  872.) 

White  cast  iron  exposed  to  oxidising  infltienccs  at  the  ordinary  temperature,  rusts 
much  more  slowly  than  grey  c.ist  iron,  and  this  agaiBf  provided  it  does  not  contain 
much  sulphur  or  other  readily  oxidisable  substanoo^  nuwe  alow^  thanmiJlffaMe  inm. 
Specular  iron  is  but  v»  ry  little  liable  to  oxidation. 

At  an  elevated  temperature,  grejeaat  inm  beaonifla  oolomed  bf  osidalictt 
than  maUeaUe  xson;  white  eaafcivon  on  Ilia  aootcaiy  baeoniaa  oowand 
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than  steeL  Wlien  cast  iron  is  heated  to  redness  in  the  air,  the  carbon  it  contains  i» 
ftnt  ooddbad  and  Hie  metal  Tendand  more  or  leaa  nulleaifala ;  then  a  erast  of  inag;n«lMi 

oxide  is  formed  at  the  eurfaoo  and  gradually  incrc';isoij  iu  thickness  as  in  the  case  of 
mallouble  inm.  Grey  cast  iron  is  most  slowly  oxidiaed  in  this  way,  and  becomes 
porous  and  friable  after  abstraction  of  its  carbon.  White  cast  Iron  is  decarbonised 
moM  xafndly,  and  aeqnires  a  malleabto  eteely  character.  Upon  this  fact  is  based 
the  manufaeturo  of  niallt^aMc  cast  iron,  wliich  consiitts  in  heating  to  redness  the 
castings,  while  iiiil>edded  iii  powdered  chalk,  chiurcoal,  or  oxide  of  irua,  so  as  to  be  par- 
tially protected  from  the  oxiaisiiig  influence  of  tha  air. 

Caht  irvjn  lufltcd  in  contact  with  air  becomes  corrred  with  fi  cmst  of  oxide,  and  by 
removiug  this  crust  from  time  to  time,  it  may  be  entirely  cuu?erted  into  ojude.  if  tho 
emst  is  allowed  to  remain  in  contact  with  the  melted  metal,  this  gradually  becomes 
decarbi  inlsied,  stot  ly  and  If  fusible.  White  cast  iron  heated  in  contact  ^th  air  till 
it  assumes  the  pasty  condition,  ia  decarbonised  much  mwe  n^dly  than  by  mere  hating 
to  veteewi,  and  paeaea  fton  tlie  ateeify  eoodKMii  to  that  of  pun  mm,  wittioiit  lo  giwl  s 

di'p-ee  of  oxi<lation  fm  takes  place  when  tlie  nii  t  il  i-  nu  lted.  Tlie  most  iupOKtellft 
method  of  mftDofacturiDg  malleable  iron  is  based  upon  this  fact  (paddling). 

Caat  ivan  melted  mider  aoda,  potadi,  lime,  or  mngiaria  eM^JOoates,  is  graduallj  da> 
carbonised,  and  may  be  wholly  ooimvlad  ilto  WMtllilwhte  isoo,  H  Uk*  bMk  be  ttimd  m 
the  iron  becomes  less  fnsible. 

Atmo8j)lieric  air  forced  into  melted  cast  iron  oxidises  t])e  carbon  and  silicon,  as 
vdl  aa  ptirt  of  the  iron,  and  converts  the  remainder  into  malleable  inm.  The  tempera- 
ture produced  in  thiK  way  is  snffidaiitij  high  to  defeaimine  the  tamtKk  of  th«  wholfy 
decarbonised  iron,    (See  Sterl.) 

White OMt  iroii  heatt-d  with  conoetttnted  hydnMUorie  addle  entiMly  dieedved ; 

but  grey  cast  iron,  treated  in  tlie  s-ime  'way,  Iravrs  a  residuum  of  graphite.  In  both 
cases  the  oomhined  carbon  enters  into  combination  with  a  portion  of  the  nascent 
hydrogen  eliannated  by  the  adhatien  of  the  iron;  Ibvndog  iraktOe  oily  hydteuMfboai^ 

the  vapour  of  which  communicates  a  pecvdiar  i^mell  to  the  gas  evoK'ed.  Tliis  oily 
substance,  which  appears  to  bo  of  a  nature  analegoua  to  petroleum,  alao  ooUecta  aa  a 
tlnn  film  on  tlie  einnoe  of  the  add  eolation. 

The  action  of  dilute  hydrtjchlurie  acid  upon  cast  iron  is  somewhat  different, 
jocular  iron  is  acted  upon  very  slowly  at  the  ordinazy  temp<»uture,  but  with  the  aid 
or  heat^  both  it  and  grey  cast  iron  are  readily  disaolred.  The  hydiroffen  evolved  has 
the  characteristic  smell,  but  the  amount  of  the  hydrocarbons  formed  appears  to  be 
smaller  than  when  concentrated  acid  is  employed.  %Vlitto  cast  iron  leaves  a  bulky 
dark-brown  carbonaceoas  residue,  which  is  solulilo  in  ]Mjtaiih,  and,  when  washcxl  and 
dried  is  very  readily  combustible,  leaving  a  black  residue  containing dliee  (Danielle 
.Tonmal  uf  Science  and  the  Arts,  ii,  278).  Grey  cast  iron  leaves  n  residue  confJiating 
partly  uf  graphite,  partly  of  a  carbonaceous  substance  similar  to  that  obtainable  from 
white  eeat  ircm,  and,  paxti^  of  »  blade  carbonaceooa  e^betence  which  is  magnetic^  tekee 
fire  by  contact  with  the  air,  and  leaves  when  burnt  a  rwidtie  of  ferric  oxide. 

Cast  iron  ia  slowly  acted  upon  by  aea-water.  Cannon  balls  that  had  been  l^ing  in 
the  see  off  the  eoast  of  Koneaiidy  afaee  1698,  -vent  ftmid  to  have  loot  two^limde  of 
their  original  ^.v  iV  lit.  contained  no  metallic  iron,  and  were  converted  into  a  snbgtance 
that  could  be  cut  with  a  knife  (Deslongchamps,  J.  Cium.  mid.  ziiL  89).  Cannon 
balDii  teken  ftim  teaeole  eonk  Mtj  jmn  before,  near  Ceiieeraoe,  vwe  wmd  to  be 
partly  converted  into  a  prey  porou.s  graphite  substance,  which  after  exposure  to  tha 
air  for  a  quarter  of  an  hour,  became  so  heated  that  the  adherent  water  was  oonvejrted 
iutoat«em(Berzelin^  Gmdin'$  Handbook,  v.  21B).  Hie  aQbetaaee  remaining  after  the 
action  of  sea-water,  appeera  to  be  similmr  to  that  remaining,  mixed  with  graphite  and 
the  bulky  carbonaceous  residue,  after  dissolving  ^ey  cast  iron  by  dilute  hyoroehloric 
acid,  and  which  Karsten  regards  as  a  compound  of  iron  with  three  equivalenla  of  carbon. 
Beraelins  considered  this  lution  of  oast  iron  bj  aea-water  to  be  due  to  the  ooiyoint 
action  of  carbonic  acid  and  ox^'^n.  Tlie  solution  of  cast  iron  takes  plare  at  piacee 
where  it  ia  exposed  to  the  combiQi.'d  iniluenoe  of  t'rebh  wuter  and  sea-water  by  tidea 
mflee  rtf&Stj  aan  in  aea-water.   (Mallet,  op.  cit.) 

The  solution  of  cast  iron  takcM  place  at  places  wher(!  it  is  exposed  to  the  comhinied 
influence  of        water  and  sea  water,  by  tides  more  rapidly  than  in  sea  water. 

The  nuoduiEiD  amonot  of  eaibon  in  east  iioii  ie  met  with  in  speeolar  inm,  Tavying 
frm  5-75  to  5  2  i  per  cent.  Bromeis  and  Percy  consider  that  the  manganese  present, 
so  far  as  is  yet  known,  in  all  specular  iron  containing  as  much  as  6  per  cent,  carbon,  ia 
in  eome       eseential  to  thie  high  proportion  of  eoanbioed  caAon. 

In  prey  cast  iron  flie  amount  «.»f  carlxm  varies,  a-s  a  genenil  ndc,  betwr-en  2  and  4*65 
per  cenL ;  in  white  cast  iron  it  is  frcnn  3*6  to  ()'75  per  cent  i  bnt  the  difference  between 
tpUto  and  grey  eaet  uon  ie  mote  intiaetdj  eooneeled  witk  tike  etate  m  wbatk  tba 
eaxbon  eiieti^  tbMiiritb  tbe  imovBt  of  Hue  enbetoneow 


Digitized  by  Google 


IROK. 


Analyst 
Kind  of  Iron  . 


•  1 


Ixon 

^  ,  (combined 

Siliooa  • 
Salphnr 
Phosphorus 
MsagaiuM  . 
Copper  . 
Aluminium  . 

CaJdiuti 


Frank- 
Malt* 


Specular  and  browo 
IroD  or« 


Widt^ 
raann 


BOBE- 
MXA 


Richter 


Ilenry 


Henry 


U'9S 

3-88 


0-41 
002 
004 
0*28 


007 

001 


10004 


82-860 

4-323  2-311 


0-997  2-732 
0-014 
0O59 

10-707  22  183 
0066 
0-077 
0091 

on  15 

99-yJ4^jiao-(>o 

2  3" 


Specular  >r«m 


92-906  i  96-67 


4*809 


017C 
traee 

0-  122 

1-  987 


4-20 


0-08 
trace 
006 

010 


81-363 
6'900 


0100 
•0-187 

11-600 


"4     I  6 


1(10  00 


6 


SOOTU 


Tookey 


No-  1  grfv 


94-86 

8-60 

0-84 
002 

6*44 


W.A. 
grip's 


99-84 


Oo. 


3-38 

0-44 
0-04 
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BmIAm  fron  evlMn^  out  xnni  always  contains  other  snbeteaees,  as  indicated  by 
the  above  analyse^  esj^cdally  silicon,  Bulphnr,  phosphorus,  manganese,  aneni^  copper. 
Thev  probably  exist,  in  combination  "R-ith  pquivalfnit  quantities  of  iron,  as  silicide, 
Bulpnide,  phosphide,  &c.,  and  some  of  them  appuiir  to  exercise  considerable  influence 
Upon  the  qualitj  and  characters  of  the  metal,  Mthongll  tiie  mode  in  which  it  is  san^ 
ciscd  is  imt  vpjj  paztiaUjr  imdnstood,  and  tho  vBgj  natnve  of  that  iafliuaiee  ia  m  soma 
cases  (lubiouii. 

i^licon  is  almost  always  prosont  in  cast  iron  to  .'^ome  nctanti  originatiiii^  from  the 
deoxidation  of  silica  in  thp  prncp?s  of  smolting.  The  amount  varies  xcry  much.  In 
white  atat  iron  it  is  generally  from  01  to  0-5  per  cent  In  grey  cast  iron  the  amount  ia 
much  graatflp,  and  iaaddom  leoa  than  0-6  per  cent,w»MtinMS  ssoeeding  even  S  per  ecnt 
Ivurstfn  found  3*46  per  cont.  to  b*'  tho  maximum  amount.  Tlio  pn-afer  amnunt  of 
silicon  in  grey  oast  iron  is  considered  to  be  due  to  the  higher  temperaUure  at  whioh  it 
is  produeed.  Iron  pBodnead  with  hot  blast  Molnina  more  alBoon  than  lluit  piodneed 
with  cold  blast. 

^  It  is  ^nerall^  considered  that)  within  the  ordinary  limits  as  to  the  amount  of  siL'con 
in  east  iron,  this  anhstanee  does  not  eocercise  any  prejudicial  influence  upon  the  quality 
of  the  metal ;  but,  in  the  conversion  of  cast  iron  into  malleable  iron,  the  silicon  nraat 
be  as  much  as  poseiblo  separatod,  sinco  it  is  very  dotrimrntal  to  maUeaM.:"  iron  as 
regards  its  tenacity.  The  greater  the  amount  of  siljoou  in  pig  iron,  the  greater  also  is 
tiie  waste  incurred  in  its  conyersion  into  nMOeaUa  iMn  hy  tb»  poddU^  opimtibn. 

Sulphur  is  nlmost  always  present  in  rn*>t  iron,  but  sometimes  the  amount  is  small 
that  it  cau  hardly  be  estimated.  It  probably  never  rcaoho*  0*6  per  cent  in  good  cast 
iron.  Iron  smelted  with  mineral  fbel  always  containi>  mom  sulphur  than  that  smelted 
with  chan-^oal,  in  consequence  of  thr  Btilphur  contained  in  the  coal  or  <*oko  hcii-^-  *rnn.^- 
littred  to  the  iron.  The  presence  of  sulphur  in  cast  iron  renders  it  nioiv  fusible,  but 
also  mom  liable  to  solidify  sooner  when  slightly  eooled  hekrw  tha  mating  pointy  so  an 
to  become  quite  viscid  whih^  ttill  rod-hot. 

When  specular  iron  is  melted  with  sulphur,  carbon  separates  and  ooll^sts  upon  the  suxw 
ftwe  of  the  melted  maaa  in  the  form  of  graphite,  whidi  dtflKnr  from  evdinary  graphite 
in  }i  ivi:ig  no  lustre.  Grey  t-asf  iron  melted  with  Rulphur  i.s  converted  iuto  white  cast 
iron,  containing  a  greater  amount  of  carbon  than  the  original  grey  iron,  as  shown  in 
ihafDlbwing  resaUn  obtained  by  Karsten  {Eisenhuttmkunde,  i.  583) : 

TlMsrnrcMt  tfOB       Tbe  rsnltlng  wbtte  Iran 
eoaulaed  fai  100  ffts.       eoatabMdb  tOQpii. 

Combined  eacbon  .      .      .         0-6253  6'487^ 

Graphite      ....  3-3119 

Snlphnr  0*0986  0*44S4 

Hence  it  would  appear  that  sulphur  displaces  carbon  existing  in  combination 
with  iron,  but  thi^  im  to  a  eerinin  pohit,  the  carbon  so  displaced  from  combination 
with  one  portion  of  the  iron,  enters  into  combinaluni  with  another  portion,  until  no 
more  can  he  taken  tip.  The  presence  of  .'^ulphTir  in  cast  iron  appears  therefore  to 
determine  the  existfiioe  of  the  carbon  in  the  state  of  combination  with  the  iron,  and 
thus  to  be  conducive  to  the  production  of  white  east  iron.  (Jnnoyar,  Ann.  dan 
Mines-,  iv.  20  ;  Weston,  Pcrct/s  MdaUurgij,  ii.  13i5.) 

Physpharus  is  frequently  present  in  cu&t  iron,  sometimes  to  the  extent  of  1  or  2  per 
cent.  When  amounting  to  more  than  0-5  per  cent.,  it  renders  the  iron  brittle  bnt  move 
fusible,  very  liquid  when  m<  lted.  and  eapable  of  remaining  longer  in  tin  liquid  state. 
Within  certain  limitSi  therefore,  the  presence  of  phosphcffus  in  iron  intended  for  castin^^ 
is  advantageous  rather  than  otherwise. 

Nitrogen.— ^Ix  appears  that  cast  iron  sometimes  contains  a  minute  amount  of  nitvopen, 
and  that  il  has  a  considerable  influence  on  the  character  of  the  metaL  Hebaf  hiiutl 
aitinuitad  tha  nltnigM  in  several  kiadi  of  oast  iMn  aa  ftilkm  (Pireohtl,  Techn. 
BDcgrU^  1847,  xr.  864;  Fha  U^g.  1840,  xri  44): 

White  ea.st  iron  (Maest^South  Wales)     .      .      .    0*764  per  cent. 
Gxay  cast  iron  (Graianti Ranee).      ....  0-720  ^ 
Speenlar  iron  I'SOO  „ 

Haitthand's  experiments  led  him  to  donht  the  esistenos  of  nitrogen  in  east  iron ; 
and  to  infar  that  if  it  were  present,  it  never  amounted  to  0  02  per  cent..  And  that  tho 
indiaationa  of  nitrogen  obtained  by  analysis  were  generally  referable  to  absorption  of 
ctmoflfbsrie  nitrogen  by  the  iron,  anl  fma»3d<on.  ot  cyanogen  dnrtng  the  analysis. 

Bonis  (Compt.  rend..  1861,  Hi.  119o)  on  the  contrary,  eon.sidor.s  that  nitrogen  is  often 
present  in  cast  ircm,  and  has  estimated  the  amount  in  a  sample  of  Toiy  haid  white  oast 
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mm,  containing  much  nmnganesc,  at  015  per  ceuU  Tiiis  &um(H.*t,  liowercr,  10  far 
from  having  been  satisiaetorilj  invent  i^at .  dL 

Artenie. — Then*  if*  much  diffi;<r*nn^»'  uf  opinion  as  to  the  influence  of  .irsonic  upon  cn?«t 
iron,  and  as  to  the  frequency  of  iin  prci>0ucef  bat  there  are  some  vell-eetabliahed 
imitiamem  ai  «mI  im  eoateimng  a  considerable  aDoont  of  mseaio.  WSUer  famnA  it 
in  four  samples  of  pip;  iron,  mi  l  'iTt'linutl  liuB  stated  that  pig  iron  nia<l<»  at  Alais 
ttom  araeoical  ore,  contained  irum  2  J  to  4  per  cent,  ol  «n«ni&  KAmten  never  da- 
tB0ted  ammoB  In  pig  iron.  Aeaording  to  BMhWs  mtaijwm  dt  mm  inn  ahelhr  and 
*hot  from  Algiers,  they  contained  from  9-S  ft)  27  per  cent,  arsenic,  coiirifliutin;.'  in  fact 
ft  true  aUoy,  aiid  more  receoitija  viouffbt  shot  from  8iuope  ha^  been  lound  to  WBtain 
per  ocBt  amd* hf  Dr.Hoad.   (Percy,  AfetaUurgy,  ii.  76.) 

The  presence  of  small  amount of  arsenic  in  cast  iron,  is  considered  to  have 
effect,  like  phosphorus,  of  rendering  the  metal  more  fusible,  brittle,  tmd  weaker. 

Jltanittm  appears  to  be  frequently  present  in  some  kinds  of  co^^t  iron,  and  it  has 
been  sappoaed  to  iBi|ilOTe  the  ^ualit^  of  the  metal.  Several  patents  have  I)een  obtained 
for  introdueing  it  into  east  iron  intended  for  the  mannfacture  of  steel  (Muahet, 
13  specification.^.  March  lSo9  to  December  1861),  but  it  is  very  ooestionable  whether 
thifl  "invention"  has  any  n  al  foaadatka of  lOkOVB  flMlb    Thil  fhllfnrillfl  miljlW  llf 

tiliBiliKoiaa  pig  aoa  asa  Iqr  Ms.  fiakf: 
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Vamdium  has  aLo  been  found  in  the  ^ig  iron  made  from  the  ores  of  Taberg  in 
Sveden  (Sefstrom,  Bern.  JwJkresb.  1832,  zi.  97).  and  in  pig noiaadaimii  theSaend 
ate  of  Wiltshire.    (Riley.  Jonm.  CI.em.  Soc.  [2]  ii.  21.) 

Oknmium  has  been  found  in  cast  iron,  bat  there  is  no  evidence  to  show  whether 
baa  any  toftumee  <ni  tiia  eharaeter  ot  tbe  antaL 

Manganrsr  v.  rv  fn'fjuenfly  present  in  ea.st  iron,  and  it  appmrs  to  ha\-e  fiome  in- 
floence  in  detenoiuing  a  hi^  d^;r8e  of  carboiation  of  the  iron,  as  well  a^  the  ftxistence 
of  the  eaiboii  in  a  atele  St  eonilisaatkii  ynSStk  t]ie  icon,  ao  that  its  ^ ri^esee  in  the 
materials  smelted,  tends  to  eflect  the  production  of  white  cast  in)h  (8ee  ante, 
p.  331).  Cast  iron  containing  manganese  appean  to  be  eipeaialfy  anited  lor  the 
production  of  steel  or  steely  iron.    (See  Stsrl.) 

Oopptt  is  not  unfiwquently  present  in  cast  iron.  VDum.  awawdiwg  0*2  per  ant.  it  ia 
■aid  to  render  the  metal  hairier,  toogher,  and  stronger. 

Zinc  is  mmetimes  pruiieol  in  cast  iron  ameltcd  from  ores  containing  zinc ;  and  Karsten 
found  east  iron  containing  tneta  «f  iiaa  to  be  TMj  Boft,  Imt  ratten  and  trnttla. 
{mtenkuttmkundj,  i.  ol9.) 

Jkmwmtm,  Magnesium,  Calcium  and  PoUwaium  are  sometimes  indicated  by  analyses 
aa  cndating  in  minute  proporti<m  in  aome  Undi  ef  eMt  inm,  Iwt  aoandj  aaytUiig  ia 
known  of  their  influence  on  the  characters  of  the  metal. 

CNMnurenee.  Although  iron  is  one  of  the  most  abundant  and  widely  distributed  of 
Ibe  heaty  metali,  it  w  vary  aeldkm  net  wiA  nataraD^  bi  tiie  naetalHa  atate.  There 
ave  two  Hpccie«  of  native  metallic  iron,  viz.  tellnric  and  meteoric  iron. 

1.  Telluric  iron  is  veiy  rare ;  it  occurs  massive  in  plates  and  gtsins,  is  more 
raalieable  and  dnetale  ^um  oi^naiy  iron ;  its  specific  gravity  ie  from  7'  to  7*8.  It  has 
been  found  associated  with  brown  haematite  and  quart/  in  a  lode  near  rtrenol  l^ 
(Schraibar,  Joimi.  de  Phya*        1702);  at  Caaaiui,  Coajwcticut,  as  a  vein  two 
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iaobM  biMd  ianlw  date  (She par d).  Thia  iipeciaiMiMalajiMdM'8|MresBt.n«n 

iron  and  7  i><t  cent.  carT»oti.    It  is  said  to  ho  mixed  witli  tlio  granular  platinum  of 
South  America  (John),  and  diitaemuiated  through  aooie  basaltic  rocks  (Andre 
abo  fn  the  muinfinm  and  of  Oliphtaa  (Mol  nar>   Kaliv»  iron  containing  6  per  cent, 
rf  sili(>i>n  un<l  a  little  sul]>1uir  is  Naiil  to  have  bei>n  found  with  fl"J*ntlj  in  thf  lodofl  at 
Leadhilla,  and  in  volcanic  scoriae  at  CrravcQi^n^  in  Auvergnc. 

S.  MdtMfie  iron  is  met  with,  both  as  large  compact  masses,  aud  as  gmitis  aad 
ioliBters  disseminated  through  earthy  matooritoe.  Its  colour  is  scmevhat  like  that  of 
platinum,  and  it  is  ehurnctiTiscd  l^y  always  containing  nickfl,  snTnottmos  also  cdjalf, 
csoppcr,  chromium  aud  tiu.  The  masses  of  meteoric  iron  found  in  South  America  and 
Siberia,  and  estimated  to  vcigfa  sevcsal  tons,  are  among  the  most  remarkable  tluit  are 
Icnoi^m.  Meteoric  iron  almost  alwnr««  miitain"?  particles  of  iron  sulphide  nn.\(s3  with  it, 
apparently  neither  magnetic  nor  ordinary  pyrites.  (Kammelaberg;  i'ogg.  Ann.  1819,' 
Inov.  441.) 

Analyse*  of  Meteoric  Iron. 
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Iron  ores.    Compounds  of  iron  occur  natire  in  great  numbaw  tt  mfnerak,  and 

very  widely  disfcributod ;  there  arp  indeed  few  natural  Ixxlios  in  which  i-  r.  is  not 
present  to  some  eartent :  it  cxist«  iu  tUf  ashes  of  most  plants  (see  L  417,  ii-  68Ui  and 
appears  to  be  an  ef^scntial  oonstitaent  of  the  lilood  of  animals  (aee  anU,  p.  SI  <>f  tile 
m^re  compounds  contuininf?  iron  in  lnrp;o  prop<3rtion,  those  which  oooiir  in  greatest 
Mnmdance  are  the  oxidi s,  di!4ulplude,  carbonate,  phosphate,  titanate,  and  silicate.  Bat 
J  u  ^^'^^o"  ' "'"^^l  only  minemli  Ibat  ave  «aitableaMtheB«?enil  oxides 
and  the  cnrbonafe,  all  of  wineh  occur  as  large  mafsep,  of  a  greater  or  less  deim  of 
parity,  beuig  generally  mixed  with  Taxying  amounts  of  siliceous  or  earthy  substances 
and  amaUer  quantities  of  vatiova  other  ninenls.  The  moat  important  viiritties  of 
these  ores  of  iron  arc  the  followinfj :  

itaUmnwgn^ic  oxt(Ut  Magwiic  iron-ore;  Magnetmen;  Oxyde  ma^etique.—Thia 
m  th»  xielMit  of  the  one  of  ii«n  aTtilalde  for  amelting ;  in  ita  purest  state  it  contains 
72-41  DOT  cent  mm.  It  ih  black  and  generally  has  a  metallic  lustre,  and  ooeun  both 
or;^lUn€^  jmuiular  and  compact  or  even  earthy,  nt  well  as  in  the  ntixfr  of  san  !.  It 
COEiSti  ahnnittntiy  in  many  localities  as  beds  or  vcius,  aaid  sometimes  formiiui  ouiire 
mountain  masses,  associated  with  volcanic  or  schistose  rocks,  and  chiefly  in  Norway 
Sweden,  Liberia,  and  North  Ammcn.  It  is  sometimes  krgoly  mix.Hl  with  l  yrit,  >  ami 
««»  snlphuretted  minerals.  In  this  country  magnetie  iioa-ore  oocors  in  the  West  of 
England  and  at  Rosedale  in  ^'orkahira. 

The  mineral  known  FrmikHnitf  npp^nrs  to  be  ft  fttriobr  of  maflnotie  imn  on'in 
which  fmoua  oxide  is  replaced  by  sine  oxide. 
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An<djf4e*  of  MagtuUc  Iron  On, 
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Kathv  fcrrie  oxide  :  H  r  matiti  ,  Tied  iron  ore ;  l!o(heisrn$*>  iv  ;  Frr  oligiiftf.— 'In  its 
puzest  state  this  ore  cooau^U  entireJy  of  anl^drous  ferric  ojudi^  coDtainiug  70  per  cent, 
mni.  lb  oeenn  in  vtriow  itatMi^  flmtdliiia^  maaahra^  and  cnt^,  t&s  t^itm  aa  lumps 
vitbAxidMliagOlmnfilnetareaadno^  Ildao 

Analj/u*  qf  Med  Iron  On, 
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trace 
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60-08  08  00 


7*06 

•  • 

traoo 
traoe 


0-  21 
0*30 
2-77 

1-  46 


6-18 
2*96 
traoo 
Oil 


Ciiuri  h  ^ 


66-66 

1-  18 

118 

2-  79 
9-40 
1-38 
0*48 

0-  15 
8-90 
6-73 
I'OS 

1-  81 


99-90  100-49 


12 
0-38 

102-42 


[  08  88  j  00  M|  47-47 


tomm  large  veins  or  beds,  associated  with  quartz,  calcspar,  and  heaTy  spar.  fioQO 
Idnda  are  hard,  others  soft  and  friablo,  and  it  generally  contains  van  inp  amounts  of 
onrthj  ndniixtwea.  The  priaeipAi  British  depooiu  of  luomatiie  a«o  in  Comberlandaad 
Vuu  111.  Z 
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Lancauliire,  the  lak  of  Han,  Deronithire  and  Oanivall.    On  the  Oondiient  it  occurs 
chiefly  in  the  Um-tT,  ^Uomu,  flie  Aiistriiiu  jiroAnnceSyftlkdia  Komraj*  A  pMUliftr  Oolitio 
luBmalite  occurs  in  the  neighbourhood  of  JLi^e. 
Bad  odiM  b  tti  oavdiy  wvAeHj  at  fenio  oodds  <w<itiiiiiliig  a  luge  admUUiw  nf 

day. 

Specular  iron  ore;  Ei8englam\  F&r  apectUaire. — Th.i»  aiao  consuto  of  anhydroas 

it  iron  grey  or  almost  libdr.  BpeaBe 

grax-ity  4-8  fo  5-3.  Th.-  erystuls  of  this  mhu  nil  Lolnng  tu  f  ho  hexagonal  systeni,  R.oR 
and  sometimes  K.  |P^.  .jil.  It  oocuia  chieflv in  schistose  rocks,  in  Norwar,  theErz^birge, 
in  Rnsata,  andaevcral  purta  of  the  Sooth  m  Bnzope,  the  most  extensive  deposit  being  that 
in  KIba»  which  haa  been  iii^>riced  upwards     3,U0U  years. 

Hpecalar  iron  ore  often  cont.iins  tttaniwm,  either  in  the  fonn  of  rutil  or  eombined 
with  ihe  iVme  oxide  conittitutiu^  ilmeuite.  Thia  was  furmerly  considered  prtju- 
didal  to  the  ore;  but  quite  iMeotfy  it  haa  been  stated  that  the  presence  of  titanium 
in  iron  oiM^  cimtribirtee  in  mom  iraj»  Lot  yet  nndarstood,  to  the  fcodnetioii  of  good 
iron. 

ViUimklfdrated  ferric  oxide  ;  Broum  iron  ore;  Bra  k  vfiar^urm;  h&maUU  imw. — Thisore 
ponsi«ts  essentially  of  hydrated  ferric  oxide,  which  in  th^'  rnr*-  sr:^te  eontains  59'89 
per  cent,  of  iron  and  14*44  par  oent.  oombined  water,  il  la^  bometimes  indistinctlj' 
crystalEnoor  fHwoDe;  Imt  move  (^enlly  eompaet  or  eoitigr,  and  of  vtfiom  ahadee 
colour  from  blackish-brown  to  yelhiwish-hrown.  Tliis  ore  frequently  contain*:  a  con- 
siderable amount  of  man^oese,  and  a  more  or  less  consideiaUe  admixture  of  forei^ 
earthy  anbatiaioes.  It  oeeam  abnndantfy  is  the  VWreat  of  Bean  in  CHottecrteiehir^  ia 
Kt  veral  parts  of  Dt'Vi)U.<hirc  and  Noi-thamptonshire,  and  Lincuhishire  as  well  as  in 
Weardale,  Durham,  where  it  has  originated  chiefly  by  the  alteration  of  spathic  iron 
ore.  On  the  CSoottnent  it  is  very  abundant  and  is  one  of  the  principal  oree  amelted  in 
France  and  Gemany. 

A  variety  of  this  mineral  occurs  in  many  places  under,  the  name  of  bog  iron 
ore  {Sump/er^  ;  minerai  d-cs  inarais),  vehicli  has  aj>parently  been  formed  by  depoMtion 
from  ferruginous  mter  under  the  influence  of  living  oiganisms.  Some  kinds  of 
this  ore  furnish  very  good  iron — for  inf^tance,  the  lake  ores  of  Sweden  and  Lower 
Canada ;  but  generally  it  conuius  so  lar^'c  an  amount  of  phosphorus  as  to  be  uselesa 
tor  smelting. 

Yellow  ochro  i.s  an  arrrinru-eous  variety  of  hydnitcd  frrric  nxide  contniufnjr  more 
combined  water  than  brown  iron  ore,  and  basic  sulphate;  sometimes  also  bai»ic  silicate, 
phosphite,  and  MMoate. 


Jnalgmi  tif  Brown  Jbr<m  On, 
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AfuUjfMe  tf  Brown  Irm  Ort—wat&BomL 
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JiiUiw  ferrom  carbonate ;  Spaihio  iron  ore;  8patheUiat$tHn  ;  fer  tpathique. — This 
fldnend  aanbte  caMHtialfy  of  ftnow  earbonate,  and  in  its  pianit  state  oontains  48-27 

per  cent,  of  ir<^n  It  is  gonfmlly  rn-stanino,  pnTnr*iTnf«  presenting  distinct  crysfala 
(see  i.  786),  and  6oin<^mes  in  tiie  ibrm  of  tibrous  nodular  masses  known  by^  the  name  of 
■idhMNMidante.  It  tarlM  in  taAoar  fttm.  iHiite  to  jellow  or  brown,  and  is  veiy  oftan 
found  to  have  undergone  more  or  loss  complete  convension  into  bydnitod  ferric  oxide 
nnder  the  iaflaence  of  atmospheric  oxjoen.  Spathic  iron  ore  occurs  as  veins  and  beds 
in  tli«  older  Tocin;  and  asMMMtod  irilii  DmM^^ 

chiefly  in  Durham  and  Somersetshire;  on  the  Continent  it  is  of  more  frequent  (vvwv- 
rencej  the  chief  localities  being  S^rria  and  Westphalia^  where  it  oonstitnteti  entire 
mountains,  and  has  Ions  been  fiuttoos  nndcr  the  name  of  "alMl  ova  for  yielding  very 
flae  QiMlili00  of  Iran  mm  ateei 

t8 
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Spatbio  iron  ate  generally  coutaiiis  a  ooiu>i4emble  amount  of  manganese  and  small 
quantitiei  of  lime  mH  magnesia,  and  ii  tonetimM  SMoeiaf  ed  vHih  lMS  aiid  copper  ores, 

quartz,  fluor-spar,  calcspar,  boftvy  Bpar,  &c.,  Init  is  froqueiitly  quite  frco  fiNNftailU  ad- 
mixture of  imparities  tiiat  would  be  prejudicial  to  the  iron  made  £rom  it* 


Jaudjfm  qf  BpiUhie  Iron  Ore. 
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Fenotts  carbonate  mixed  vith  often  occun  with  beds  of  coal,  in  sedimeutazj 
fodca,  andialmeiwiimidsrfteiiamaOTaigilli^^  tt 

is*  L'orapiict  and  onrthy;  of  \nirious  shades  of  grey  and  brown,  or  sometimes  quite  black, 
o-winff  to  aa  admixture  of  carbonaceous  substance,  and  occurs  in  lenticular  masses  or 
nodiUM.  TUa  om  ii  gaDenUf  ysvj  abvndsnt  in  fhe  mal  maannes ;  but  in  some 
instances  it  is  ahnost  -wholly  wanting  in  tliosc  rooks,  as  for  instance  in  the  coal  fields 
of  Northnmberland,  Durham,  Lancashire,  and  Belgium.  The  principal  localities  where 
it  is  worked  iu  tliis  country  are  the  coal  fields  of  Scotland,  Staffordshire,  Shropshire 
and  Wales. 

It  is  fonnd  to  some  extent  in  Awee  and  Cluruwuy,  and  alnmdaii%  in  AaMciea^ 

but  is  not  worked  there. 


Analyses  of  Ciojf  Iron  Ortjrom  the  Coal  Measures. 


NiBMofore 

AnaljBt 

ColqahouD. 

Forrie  oxide 

0*83 

1*16 

0*23 

0-47 

1*16 

0-23 

2-72 

Fcmaaande 

46-84 

38-80 

86*22 

6303 

48-73 

36-22 

63-82 

40*77 

Mnn<?flnon8  oxide 

020 

0-07 

Alumma    .       ,  . 

2*63 

6-20 

6-34 

0-63 

6-13 

6-34 

Lime .      ,      •  . 

1-90 

6-30 

8G2 

3-38 

210 

8-62 

1-51 

0*90 

Magnesia  , 

6-90 

6-70 

6-19 

1-77 

2-77 

0-28 

0-72 

Silica        .      .  « 

7-83 

10-«7 

9-56 

1-40 

9-70 

2-00 

10-10 

Carfaonie  aeid    ,  • 

88.63 

30-76 

32-63 

36*17 

82-24 

32-63 

34-39 

26-41 

Sulphur  . 

»  • 

016 

0-62 

• 

0*20 

0-62 

▼-l&r  ■ 

1-00 

1*86 

1-87 

2*13 

3-63 

1*60 

2-13 

770 

17*88 

100*37 

101-00 

100-37 

•  • 

99-66 

100-37 

100-00 

100  00 

1  Percentage  of  iron 

28-40  1 

30-00 

28-40 

40-Ou 

34  00 

28'40 

41  60 

34-60  j 
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A  rarloty  of  this  oro  coTttaining  from  10  to  IS  or  CTcn  30  percent,  of  coaly  f«u!istano«fc 
ocean  as  tlunlaron  in  the  oool  measureg  of  iicotland,  aad  somo  owts  of  ^^^■'n^  and 
WalM.aiidiskBO«iiudflrtiwaHM«£''UMiktaad." 


Source 

Yoriubire. 

Derbyililr«i. 

StaflbrcUfaire. 

Black 
bed; 
Low- 
moor. 

Whit* 
mine  { 
Park 

Black 

mine ; 

gate.  . 

Brovn 
IUk«: 

Butter- 
Wy. 

Dalo. 
moor 

Kike; 
Stouton 

Dog. 

tooth; 

Sure- 
ley 

Chalky 
Foley. 

Rpti 
Shag; 
8b«liun. 

DUE. 

Ferric  oxide      •  * 

MangnuoTUI  oodt 
Alumina    •      .  . 
Tihwka  •      •      •  • 
MagneoA  •  • 

Potash 
Silica. 

CarboaiD  Mid  « 

Phosphoric  add . 
Sulf^uric  acid  . 
IraBnyfitM 
w,*^ft^ygToscopie  . 
^^^Jcombioed 
OiganiewlialwM 

Percentngp  of  iron 

I'U 
86*14 

1-38 
6-74 
2*70 

217 
0-66 
17-37 

•26-57 
0-34 

truce 
010 

0-  61 

1-  16 
9'40 

1-69 

89*88 

0-96 
6-42 
2*26 
3-89 
0-37 
1216 
29-38 
0-47 

•  • 

trace 

0-  68 

1-  41 
0'54 

2-  39 
41-77 

1-13 
4-79 
2*59 

3-  85 
0-43 
8*93 

31-39 

0-75 
trace 

0-  65 

1-  16 
0*86 

1-49 
87*99 

1-61 
6-67 
4-69 

3-37 

0-56 
10-04 
29-92 

0-80 
traco 

006 

0-  74 

1-  47 
1H2 

3-49 
89-55 

1-  60 
6-46 
3-38 

2-  88 
0-48 

10-22 
28-63 

M2 
trace 

0-06 

0-  51 

1-  24 
1-14 

1-42 
28-27 

1-  02 

2-  21 
13-94 

9-27 
0-16 

3-  56 
3761 

0-74 
trace 
004 
0-18 
0-73 
0-92 

0-  12 
61-07 

2-36 

2-  47 

1-  74 
MO 

0-  28 

3-  02 
33-63 

112 
trace 
017 

j  0-99 

1-  24 

0-  05 
46-53 

2-54 

1-  22 

2-  44 
1-39 

20 
1-98 
30-77 
0-69 
0  04 
0-34 

1  147 
10-46 



99-78 

29-12 

99-60 
31-82 

100-54 

99-52 

"0-60 

100-14 

33-20 

100-16 

22-9«« 

98-97 

100-07 
36-39 

StaAxdahtr*. 

OlNIMB 

Ban- 
ker's 
HU. 

IMrlattoo. 

Name  of  ore 

PkM.  1 

Gfaiiu.| 

Oobbln. 

Wblte- 
Msne. 

BInda. 

Balli. 

White- 
ItCine. 

Oubbln. 

Dkk. 

m 

tar. 

Dick. 

Tookajf. 

9innn6  coiidft 

Forrouf*  Dxir"!.'  . 
Mangftnous  oxide 
AlonioA 
Liino        •  . 
Magneaia  .  • 
Potiidi  . 
Silica       .  • 
Carbonic  add  . 
Phosphoric  add 
Solpnnric  add  •  « 

Iron  pjTit€« 

Water  !^y^^rT°  * 
Organic  Kubatanee 

0  54 
45-36 

056 
6-70 
2-60 
1-26 
0*86 
10-63 
30-21 
0-46 

0-20 
1  1-64 

1  59 

0-  13 
46-30 

1-  44 
4-80 
0-76 
0-94 

1029 
80*44 
0-74 

0*07 
1*38 

114 

0-40 
45-80 

0-  96 
6*86 
1*37 

1-  85 

lo-s's 

31-02 

0-  21 
tnwa 

010 

1-  08 
0*90 

0  04 
48-63 
1-29 
8-64 
4*45 
0-80 
0*11 
621 
32-16 
0*81 
0-06 

0-16 

0-  32 

1-  23 
0-28 

115 
30-96 
0-73 
9-58 
1  84 
8-11 
0-74 
26-60 
22-13 
0-26 
trace 

0*12 

0-  56 

1-  83 
010 

0-43 
62  04 
0-82 
4-98 
0-63 
1*18 
0-82 
6*63 
32-31 
0-21 
trace 

0*18 

1  0-46 
0-51 

3-17 

33-92 
077 
6*44 
2-66 
4  43 
0*74 
18-28 
26-89 
0-35 

0-lA 

0-42 
0-98 
0-47 

3-82 

49-40 
0-86 
d-05 
0  86 
0  62 
0-30 
6-22 

32-0^ 
0-23 

1*27 
0*18 

0-37 
0-29 
0-64 

100-99 

98-43 

100-29 

99*69 

99-61 

100-25 

99-61 

99 -8'! 

Percentage  of  iron 

36-74 

aei4 

36-99 

37*46 

24  88 

40-84 

28-87 

1  41  06 
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Anafyus  of  day  Iron  Or»  from  the  Coal  Mt  asurta—  continued. 


SohUi  WalM. 

SotDM  « 

1 

Ponly-  1 
pool. 

Hl.ipn- 
KTon. 

Cwm 

Abtr. 

Black 

pin. 

Sulphury 
mine. 

raw.  1 

Aaaljr»t  , 

Wtagr. 

PrkoAMiolialMm. 

Priet. 

Ferrittdadde  • 

Ferroufl  oxide  . 

MliBlg>IK>WI  CKSidA 

Lime       .  • 
ILwDcwa  • 

Potanh     .  • 
Alumina  . 

Silica      .  . 
Carbonic  aoiil  . 
Phosphoric  acid 

Iron  nvTittsM 

{ eotnl  imea 
Organic  substance  . 

0-60 
44-50 
0-73 

2-05 

a-26 

0-13 

696 
HI -81 
0-23 

*  • 

(0-76 
0-21 

0-46 
41-22 

1  v< 

2*89 

3-  68 

0-48 

4-  88 

11-60 
30-07 

0-  76 
torn 

U15 

1-  21 
0-82 

0-  34 

40-30 
1  uo 

1-  44 

2-  94 

0-82 
7-90 

14-43 
28-23 

•  • 

tNce 

•  • 

1  009 

0-74 
0-29 

3707 

V  M 

6-  61 

7-  40 

•  • 

2-70 

37  14 

0-23 

tract* 

•  • 

9-80 

42-64 
u  «o 

.*5*24 
6-26 

•  • 

•  • 

36-89 
0-17 

0-22 

•  • 

8-87 

4-10 
43-37 

j  1-60 

300 
0-26 

0-  32 
6-6 

•80 
51  A*  AO 

trace 

1-  66 

•  • 

0-27 
0-31 
6-26 

43-30 
1  \to 

•  . 

1*26 
2-67 

7-20 
28-46 
0-67 

0-26 
16-10 

80-00 

j  1-80 

2  10 
4-46 

10-61 
103 

100>18 

100-28 

lOOHM 

MrVD 

13^ 

96-6S 

S84 

M-68 

C?lay  iron  ort»  also  occurs  iiTuni<lantly  in  strata  Ix-lon^ing  to  the  Lias,  as  woll  as  in  the 
Oolite  and  Tcrtiaiy  seriea  of  rocks,  aometimes  partial^  or  wholly  oooTerted  into  brown 
inm  on  faj  atmoiUMBk  oadchtaoa.  This  om  u  aoir  largely  iradEtd  In  tiie  GbmlaiiA 
dLfferiet  in  Yodbfiixe, 


Sotixee 
Analyct 

bre.  ' 

Percj. 

HultOD 

Low 

Etton 
Hah. 

BekMat 

Or«e» 

Nor. 
aianby. 

North. 

Crow- 
w* 

Crow. 

Percy. 

Percy. 

•oa. 

Dick. 

FccrieoKidtt  . 

2-86 

4-26 

1-20 

6-80 

360 

2-60 

3-31 

Ferrous  oxide 

4302 

40-86 

43-36 

38-26 

39  00 

40  77 

3806 

33-29 

Mfoganous  oxide 

0-40 

•  • 

1-30 

067 

0-74 

1-11 

Alnmnw  .  , 

6*87 

8-44 

Vm 

18-20 

7-46 

1-82 

6-92 

7-80 

Zinc  .... 

614 

3-80 

0-58 

0  00 

7  44 

4-08 

7-77 

0-60 

MagnaaiA  . 

6*21 

3-70 

6-35 

2-40 

3-82 

6  34 

4*16 

11-77 

0-20 

Silica       .  , 

7  17 

7-20 

•  7-65 

7-46 

9-46 

8-80 

10-36 

19-49 

Carbonic  acid  . 

26-60 

32-50 

22-96 

26-40 

23  06 

31-80 

2200 

24-79 

Phosphoric  acid 

1-81 

0  90 

3-87 

0-60 

ICQ 

OOti 

107 

0-22 

Sulphuric  acid  • 

« 

o-ao 

trace 

•  • 

•  • 

trace 

trace 

Iron  pyrites 

•  • 

1-60 

0-09 

trace 

•  • 

•  • 

0-14 

0-18 

^•'-IIW : 

0-34 
3  14 

[  1-46 

j  6  07 

1  8-00 

1  8-86 

j  8-70 

1  4-48 

'0-84 

OigMitc  iuUtaaee 

015 

•  • 

0-08 

Percentage  of  non 

100*61 
35-46 

100  06 

84-76 

10000 
34  64 

lOO-OO 

33-81 

100-30 
32-78 

99-10 
31-71 

97  27 

31-42 

100-32 

28-28 
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7V>t]i  clay  ir<jn  ore  ancl  car1>onao<«oii«  iron  ore  uro  frequently  ocoompAnied  by  admix- 
tures of  metollifiBioiHi,  sulphuretted,  arsenical,  and  phosphatic  minerals,  sometimes  in 
neli  MRKMiBt  tm  to  difbetut  bxm  their  value  for  smelting  purpose*? ;  but  generally  th<>y 
are  sufficiently  pure  to  ftimish  iron  of  good  quality.  .SomA  kbwls  of  the  on'  known 
as  "coal  brass"  also  contain  n  rnnsiMtniblp  nmonnt  of  ferrous  carbonate,  though  they 
were  disregarded  as  iron  ores  uutil  utteutiuu  wjis  directed  to  their  composition  in  1863 
by  Messrs.  Price  and  NidiolflOn. 

Natiff  iron  Sidphuh.^  aa'v.r  rcry  frtn-jiK'tifly  an<l  In  p-oat  nbtindanrp  in  pome  places. 
Of  late  years  thesis  niiutsralti  have  lieeu  mucli  Uhvd  <u>  a  oouree  of  suipimr,  aiid  are  largely 
UMNMted  from  Spain  and  Nonray  fcr  that  purpose.  The  principal  varieties  are  : 

1. /rrm  ;>f/r/A.s  f /•'/>' »AiV*  ;  jn/rite\  which  ha«  n  ycllr.w  cttloui-  aiirl  metallic  lustre, 
pacific  gravity  4*9  to  51.  It  occurs  eiyetallioe,  granular  and  compact,  Drsquenily 
rtiwuniiniHd  tinowgji  othwf  mmmiIi,  In  ito  {onttMiAe  itoonteiw  M-tS  par  ctmfc. 
ison^  ftsd  46*07  ptt  moL  n^lm* 


Price* 
Nichol- 
son. 

0«p- 
bam. 

phalli. 

Com. 
wdl. 

Iruu       «  . 
Solpkw. 

Copper  , 

Lead 

Zine 

Tballittm 
Ferrous  oxide  . 
Lime 
Magnesia 
Carlionic  acid  . 
Arsenic  . 
Oxygen  . 
Coaly  substance 
Oangue  . 
HciftOM* 

88*70 
44-60 

3-80 
0-58 
0-30 
trace 

014 
trace 

0-26 
0-23 

1110 
0-17 

41-41 
49-80 

6-81 
0-66 
trace 
trace 

014 
trace 

0-31 
0-26 

200 
0-06 

S9-68 
45*01 

•  • 

0-  37 

1-  80 
trace 

0-25 

*  • 

trace 
0-42 

12-23 
0-85 

38-22 
46-60 

0-64 
600 
trace 

0*11 

*  • 

trace 
0-87 

8-70 
0-86 

39-22 
46-60 

1-80 

1-18 

210 

0-(ll 

0-46 

908 
0-17 

40-62 

a'20 

0-  90 

1-  50 
3-61 

0-21 

•  • 

0-33 
0-26 

8-8U 
0-90 

31-44 
88-10 

trace 

•  • 

•  • 

4-96 
0-33 
6-11 
trace 

0-  81 

1-  4U. 
0^ 

1 49-72 

•  • 

•  • 

•  • 

11 -ni 
795 
6-74 

19-29 

•  • 

610 

32-20 
34-34 
0-80 

0-40 
1  32 

0-91 
29-0 

99 -88 

99-91 

loo-ao 

100-16 

100-34 

100-30, 

99-81 

98-98 

2.  White  iron  pyrites  {StrahUties ;  pyreM)^  ia  a  yariety  of  izoa  pyrites  of  a  white 
«olour ;  it    also  of  frequeut  occumnice. 

8.  Magnetic  pyrites  {Magrutkies ;  ^yrits  ftuignetiquf),  has  a  bronze  colour  with 
metallic  mstre,  and  slightly  mngn.  tic,  Pp^^nfic  gravity  4-5  to  4 '7.  It  occurs  l>ufh 
crystulliue  or  gr;\i)ular,  and  compact.  In  its  purest  state  it  contaiiis  C0"-19  per  uuut. 
iron,  and  39-51  per  cent,  sulphur. 

4.  Ar.sniical  pyrites  {Ml.'^pk'kt  f ;  Arsmkies  ;  fer  ar^enieal),  has  a  strol  frrcy  colour, 
and  niftallic  lustre.  Speci^c  gravity  6  to  G-2.  It  occurs  in  the  same  states  as  iron  pyrites, 
frequently  associated  with  tin  ores,  and  contains  34-35  per  cent,  inn,  10-96  per  cent, 
sulphur,  and  5()'79  arsmio.  This  mineral  frequfTitly  contains  a  consideraltlo  aniovinf  of 
silver.  l>otli  it  and  the  other  varieties  of  iron  pyrites  sometimes  contain  gold,  and 
rarying  propordons  of  othcar  metallie  sulphides,  eapwatSij  copper  pyrites  wifh  whidi 
tlipy  aro  frcqiimtly  nssnolat' d. 

The  residue  left  after  scmarating  sulphur  &om  iron  pyrites  by  rousting,  is  raielted  to 
eadbtaet  the  copper  it  contains;  and  attempts  ars  Wng  nade  to  nse  it  also  fat  obtaining 
the  iron  from  it. 

Of  other  native  compotuds  of  iron  that  occur  in  large  quantities,  the  most  important 
an  the  ckromaie  (see  Chbour  irox  one,  i.  939)  ;t1is  HUmate*  itrine,  radiCmmt^(see 

TrrANATBs) ;  the  tuvgstate  (see  Wouuam)  ;  the  silicates  (see  Gkettn-  eaktHi  ii  944^ 

and  Rii.rr^TF'*)  ;  tlu\/>  rrnw  and  fcrHc  iilii>sj,haffif.    (5?rf»  PnosniATr.'^.) 

Vreparatioii. — I.  Pure  iron  may  be  obtained  by  heating  pure  ferric  oxide  in  ft 
cnnvnt  of  hydrogen  gas.  If  the  TCdoetaonheeflkted  at  the  lowest  possible  tempemtnre 

tho  iron  is  f;1»ftunt*d  in  the  state  of  a  prfy  powdor  which  is  pyrnphoric.  and  t.-ikis  firo 
on  contact  with  atmospheric  air,  being  converted  into  ferric  oxide.  At  a  strong  red 
hMfc  the  BMtal  ia  obtanad  m  %  spongy  state  and  ia  law  readily  oxidised. 
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Fig,  673. 


2.  A  miTfuro  of  iron  wire  or  imn  flllnfrs,  with  one-foarth  part-  of  magnetic  oxide, 
placed  iu  a  clociely  oomed  enicible,  under  a  layer  of  powdered  fi^aaa,  firee  from  heavy 
BMlalHe  ooddei^  and  flspoeed  to  a  iHiite  Iraal  in  a  amiffa'a  foi^ge,  jielda  a  IraMoii  of  iron 

OWJtaining  only  mere  traces  of  carbon  or  other  impurities. 

Mant^acture  on  the  large  scale. — Malleable  iron  may  be  obtained  dinelly  from  iioa 
ores  by  heating  them  with  charcoal  under  the  influenoe  of  a  blast  of  air.  WwiMtlj, 

malleable  iron  was  obtained  by  this  ■Mlliod  exclusively,  bat  it  is  now  practised  almost 
only  inSnnliniri,  thoPjTcnees,  India,  some  parts  of  America,  Africn,  ana  other  countries 
where  metallurgic  art  is  less  advanced  than  in  the  great  iron-pruducing  districts  of 
Europe. 

1 .  Production  of  malkoNf  iron  direct  from  the-  ore. — This  is  chiefly  practised  ac- 
cording to  what  is  termed  the  Catalan  method.  It  consists  in  heating  the  roasted 
om  with  a  chaveoal  ira  wged  hy  a  UmI;  and  in  a  manner  Tery  ■imflar  m  its  general 
character,  to  that  adopted  in  working  a  .smith's  forge.  Tlie  most  important  of  the 
several  arrangements  fur  this  operation,  oomprised  coUectively  under  the  term  "  bloom- 
ery  "  {Luppcn/euer,  forge  CaUdm\  is  tlw  JboriA  (JSbnl;  wmMt),  vUdi  !■  aiMVilT 
cubical  cmimbor  buih  of  stone,  and  lined  with  blocks  of  iron,  s,  s,  t,  f,  at  the  back 
and  front.   It  is  plueed  against  a  wall  N,  N,  through  which  the  tnyeie,  T,  of  the 

' '  ,e  projects,  as  shown  in  fig.  573.  The  OMtoteiedneedis  MclciBD  tppieoea 

the  size  of  a  nut  and  is  placed  agaimt  the 
front  of  the  hearth,  f, «,  while  the  remain- 
ing space  M,  between  it  and  the  hade  t, 
t,  is  filled  with  chareoal,  and  when  the 
^  hearth  is  filled  in  this  way,  the  upper  pari 
ol  the  heap  of  ore  forms  a  ridge  at  d,/,  g, 
the  surface ///,  Wing  covered  with  a  layer 
^^'4  o(  olopoly  p:ifked  charcoal  dust  (hnisoue). 
The  fire  is  then  uived  by  the  blast  and  the 
ore  beoomee  graduaDy  deoondised,  while 
i"^  the  gangtie  or  earthy  substance  contained 
in  t^  or^  combines  with  a  portion  of  fer- 
rooaoadd^,  fenulua  a  Itastfale  nHeeooa 
which  coUect.x  at  the  bottom  of  the  hearth. 
Fresh  charcoal,  and  the  fineW  divided  or«v 
are  constant!^  snpplied  to  me  firs  Bwaa 
while,  and  eventually  the  deoxidised 
mineral  pinks  down,  in  the  state  of  malle- 
able iron,  to  the  bottom  of  the  hearth, 
where  a  woricmsn  kaeadi  togethw  the 
fi"ftgments  into  a  spongy  mass,  which  is 
taken  out  of  the  fire,  and  n-ndered  solid 
by  hammeiing  while  still  red-hot^  so  as  to 
unite  the  metallic  particles,  and  it  is  then 
dzawn  out  into  bars  under  a  foige  hammer. 
'  Only  the  tidier  Mods  of  om  een  he  treated  in  this  way,  and  H  always  ibfolreo 
thp  wasfo  of  a  large  portion  of  tho  iron,  which  escapes  i^uction,  and  by  entering 
into  combination  with  the  siliceous  and  earthy  portions  of  the  ore  forms  a  slag 
eonsirtiiigdiieflyoffenoiwmlioate.  In  the  extraction  oP!fOii%  this  nethod,  the  redoo- 
tion  is  effected  perhaps  t  ntinly  by  carbonic  oxide,  and  the  carbtiration  of  the  iron  to 
such  an  extent  as  to  di  tLrmino  the  ptodoction  of  OBSt  izQD  IS  ptovanted  1^  the  wantof 
an  adequately  high  teniperuture. 

2.  huHrect  procat. — ^The  pcodnetion  of  malleable  iron  is  now  for  the  most-  part 
effected  by  openiting  upon  cast  iron  so  ns  to  d«>prive  it  of  the  preater  part  of  the  carbon 
and  silicon  it  contains,  and  at  the  same  time  to  .separate  other  admixtures  that  would 
be  pngodidal  to  the  quality  of  mallealde  iron.  This  operation  is  conducted  in  two 
ways,  the  one  fermed  the  charcoal  finery,  the  other  pu  dd  li  ng.  Both  consist  in  a 
p&rti;d  oxidisation  of  the  cast  iron,  and  production  of  a  fusible  ferrous  silicate,  which 
Nsots  apon  the  earboret  of  inm  sod  determines  the  oaadatioii  of  tiia  giester  part  of 
tile  carbon  and  other  substances  contained  in  the  cast  iron. 

The  main  distinction  between  these  two  modes  of  operating  is  that^  in  the  one  case 
ehsMMNd  fs  employed  hi  contact  with  the  east  irao ;  while,  In  tae  otiier,  coal  is  used  la 
a  reverlit-ratorv  funiace,  so  that  the  iron  is  acteil  upon  in  a  separate  ohaniVer  without 
actnal  contact  with  the  fuel,  but  only  by  the  flame  and  heated  gsses  produced  by  ita 
eomlwB^ioni 

White  oast  iron  containing  asmall  amount  of  carbon  is  mo^^t  Hiiif  able  for  conrernOB 
into  maUeable  iron,  because  it  does  nut  melt  so  readily  at  a  moderate  heat  and  is  not 
so  liqpd  when  melted  as  grey  cast  iron,  but  softens  before  melting  and  remains  for 
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Bomo  longth  of  tiniP  in  a  viswnfl  condition  which  ndmita  of  its  prc«<rntinf^  n  preatcf 
sorfacn  to  the  action  of  oxidising  agentn  when  ntirrod  about.  Ittt  carbuu  id  also  mon 
miOj  aiidiwfl  than  the  graphite  of  grey  cast  iron.  When  thcMfOM  gnj  CMt  lioa 
Yum  to  be  conyertod  into  ni;dh-aMc  iron,  it  is  in  the  first  instanes  OOmwItd  llkto  whlt> 
inn  by  a  preliminary  melting  in  the  runnim^-^ttt  fire  (p.  349). 

The  prodnction  of  maUesble  iron 
by  the  charcoal-finery,  is  practised 
in  different  places  with  a  great 
biubImip  ct  mmto  wfatknw 
t«Tmined  partly  by  thf  nature  of 
the  pig  iron  onerated  upon,  partly 
\y  Ufli  lii|iflWM>t  cjreowmtjmeea. 

The  duMOal-flneiy  employed 
in  Wales,  and  some  other  part*  of 
the  country,  for  manufacturing  the 
Aactiron  URcd  for  tin  plates,  which 
requires  to  be  of  very  good  quality, 
is  represented  in  section  by  Jig. 
574.  It  consists  of  a  quadrangular 
hearth  lined  with  cast  iron  plates 
encloeed  within  brick  wallh  and 
Ibnidied  witli  a  Uaat  appAntaii. 
About  2  cwt.  of  pig  iron,  melted 
with  coke  in  •  similar  kind  of 
facvtii  «iUed  «  mdting  finery^ 
is  run  into  the  hetfth,  coreied 
witli  charcoal  and  stirred  abont, 
whih'  the  fire  is  urged  by  a  blast 
of  air  until  it  becomes  snffieiently 
decarburised  to  be  malleable. 
Then  it  is  collected  in  a  lump  {Luppe;  loupe)  at  the  end  of  au  iron  bar,  and 
removed  from  the  hearth  for  the  purpose  of  being  hammered  into  %  prismatic  slab 
aViout  2  inchrs  thick.  This  is  broKen  into  piecfs  of  about  25  lbs.  each,  cjilled  ftnmps 
Uchirbel;  iopins).  About  three  of  these  stamps  are  piled  upon  the  flattened  end  of  an 
nonlMr  tanned  Ibfl  wtaff  or  tMftot,  and  rused  to  a  welding  hcnl  in  •  kind  of 
rererberatory  fiimaco  termed  the  hoUow  fire,  and  again  hamnMWd  into  a  slab  about 
3  inches  thick,  which  is  passed  between  roUierB  nntil  it  forms  •  ihMt  of  the  requisite 


JFig.  575. 


In  Sweden  tho  pTo:it<  r  part  of  the  best  imn  is  mad^  in  a  very  similar  manner,  except 
that  there,  as  well  as  in  Oermanpr  and  other  jparts  of  the  Continent,  tho  pig  iron  is  melted 
in  the  nme  hearth  in  which  it  is  conTvtedinto  flMl- 
leable  iron.  An  ordinary  form  of  IIm  hMftll  «np 
pl^ed  is  represented  hyfig.  fil5. 

The  pig  iron  is  melted  above  the  tuyere,  so  that  it 
may  not  be  exposed  to  the  blast  nntil  it  has  become 
li<iuid.  and  the  blast  is  regulated  so  as  to  retain  the 
metal  on  the  hearth  in  a  proper  state  of  fusion ;  the 
blast  is  then  stopped,  the  slaff  ran  off,  the  iron  raised 
off  the  hearth  and  place<l  on  the  top  of  a  fresh  supply 
of  charcoal,  after  which  it  is  again  melted.  When  the 
dwiMbimiloB  bMndTaiiettdte«Boa^  yrtiAmiy\» 
jndfged  of  by  the  con.^istence  of  the  metal,  it  is  again 
alMd  ujL  covered  with  charooal,  sul^jected  to  a 
■Img  ndffing  liMft  to  melt  awiqr  tho  sn^,  snd  theo 
btmmered  out  to  a  short  bar,  which  is  cut  into  piec^ 
tfiat  are  again  welded  tog^thac,  and  dravn  out  into 
ban  under  a  hammer. 

In  order  to  appreciate  the  diemical  nature  of  the 
process  that  takes  place  in  the  charcoal-finery,  it  is 
nec*^sary  to  consider  the  composition  of  the  slags.  They  consist  eesentially  of  silica 
and  ferrous  oxide,  but  may  be  dhridsd  into  two.  JiiiM^  poor  dag  {BehtoUaokB) 
and  rich  slag  ( Gaarfchhu  ke). 

The  poor  slag  is  formed  during  the  first  melting  of  the  pig  iron  and  tho  earlier  stage 
■ation.   It  consists  eneotially  of  ferrous  sikeata.  It  1m  rery  liqidd  and 


of  the  operation. 

Holiilifios  rapidly,  is  of  a  blackish-grey  colour  with  metallic  lustre,  crystalline,  frequently 
Tahegated,  and  sometameo  porons.  The  crystals  have  the  form  of  olivine  or  iron  chry- 
aolil^  tad  Um  «a|Nirition    tiM  slag  appraisiwilat  to  M  of 
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A»<d^s  ofj^oor  Bit^from  ike  Charcoai-^nery. 
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Tho  rirh  nlag  is?  fomuHl  tluring  t!io  laft»^r  stapo  of  the  oporafion.  It  is  liquid, 
and  solidiiiea  less  quickly  thuu  Uie  pour  slug.  It  furiuB  an  agglutiuat«d  mass;  is  heavi^, 
of  s  grej  oflloar,  and  iuM  a  compact  fracture.  Its  composition  variM  raiuili,  tad  the 
amount  of  iron  is  greatest  in  that  formfni  at  the  ftifl  of  fh.*  opcnitlon. 

In  the  charcoal-finery  process,  the  separation  of  the  carbon,  silicon,  phosphorus,  and 
Buuif^uwoe  ftom  pig  iron  ts  oflbeted  ly  the  ooddation  of  tha«  sabstances,  partly  by  the 
blast  and  pttilij  ngr  the  ftnwu  oodde  eotit«iii«d  in  (he  olig^'  ibcmad  at  the  eiid  of  tiie 
operation. 

Oast  iron  meHed  witii  ftnie  oidde  ^rMda  eat^wnio  oxida  and  iion.   Inm  eentuniigp 

silicon,  when  heiUwl  with  iron  oxiclos,  yit'ld^  f  ri.  u-;  ilii^atr.  TIn'  ferrous  sUirate  consti- 
tuting poor  slag  is  not  reduced,  either  by  pig  irou  or  by  carbon,  at  a  red  heat ;  it  is  only 
at  a  Terr  high  tcmperatore  that  there  is  a  reaction  betweea  the  carbon  and  ferrous  oxide, 
with  eliiniiiatimi  of  imb.  Hie  laoM  bigy/  baaie  ftmoa  alieatei^  oonatitnti^g  lieh 
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ilaf;  on  l3ie  eontiaiy,  are  deeon^KMwd,  even  at  a  red  heat,  by  pig  iron  in  audi  a  manMr 

that  the  cxeess  of  ferrous  oxith'  is  roduopJ,  and  less  \r^<\c  fi-rrous  silicaf<^  romains. 

During  the  first  stage  of  the  process,  the  silicon  of  the  iron,  together  with  the 
oxidised  iron,  and  any  sand  that  may  be  present,  contzilmte  to  the  fbrmatioo  of  poor 
alag;  bat  aa  the  oxidation  of  the  iron  coatijiaes,  the  slag  gradually  becomes  richer  in 
irr>n,  snd  !?prrps  to  a  frn^nt  extent  as  the  medium  by  which  the  action  of  atmospheric 
oxygen  upuu  the  pig  irou  in  exercised.  Phosphoric  acid  and  manguiiei-e  also  pass  into 
the  alag,  The  eoanwion  of  lag  inm  ia  thie      mast  aot  be  oariied  «a  too  «a{»dlj. 
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Mperiallv  in  the  case  of  the  less  i^re  varieties,  or  the  oxidation  of  the  silicon,  pho»> 
phoras,  &c.,  and  their  consequent  separation,  will  not  be  ftilly  effected ;  nor  must  it  be 
too  much  protracted,  or  there  would  Im>  unnocessary  waste  of  iron  by  oxidation. 

Hot  blast  has  been  employed  in  the  diarcoal-finery,  but  since  the  object  of  that 
operation  is  not  so  much  to  obtain  a  high  t^^mpi  rature  as  to  separate  all  the  impurities 
OTthe  pig  iron,  the  M;i'<t  cannot  be  m  much  heated  as  in  other  cases. 

3.  Puddfivfj;  Frischrn  tin  Flumui'ofcn  ;  affimige  a  la  honille. — This  is  at  the  present 
time  by  far  the  most  important  method  of  manufacturing  malleable  iron,  especially 
IB  ttis  eonntiy.  The  mam  differenoe  bctwveii  the  opsMbon  of  puddling  and  tint  it 
refining  with  charcoal,  consists  in  the  use  of  a  reverbeiitoiyfuniace  for  the  purpose,  in 
order  that  the  decarboration  of  the  iron  may  be  effected  in  a  chamber  separated  by  a 
iri^  or  bridge  ftom  the  flre-plaee  when  the  fliel  u  boml  The  metal  Am  kept 
entirely  out  of  contaet  with  t  n.'  ftirl  by  which  the  furnace  is  lu  ated,  and  it  is  acted 
nsoo  ooi^  by  the  flame  and  hot  gas  passing  oyer  the  brid|jp  into  the  working  cbambezw 
llriai  onngraicat  adnllt  of  tiie  use  of  mlManil  ftael  in  plaee  of  diaiooni,  wbA  Ii 
requisite  for  the  sake  of  preventing  the  iron  from  becoming  contaminated  with  the  im- 
purities always  present  in  mineral  fuel  in  far  larger  amount  than  in  wood  charcoal. 
The  construction  of  the  puddling  furnace  is  represented  hyfig.  676  in  elevation,  and  by 
i^§77tui  678  ia  wmM  and  horimtal  ieetiouL  Uin  Um  of  brick,  and  cased  with 

strong  plates  of  cast  iron, 
678*  held  together  by  iron 

bars.  The  fireplace  is 
shown  in  the  sections  at 
b  b,  and  the  firing  hole  at 
a  in  the  elevation ;  cia 
the  bri(l<?c  separating  tho 
fireplace  fiom  the  work- 
ing ehamber  /;  il  if  tho 

bctl  or  li<'art!i  u^on  which 
the  cast  iron  li  melted 
and  deoaiborteed.  lliia 
is  now  constructed  of 
cast-iron  plates  covered 
with  a  layer  of  red  iron 
ore,  or  some  material 

containing  abundance  of  ferric  oxide.  The  working  door  9  has  a  small  hole  at  the  bottom, 
thtoo^  which  the  workman  stira  about  tlie  metal  in  the  furnace.  Just  Ik>1ow  tiiis 
dooiv  wvel  with  the  surface  of  the  hearth,  is  a  small  hole  cidled  tiie  floes  or  tap-hole, 
that  can  be  closed  with  n  pbip^.  luul  through  whieli  tho  sla^ns  run  out  from  the  hearth. 
Sometimes  the  slag  is  niiuwed  to  run  away  from  a  hole  k  below  the  chimncgr.  The 
door  h  it  ftr  intwdiicing 


ftesb  charge  of  pig 
The  chimn^  i  is 
17  ftom  80  to  60 
feet  high,  and  is  fur- 
nished at  the  top  with  a 
damper  for  z^;ulatiog 
the  draught,  as  aliown 
in./f<7.  ."iTO. 

The  pig  iron  to  bedc- 
carborised  is  piled  up  on 
the  hearth  of  the  work- 
ing chamber,  and  when, 
after  a  tnr  minnteo^  it 
begins  to  melt,  about  25 
per  cent,  of  hammer-  or 
mffl-seale  is  added.  The 
metal  is  then  broken  up 
and  stixrsd  about  with 
Ml  icon  bar  etiled  a 
rabble,  worked  through 
the  small  hole  in  the 
door  ff.  This  is  conti- 
vntil  the  whole 
is  reduced  to  a 
of  sandy,  half- 

iMllid  ooodilun.  IlMboat  it  thmiaeiMMdfaadaooftaftwIha.i^iflteof  UMina^ 
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Fig.  679. 


ii  melted,  it  begins  lo  swell  and  heavo  as  if  boiling,  vhiiej  eta  of  bine  flame  issue  from 

dl  parts  of  the  masa.  TUa  U  dae  to  tiia  fbhna^  of 
<^:irl>onic  oxido  by  thft  reaction  of  the  carT^n  in  tho 
metal  with  the  fenuginooa  oxides  present.  Aa  this  re- 
Mlkm  progresses,  the  inn  beeomes  pastj,  and  in  eon- 
'^^qiipncp  of  the  oxidation  of  tho  sih"  •  n  conlainod  in 
tii*>  iron,  and  the  fonnataoa  of  ferrous  siUcate,  a  liquid 
slig  sepantM  ftom  it,  and  eollMts  tmanH  the  metal  on 
the  hearth,  or  flows  away  towards  the  floss  k.  "When 
the  separation  of  carbon  from  the  metal  has  advanct  d 
to  some  considerable  extent^  the  oxidiiiiua  action  of 
the  i^osphere  in  th«  mxridn^  chamber  ifUMened  by 
lowmnp:  the  damper  and  keeping  tho  iron  pnrroundrd 
b^  highly  carbonaceous  or  smoky  guK.  When  tho  iron  has  become  so  far  decarbu- 
naed  as  to  ba  mallaaliia^  or  aa  it  is  termed  "  come  to  nature,"  it  is  gathered  together  and 
worked  into  sevpral  himps  with  an  iron  bar,  rmdy  to  be  removed  from  tho  furnace. 
A  modified  form  of  this  opemtion  is  adopted  at  ftomc  works,  under  the  name  (tf  "pig- 


boiUng,"  The  Ibnnoe  vaad  for  this  purpose  is  constructed  mueh  in  tibe 
tha  pwddKng  furnii  "n,  '^Tc«*pt  thiif  for  "pig-boiling"  the  hearth  is  much  deeper  "and 
moM  MH'^luped  than  in  the  puddling  fomace.  The  hearth  is  also  covered  with  a 
fhidtbTerorNdiNnor^  OP  naatod  alagftmiliie  noddling  furnace,  and  tliedMW^ 
burafion  of  the  pig  iron  is  in  this  case  effeotod  probably  more  by  the  actkNI  flf  fllidlind 
compounds  of  iron  than  by  the  direct  action  of  atmospheric  oxvgen. 

For  detailed  descriptions  and  drawings  of  the  fttrnaoes  and  maehineir  used  in  the 
BMimfluitdM  of  iron,  aee  Trnran,  Iron  Manufactures  of  Great  Britain,  London,  1862. 

Thp  presence  of  sulphur  or  of  some  metals,  such  as  zine,  lead,  and  copper  in  the  pig 
iron,  retards  the  conversion  into  mallcablo  iron,  and  in  the  case  of  pig  irun  that 
becomes  very  liquid  when  melted,  is  more  difficult  to  bring  it  into  a  plastic  ^WttdififtW 
than  when  it  has  the  -risoid  character  which  good  whit«»  east  iron,  containing  a  small 
amount  of  carbon  and  a  little  sulphur,  presents  when  melted.  In  puddling  sulphury 
imV  flMre  naj  b«  a  very  large  waste  due  to  oxidatioa  of  the  metal  in  consequenee  of 
the  ^rentrr  time  occnpied  in  pfrforraing  tho  last  stago  rf  fV..^  opemtion.  It  is  tho 
opinion  of  some  that  the  presence  of  a  certain  amount  of  phosphorus  in  aukihiiiT  mm 
llu!iKl»taa  ita  wUBg  into  bdl^ 

The  rcacliona  that  take  pla^e  in  puddling  are  essentially  the  same  as  those  which 
take  place  in  the  charcoal  reilnezy.  Under  the  influence  of  the  free  oxygen  in  the 
atmosphere  of  the  ▼oiking  chamber,  a  poitian  of  tha  koa  ii  oxidised,  and  at  the  same 
time  the  manganese,  silicon,  carbon,  sulphur,  and  phosphorus  present  in  the  iron,  are 
also  oxidised  either  by  the  (lirect  action  of  air  or  through  the  medium  of  the  metallic 
oxides  added  to  the  ^ig  iron,  or  formed  during  the  process,  the  result  being  the  pro- 
duction of  a  sla^  or  cinder,  consisting  of  ferroui  aaq  manganona  aUieatos,  magmtio 
oxide,  and  containing  the  otiier  earthy  impurities  present  in  tho  iron  operated  upon,  aa 
well  as  part  of  the  sulnhur  and  phosphorua,  the  one  probably  in  state  of  sulphide^  the 
olbwMplioipliatok  TliifwiQ1)ecmdHifefimtbefc|]owii«tta|jMioftbiMd^ 

AnafytM  of  Slag  from     ftutdlinff  Fttmaog,  "  Tap  OMw^* 
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attooddl  iiilli  oaliitlm  ef  Ike  iM  Ib  B  degree  propot^^ 

'jul  ^fanees  separated  from  the  metal.  Consec[uently,  in  order  that  the  waste  of  metal 
thm  incurred  in  pnxiuciiig  miiilenble  iron  of  fjgood  quality  may  not  exceed  such  a  limit 
ai  would  be  tolerable  in  practice,  it  ia  essential  that  the  amonnt  of  those  substances 
in  the  pig  iron  operated  upon  ahonld  not  be  laige.  The  nielkr  the  amount  of 
iralphur  and  phosphoras  in  the  pig  iron,  the  pasier  is  its  eonrersion  into  pood  mal- 
kable  iron,  and  so  tar  as  the  (M>parution  of  thone  sutK>tances  ia  concerned,  the  smaUer 
is  the  wMto  ^mffri— t^*^  in  this  opastion* 

The  manganese  present  in  pig  iron  appears  to  be  always  separated  almost  entirely 
in  tlie  manufacture  of  malleable  iron.  The  uresence  of  manganese  in  pig  iron  a^^^ears 
to  esomiiie,  in  some  way  not  fully  undsHlood,  a  beiKficial  inftuence  u|Mii  tile  quality 
of  the  malleable  iron  made  fr  m  it  hy  the  operation  of  puddling.  Experiments  recently 
made  Curon  (Comptv  rend«  xIyu  828)  ^pear  to  uiow  th^  sulphur  may  be  acpa< 
nled  nam  pig  iixin  by  the  iaftaeiiee  of  mangmsee  during  tbe  deeanoninSioB,  bat  Oat 
phosphorus  is  not  sepanible  in  the  same  way.  If  ■  i  j  <  n-iL-.l  n  ir--  ii  containing 
per  cent,  of  salj^hor.  By  malting  it  three  times  withuut  any  udoiixture,  the  amount 
cf  aalphtir  waa  ledaeed  to  OiN)  per  cent ;  but  by  adding  to  it  6  per  cent  metallio 
]iiang»nese,  and  by  melting  three  times  with  access  of  air,  the  amount  of  sulphur  was 
reduccKl  to  0-8  per  cent.  TTio  same  iron  melted  with  10  per  cent,  ferric  oxide  showed  a 
reduction  in  the  amount  of  sulphur  from  115  to  108 per  cent.,  and  by  melting  it  with  10 
per  cent  fe^c  oxide  and  6  per  cent,  manganese,  the  sdphnr  was  reduced  to  0*07  per  cent. 

The  separation  of  silicon  from  pig  iron  in  puddling,  as  in  othf  r  modeb  of  producing 
malleable  iron,  takes  place  very  readily  under  the  infinenee  ot  u^idising  couditioQii, 
-vidi  inmation  of  ferrous  siUsate;  and  toediiflf  impovtaaoaattachiug  to  itt^  presence  in 
pig  iron  employed  for  that  pnrjxise,  relates  more  to  tbe  amount  of  malhfable  iron  obtain- 
abla  than  to  ai^  special  diMcuity  in  the  elimination  of  silioon.  In  the  fcmms  silicate 
eimtitntlng  tfia  dag  of  the  puddling  ftinMiea.  thare  i»  tbee  and  a  ball  times  at  unhIi 
iron  as  siucon;  so  that,  if  both  tin  >ilicH  and  the  oxide  of  iron  it  contains  originato 
fson,  the  ozidatioa  of  the  pis  iron  operated  upon,  the  waste  uf  iron  will  be  yeiy  omi' 
ildenblaiiHieD  theamoontoriOiaoiimtiie  pig  ir^  Under  tta  eiqipositlnk 

that  the  slag  is  derived  wholly  from  the  metal  by  oxidation,  the  puddling  of  })ig  iron 
containing  6  per  cent,  of  silicon  would  be  attended  with  a  waste  of  15  per  cent  of  iron 
due  to  this  cause  alone,  independently  of  that  resulting  from  the  separaticm  of  carbon, 
siOicon,  and  other  substances.  Hence  it  is  reey  desirable  that  the  amooiKt  <tf  dMcoB  itt 
pig  irrm  intended  for  eonrersion  into  malleable  irori  should  not  be  large. 

In  that  modification  of  the  method  of  producing  nialleable  iron  known  as  **  boiling," 
Ilia  pig  mm  does  not  undergo  aay  preliminary  treatment,  and  the  ftnmaoa  ia  KNOetimes 
charged  with  the  liquid  metal  run  direct  from  the  smelting  furnace,  so  as  to  save  the 
fuel  requisite  for  remelting  it.  But  in  puddling,  the  pn^ctico  is  generally  to  submit  the 
pig  iron  beforehand  to  an  operation  known  as  refining  {Ftinen  ;  vmHiiffe),  which  con- 
sists in  meltinp:  thr-  j'Vj  inin,  in  contact  with  coke  and  with  the  aid  of  an  air-blast,  in 
a  heuth  similar  to  a  charcoal  finery,  but  laraer,  and  termed  a  na/inery  or  runmng-out 
fire  (FeMmrd;  fm  dtfherU).  TUs  operamm,  wbieh,  in  fut,  eomsponds  to  the  fir^ 
melting  of  the  pig  iron  under  the  blaat  in  tli.^  charcoal -finery,  has  tlie  effect  of  partialjjr 
decarbonising  the  iron,  and  of  remoTintf  from  it  the  great^  part  of  the  siliom.  At 
the  nme  thne  grey  pig  n«ii  ia  brought  into  tiie  oonditioo  of  wldto  east  Inn,  yft&Ai  ia 
most  suitable  for  conversion  into  maUeable  iron  by  puddling.  This  change  is  facilitated 
by  suddenly  cooling  the  metal  with  water  as  it  runs  from  the  hearth.  The  composition 
of  refined  iron,  or,  as  it  is  technically  termed  **  nuitd  "  {Femeten;  fim-imtal)^  and  the 
cbange  that  tikeaplaM  in  the  piooeaib  or*  diovB  I7  the  iiMd|M 
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The  refinery  or  ninning-out  fire,  repreaeutod  by  juj.  580,  consiflts  of  h  rectangular 
hearth  H  about  2  fet't  deep,  and  rather  longer  than  it  is  wide.  It  i«  lined  wit^h  ciist-iron 
plates  eonatrueted  so  as  to  admit  of  b<^ing  cooled  by  water  circulating  through  them, 
and  has  tlxree  bla«t  tuyeres  t,  ^  supplying  hot  air  on  each  side.  The  chimney  c  is  sup- 
ported upon  iron  columns,  and  the  spaces  between  them  are  closed  with  cast-iron  pUt«a. 
(See  Truran,  <Y.  ext.,  p.  193,  et  seq.) 

Fig.  680. 


A  quantity  of  coke  is  put  into  the  hearth,  and  after  the  fire  has  been  sufficiently 
raised,  about  one  or  two  tons  of  pig  iron  is  placed  on  the  top,  covered  with  coke,  and 
the  fire  urged  by  the  blast  until  the  whole  of  the  metal  has  melted  and  run  down  into 
the  hearth,  where,  under  the  oxidising  influence  of  the  blaat,  the  carbon  and  silicon  it 
contains  are  oxidised,  and  a  slag  is  formed  which  floats  on  the  surface  of  the  metuL 
Fresh  coke  is  added,  meanwhile,  and  the  heat  kept  up  until  the  action  has  advanced 
sufiiciently  fiir.  A  hole  level  with  the  bottom  of  the  hearth  is  then  opened  and  the 
melted  metal  run  into  a  cast-iron  mould  b  cooled  externally  by  water,  and  a  quantity  of 
water  is  thrown  upon  it  in  order  to  cool  it  suddenly  and  to  render  the  slag  discharged 
from  the  hearth  with  it,  more  easily  separable.  Sometimes  the  charge  of  iron  is  run 
into  the  refineiy  direct  from  the  blast  furnace,  and  in  some  cases  a  quantity  of 

Fig.  681. 


hammer-scale  or  the  slag  from  previous  operations,  is  added  to  the  charge  in  order 
to  facilitate  the  process  of  purification  by  which  the  silicon  and  other  impurities  are 
separated. 

The  sliig  produced  in  thr  operation  of  refining  is  vitreous,  dark-coloured,  black  or 
bluish,     it  consists  essentially  of  ferrous  silicate,  and  generally  contains  greater 
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part  of  the  manganese^  M  weU  an  some  of  thA  phm^honu  and  milpUur  that  were 
preaeit  in  th«  11%  Irni  cpentod  vpon,  togetbcr  vfiutlieadi<tfthacaiEe  Mad  wllid. 

Analjf9e$    I^fintry  Slag, 
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iron  opcratod  upon,  and  also  upon  whether  it  has  been  prerioasly  refinf  d  or  not.  Grvy 
ifOB  «im1  nurafinod  pig  containing  the  moat  comridereble  amoimt  of  silicon,  afford  a 
moM  ■badaiit  voA  more  liquid  diag  than  nflned  m«tal,th«  dag  ftomtHdch  m  propor- 
tionately xielier  in  ferrous  oxid^*,  and  being  consequently  less  fVisiblo  it  accumulates  in 
a  thick  layer  on  the  bottom  of  the  hearth.  It  may  also  contain  ferric  oxide  in  conse- 
quence of  partial  oxidation  of  the  ferroua  silicate,  or  of  the  ferrous  oxide  produced  in 
CKceas  of  that  requisite  to  form  the  silicate. 

The  lumps  of  decarburisrd  iron  obtained  as  above  described  are  termed  pmldh  -^HiIfa 
{BaUtn  ;  bottles),  and  consist  uf  coherent  spongy  masses  of  malieablu  iron,  intermixed 
trffli  oiide  and  slag.  In  otder  to  separate  thcM  adnlzt&res  and  reduce  the  iron  to 
a  compact  and  uniform  mass,  the  puddle-balls  are  removed  from  thr«  wurkinfj  chamber 
of  the  puddling  furnace  while  still  a«,t  a  welding  heat,  and  either  hammered  or 
•9[WCMd»  TMt  fl]|ffiitiiiii  if  tiffiMwl  **  f^'''^g*^^''  iff  ^Lw"**^ 

Jiff,  66$. 


The  hammers  employetl  for  this  pufpcoe,  tmned  for^e  hammrr^  (Stinihatnmtr  ;  mar- 
teau/roHUd),  ar«  Tory  powerful,  and  am  either  constructed  of  cast  iron  as  ihonm  at 
>fpr.  in,  or  axe  liiMm  mauuen,  hk  the  fafBor  •  mmm  beam  ^  8  or  10  Utt  iMft 
woliiig  at  0—  ond  on  ■  ftknm /,  aad  having  atttaotiMtandn  h  duped  hand 
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Bfted  by  the  wipen  6,    b  tiihn  mn-'whiaA  a,  tanA,  m  that  Nfohwi;  tlie  haamier  !■  lei 

to  fill],  ut  the  rate  of  70  or  80  btrokoe  a  minute,  upon  the  anvil  e,  where  the  puddle- 
ball  is  placed.  The  8t«nn'hammer\{Ikmpfhammer ;  marteau  pilon),  consiste  of  a  block 
of  iron,  weighing  Beveral  toma^  attaiched  to  the  piston  of  a  ateam-engine  fixed  above  it^ 
vhkh  it  maj  be  Ufted  wCiod|gr  in  gaidit  flttad  to  lh«  temwotk,  aad  let  to 
fall  upon  the  ball  placed  on  an  anvil. 

The  raachiut'H  iinployed  for  compreasing  puddla^Mlla  are  of  various  fomuu  and  an 
termed  squeezers  (  ^leUeher;  pr«§m  A  tkamih-e).    One  of  the  molt  vml  ldM%  xepce* 


connected  to  one  end,  so  that  the  jaws  are  aitematelv  brought^  at  a  rate  of  some  60 
■tiokea  •  uimite,  nearer  to  tiw  eoRceponding  anrfl  neea  mve  tta  poddMaUa  are 

placed  to  roceive  the  pressure. 

The  puddle-balL  after  having  been  hammered  or  squeeaed.  wUcb  oeeiiyiea  onlr  a 
ftvaeeoDdaferean,  la  tennea  a  Uoom  {Luppe;  loupe),  and  ii  Uien  drawn  cfoft  uta 

a  bar  hy  lioing  rapiMly  passed  Ht^vt  ral  times,  and  while  still  red-hot,  between  grooved 
XoUers,  constituting  what  is  termed  a  forge-train,  (Streck-tpalnoerk,  train  de  lami- 
ng)* ^9'         Tus  consists  of  two  pairs  of  roUeia,  n    fitted  in  iramee  and  driven 


Fig,  584. 


by  machinery.  In  one  pair  of  roDaiB^  called  the  roughina  roUs  (Canneiur'WaUen  ; 
cjfUndre$  digroi$9i$9mn'%  there  are  cotreepopdiM  V>«haped  groovea  romd  the  aioAMja. 

In  the  other  pair  of  roller8,  termed  the  finisniiig  rvtU  [rijlindrts  finiss<urs),  (lit' 
grooves  are  flot^  and  in  both  they  gradoally  decrease  in  size  from  one  end  of  the  roUexa 
to  tha  other,  m  that  by  pasuing  the  blooins  suoceedvely  through  several  pain  of 
grooves,  thev  are  reduced  to  bars  of  from  7  to  3  inches  wide  by  mm  1^  to  ^  an  IdA 
thick.    In  this  condition  the  iron  is  termed  '*  puddle  bar,"  or  No.  1  iron. 

After  leaving  the  rolls,  these  bars,  while  still  hot,  are  cut  iuio  short  ieiigthi>  by  shears, 
and  the  pieces  tied  together  by  strong  wire  in  a  bundle  is  termed  *  Jftft  {Paket ; 
trou.^i!'),  wliieli  is  brought  to  a  welding  heat  in  a  reverberator}*  fiimape  called  the 
"rc-heating  or  mill  furnace"  (^Schweiss-o/t^  ;  four  de  chat^erie),  conslrucUd  somewhat 
like  a  puddling  furnace  as  shown  by  fg.  6&6.  The  hcafth  a  of  this  ftimace  on  whieh 
the  iron  is  placed  is  made  of  sand,  and  slopes  down  towanls  tho  flue,  so  that  any  slag 
that  is  formed  may  run  down  and  escape  at  the  hole  it,  leaving  the  hearth  ^uite 
diy. 

Trfc,  j^i^^.,,;^  ^  rtgMly  wpMlin  ttr  a  fill  TiMmg hrat  m  thw  mill  fmwiTi 
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aw  thai  iwiinfii!  iMk  toi^  to  aiilMli^  of  a  aiinikr  kind  to  tlioaa  abaadj  de* 
gj^fl^^  liat  mart  Idi^iSj  fhrithr^.      dmni  into  bars  which  are  a^iin  cut  up.  \<Ui"X 

and  then  ■abmitted  to  the  sumo 
opatadoaa  of  Iwating  and  rolling 

sovoral  tinios.  according  to  the 
required  quality  of  the  iron. 
Sometimes,  after  the  first  rolling 
of  the  iron  into  puildl<<  bars, 
hammering  is  substitutotl  in  the 
place  of  drawing  out  betwoon 
rollers.  It  is  in  thll  iSBM  of  ope- 
rations  that  the  iron  acquires  its 
texture,  and  that  close,  uniform, 
and  aootjanoBi  fflno^  vpon  which 
its  strength  and  general  g(X)d 
quality  19  considered  to  be 
chiefly  dopendenfk  The  nodo  m 
which  the  pieces  of  irun  are 
arranged  in  the  piles  is  considered  to  be  of  great  importance  as  regards  the  result 
obtained ;  bnt  notwithstanding  the  strong  opinions  expressed  on  this  subject,  little  ia 
kBOVn  as  to  the  rationale  of  the  connection  appanotlj  flidatag  bafcwon  l£fl  qjuEl^  of 
the  iron  and  the  mo<lt>  in  w]ii(>h  it  is  wrought. 

A  certain  proportion  of  slag  ia  productvl  during  the  reheating  of  the  piles  in  theniD- 
fimaoe,  which  has  a  composition  very  similar  to  that  of  tibe  dag  firom  the  puddling 
fhmaofl^  bat  tho  aOiea  it  onntaina  ia  deciTed  maanty  ttomjSbe  aaod  Ibimiiig  the  hearth. 
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"When  an  these  saoeearive  operations  have  been  completed,  the  iron  is  in  the  condition 

known  as  "  merchant  iron,"  and  the  different  di  grees  of  quality  are  indicated  as  No.  2, 
]So.  3,  &c.,  or  as  '*  common,"  '*  hi  st  "  :um1  "In'stbest,"  as  well  as  by  particular  bnmfK 

Besides  the  waste  of  iron  resulting  Irum  the  formation  of  slag  in  rtliuing,  puddling, 
there  is  alwa^  a  furtlu  r  waste  due  to  the  oxidation  of  the  iron  during  the  shia- 
gUnir,  hnmmcrinp  and  ndling  to  which  it  is  Kn1>j<  <'f<'(l.  Tlio  prodnrt  of  this  oxiilation 
couhlHU  chictly  of  magnetic  oxide,  which  forms  a  crust  on  tho  suriace  of  the  hot  iron, 
and  falls  cff  in  scalei^  oonstitnting  nhat  ia  kaowB  aa  "htayiMMoala''  «*  wffl  •oafa 
^amnifracMag ;  hattiturcs  de  fcr). 

The  total  wast«  of  iron  in  the  converaion  of  pig  iron  into  naUeable  iron,  varies  ac- 
aocding  to  the  kind  of  pig  iron  opemtad  npon,  and  the  amoant  of  impuitiea  ia  it^  aa 
well  as  upon  tho  s^kill  of  tho  workmen.  In  South  iStaff^rdshiro,  the  waste  amounts  to 
from  18  to  22  per  cent  on  the  pig  iron.  In  South  Wales  it  sometimes  amounts  to 
fttt  96  to  S8'6  per  cent,  thoijgh  it  it  aBtaetiwaa  law  thaa  18  per  oent  Fomerljliia 
Vaata  amounted  in  .some  cuses  to  from  34  to35p<^rcent.  (Truran,  op.cif.  p.  21.')).  Tha 
iatrodnction  of  iron  bottoms  for  puddling  furnacest  in  place  of  sand,  has  conttibtttad 
laigely  to  reduce  the  waste  of  iron  due  to  the  formataon  of  sla^  and  the  aaa  of 
materials  containing  ferrous  or  fernc  ozidafl^  as  admixtures  in  the  puddling  or  boiling 
operation,  in  all  pzobabilily  tenda  to  compensate  the  waata  that  froald nralt  fiom 
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atzaoflpherio  oxidatiou,  iuasmacli  wt  the  oxidation  effected  bv  these  admixtures  iroold 
be  Meompaoied  by  an  equivalent  eHminiitioii  of  metal  from  tnern. 

The  f^rcator  part  of  thin  wa8t«  of  iron  talcos  place  in  the  rcfiniiif^,  nmotjntinf^  on  tho 
•Tocage  to  about  10  per  ceatk  on  the  pig  iron.  In  puddling  reflned  metal,  the  wo^te  is 
notraofMthaDftoai4to7  peroent  In  tfaemiU'fbniaeetbewiisteisiinudileee, 

a<''eoi^ng  to  the  mitnlxT  of  roll  eatings,  and  the  .size  to  win" 'li  th':'  irin  is  rolled,  fn>m 
3*5  to  10  per  cent.  The  consumption  of  iron  in  any  sta^e  of  tht  manufacture,  requitnitc 
to  produce  n  too  of  iron  in  %  adbaequeiit  stage,  is  tedmicallj  c^ed  ike  "  yield,"  by  a 
0Ome\irhat  singalar  inversion  of  the  meaning  of  the  term. 

The  consumption  of  fuel  in  the  various  stages  of  the  convention  of  pi^  iron  into 
malleable  iron  varies  according  to  the  skill  of  the  workmen,  as  well  as  tho  kind  of  fuel 
and  iron  ilshL  In  refining,  from  6^  to  8  cwt.  of  coke  per  ton  of  metal  made,  is  need 
vrhen  the  pig  iron  hns  to  be  melted,  and  icom  i  to  6  eirt  vbea  the  meltod  metalienB 
in  from  the  blast  fumaco  direct. 

In  **ing-'boil&ift''  tiie  eoommptfan  of  eoal  raries  from  18  to  22  cwt  per  ton  of  bar 
iron  mndc,  aooorabig  10 1^  eeal  Js  mora  or  low  bitmninoiia  and  eapaUeof  boznibig 
with  flame. 

In  pnddUng  reflned  netal,  ib»  eommmpdon  fa  about  10  to  14  ewt  of  bitaminooa 

coal,  and  from  17  to  IS  ewt.  of  anthracitic  oonl    r  ton  of  iron  made. 

In  heating  the  piles,  the  conauniption  of  fuel  is  from  7  cwt.  to  13  cwt.  per  Uan  q£ 
meidnat  bus,  asmrdmg  as  they  tm  Uuf^  or  amaHflr. 

In  eonn<efi<»n  witlitlie  consumption  offiiel  in  the  conversion  of  pig  iron  into  malleaWo 
iron,  it  will  be  interesting  to  oouaider  what  amount  of  the  heat»  capable  of  being  gene- 
rated by  the  coal  consumed,  is  really  effective ;  how  mudi  of  it  is  really  used  in  Heating 
the  iron. 

The  t<"»raperature  to  which  the  iron  Twjtiires  to  ])o  lieatod  in  tho  puddling  furnace 
may  be  taken  as  cxpresst  d  by  IGoO^  C;  and,  assuming  that  the  specific  heat  of  cast 
iron  increases  above  350^  C.  in  tlto  same  ratio  thai  it  does  up  to  that  temperature,  it 
would,  in  that  ca»o,  be  about  0  26  at  1660^  C. ;  accordingly,  theqoantB^  of  h0a4 
requisite  to  raiae  iron  from  ld°  C.  to  that  temperature  would  be : 

"S^^^  =    1650    -    15  X  0-26. 
A  further  quantitj  of  heat  would  be  consumed  in  melting  the  iron,  and  thouoh  the 
htnt  beat  of  faon  naa  not  been  detanninad,  it  vajf  be  aammed  aa  equal  to  w  heai 
units.   Thua  th«  total  bMt  veqioaiie  to  heat  oaat  SNm  np  to  1600^  0*  and  to  nelt  it 

would  be: 


464-84    «    424-84  ^  80. 
and  iXie  qiuati^  of  heat  requisite  for  one  ton  <tf  inm  ir^^ 

iMstaalts. 
1.018,841'6    -   9340  k  4H^ 

Takhig  Am  amocage  calorific  power  of  coal,  expressed  in  heat  omta,  to  ba  7,778,  it 

app<*nrf<  from  the  foregjoing  cnleulat  ion,  that  the  quantity  of  heat  actnally  communicated 
to  the  iron  amounts  to  less  than  that  capable  of  being  generated  by  131  ponnda  of 
eoaL  Tfana: 

Quantity  ofhMt  reqolred 
QtuuttHy  of  ImnI  toboat  1  tnaof  fron  from 

Coal,      Calortfle  po««*«  Moerated,  U^te  IMOHLaadtoaMliil» 

....   


Hm.  baat  units.  Beat  nntts, 

131      X      7,778      -      1.018,918  l,018,84l«e. 

Then,  takinfj  the  quantity  of  coal  consumed  in  ptiddling  as  beinp  eqnal  in  weifjht 
to  the  pig  iron  vvurkeil,  it  appears  that  only  133  pounds  out  of  every  ton  of  ooal  burnt 
in  the  puddling  ftiraaco  is  really  eflfeetive  in  hating  the  iron,  or  not  more  than  on»> 
sixteenth  part.  P.Tit  though  the  qu:«Ti^itr  of  heat  actually  commnnicated  to  tlip  in^n 
bears  only  this  small  proportion  to  the  whole  quantity  generated  by  the  C(»nbuBtiou  of 
thefbel need,  it nraat  be  rememb^^d  th«l,tindev  eodating  eirenmafanesa,  this  krge  oon> 
fnimption  of  fuel  is  unavoidable,  since  it  is  indispensable  that  durinf^  the  whole  of  the 
operation,  the  temperature  skcold  be  maintained  snfficientlj  high  to  ke^  the  iron 
melted.   7op  this  purpose  the  rate  of  eoinbiuilkNi  nnet  be  bi|^  and  tb«  inteoaelif 

he;\ted  products  of  coinbu^^tion  must  pass  rapidly  through  the  working  chamber  of  the 
furnace.  It  baa  been  estimated  that  in  the  ordinaty  puddling  furnace,  when  the  con- 
amnptlon  of  eoal  ie  at  tlio  fato  of  S40  pounds  per  hour,  the  volmne  of  heated  gaa 
passintr  tlirough  the  working  chamber  amounts  to  upwards  of  72  cubic  feet  per  second, 
or  sufficient  to  fill  Uie  working  chamber  twice  in  a  second,  and  that  this  is  neccssaxy 
in  offder  to  ooonteract  the  influence  of  conduction  and  radiation  in  reducing  the  tem« 
Terature.  (See  Prideaux,  Bmnmtanf  **fl<lN  0*1  Jf^ttl,  gmikuhr^  With  f^f§nm$  U 
Affnocat.) 
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I;  L-,  ui  consequence  of  tbe  extremely  high  temperattire  requirod  to  be  muntauied  in 
1^11  idling  and  mill  ftanatm,  Hhat  only  go  small  a  fraction  of  the  heat  gcneimted  bj  eoin»> 
bastion  of  the  fm  l  consumed,  in  rr-ally  oflf^  cfiv.'  hi  h*  :i(in^^  the  inm  (Fi  F.r.,  ii.  729), 
inasmuch  as  it  ia  onlj  the  heat  correspondiog  to  the  difff^reoco  existing  at  any  nvm^nt 
betwwB  the  tempetakra  o#the  ivoa,  and  HIm  hjffher  tsmpentnra  of  the  ntmotphm  i« 
tho  workinp  i^hamK'r  nf  fho  furn;vv.  tint  is  ar;uTaM«- formiiiiifiunin^'or  MHingthetem- 
peratore  of  the  iron.  80  long  therefor©  as  the  temperature  of  iron  in  a  puddling  furnace 
wilwestolialtfW^C,,  the  gas  pawing  into  the  chimney  mtist  bo  at  a  temperature  not 
li^ss  than  that,  and  t]io  whole  of  the  h^  at  corresponding  to  the  quantity  of  gas  discharged 
at  that  temperature  into  the  chimnpv,wili  be  without  any  othornsf  ful  nfT^  t.  A  rari.  ty 
<rf  arrangements  have  been  contnTed  for  turning  thiii  wast«  Ji*?at  tu  aciuunt  iu  raioing 
fltMBn  fbr  driring  the  machinciy  gf  mm  works ;  and  by  far  the  moat  simple  and  «»> 
Teni#*Ttt  plnn  consists  in  rtoinfr  nway  •with  the  S(  j>arate  cIiimnPT  to  oaoh  fiiraaco.  anr! 
oonductiug  thi«  heated  gas  cicaj  in^'  from  tlic  workiuij  chamber  of  Si>?eral  puddJijig 
f am  100%  uiteftipMioas  undeigrnand  culvert,  extendiiii^  «^»>m-  distance  away  from  the 
furnaoe#«,  and  commnnicatinp  wifli  fluos  piv-^King  tlimuirh  and  round  a  liir^o  Curui^Ii 
boiler,  along  which  the  gm  paiises,  and,  after  communicating  its  heat  to  the  water,  is 
then  dieehacged  into  a  loftv  chimnej  otpable  of  prodndng  a  dmigbt  ndBdnt  far  all 

the  furnaces  connected  with  it. 

A  great  number  of  attempts  have  be*  n  made  to  introduce  other  improvements  in 
Hkm  nediod  of  pradaeiBg  ndleable  irni  by  puddling;  such,  for  hwkanoe,  as  the  vw  of 

n  bla.'^t  of  hot  air,  or  of  sfoam,  or  a  niixtcl  Ma^t  of  air  and  .><t<am.  nitiry  puddlinj; 
fumacea,  but  ezceptiiig  tlxe  admixture  with  the  pig  iron  of  raatenab  ouutaining 
fttnginow  ondfla,  and  the  vaeof  itaii1iicrli!i4)ottoM  nomdt 
tht's<  pro]t<  ts  ap]>t  ar  to  hare  either  any  such  scientific  basis  as  to  appeat  f"***^'^ 
or  to  hare  been  attended  with  sufficient  success  to  demand  consideration. 

The  case  is  different  as  regards  the  application  of  gaseous  fuel  in  the  refinezy, 
ruddling  ftimace,  and  mill  furnace.  The  gas  used  for  this  purpofte  is  either  tiie  eon* 
bustible  cins  evolved  from  the  thn;at  of  the  blast  fumaccs  in  which  pi^r  iron  is  made,  or 
it  is  made  specially  from  htuall  cual  and  other  inferior  kiuds  of  futd,  by  bmiiiug  them  in 
MMh  » tnawurr  that  the  Mibonic  acid  generated  by  the  comhnrtioii  of  one  portion,  is 
made  to  pa<is  through  a  mass  of  incandescent  fuel,  po  as  to  be  converted  into  carbonic 
oxida,  which,  together  with  the  hydrocarbon  vapours  driven  off  from  the  fuel,  passes 
inlo  tile  furnace  to  be  heated,  nnd  is  there  burnt,  much  in  the  same  manner  as  coal  oai 
is  burnt  in  a  Bunson's  burner  (8eo  Bischof:  Die  indirtcf/ after  hochste  Nfff~tmq  dcr  rohni 
BrmmmfiUriaUfif  1848;  also  Scheerer,  MetaUurgUy  i.  339).  This  method  of  using 
HA  bM  lon^  been  fvaedaed  fai  Oermany,  and  ia  now  being  introduced  at  aome  6i  fihe 
iron  works  m  thin  country,  where  it  i«?  to  be  hoped  it  ■vrill  eventually  only  admit  of  » 
coal  being  aaed  in  iron  working,  without  those  disadvantages  arising  from  the  presence 
of  enlphnr  and  otfier  impnriltiea,  -wlmi  it  ii  in  eontaet  wiu      metal  %  bot  Hiat  it  maj 

likewise  Invome  an  iniporfaiit  moans  of  economisintr  f\u'l,  and  t'spi  cially  of  turning  to 
good  account  the  vast  quantities  of  small  coal  that  hare  hitherto  been  simoe^  entiroly 
wasted.  For  deaeriptions  of  gas  genontors,  and  gas  refining,  puddling,  &c.,  see  tke 
Works  alKjve  quoted  and  Percy, 
ArUy  Manufacturet,  ^c.  ii.  673. 

4.  Atmospherie  jprocess. — Under  this  designation  an  tijtiroly  now  method  of 
piodncing  malleable  Iron  fr  mi  pig  iron,  has  been  proposed  within  tne  last  few  yean  sa 
a  substitute  for  the  opemt:  1  f  puddling.  It  consists  in  submitting  melted  pig  iron 
to  th»  action  of  a  curreut  oi  uu*  forced  through  it  until  it  is  sufficiently  decarburised. 
Ulieliaat^anerated  during  this  process,  by  the  combustion  of  the  carbon  and  silicon,  and 
some  portion  of  the  iron,  is  .suffuient  to  heat  the  metal  above  tlio  meltintc  fK^Int  of 
malleable  iron,  so  that,  when  the  opcralioa  it  andedj  the  decarburised  iron  ia  obtained 
in  a  liquid  eondition,  and  may  be  nm  into  ingoli, -wMdi  are  aftervardato  be  foqi^into 

bar?.    (Bessemer,  specifl.atiun.s  185.').  Nos.  1^2'[.  27G8  ;  1S50.  Xo^.  "o^,  G^O.) 

The  main  principle  of  this  method  is  to  e&xt  the  coaTer»iuu  of  ^ig  iruu  into 
anOeaUe  irm  vhMly  by  die  diiwet  inflneoee  of  attnoepherie  oxygen,  and  mdopendently 
of  that  naetlon  between  (he  pi^  iii.n  and  the  ft  rrnpnou.^  (-r  munL'ane.tc  oxiiles,  or 
oaterials  containing  them,  which  takes  place  in  the  operation  of  paddling  or  boiling 
and  which,  according  to  all  expnience,  and  to  andt  aeiimtUle  data  aa  there  are  ftr 
forming  an  opinion,  is  so  important  a  condition  of  the  separation  of  sulphur  and  phos- 
phorus from  pig  iron.  The  result  of  the  trial  of  this  new  method  of  producing 
malleable  iron  affords  a  still  further  confinmUion  of  the  important  influence  of  the 
reaction  referred  to  as  taking  place  in  puddUng,  By  the  new  method  pig  iron  may  be 
wholly decarburit-ed, and  the  micon  it  contains  may  oe  entirely  eliminated  with  ease; 
but  the  case  is  very  diil'errnt  as  regards  the  sulphur  and  phosphorus,  fur  these 
substances,  which  are  so  detrimental  lonudlcaUe  iron,  iivfron  oeintf  aeparated  Irom 
tbe  p%  iron  anlgeetad  to  tbii  neir  aMde  of  tMatauttl^  «M  fithar  wbdly  nnaeted  npo^ 
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or  BO  little  affectetl,  that,  pt4Btirely,they  aj«  aiigmeiitod,  th-  amouut  of  phosphorus  iu 
tt«  deoulnriMd  iron  obtained  t)i>s  tik  ttiod,  heins  greater  than  it  was  in  the  pig 
i^lnop•'"rlt^<l  rtpnn.  wliil?  tbo  moimt gf  nlphiur  ii  bntutuszed«oed»  «■  wiUbe  iMnbj 

tho  following  onaijBcB : 


Pip  Iron,  per  cent.  | 

BeiMmer  iron,  per  cent. 

Carbon  .... 

8-800 

o-ai8 

Siliomi        ■      >      •  • 

Sulplinr  «... 
Phosphorus  .... 

0-485 

0-402 

1-012 

lloa 

At  tho  prf^eoft  time  no  means  of  obviating  this  defect  are  known ;  eonseqnentiy,  IIm 
nppliinition  of  this  method  is  confln*- 1  Ui  the  working;  of  such  kinds  of  pig  iron  as  aro 
praclicallj  free  from  sulfur  and  phosphorus  ;  and  henctt,  an  regards  the  greater  part 
of  the  nudleable  iron  mamiAMtiired  in  this  eonntry,  there  is  no  possibility  of  the 
adoption  of  till';  nil  tli'^l,  ulfliotiirh  if  ai^mit?  nf  the  fleO-arbur.i1  ion  of  pig  iron  wltli  niuch 

g eater  ease,  and  much  more  rapidly  than  tlxe  operation  of  puddling.  In  Sweden,  oo 
e  eontnury,  wlran  the  jrig  irtm  prodooed  h  tar  lam  oontwiuaAted  with  snlf^w  toA 
phosphoni.s  than  most  of  that  ma'l"  in  this  country,  the  new  method  \h  iH-Inu  worked 
with  gireat  adraatage.  In  England,  it  is  alao  beuig  apfdied  iu  Avorking  some  of  the 
twttar  and  more  eoetly  Idnda  of  pig  iron,  bnt  dneflj  nr  Ae  purpose  of  prodneing  • 
kind  of  steel  which  bears  a  higher  price  than  ordinary  malleable  iron.  For  ihh  rr  asoB 
the  further  consideratum  of  this  method  will  bo  included  in  the  axticlo  on  Steel. 

6.  Iron  8m«lting'. — ^In  the  extraction  of  iron  from  such  of  ita  orfa  as  are  suitable  for 
metallurgie  pozposes,  and  as  it  is  now  chiefly  practised  in  iron-pri>ducing  countries,  tho 
metal  in  always  obtained  in  the  carburetted  state,  cnmTnonly  known  a«»  cast  iega,  p^g 
iron,  or  ci-udo  iron.    The  processes  comprised  in  the  smelting  of  iron  are  :— 

1.  Tho  separation  of  water,  carb<Hiie  aold,  Billow,  and  other  tniflltilimihlft  anbilailMi 
from  the  oro  by  the  action  of  h<  at. 

2.  The  reduction  of  the  iron  frum  the  State  of  oxide^  as  it  exists  in  the  ore,  to  Uia 
■tetallie  state,  by  the  action  of  carbonic  oeddo. 

S.  Tho  Separation  of  the  earthy  substances,  commonly  present  in  iroti  nrcs,  frrm  the 
reduced  metal,  in  eooae^uenoe  of  the  formation,  at  a  lii^  tmperatore,  of  ftuible 
oompoiitBda  of  thftwo  auhalanoea  *  and 

4.  The  cnrbunition  and  nit  lfinL;  of  tlio  r.-duoed  metal. 

In  smelting  the  richer  kinds  of  iron  ore^  m/o»im#«m»  or  roagtinff  {BoUimg ; 
grillage)  is  not  alwayi  feqmwte  Ibr  the  TCfaorsl  of  volatiliaahle  anbeUneta ;  hut  with 

the  ni.ijority  of  tho  iron  oris  used  in  that  ojieration,  it  is  very  dc^lral  le  that  they 
should  undei^  this  preparatory  treatment,  as  will  be  seen  bgr reference  to  the  analysee 
of  iron  ores ;  and  in  aU^eases  <^eination  is  advantageous,  inaawneh  aa  it  has  the  emK^t 
of  rcndacuBg  tiha  OM  ntova  pomia,  and  coBae^QOKlily  bum  Rasaptibla  of  bnog  va* 

ducod. 

The  calcination  of  iron  ores  is  effected  hy  heating  them  to  dull  rcdue&s  in  contact 
with  aii;  either  in  In  aps,  with  layers  of  ctmtJt  tiia  bottom  and  alternating  wfth  Ujwt 
of  the  ore;  or  in  kilns  built  of  brick  or  masonry,  from  whif^h  the  roastr^d  or^  enn  he 
drawn  out  at  the  bottom.  The  careful  regulation  of  the  heat  applied  is  the  moet 
impostantrequisite  in  the  cahanation  of  iron  oitrs,  and  it  should  be  only  jvt  ffwffi-fftfnt 
to  expel  the  volatilis'alile  snl  istanoes,  without  effecting,  in  fh.-  oasoof  carlyonfxcpon?  ores, 
the  reduction  of  iron  to  the  metallic  state,  or,  in  the  &im  of  siliceous  oresi  the  formation 
of  ftnona  aiheato  and  fluAon  of  any  portion  of  tile  ore,  io  aa  to  randav  it  sMfo 

com  pa  of. 

The  changes  effected  by  calcination  conaist  chiefiy  in  the  aopavation  of  water,  ear- 
honibaoid,  and Mttitwiwona anhataiioa when  fiieoiMaTO  earbooaoaow.  In  tUa  eaaa  thewa 

maybe  a  partial  deoxidation  of  the  ore,  attend*  d  witli  f^nnation  of  ferrous  or  magnetic 
<Mdde;  but  more  general^  the  calcination  of  iron  ores  lias  the  effect  of  prodoGUg  fonie 
ocdde  to  a  greater  or  leaa  extent,  if  the  iron  is  not  already  in  that  stAto. 

The  sulphtir  in  iron  ores,  generally  prraeot  Ib  tiia  atato  of  pyrites,  ia  alao  to  a  great 
extent  separated  from  them  by  calcination,  in  consefinenfy*  nf  tlio  docoTOpo«»ition  of  the 
pyrites;  one  half  of  the  sulphur  bein;;  volatilised,  while  the  nsidual  irou  sulphide  ia 
converted  by  oxid.ition  into  aid^hate,  which  may  be  deeonpoaed  if  the  beat  is  aufl> 
ciently  great.  The  entira  aepaxntion  of  aolphar  ftom  iron  oiea  in  thia  way  is  addein 
practicable. 

An  alterMion  of  aomo  Unda  of  iron  ore  similar  to  that  TConKJnf  Hmn  ealeinatien, 

especially  as  regard*!  ?:pparat!on  of  sulphur,  Is  rffeotiKl  by  exposing  thnm  fnr  a  time  to 
the  aUuoapher*.   In  this  process  of  weathering  ( FcnoiU«nmg)y  pyritic  minezala  are 
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oxidised  and  converted  into  sulphates,  which  may  be  waslipd  out  to  some  extent  by 
lain,  and  this  change,  toffether  with  the  peroxidation  of  the  ore  that  takes  place  in 
•om  eM  1)7  emiMirhE  almoaplNrie  air,  kM  1^ 
rendering:  it  more  poroui. 

Sometimes  the  separation  of  the  volatilisable  eoMtitaenta  of  iron  ores,  instead  of 
Wiiig«<fceted  by  a  preludBaTy  operation,  takes  plaee  ia  the  Uast  Amaee,  and  is  then 
the  first  st;i4ro  of  the  proces-^of  sriK  Uiui^,  the  heat  n  quisite  for  the  purpcjso  b<'ing  derived 
from  the  current  of  gas  ascending  through  the  charge.  It  is  probable  that  in  some 
caaea  this  plan  may  be  attended  with  eomomy  of  fbel,  and  that  if  the  height  of  the 
ihaft  oould  be  increased,  sa  that  the  upper  t>art  voold  sene  as  a  substitute  for  the 
calcining  kiln,  the  ti  mperature  of  the  gas  discharged  from  the  throat  niif^ht  bo  reduced 
to  a  minimum,  and  the  whole  of  the  heat  generated  iu  the  furnace  thus  rendered  effec- 
tive. But  there  is  a  practical  limit  to  the  adoption  of  this  plan,  conaiiliilg  in  the 
friable  character  of  mmie  kinds  of  fut-l  and  ore.  :ind  their  lialiih'ty  to  become  crushed 
by  the  weight  of  a  high  column  of  materials  iu  the  shaft.  In  the  CleTcland  district* 
vh^ne  the  ore  is  nsed  in  lai^  masses,  and  the  fhel  naad  ia  ft  TSfj  haid  aoke,  f^mmaat 
ha  ve  V'.»en  Imilt  with  ihis  object  75  feet  high,  nnd  tho  temperature  of  the  gas  has  been 
reduced  oa  the  average  to  about  i6S°  C.  instead  of  381^  C.  (L  L.  Bell,  Indusiriai 
giaawtwi  iff  <fts  I)fne,  Wear,  and  2Wi,  p.  107).  Bat  Una  aamit  ii  onlj  partial,  and 
since  tho  calcination  of  ores  in  the  blast  furnace  is  attended  with  dis;iilvantag>  s  as 
lagacda  other  modes  of  appljring  the  waate  heat  of  the  gas  discharaed  from  blast  fsu- 
mum  (aee  p.  SH\  it  yet  xaouiini  to  be  fan  linifciin  thm  plan  eaa  Be  adopted  ao  as  to 
naliaa  the  greatest  possible  degree  of  econoaj  la  fuel. 

The  smf  Iting  of  iron  ores  is  conducted  in  a  f^imace  consisting  essentially  of  two 
parts,  viz.,  the  hearth,  which  is  a  circular  chamber,  built  of  stono  and  lined  with  fire- 
neidc,  where  the  combustion  of  the  fuel  an  1  ili  m<  Iting  of  the  reduced  ore  and  flux 
take  place,  and  the  shaft,  which  is  a  wider  ovliiulrieal  cbamlK  r,  built  above  the  hearth, 
and  oontinuous  with  it,  where  the  charge  of  ore,  ilux,  and  fuel  euntiuuuusiy  supplied  at 
Hm  tojp,  ia  anbjectetl  to  the  action  of  the  heated  gan  resulting  from  combustion,  before 

reaching  the  hearth.  The  precise  form  and  dimensions  of  this  furnace,  which  is  termed 

a  blast  furnace  (Hohofen;  haut  foumeau)  yvtj  considerably  (see  Truran,  op.  cit.  pp. 

IS,  124,  et  8fq. ;  Percy,  MetaUurgy^  ii  8M,  4f$t  and  6ff9>  One  of  the  most  approved 

fimna  is  ri  prosented  by       686.    Tii  tliis  case,  the  distinction  between  the  hearth, 

of  af,  and  the  ahaft,  bb'b",  la  lees  marked  than  it  is  in  some  furnaces  whore  the  hearth  ia 

not  move  tlm  two  t»  fhne  feet  wide^  with  ita  aidaa  votioal  and  temlBatiag  In  a 

decided  angle  at  the  junction  with  the  loww  pvt  of  the  AMtL^bit,  tannadtha  botket 

(Bast ;  italage),  which  in  the  older 

rorm  of  furnaces,  was  more  inclined 

than  in  the  figtirc,  while  the  thaft 

i^Schacht ;  'vn;),  },'}>",  was  mnch 

more  conical,  and  fomu<l  a  de- 

ddad  ang^  at  its  junction  with 

the  upper  part  of  the  boslies,  or 

widest  part  of  the  furnace,  termed 

the  btUy  {KohUntaek;  wiU99\  ao 

that  the  interior  sectional  contour 

corresponded  to  the  dotted  outline 

dboanini tiie llgvfa  btthetanneaa 

of  this  form,  tlio  upper  portinn  of  t!w 
health  ia  termed  on  the  Continent 
the  GmMf  otmttgt,  and  the  lorn 
portion,  where  the  mt  lf  ed  materials 
collect,  the  CruciUe{Heerd ;  creustt). 
At  one  side  of  the  hearth,  thero 
ia  an  opening  formed  by  an  arch,  t, 
called  the  if/'i/p  {  Tnmpcl;  tt/vipej, 
and  below  tliin  an  h  the  hearth  is 
pnloDged  outwards  somewhat  be- 
yond the  plnn-  nf  the  tymp,  as  far 
as  the  block  of  ntone  d,  culled  the 
4am  (  Wallstein ;  dame),  om  whidi 
the  melted  slag  flows  nwav  to  the 
^'cinder  fall,"  s,  through  a  depres< 
•fioB  eaBed  tiie  emdef  notch 
(Sch/aclvnlri/f),  in  the  upper 
auriace  of  the  dam.  Through  the 
bottom  of  one  aide  vt  tlM  dan. 
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there  is  a  channel,  cnTIei!  the  tapping  Me  {SticKtoeh;  /fw* <fc  eoxnmtinicatutt 
with  the  heartli,  to  admit  of  the  incited  metal  coUect«d  at  the  bottom  of  the  he^W 
Mag  ran  out  fit  iuternls.  TItia  channel  is  stopped  iijp  with  clny  or  sand,  while 
the  metal  and  filai*  are  acCTimulating  in  the  hoarth.  That  side  <rf  the  furnace  to- 
wards which  the  hearth  in  prolonged,  is  caUlcd  the  front  {ArbeitsseiU ;  pariie  art' 
Urieure),  while  th«  oppCMite  nde  is  called  iSb»  hack  (Buckseite;  partie  postirieurr). 
At  this  sido  there  is  an  nrehed  opening,  called  the  tin/crc  JuJt  (Form)  and 
there  is  geucroUj  a  similar  opening  at  each  of  the  other  sideii.  Opposite  each  of 
these  openings  an  areh  it  famed  in  the  <rata  brickwork  of  the  fumuce  to  admit  of 
access  to  the  tn3(T0  holr?.  The  upper  extremity  of  thf  hthait  is  called  the  fhrfxit 
{GicAt;  guelard^  and  is  generally  surmounted  hj  a  low  wall  or  chimn^,  called  the 
tvmMt  ktadj  with  openings  at  tiie  side     introdneiiig  tlw  into  A«>  fbtoBoei. 

Air  is  tiupplied  to  tli<_'  I'uriiaco  tlinjuLdi  a  s*mo8  of  pipes  connected  with  a  hluwiiig 
engine^  each  vi]^  terminatiiut  with  a  conical  tube  called  a  tuyere  (Jhue ;  tuj^re)^ 
■urroQoded  with  a  hollow  corneal  sheath,  throng  which  paasee  a  atream  ot  water  to 
prevent  the  melting  of  the  tuyeres,  eKteudiDg  thnngh  Mdl  of  ^  tay«tie  hokl  aa  flv  aa 
the  interior  stirfuco  of  the  hearth. 

In  the  working  of  a  blast  furnace  the  shaft  is  kept  nearly  fiUed  with  the  solid 
matemU  vsed;  theae  an  intKodnoed  at  intanab  into  the  uppar  end,  and  gradnaUj 
sink  down  as  the  smelting  progresses.  Meanwhile  a  continuous  supply  of  air  is  fomea 
into  the  lower  end  of  the  furnace  througli  the  tuyerra,  under  a  pressure  of  froiu  |  to 
9  Iba.  per  eqwini  inoli  in  charcoal  furnaces;  and  ftoOi  3  to  6  lbs.  per  square  inch  in 
furnaces  worked  with  coal  or  coke,  and  in  quantity  proportionate  to  the  size  of  the 
furnace  and  its  rate  of  working*  so  as  to  maintain  a  rapid  eombustl(m*of  the  fuel  at 
that  part  of  die  ftunaoa  iinmadbtdj  aboro  llu  level  of  Hio  tayexw.  (8aa  TmraiH 
tp.  (if.,  p.  115.) 

The  redueiiou  of  the  ferruginous  oxides  in  the  ore  is  effected  by  the  reaction  taking 
place  at  a  high  temperatvM  between  tfaeaa  ozidea  and  earbome  oxide^  ]piodaead  hf 

the  condjination  of  carhuiilc  acid,  resulting  frum  combustion  of  the  fuel,  with  a  furtluT 
guant  ity  of  carbon  equal  to  that  it  contains ;  and,  since  ferric  oxide  contains  30  per  cent, 
of  oxygon,  the  caiboa  and  air  requisite  in  these  reactions  for  the  reduction  of  a  ^uaa* 
titj  of  texia  oxida  ^*"^*«^g  1  pt.  of  iron  will  anoiint  to : 

Part*  bjr  weight      Part*  by  wdffht  of 
of  carbon  rrquU      oxjrgen  requisite  to 
tite  in  the  state  of      form  carbonic  acid 
Iroo.  Vtrrfe  oxide.         carbonic  oxldo.     with  iulf  the  carbon.  Air. 

1      -      1*429      -      0*8214      •>        0*4286        -  l'8e8 

or  somewhat  about  8  cwt.  of  coal,  containing  80  per  Oflot  cariNm,  and  1  ton  17  ewL 

29  lbs.  of  air,  or  64,443  cubic  feet,  per  ton  of  iron  made. 

The  reductiuu  of  the  ferruginous  oxide  in  the  or©  is  not  alone  sufficient  for  the  pro- 
duction of  the  metal  in  an  availnlile  condition:  for  it  is  but  .'teldom  tlmt  iixm  ores  do 
not  contain  a  eonsidf  rahle  admixtore  of  earthy  pulstances  which  require  to  be  separ 
rated.  They  generally  cuuiiiist  cliiefly  of  silica,  clay,  or  carbonate  of  lime,  as  will  be 
aeen  by  reference  to  the  tabukted  analyses  of  iiOB  Ctea.  These  sulMtances  being 
intimately  mixed  with  tlie  ferruginous  oxide,  and  consequently  with  the  reduced  met;d, 
it  is  uectt^sary  that  they  should  be  melted  as  well  as  the  metal  itseli^  in  order  that 
they  may  separate  according  to  tiieir  dillbrent  dennties  in  the  Kqnid  atnte.  Any  one 
of  these  sulistances  alone  is  inl\isib!o  at  the  1eiiij)eruture  commonly  prodnood  in  iron 
smelting,  and  th^  can  be  separated  only  by  being  oonTerted  into  sufficiently  fusible 
flompoiiMs.  The  doable  silicates  eontaininff  two  or  nora  baaea^  an  anbetaDeea  wfioaa 
fuhihih'ty  corresponds  to  the  n  quirements  of  this  case,  and  it  is  by  the  formation  of 
such  a  vitreous  siUcate,  termed  $lag  (ScMacke;  laiticr),  capable  of  being  readilj 
melted,  that  the  separation  of  the  earthy  admixtures  in  iron  ores  is  effected. 

It  is  but  rarely  that  those  admixtures  are  of  soeh  a  nature,  and  present  in  such 
rehitire  proportions,  as  to  produce,  undrr  the  influence  of  brat,  n  silicate  t!iat  would 
be  suitable  for  the  purposes  of  iron  smelting.  Hence  it  is  necessary  to  mix  with  the 
ore  Hf^mu  substance  that  will  eflbct  this  result.  The  natme  and  {proportion  of  thia 
jlux  {Zmehlrrfj ;  rn.'ft'rif)  w  ill  of  course  depend  upon  the  composition  of  the  ore  to  be 
smelted,  and  im^t  be  regulati  d  in  accordance  witii  the  general  principles  relating  to 
the  piodaction  of  daga.   ( Metaixitboy.) 

In  BmeltiiifT  iron  ores  in  which  the  earthy  admixture  is  chiefly  c;doareous,  clay  or 
some  siliceous  material,  such  as  forge  cinder  or  the  roasted  slag  from  puddling  fur-  j 
naoas;  is  added  as  a  flux,  or  tha  ore  may  l>e  mixed,  in  snitaUa  proportions,  wit£  ona 
containinq;  i^iliea  or  clay.  Im  th<  lufjiv  frequent  case  of  ores  contaiuini?  f'hty,  or  silica 
in  some  form,  the  material  used  as  a  flux  is  limestone  or  quicklime,  in  order  to  ef^Mt 
thefbnnattonirfndoubla  ailleata  containing  ahimina  and  luiut  as  itohM^eoQ^^ 

ThafiMibililyoriihedovblaHraeand  alnmina  silioalca  wea  aaoofdlqg  to  Uia  pm- 
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pvtioD  existing  between  the  bUm  and  the  Imet,  m  veil  M  that  betWMn  A*  two 

oases.  The  most  fusible  of  them  are  thoee  in  -n-hich  the  ox>-pr>n  of  botL  La«»«<  amonnta 
to^t^^liiirds  of  that  iu  the  silica,  and  the  oxygen  of  the  hme  ec^uahs  that  in  the 

In  ^mcltin^  iron  ores  with  charcoal,  tlio  temperntiirc  of  tb<^  fiimaoe  is  griipmlly 
lower  than  when  thev  are  amelted  with  coke  or  coal,  and  on  that  account  the  aUg 
gaqniro  to  htt  man  fiuttfe  than  in  fhe  inttar  «Me.  la  amdHing  with  ooke 

or  coal,  espociaUy  when  hot  blast  ia  usoi!.  tho  Icinprnifurc  is  so  imicli  hif^hrr  tlmn  in 
furnaces  worked  with  nhmwial — nob  only  where  ^isiun  takes  place,  but  ahto  at  the 
t  ipper  part  of  ^  ftinwee — fhalt  the  dag  reqniiw  tolxi  Modmd  Imm  ftuiUe  InrnMnas- 
ing  the  proportion  of  lime  to  Buch  an  extent,  in  relation  to  the  hilioa  and  aluriiimi  in 
the  ore,  that  fusion  may  not  take  place  before  the  reduction  of  the  ore  bus  been  com-  • 
pletely  effected,  and  tluit  the  finumonts  of  tho  charge  may  not  become  agglutinated, 
but  remain  loose  and  pfitoofl  wmie  piffliTUg  thKoni^  that  portion  of  the  shail  where 
rf><1u<?tion  takes  fkoob  ■nd  ooaMognoit^  more  capahla  oc  beiqg  p^rmaatad  by  the 
reducing  gaa. 

In  the  melthig  of  aflicMiia  ores  there  ia  a  IknllMr  aeoMnty  for  tliu  addition  of  lime, 
even  tnoro  important  than  that  connected  with  the  production  of  a  Buital'ly  fusible 
elaf.  Thia  ansca  from  the  circumstance  that  the  donblo  silicate,  cuniaiuing  alumina 
and  foneoa  code  as  its  bade  eonsdtiuiita,  is  vexy  Ibsible,  and  from  the  conseqnctit 
tendency  to  the  fi3iTnation  of  this  compound,  the  result  of  w  hich  would  Le  that  a  cnn- 
Mdecabie  amount  of  the  iron  would  escape  reduction  to  the  metaUie  state,  and  pass  off 
Ib  fhe  8bg»  thus  ginng  rise  to  eonsideanUe  loss  of  Inm,  beeidss  oCW  serions  inecm* 
venieuces.  Tliis  combination  of  ferrous  oxide  with  thi-  aluminous  silicate  in  the  oro 
does  not  take  pLiee  in  the  presence  of  a  suftieient  amount  of  Um^  and  in  order  to 
pretent  it  as  mneh  as  possiDlsb  tiie  quantity  of  Iniie  added  to  the  ofe  is  geneiully 
such  ItM^istolbmaalsgiiiirhieli  tlis  oogrgea  of  tli«bssiitseq[Mltothati&tlie 
silioR. 
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Iho  characters  that  are  generally  considered  to  be  indicative  of  the  Ibrmation  of  a 
ndtal)I#  ebff  ccmiist  in  its  being  MiAoiMitlj  liquid  to  mparata  pfrfeetif  ftom  tin 

Till  fal.  tlhuij^i  n.-  it  flows  from  the  fiirnaco  it  is  gcnendly  fiomowliat  nscous.  When 
sohdilled,  it  ahouUl  not  be  Teeicular,  but  compact  and  bomogcnouiv  without  being 
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rfther  Toy  Tit  r ecus  or  stony.    The  colon  «f  ihg  ftotn  blast  ftuniiiciUr  mries  very 

much,  but  does  not  afforxl  much  inditvitton  r>f  \tH  rhnmrf^r  Wheii  chui-coal  is  tisfd  as 
fuel  tile  ttliur  is  lighter  coluured  than  ttmi  trurn  turnneob  ui  wkidi  coal  or  coke  is  used, 
TIm  yhnMied  analyses  of  blast  fumace  slags  are  xetf  MBUMini;  Imt  mmfuaHflf 
few  have  any  n-al  valu  \  fr-mn  t!ie  absence,  in  most  iiistnnces,  of  any  statements  tip  to 
tbe  ecmditionfl  nndev  wlucli  the  slags  were  produced.  J^'or  the  elueuiation  of  the  pro- 
etmm  Hm*  ttlw  pboe  is  tiie  raielting  of  «n%  w  «  tiM  fmmtiM  of  dbff  ii 
•  concerned,  it  is  essintial  that  the  analyses  of  slags  shonM  not  only  Ix-  imineroiis,  I'lit 
tliat  tliey  ahonld  also  be  xyoinpaniiBd  bjr  deflaDt|^ioii8  of  tha  kind  of  iron  made,  and 

pl'  >yQd.  The  analyses  on  pp.  339  and  360  nffl  Mm  to  iPMtlB  Htfi  faMnl  dbMlPtif 
of  the  slag  produced  in  iron  smelting. 

In  some  kinds  of  iron  ore  the  relation  existing  between  the  silica  and  alumina  is 
▼err  diflferent  from  tliat  generally  obtaining  in  tlu-  clay  iron  ores  of  the  i  n  il  iliWIWSiwi,  Ml 
will  bo  seon  from  the  following  table  and  by  reference  to  the  analyses  of  ores. 


Bvfsrtif* 

ftflSk  Clsvelfliid. 

Alumina  •  . 

1 

so 

so 

a4 

26 

IS 

11 

IB 

87 

MagiifHi  . 

8 

7 

17 

9 

10 

14 

60 

60 

54 

44 

U 

1 

100 

100 

100 

100 

100 

100 

In  consequence  of  this  difference  and  the  greater  proportion  of  alumina  in  the  ores 
of  the  dOTelaiidl  distriet,  tiie  slags  prodofiM  in  ■melting  them  are  much  mora  stimy 

and  lepH  vitreou-s  than  fliof-e  produced  in  smi  ltiiij^  oflu  r  <>n5.  An  increased  addition 
of  lime  would  not  remove  tim  diiSuf/inee,  which  is  due  to  the  deficiency  of  silica  in 
l>r< jpoition  to  iSbfi  ahmiina.  yiacnt,  and  fa  probably  accompanied  by  a  lees  dogree  of 
fnsibiUty  of  the  slags.  This  circumstance  will  perhaps  serve  to  acajunt  for  the  appa- 
rent necessity  of  a  very  high  temperature  in  tho  am*  Itin^i^  of  fhc^v  ores,  an  !  f  r  f!ie 
fiulnre  of  the  attempts  that  have  been  made  to  smell  tlium  witU  cold  blu»t,  (1.  L.  Eull, 

Analjfset  of  SUx^^om  Qevdand  Orel. 


Kii&oof  mikB 

ClmBe^MUdksW. 

OraaMi  * 

Citgriroaa 

WMMltodl 

rUhMkasBdlMtMstl. 

Flee  dost 

from  biMt 
'briMcegas. 

Analyst  . 

Crowd«r. 

CUrenee  LthwnXotj. 

Ferrous  oxide  .... 
i^augninjus  oxido 
Zinc  oxide  .... 
Alumina  .      .      .      *  . 

rotash   

SifioB       •      •      ,      ,  . 

rhosphome      .      *      .  . 

0-72 
0-35 

24  69 
4000 
8'6S 
0-4G 
0-99 
27-66 

0- 26 

1-  95 

3-  61 
1-02 

20-72 
36-88 

4-  26 

0-  60 

30-40 

1-  34 

0-Gl 
trace 

22-28 
40-4a 
7-21 
•  • 

27-80 

2  00 

0-32 
0-80 

21-70 
35-72 
6-10 

«  « 

20-92 

0-07 
1  Gl 

8-20 

4-  60 
lG-00 
12-15 

0-57 

0-  40 

84-82 

5-  80 

1-  66 

6-60 

100-62 

100-^ 

99-24 

9966 

Ratio  of  0]qrgen  in  bases  to  oxy- 
gen in  sural  .... 

1075 

2-042 

1-687 

1*600 

Bitio  of  oj^gen  ia  baMl  to  oxy- 

1127 

2-394 

1-392 

1-846 

FiHQMilsgo  of  Iran 

0-660 

2-880 

0-470 

0*260 
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ThafveoediiwaiialvMg  of  alags  Ihm 
iriD  iUoatert^  fS*  dmeraM  bebvwB  (Indi  sad     ikgs  prodoMd  jb  otiiar  ffiHtiati. 

The  preciKO  mode  in  \rhic!i  the  carboration  of  iron  takes  place  in  the  blast  ftirnace 
is  not  Imown.  From  the  fact  that  iron  becomes  carburatea  whon  heated  in  contact 
witli  hydrocarbon  gases,  or  even  vith  carbonic  oxide,  and  &incc  these  conditions  obtain 
in  the  blaat  fbniaoe,  it  is  liighly  prolMUa  tiiait  oarbaration  may  take  place  befora  tli* 
Veduced  iron  rpfirlu-a  that  p  -rt  where  there  is  a  tempemtnro  liij/^  onon^h  for  fusion. 

Tho  state  in  which  the  carbuu  exi^st.s  in  the  iron  obtained  irom  iho  blaat  furaaco  - 
Uftewi  to  depend  Tory  materially  npon  tho  t«iii|Mcature  at  vMoh  fkuion  takes  place. 
Tlie  lower  tho  temperattire  the  greater  is  the  proportion  of  the  carbon  combined  witJi 
the  iron,  and  any  circumstance  which  tends  to  indn<^  fusion  at  &  low  ti^mpcratnie  is 
ftknoot  invariably  attended  with  the  production  otwk&tb  irai.  Tti»  is  flw  etfa  vben 
clinrvoal  it  usetl  as  fuol,  wlien  tlje  ore  is  readily  fusible,  and  also  when  it  is  highly 
xe&actozT  and  has  not  a  suitable  admixture  of  flux  to  determine  fusion.  When  a 
IbnuM  w  wtsABA  ifi<li  a  large  amonut  of  «•  in  proportion  to  flid,  or,  as  H  & 
termed,  with  a  "  hea^-y  burden,''  and  when  sulphur  js  present  to  anylaqpcKtol^tllflM 
is  from  the  same  reason  a.  tendency  to  the  production  of  white  iron. 

The  production  of  grey  iron  containing  carbon  in  the  graphitio  condition  appears  to 
inquire  a  tempfiratnre  far  beyond  that  of  men  fluiaa,  and  it  ia  pMbable  on  that 
account,  tlie  introduction  of  carbon  in  this  form  may  be  due  to  action  more  of  a  physical 
than  chemical  nature  and  cuu8i»t  in  solution  of  the  carbon  by  the  melted  metal  rather 
than  actual  conibinataon.  "Wlisii  salplnir  is  present  in  any  of  ll»  materials  used  in 
smelting  iron,  it  is  necessary  to  employ  a  very  hig^  t<»mpcratnre  in  order  to  ol>tain  gr^ 
iron,  bf^use  the  melting  point  of  iron  is  consideiably  lowex  when  it  obtains  sulj^nr. 

Bemdm  the  xodnetlon  of  the  famginoas  oxidB  in  tiie  ore  and  the  sepstation  of 
its  earthy  constituents  by  the  formation  of  a  suitable  silicate,  it  is  necessary  to 
nwiptain  a  very  hj^h  temperature  at  the  lower  part  of  the  furnace  for  the  fusion  of 
.  fbeee  vtodneta.  Wb  is  ofteted  by  the  rapid  combnsiion  cf  feel  nndar  the  inflnenoa 
of  a  bliL«t  of  air  forced  in  through  the  tuy<  r  ^. 

The  kind  of  fuel  employed  in  snmlting  iron  ores  hss  a  great  influence  both  on  the 
quality  of  flie  izoa  pnanoed  and  on  the  mode  cf  working.  With  btill^  porous  fliid, 
0uch  as  charcoal,  combustion  takes  place  more  readily  than  with  the  more  compact  and 
denser  kinds  of  mineral  fuel,  and  from  the  greater  liability  of  charccml  to  crumble  under 
pressure,  the  furnaces  in  which  it  is  used  are  generally  inucli  nmaller  tliau  thoite  worked 
with  coal  or  ooke.  Ikitthe  main  difference  between  the^^e  two  kiudflofftiel  as  regards  the 
smelting  of  iron  consists  in  tho  relatiro  freedom  of  clmrcoal  from  earthy  substanees, 
and  its  entire  freedom  from  sulphur  and  phosphorus,  which  are  so  ra^'udiciai  to  the 
mwfity  of  iron.  Hence  the  greater  purit;^  of  toe  ina  miclted  wilJi  diaMMJ»  pmvidcd 
the  ore  u.sed  be  free  from  del<>teriou8  admixtures. 

The  consumption  of  fuel  requisite  in  smeltins  iron  for  the  production  of  a 
■nffldently  hi^  tempemtnre  of  raston  fiur  exceeds  ue  aaMmnt  requisite  for  the  redoo* 
tion  and  carburatiou  of  tJie  metal,  which,  as  aln  ady  pointed  out,  is  k-ss  tlian  half  the 
veight  of  the  iron  produced,  whereas  that  cousumod  liar  melting  maj  amount  to  from 
«Be  to  two  or  thx«e  tons  per  ton    pig  iron  made. 

Thr  c"ri-iuniption  of  fuel  in  Iron  smelting  is  one  of  the  most  important  ]>oint3  with 
to  the  eoonomical  production  of  the  metal,  and  it  is  exceedingly  desirable  to 
it  to  th«  lowort  possible  Umit  The  amount  of  friel  o(»wnmed  pa*  ton  of  pig 
iron  made  varies  considerably,  not  only  according  to  the  kind  of  fat^  itsadtmHepinrar, 
combustibility,  texture,  etc.,  but  al«n  according  to  numerouf?  other  circumstances. 
Among  these  the  shape  of  the  fnraacts  has  aii  influence  in  so  far  as  it  admits  of  the 
CM^  and  uniform  descent  of  tlMcharge  in  tho  shaft,  and  les>4  fuel  is  consumed  in  makit^ 
white  iron  than  in  making  grey  or  foundry  iron,. but  prul>ably  the  most  important  diflR^r- 
encc  in  the  consumption  of  fuel  is  that  resulting  frt>m  the  use  of  air  at  the  ordinary 
atmospheric  tempentnn^  or  air  pvendodj  heated  to  a  temperature  considerably  higher. 

In  charcoal  furnaces  the  consumption  per  \m  pi^r  iron  made  is  from  half  a  ton  to 
two  tons  and  upwards,  according  as  hot  or  cold  bla«t  is  used.  In  smeltij^  with  coal  or 
eoke,  the  oonramption  is  frran  two  to  tiirea  ton*  and  upwaida  vith  oold  Uas^  and  from 
23  cwl.  to  two  tons  witli  hot  blast. 

The  fttd  is  introduced' into  the  lurnaoe  at  intervals  alternately  with  the  mixture  of 
ore  and  finx,  and  in  imifbnn  proporCiona  twmed  tiie  eJUa^  (SeadUekung;  lU  d9 
fusion),  and  the  rolaUre  proportion  of  fuel  or  of  ore  is  termed  in  eithsa?  caaa  tba 
*•  yield ; "  sometimes  also  in  the  case  of  the  ore  it  is  termed  tho  "  burden." 

The  total  weight  of  the  charge  per  ton  of  pig  iron  made  will  vary,  according  to  tibo 
kind  of  ore,  flux,  and  fuel  used,  from  four  to  Ave  or  aaVMI  tooa  and  upwards,  wncn  the 
materiabi  are  used  in  the  niw  state;  but  by  far  the  greater  quantity  of  the  material 
Bupplied  to  a  blast  furnace  in  smelting  iron,  oonaistB  of  the  air  by  which  combustion  is 
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iiqmOEt«d ;  fat  taking  earVmle  oxide  to  be  the  ultimate  thoi^  serf  the  immediate 

proauet  of  the  combustion,  the  qtiantlty  of  air  reqtitrcd  -wouUl  amotint  to  at  least  At© 
'  timca  the  weigllt  of  tiit>  fuel  burnt,  taking  tho  conibujstiblo  portiuu  of  the  fuel  to  be 
equal  to  85  p<-r  cent,  of  carhon,  and  allowing  for  the  carbon  consumed  in  Ottrburatiim 
th^^  iron.  Cons<>qnrnt1j  thp  totAl  quantity  of  air  supplied  to  falMt  tenUMi  vOi  bft  af 
follows,  aeoording  to  the  consumption  <^  faA  given  above : 


r 


Una**  9wi. 

tOM> 

Fu  I  ("■'  nsiimod  «  • 

23 

2 

3 

Quaniil^'  of  air  .  • 

5  15 

10 

15 

Cubic  feet  at  6a°¥.  . 

168,038 

292,240 

438,360 

pev  ton  o€ixon  LMuie. 


The  greater  part  of  this  air  is  consumr  !  in  burning  that  portion  of  the  fuel 
exclusively  concerned  in  the  produetiou  of  a  UiiiptnUure  high  enough  for  effecting 
ftukm  t  and  that  uot  wludi  it  oonsmned  in  the  combustion  of  the  fuel  i«q[Uiite  fix 
the  redaction  of  tni?  ore  docp  not  amount  to  quite  twice  tht-  weight  of  tho  iron  made. 

The  temperature  of  the  gujt»eouB  products  of  combustion  dischai^ed  from  blast 
ftgnaeo  dmbvs  aooording  to  we  kind  of  material!  wed  and  their  eondition,  the  height 
of  the  shaft,  and  the  mo.lt>  of  working.  In  tho  case  of  charcoal  funiacfS,  the  ga.s  has 
geoemUj  a  tMooperaturc  of  from  300^  to  iUU'^  C,  while  that  from  fiunacea  worked  witli 
coke  or  ooal  is  flvm  6599  to  lOOO^C,  aoeording  to  cireiimslaaeet.  Th«  whob  of  the 
he:it  coiTe.iponJing  to  the  temp*  radiro  of  tho  gas  dischai^ecl  is  waste  heat,  au'l 
although  it  has  fierred  at  an  earlier  stage  of  tl^  procefls  to  produce  the  high  tempeiatxtro 
neeeaaary  for  fludon  of  the  metal  and  slag,  it  is  still  avaOable  for  any  purpose  to  which 
it  can  be  a^Hed. 

The  great  extent  to  which  the  heot  gracrntod  in  tho  smelting  of  iron  ores  is  thus 
dimipated,  without  producing  the  full  us^i  ful  efll^ct  of  which  it  m  capable,  may  be 
judged  of  from  the  fact  that  the  weight  of  the  gas  discharged  from  •  UMt  fittDMe  HI 
more  than  equal  to  the  entire  quantUgf  c£  ooth  air  aiM  ftul  aoBiaiiie^  flc  tiom 
8  to  17  tons  per  ton  of  pig  irou  made. 

Bat  hendea  the  waste  heat  due  to  tho  high  temperatare  of  the  gas  discharged,  thfl(» 
is  a  farther  and  more  considerable  los^.s  of  heat,  due  to  the  fact  that  it  contains  a  lai^e 
amount  of  carbonic  oxide,  together  with  somo  hydrocarbons  and  hydioeaiL  auJ  is  in  all 
flvdinaxy  eana  aoffldflatly  oocahaatiUa  at  fha  teiniMratnre  at  whieh  it  la  discharged  to 
take  fin?  on  coming  in  contact  with  atmospheric  air  at  tho  top  of  tho  fumaeo.  This 
waste  is  proportionate  to  the  extent  to  which  carbonic  oxide  is  produced.  Taking  tha 
aenaiga  eoosnmpdoai  of  itael  in  mm  smelting  to  W  represMited  by  a  quantity  of  eaitoi 
equal  to  twice  the  weight  of  the  pig  iron  produc.  il.  if  that  portion  only  which  is 
requisite  for  the  reduction  of  ferric  oxide  bo  ultimately  dischawed  from  the  furnace  in 
the  state  of  cwbonic  acid,  tho  quantity  of  fuel  fully  utilised  m  produdiu;  the  entire 
^   '^'^^  of  i^tieh  it  is  capable  will  be  01^  alwQt  OPS  ri»th  pot  of  the  vfaoleu 

hf  perfect  coraboMloa 
oCcartKm. 

purls  tfw^8>it 
a  t  04X14 

Heotwute  .  16160  8W6        -        6-220     :  1. 


Hmh,  alBeetiie  caknfle  power  of  earlNmlnirat  to  eacbonie  oxide  ia  only  aboDtoiie- 
tfaiid  of  ita  ealotific  power  lAcn  bomt  to  eathonie  acid,  or  aa 

2473       :       8080       »        1       :  3223, 

the  heating  wf^bA  prodooed  by  the  remaining  fivo-sixihs  of  the  foel  consnme^  so 
ftr  ae  wtfficdb  ita  wmite  oonditioii  iriico  diadiavged  Aaoi  fht  teneo^  viU  be  low 
than  oae-tiiiid  iJie  eflbet  it  ia  eq^eUe  of  jpcoducuig: 
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13564      -      416M77S      -       10786    x  2473 
the  difference  reprefl<»nting  the  heating  effect  capabK-  of  being  produced  by  the  carbonic 
oxide,  and  amounting  to  no  Ic.ais  than  per  ceut^of  ihe  wholo  heating  eSwct 

capable  of  being  paonoed  by  the  fuel  consumed. 

So  far,  therefore,  as  regards  the  condition  in  wliicli  the  products  of  combuMinn  are 
discharge  from  a  blast  fomac^  the  only  portion  of  the  fuel  consumed  so  aa  not  to  be 
tether  scfailaUe  as  a  aomee  of  hnt^  ia  tlut  equivalent  to  the  rednetioo  of  the  tran  in 
the  r^TP.  nnfl  -^TTpposing  the  mrtal  to  br>  contained  in  (ho  ore  in  the  state  of  flie  ferric 
oxide,  it  wouki  be  only  about  one-thiid  the  weight  of  the  iron  made,  or  16  per  c&at. 
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of  the  fuul  cousunioiL  The  greater  part  of  the  hcut  corrcspondiug  to  the  i-euiaiuiug 
84  per  cent,  of  fuel  ^nsumed  loavvb  tbt  iteeace  in  some  form  or  other  in  the  gas  aa 
sensil  k  hi  at,  or  as  heat  «i^bb  <tf  iMinggcoMmted  bjcombuitioa,  and  it  akUlttVBiUUe 

for  hoitiiijT;  inir{K:>yiS. 

But^  notwithstanding  this  large  difflaqMo  l)aM»wn  Ihe  amonnt  of  fael  AiUy  utilised 
and  that  which  still  remiiins  available  as  a  sonreo  of  heat  after  its  eoiubuMtioii  in  tho, 
blast  fiunteOf  it  mtist  aot  be  supposed  that  the  large  amount  of  fuel  consumed  in  iron 
■melting,  as  oompand  yrHBtk  astouBt  whidi  is  ftdly  QtOiaed,  does  not,  is  tiie  Uast 
furnace,  exerdse  its  ftill  boating  power.  For  though  only  a  small  portion  of  the  whole 
lieat  generated  is  rendered  latent  bj  the  famoo  of  the  metal,  &c.,  the  whole  of  it  ia 
requmd  for  prodadiig  the  temperatnw  at  vliieh  those  ohaages  take  placa;  that  part 
wluch  passes  off  in  the  gas  does  not  indicate  a  useless  consumption  of  fuel,  and  can  only 
be  regturded  as  waste  heat,  in  so  far  as  it  is  allowed  to  OScaj^  without  beil^g  turned  to 
such  lurthor  advantage  as  it  is  still  capable  of. 

hi  the  immediate  neighbourhood  or  the  tuyeres,  the  fuel  is  bximt,  under  the  inflii* 
enee  of  the  blast,  to  carbonic  acid,  generatiiiir  the  full  aniotint  of  heat  corresponding 
to  its  ealoritic  power,  and  producing  then,  the  grcat^jst  inmsiise  of  temperature  it  is 
capabli'  of  producing  when  Immt  with  atmospluric  air.    fSeo  FcnBL,  ii  726.) 

It  is  at  tliis  part  of  the  furnace  that,  while  the  fuel  is  ix  ing  con«JTiTned,  the  recluer>d 
metal  and  the  eartiiy  substances  mixed  with  it  are  rapidly  melted^  and,  falling  down 
into  tbahaavtb,  make  room  for  a  firesh  quantity  ofthe  nu^erials  in  the  ahalt  oftito  ftimaee 
to  sink  down  and  luiderpi  the  same  change,  while  tlio  jjiiw^etjiis  pr<  kIucIv  aiOBild  and 
communicate  their  heat  to  the  matenab  in  the  higher  part  of  the  shaft 

Whatk  tiio  {fOn  ore  meltod  oontanis  earbonio  and  or  water,  and  has  not  been 
previously  calcined,  tlione  sulistaneea  will  be  separated  during  the  descent  of  the  r!iar^c 
in  the  shaft,  and  will  mix  with  the  products  of  combustion.  This  will  also  be  the  coso 
with  the  carbonio  add  of  the  limestone  used  as  a  flux,  and  if  coal  be  used  as  fhel  its 
TPlatitiimWt  portion  will  likewise  be  expelled,  and  mix  with  the  ascending  gas. 

In  proportion  an  tlie  extent  of  this  admixture  is  greater,  the  will  have  a  lower 
heatiLig  pow(  r  wheu  burnt,  and  therefore  it  is  desirablo  to  reduce  the  amount  of  car- 
bonic uoi'i  and  watosTapoor  in  the  blast  fumaoe  gus,  by  previooa  calefaation  of  tho 
Cite  and  limestone,  whenevor^h'*  jr^s  U  to  ho  nsed  as  fu.d. 

As  a  consequence  of  the  diffei^it  physical  conditions  of  the  prodoctd  resulting  from 
the  duuigee  that  take  pbce  in  smelting  ixoai  ores,  those  products  are  continuously  dis> 
charged  from  tho  blast  furnaee  in  a  manner  exactly  the  reverso  of  that  in  -Rhleh  tho 
raw  matenula  are  supplied  to  it ;  the  melted  iron  and  slag  flowing  oat  at  the  bottom, 
tHiilo  gas  OBGapoi  troni  tho  top  or  throat    the  fhrnaoe; 

In  eonsIdt'Hng  more  niinulidy  tlie  condifiuns  nnd-T  which  tliese  produets  are  formed, 
and  the  chemical  nature  of  the  changes  £rom  which  they  result,  it  will  bo  uonvcnient 
to  fbllow  the  course  of  the  air  supplied  to  Uie  ftimacc  as  it  passes  from  the  bottom  to 

the  top. 

The  <lircct  and  perfect  e<".mbnstion  of  the  fnol  {<>  in  all  ca.se/,  confined  within  a  com- 
paratively small  portiou  of  the  iuruace.uud  in  furiiaCisrt  wurkc<i  with  charcoal  it  extends 
on^  to  a  short  distanee  above  the  level  of  tlie  tuyeres.  Beryond  that  poi-tion  of  the 
furnace,  heat  is  eonimnnicated  to  the  materials  in  the  tipper  ptirt  of  the  furnace  by  the 
ascending  heated  gaseous  product  of  combustion,  eonsistirrg  uf  a  mixture  of  nitrogen 
and  eerbonic  add,  tho  temperature  of  (he  gas  being  proportionally  reduced  thereto 
as  it  pa??5efl  ttp  to  the  mmith  of  tho  furnace.  Hut  since  the  materials  in  that  part  of 
the  furnace  immediately  above  the  r^ion  of  oombustiii>;a  are  at  a  high  red  heat,  the 
eaxbonio  aeid  enten  into  oomibhiation  with  a  ftutfaer  quantity  of  carton,  and  is  con* 
v<  rtcd  jvrhiips  entirely  into  carbonic  ON.idc,  its  vulunn'  bcinij;  thereby  doubled.  This 
reaction  bdng  attended  with  a  considerablo  absorption  of  iieut  (soe  I'iml^  iL  727).  the 
temperature  ^  that  part  of  the  ftunaoe  iriure  it  takes  pUice,  though  atill  tot  hi^h, 
must  1  >e,  on  that  acooiiD^  mnoh  lower  than  it  is  within  the  region  of  direct  oombnstion 
near  the  tuyere*?. 

Tho  following  analyses  of  gas,  taken  from  different  heights  in  the  shafts  of  blast 
furnaces,  will  serve  in  some  degree  to  illustrate  the  natoreof  tho  changr  s  resulting  from 
tho  reaction  taking  place  between  tlio  goHd  and  ganeoup  materials  contained  in  the 
furnace,  and  fu/s.  587  and  .5S8  represent  the  shape  of  l%o  of  tho  furnaces  from  which 
the  gases  were  taken. 

I'he  formation  of  carbonic  oxldr  is  [robably  one  of  the  most  important  features  of 
this  proce&d,  fur  there  is  every  reason  to  consider  thai  the  reduction  <^  tho  iron  ore 
as  it  descends  towards  tiie  boshes  of  the  fornace,  is  elferted  nminly,  if  not  entirely,  by 
this  pa««,  alde<l  perhapa  iu  some  Cases,  by  hydnjcarbon  vapour  or  ga-^  i  roduetd  t'mnj 
the  fuel  by  tlie  action  of  heat.  Proviooidy  to  this,  no  aLtoi»iion  of  the  rviative  pro- 
portion assisting  by  weight  or  Tolune^  between  oitragea  and  oxygen  in  atmoepherie 
air,  wovld  be  dfteted  cither  bj  th«  oonbaation  ct  the  fbel  or  by  the  snhsequent 
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oCeariMaio  osdewiftli  ftnontor  ftiria  ozido<;  nt  a  high  tcnipiTaturo,  carltonic  acid  is 

again  prodviced  equal  in  Toiume  to  the 
F^.  68A.         earbome  oxide  imdergoing  the  change,  and 

'~  tlie  f  ff  d  of  this  transfer  of  oxygen  from 

the  solid  to  the  gaseous  oontents  of  tha 
fternaM  would  be  to  piwhiee  a  propoitsoi!- 
att'  alierafion  uf  fhc  ratios  existing  be- 
tween both  the  relative  weights  and  v<^ 
lames  of  the  nitrogen  and  oxygen.  Hov- 
ever,  the  influence  exercised  by  this  change 
on  the  composition  of  the  gas  prtssinc; 
upwards  through  tiie  furnace  will  be  8ii|^kt; 
fw,  t&aab  die  ceanimption  of  fbol  in  ndt- 
in^  iron  rrrf-n  so  fer  exceeds  the  amount 
that  would  be  diemically  sufficient  for 
the  mere  reduction  of  the  ferric  oxide, 
nn<l  sincf  it  is  proLaWo  tliat  tlie  whuL-  of 
the  carbon  consumod  pos&eii  iuto  the  state 
of  earbmie  onide  at  some  part  of  tbe  Ibi^ 
naco  not  far  above  the  level  of  tbi^  tnyeres, 
it  follows  that  the  extent  to  which  car- 
bonic add  ia  produced  by  the  reacticm  b«- 
twoon  ff-mc  oxiik'  and  oarhunio  oxide  must 
be  small  compared  with  the  total  WKmat 
of  «tt1)oiiio  oidde  {nodveed  in  tihui  <ipn«> 
tion  ;  and,  in  fact,  talcing  tlio  consump- 
tion of  fuel  to  be  at  the  rate  of  2  pounds 
eavboo  to  1  poosd  of  pig  {Mm  nnoe,  oolj 
onc-sixtli  part  of  t!ie  carbonic  oxidr«  fjm)ed 
at  tlie  lower  ^art  of  the  furnace,  would 
be  converted  into  oavbonte  tuoA.  by  the 
roduotion  of  thf  iron  in  tho  or»>  from  tho 
Htat^>  of  ferric  oxide,  taking  plAoe  at  Um 
upp«r  part  of  the  ftimace. 

Most  probably  the  rednetion  of  fenie 
oxide  by  carbonic  oxide  takes  place  pro- 
l^ssively,  and  since  the  temperature  re- 
quisite does  not  exceed  that  of  duU  i^itlon  it  may  extend  over  a  eoMgidaBabia  n^ga 
in  tho  dfficendiTia  column  of  matenaH  in  proportion  to  the  teaq^cMtiiBe  pmaOiiy 
in  tho  upper  jMirt  of  the  furnace. 

Flom  the  relation  oxisUng  between  the  calorific  power  of  iron  and  that  of  carbonic 
oxide  (see  HaikT,  p.  106),  it  is  proliablf^  that  the  rednetion  of  forrio  oxido  by  carbonic 
oxide,  generates  a  certain  amount  of  heat^  since  the  quantity  of  heat  generated  by  the 
combustion  of  iron  is  less  than  ttiat  generated  by  the  combustion  of  thecKfaonie  onda 
leqniaite  for  itandnetioiLibmthditateof  Aniooxi^  Thns: 

;t(7  of  hett  g<>neratcd  by  cotd- 
€f  1  lb.  iron  to  fsnrle  osMik 
beat  unlu. 
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tgr  combuition  of  <^TI 
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heat  uiiirft. 
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Unless,  therefore,  the  thormal  cffocf  of  tho  combustion  of  carbonic  oxide  by  the 
condensed  oxygen  in  ferric  oxide,  be  different  from  that  of  its  combustion  by  gaseooa 
oxyg«n,  this  ebange  wdnld  be  attended  iHlli  an  inenaee  of  tenipegature.  Mt  ui  any 
case  it  docs  not  appear  that  there  is  any  other  cause  operati  ve  in  reducing  the  tempera* 
ture  at  the  upper  part  of  the  blast  fiirnaee  sare  tho  tran^or  of  heat  from  the  ascending 
gas  to  the  eoldir  matmals  sitpplied  from  time  to  time  at  the  to|>,  as  the  ebarge 
descends,  and — if  hvdmtedor  carix^natedorivs,  or  limestone,  or  fuel  con  tain  inf^vjlatili^al-lo 
(mbatanee,  be  need — the  absoxption  of  heat  acoompanying  tho  change  of  water  into 
vapour  and  of  eatttonfo  add  Into  gaa. 

Con.scqiiently,  the  maintenance  of  a  higb  temperature  In  the  upper  parts  of  the  blast 
furnace  mui^t  have  the  effect  of  preparing  the  materials  cons^tituting  the  chaige,  foe 
passing  rapidly  through  that  stage  of  the  process  taking  place  near  the  level  of  the 
tuyeres,  which,  as  regards  the  present  system  of  working,  consists  probably  in  the  mere 
ftuoon  the  metal  and  sla^,  and  the  combustion  of  the  remaining  fuel  Accordingly, 
%  reduetiim  ia  tiie  ^nantil^  of  material  in  the  charge  would  admit  of  a  given 
'  ' —  iMiqg  maintained  attiu  upper  part  of  the  flnnaoe  with  a  leia  eonaoBptiea 
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«C  fbd;  and  ifaiee  the  Ume  occupied  in  heating  the  materials  in      Ibmaoe  to  neh  » 

tempfratuipe  as  will  dotermino  their  fusion  ia  directly  proportionate  to  the  qnantity 
of  materials  to  be  heated,  and  inversely  proportionate  to  the  temperature  of  the 
Moeading  gas,  otlrar  eonditioiit  being  eaualj  Ndi  *  MdMlka  'VOold  MM  adailt  «f  n 
increase  in  the  rate  of  working  imjKaaOxtk  9t  llw  bbttt  ikSBM^  tad  Obm  cflbflt  • 
Mviag  of  both  time  and  fuel. 

Then,  sinee  the  oonsumptiOB  of  faiA  onwand  abo?«  that  veqnfrfto Ibr  tito  lediidiM 
of  tho  ore,  and  equiynlenf,  as  already  shown,  ti)  about  one-third  the  weight  of  iron 
produced,  is  incurred  chiefly  in  order  to  efl'ect  the  fusion  of  the  charge,  it  follows  that 
any  mode  of  supplyini;  the  heat  requisite  for  this  purpose,  otherwise  than  by  the  com- 
bostion  ot  fatk  in  tho  furnace,  woild admit  of  a  reduction  in  the  amount  of  fuel  supplied 
in  tht'  eharge,  and,  what  is  still  more  important,  a  proportionate  reduction  in  the  supply 
of  air.  Ab  a.  consequence  of  that  twofold  reduction,  a  smaller  quantity  of  heat  would  suffice 
to  bring  the  ahMqge  to  •  glfOl  tem{R  r.ituro  in  a  shorter  time.  The  greater  the  Bubsti« 
tution  of  tlip  extraneous  source  of  heat  for  tho  eombustion  of  fuel  in  the  furnace,  tho 
nearer  would  be  the  approximation  of  the  amount  of  fuel  requisite  in  the  charge 
to  tint  »Minimii»t  limit  vmdi  is  neoessazy  fbr  the  reduction  of  the  an,  and  tba  gyeatw 

would  bo  I'ltii^gWp'^^^PS^"*'^"*^   i«^*h^*^"<*«'«'*»**»»»^***'*<*«gpi?Ttrff 

the  fuoL 

TlieM  etfOgSdentimB  will  aarve  to  flhialnla  the  principle  of  Iba  oeopomy,  boHi  bt 

time  and  fuel,  resulting  fnjm  tho  use  of  hot  blast  in  iron  smelting.  T!io  apparently 
paradoxical  result  of  a  greater  thermal  effect  being  j^ioduced  by  a  less  consumption  of 
niel  has  giTon  naa  to  a  rast  deal  of  miaoonceptioii  in  veond  to  Aia  subject,  and  baa 
awn  lad  to  tho  Mtire  denial  of  any  adyantase  attending  tne  use  of  hot  blast 

Tn  smelting  iron  on^s  with  mineral  fuel,  which  almost  always  contains  stdpluir,  a  por- 
tion of  this  substance  ia  retained  by  the  slag,  probably  in  the  state  of  caldum-sulpliide; 
bttb  the  pig  iron  generally  contains  some  sulptan^  and  it  is  deairable  to  reduce  tho 
amount  to  the  smallest  practieable  limit.  Tho  means  that  are  considered  to  be  capable 
of  effecting  this  object  ore,  increasing  tho  proportion  of  lime  in  the  slag,  and  the  addi- 
tana  of  matariala  ooataining  mangiincse,  both  of  widah  appaac  to  datHndaa  the  aapam* 
tion  of  a  larger  portion  of  suljOiur  in  tlip  slag. 

The  amount  of  silicon  in  pig  iron  appears  also  to  be  influenced  by  the  proportion  of 
UaMinthodtaige.  Attha  high  tempeaatnvacbtahiod  inanMiltinffin^ 
iaaaduced,  in  aU  probability,  to  a  gwater  extent  than  is  generally  the  ean.  witli  cold 
blaatk  and  the  pxeaenoa  of  an  additional  amoant  of  lime  may  render  that  reduction  more 
ififfieidt;  but  tba  obiiaifitiBiia  that  bafo  bean  mada  on  tiiia  nibject  are  not  snflleientlj 
deciflire  to  show  that  tUfiiiaally  the  case. 

The  pig  iron  obtained  by  smelting  phosphatic  ores  almost  invariably  contains  the 
greater  part  of  the  phosphorus  in  the  ore.  Experiments  made  on  this  subject  by 
MeesnLFrioe  and  Nicholson  ^fbfl.  Mag:  Bee.  1855)  show  that  this  is  not  due  to 
the  influence  of  hot  blasts  as  had  oeen  wipposed  ;  but  that  it  is  the  natural  result  of  the 
easy  reducibility  of  phosphoric  acid.  Their  investigations  also  lead  to  the  cuuelusion 
that  the  sepantioii  of  pho^hotoa  in  tho  slag  ia  eloaely  connected  with  the  partial  re- 
duction of  tbe  ore,  and  the  presence  of  a  large  amount  of  ferrous  oxide  in  the  slag;  and 
that  the  production  of  iron  free  from  ph(^phorus  from  phosphatic  ores,  stich  as  bog 
innoca^  nmiliraaalaigawaataafifon  in  this  way,  irfaeaeaaly  the  perfeet  ledoationflf 
tiiaore,  the  whole  or  greater  part  of  tho  plio^phonis  passes  into  the  in>n.  Am  yet  no 
means  of  preventing  this  result  are  known,  and  at  the  present  time  the  elimination  of 
phosphoros  is  probably  one  of  tiio  moat  important  ptoblnaa  aonneeted  vifh  the  dio- 
mistry  of  iron  smelting. 

The  inrestigatton  of  this  and  similar  subiects  is,  hoveyer,  attended  with  very  great 
diAenltj.  Tna  natora  of  l^e  operatioaa  by  iriildi  iMn  ia  produced  do  not  readily 
admit  of  being  conducted  experimentally;  iriiila  on  the  other  hand  it  is  to  a  great 
extent  essential  that  any  investigation  of  tiie  processes  involved  in  those  operationa 
should  be  conducted  on  a  large  scale.  ConscMjnently,  though  numerous  attempts  have 
been  made,  both  by  icon  naMtaEaand  ehanaista,  to  invaal^gate  the  eliemistry  of  thia 
art^  and  thongh  in  many  instances  their  labours  liav.^  hot^-n  well  directed  and  to  some 
exteat  fruitful,  still  the  .advance  that  has  been  made  in  kaowltdfZf  of  the  subject  i«  far 
leaa  than  what  is  needed ;  and  without  in  the  least  detracting  from  the  merit  of  soma 
who  have  directed  their  attention  to  the  siibjcet,  it  may  be  said  that,  considering  the 
national  importance  of  Uiis  manufacture,  as  well  as  the  ma^itude  of  the  intere^ta 
aooeetnadt  tlia  ahamiflal  aontribotioiia  made  daring  the  kat  tiurtv  years  to  its  elucida* 
tiou  andtmpiOff«BMDlhambMiBtha]i{|^heatd%Naiikaagr%M  unsatia* 

factorj-.  B.  H.  P. 

Z&OV»  AXiXfOTS  OF.  The  alloys  of  iron  are  not  for  the  most  part  of  much  im- 
poitaMe.  Tha  aofter  metals,  silver,  zinc,  tin,  aatiaMOgr»  aemditt  greater  hardnesa, 
aDdioni0CiBaapMfe«t«iMkj,b7ta]Di^i|^ftftvp«^  Traa 
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■IkqrtcfnHlinRy  b«  prepared  by  fusin<^  diffmnt  metals  with  iron  wisi^iBftl 
AUOMWU,  II  small  qnanlity  of  ferric  oxid,  l.t  in^r  ;iiM(  <l  tu  (l(\\'irlioi)iso  tho  iron. 

1.  All  alloy  of  iron  and  aiumin  iuiii  nearly  in  Uie  projwrtion  APFe,  is  obtained  by 
melting  10  pts.  aluminium  and  5  pts.  ferrous  chloride  with  9M)  pto.  of  a  mixture  of 
the  chlorides  of  potassium  and  .sodium  in  wjuivalont  proportions,  and  trenting  the  ro- 
soltiiig  ciystaUine  rcgulus  with  dilute  hydrochloric  acid.  The  alloy  theu  remainb  ia 
lioa>«oloaNd.iAMidid  prinns;  it  is  attacked  by  hydrochloric  add,  and  aoda4«y 
tJCbTict"  from  it  n  Pmall  qiuintity  of  aluminium  (Michel,  Ann.  Cli.  I'harm.  cxv.  104). 
8m  ako  AjLUMDiiUM  (i.  1^5).  The  Mcoliar  excelleuoe  of  the  Indian  steel  known  under 
the  aMBe  of  "wooli  **  h—  been  aacnbed  to  the  pwaoaee  of  alamiMimn  in  it ;  ImttlMM 
in  room  for  doubting  whether  this  is  tho  c&se  (Faraday  and  Stodart,  Quart,  Joum. 
of  &ience,  1819-20,  ix.  320 ;  Karsten,  £}umkiiiieHJkimd«,  L  4M).  (See  Sznu) 

1.  With  ABiimon7(L  816). 

3.  With  Arsenic.  Arsau'ral  Iron.  ArscnoaideriU. — Two  ooTiip.nnik  of  arsenic 
and  iron,  Fe^At'  and  f  cSA«^  known  bv  theee  names,  oeewr  ae  natural  mini^ifif  They 
mpear  to  be  iaonioiplieas,  ftonBg  twnetrin  crystali,  ia  triiicli  odP  :  obP  wm  \\V*  W 
(Greg),  122^  (G.  Rose);  cleavage  rafli.  r  distinct  in  one  dirtction;  also  maanm 
Ha«inee8«Bd — 6*5.  Specific  grayity,  from  6*80  to  8*71.  Lnstrcmet^c.  Colour  between 
flOreir-iHiite  and  steel-grey.  Streak  greyish  black.  Fracture  uneven.  Brittle.  Heated 
in  a  glass  tube,  they  yield  a  sublimato  of  metallic  anenie;  on  charcoal  before  the 
blowpipe,  they  give  off  arsenical  fumes  and  leaTe  "•gr^^i^  l^bulil.  NitBC  aoid  di0> 
■olvee  them  with  separation  of  arseuioua  aetd. 

Arsenical  iron  always  contains  solpkn^  generally  between  1  and  2  per  cent. ;  a 
i^ecimcn  from  Geier,  in  the  Erzgebii^,  contains  G  per  cent.  If  this  l>e  reckoned  as 
anenical  pyrites  (miapickel),  Fe'As8,  the  remainder  is  found  to  contain,  in  thf  lighter 
varietiea  (ipealitt  giavity  6-24— 7  00X  from  67  4  to  68  4  per  cent,  anenic,  and  32  6  to 
31'6  iron,  aprPfini? nearly  with  the  formula  Fe^\s*,  which  rc^nire.s  GG  S  A.s  and  33  2  Fe; 
and  in  the  heavier  varieties  (si>*  eifie  granty  G  SO  to  8-71),  from  71'H6  to  73  49  arsenii^ 
and  27*88  to  26-51  iron,  agreeing  nearly  with  tho  ftnniila  FaAi^  vbkh  neqfriwf 
72*84  As  and  27'lfi  Fe.  {Rnmvirhf>fTffs  Mimralch  mie,  p.  19.) 

Arsenical  iron  occurs,  associated  with  copper-nickel,  at  Schladmin^  in  Styzia ;  with 
serpentine  at  Bi  iifiheiMleHi  in  Silesia,  and  at  Loling,  nesr  HUtflBfae^Bi «  OmaSSbSm,  hk  • 
bed  of  spathic  iron  ore,  associated  with  bismuth  and  scorodite;  at  Geier  in  theErzgebirge; 
in  13«dford  County,  Pen.sylvania,  and  in  liandolph  Coonty,  North  Capolin%  vhwe  a 
BHMf  was  ftmnd,  weigliing  neariy  two  pomda.   (Daaa,  ii  6L) 

Ofhltn.  hy  melting  ol  pts.  iron  with  10S  pts.  arsenic  in  u  clos.  d  vos^cl.  obtained  an 
arsenide  of  iron,  having  nearly  the  composition  Fe'As ;  it  waa  while,  britdo^  and  vesy 
eanly  indmriMO.  Atnoiflil  eift  imi  (Me  mUe^  p.  M). 

I  With  Bi  nnth.— Aa  alkj  pMpned  \^  xotSlii%totfam%^\imBH£kmAl 
pt.  iron  is  still  magnetia 
6.  WHil  Copper.  (SeaiLiS.) 
4.  With  Gold.-^I 


jA,  isaa  ft»M  vilhiftfBldadkNMiiitealkj;  viOilpt 
gold,  a  grey  alloy. 

7.  Wnh  Lead. — The  two  metals  unite  with  difficulty  when  ftised  together,  foxmins 
two  alloys,  arranged  one  above  the  other,  the  lower  contain  tug  but  very  little  ooa,  aail 
the  upper  but  a  very  small  quantity  of  lead  (Morveau).  By  redudng  a  dag  con- 
taining lead  and  iron  in  a  crucible  lined  witli  charcoal,  Biewend  (J.  pr.  CSheBUZziiL 
S62) obtained  a  well-fused  alloy,  which  was  hard,  almost  perfectly  britt^,  lustrons^Md 
magnetic;  it  had  a  light  steel-grey  colour,  a  fiiia gllilMwl  ^iif^f"" ^fjm. 
tained  96*76  per  cent,  of  iron  and  3'24  of  lead. 

8.  With  Manganese.— ^Taatiraill^dloyadvittaiVigNMii^he^ 

brittle;  AvliPH  \\\>-  ]  import  ion  of  manganese  aMOWti  tO  M  pv  MMk  tii6  ixon  MMW 
exhibit  magnetic  properties.  (MusheU) 

9.  With  tfereury.-— An  amalgam  of  iron  wkh«i>wayiad«aWTbed  ty  JoaU.  (Brit 
Ass.  Reports,  1850,  p.  65.)    See  Merctrt. 

10.  With  Molybdenum. — Molybdide  of  iron  ia  bhuah^grqy,  hard,  brittle^  fine- 
grained, and  auigaetie ;  Aiaible  beine  tiie  Uovpipe  vte  teaied  of  equd  paili  of  tlit 
two  metals,  but  not  so  when  formed  of  2  pts.  molybdenum  and  1  pt.  iron. 

Many  sanwlee  of  the  ao-oalled  "bears'  {JBi»mtauen)  or  metallic  masaea  found  in  the 
haoitiiaofblMtteaaeaoiaiPiiiflheopper  iaa^  at  VauM^iiL  SlXlikmriM 
cnnsi'-t  df  ir  ni  .illriyt  I  chiefly  with  molybdenum;  a.  Bear  from  the  upper  works  at 
£isleben,  obtained  in  the  friuon  of  bituminona  maxl-alote  in  amelting  fhrnaciea 
Fine-graiaed.  <^  Oba—e-ff aiaed  (Hoi  n  e,  J.  pp.  Chtm.  ia.  176).—^.  Thirtrtt-ftiWmnifag- 
d<  bun:  riK'tcf^ric  iron,  containing  slag  mixed  wiili  LruiuT-yollow  copper-cinder ;  probafc^ 
the  bear  from  a  copper  furnace,  a  is  the  analysis  of  a  fine-grained  saaipk{|  iSof  a  coarse- 
grained ■tmplc^  by  Stromeyer  (Pugg  Amu  zxTiii  6Sl);  7  ia  tlm  analysis  by 
W«hria(ZMtMl&Fh9fB.T.W.iii.lM).--<  Bear  tad  iati^ 
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T9th$  mtU  in  fche  Hon,  eQCftmined  bj  Wigjgani  (Pog^  zzviii,  665).   <2»  Bear  iomti 
wadwffwdMfclawelirtadt  (8t«iab«rg^7rpr.  (%«n.  zviiL  879.) 
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11.  With  NiekeL— Iroa  and  nickel  melt  togeth^  with  facility,  fi^nning alloys, aoma 
QfipliididoiiofttQatMfaailf  asiionitmlf  £i  alloy  of  1  pt.  iron  with  0*08  nidcel  it 
white,  of  sju'clfi*^  jiravity  7"S0,  us  fxtensible  as  iron,  and  less  li.iMc  to  rust.  1  pt.  iron 
with  O'l  nickel  has  a  grayish-white  to  yellowish  oolour,  speciAc  gravity  7*86,  is  loss 
CKtCBiiblft  <jyu  kan,  Mt  z«ala  hm  «iaily.  1  pt  inn  aad  1|  pt.  nidcM  form  a  grey, 
cather  hard,  perfectly  extensible,  and  magnetic  alloy. 

Meteoric  iron  oouutf  timBy  of  «a  «Uqj  of  nan  and  aiekaL  (Beep^  838;  aba 
Mbtboritss.  ) 

IS.  With  FaUadtnfli,  ina fttM  •  Wttla  alU^.  (FAVftdfty  and i3to4Mt»  PUL 

Trans.  W22.  p.  251.) 

13.  With  Platinum. — Equal  weights  of  platinuni  and  iron  heated  before  the  oxy- 
hydrogen  blowpipe  nnito.  witli  vivid  cmiasion  of  ^iparkR,  and  form  a  shining,  tor  haid 
and  maUeablt^  alloy,  whicli  is  pcurcely  tonclif-d  liy  the  filt\  In  «'(ju;d  volumes,  tne  two 
metaia  yield  a  brittle  button  (Clarke).  Combination  does  not  take  place  in  the  heat 
«f anmdiiHuy  flro  (Lewis,  Oahlan),  An  allo^  of  00  pt8.iMMi  and  1  pt.  platuinm  if 
BOt  aftaekcd  by  orainan-  n-frir  nrjd.    (ScVi       cin,  Popp;.  Ann.  xlii.  17.) 

When  etjnal  wei^ita  of  iiou  and  platinum  are  di.c^olvt;d  iu  uiiromunatio  add,  tha 
gnaw  of  aieid  di^Mled  by  evaponlioii,  tfie  aolutiou  pi>-eipitated  by  amniania,  aod  th« 
washed  precipitate  reduc*  d  in  a  stream  of  hydrogen  at  a  low  n^l  Ik  at,  an  ftlloy  of  iron 
and  platinum  is  obtained,  which  immediately  takes  fire  on  exposure  to  tiio  air.  If  this 
alloy,  without  being  allowed  to  come  in  contact  with  the  air,  so  that  uo  combustion 
nay  take  place,  be  thrown  into  hydrochloric  acid — which  dimolves  part  of  ^  iioii 
wifh  ♦•volution  of  liydrnpcn — and  tho  rt»siduo  washed  with  u;ii.>r,  there  remains  a 
hhick  lieavy  powder,  coutaiuing  801  per  cent,  platiuaw  to  19  9  iron  (which  may  be 
^ssolved  out  by  boiling  nitric  acid)  togeChetr  with  a  tcaea  of  moisture,  but  no  hydrogen. 
Thin  ff'sidu.^  takes  ftre  in  tho  air  <  nn>!;.]prnbly  bolow  a  red  heat,  and  burns  with 
emission  of  sparkii.  Sometime«  the  combitstioa  bt'giuii  at  the  hottest  part  and  spreads 
^hnof^  the  maaa  with  a  red  li^ht,  as  in  tihabvming  of  tinder ;  after  the  oombustioo, 
the  powder  is  found  to  him  guBod  1  pev  ontt.  in  w«i|^t  ^oMviagAiil^  Ana.  Cfa. 
f imJ21  liii.  441.) 

Otndt  9if  fttUiituM  wmI  j&Wk      9  pts.  pliltniui  Mid  2  ptn.  steal  fbtn  %  perfeet 

alloy,  which  dot  s  not  tarnish  on  exposure'  to  the  air;  spfoific  i^^ruvity  15  88.  Tha 
alloy  of  1  pt  platinum  to  1  pt.  steel  takes  a  high  poliah,  does  not  ^j^miah^  ezbibita  a 
highly  erystamoe  stgnetttTB  on  the  sarface,  and  has  s  density  of  9*882.  y,  1  pt.  pla- 
tinum and  8  pts.  steel  form  a  finely  damasked  alloy.  8.  1  platinum  to  10  steel ;  specifio 
gravity  8"1.  c.  1  ]vt.  platinum  to  67  pts.  steel:  the  best  adapted  for  cutting  in8tru- 
ments.  I  yt.  plktiuum  to  lOU  pta.  steel :  of  uniform  surface,  and  beautiful  fracture  ; 
not  so  hsfd  as  silrer-steel,  bat  much  tougher,  and  therefocs  apsoinlly  adapt<>d  to  Oiail^ 
pnrpo»«»s.  fj.  1  pt.  platinum  to  200  steel :  damasked  alloy,  very  well  ad.ipf  od  fur  n/.vrfj 
(iJ  rcaut).  iyt^l  alloyed  with  a  small quitntiLy  of  platinum  diseolvi  s  in  dilnt**  sulj  ku  ic 
acid  much  more  (juicldy  than  pare  rteel.  This  increase  of  airfubility  is  produc-  <i  fv.ii 
ly  j7^,  pt.  of  platinum,  and  i.s  stronf^st  with  a  qnantity  between  ^  and  ^Villl  ^~ 

oi  platinum,  the  soiubiUty  is  perceplibiy  ieae ;  steel  alloyed  with  one- half  platinum  does 
lot  diiidlvoinomq«i^yth«i  ran  steel;  and  aoos^oondof  2pts.  steel  withOplap 
tmum  Is  not  nt  all  affected  by  (filute  sulpharift  asid.  XhsiO  alkft  oidiibit  the  ssino  fe.. 
iations  towards  other  dilute  acida. 

Whenaeoinmniidof  lOOpti.  of  rtsel  withlptb  of  plafiSanii  (or  of  any  other  metal 
insoluble  in  iiitHcadd)  istrntod  with  dilute  sulpLwio  acid,  and  tho  xmdijMOhod  portion. 
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contahilng  i>liitinnin,  imn,  carbon,  and  hydrogen,  is  boilM  with  nitric  acid,  a  M.xok 
residue  in  Idt.  This  latter  sub^UiQeo,  vrhm  hcul^d  to  2«H>°,  Uetoaate«  slightly,  pm- 
duoing  a  faint  light,  but  if  (vriultuil'.y  heatod,  daeompotea  with  detonation :  it  diHolinM 
in  nifnomuriatic  acid,  yifMin>;  a  solution  containing  a  larg<»r  portion  of  platinnm.  with 
but  little  iron,  (Faradaj  and  Stodart.  PhiL  Trans.  1822,  p.  2^7,  uid  Qimrt. 
Jonra.  p.  919.) 

Cast  iron  .ind  platinum  form  a  flarlr,  TiirilltMl>li\  rery  haril  alldr. 
14.  With  Fotassiam. — ^An  alloy  having  ne^ly  the  composition  iVK,  it  obtaiiwd 
by  igniting  12  ptt.  iron  lUiiiffs  with  8  pt«.  pnlmrised  taitar ;  it  Iim  th^agpert  cfhar- 

iron,  is  very  haid ;  can  be  fi)rp-«l  au<l  wt Med,  Imf  oxiJiscs  ver}- rapi<lly  in  air  and 

Phil.  Mag.  Oct.  1855.) 

16.    With  Rliodium.— 1  pt.  rhodium  and  1  pt.  stt  '  f  rrn  an  aUay  ha  ring  ft 

i»pocifip  gra\nty  of  917^>,  aii'l  a  v-^ry  fine  colour  an-I  surlace  lor  TOetalltc  mimwi ;  it 
do«9  not  Uimijih  in  the  air.  Au  alloy  of  1  pt.  rhodium  and  50  to  lOO  f^toel  is  very 
Imd,  talflnUy  tough,  requires  for  terns  >orinu'  a  temperature  higher  by  89^  than  eom- 
MOllBtM,  and  1)y  17°  thnn  Indian  ste.  1.    (Faraday  and  Stodart,  /oc.  cit  p.  329.) 

16.  With  SilT<  r. — Iron  said  to  take  up  a  small  quantity  of  jiilver  wht'U  melted 
wlliiit 

y  17.  With  Tin. — When  iron  and  tin  arohoaf  ed  to  rodnoss  togc-Hif^r,  tli<^re  is  formed  :  a. 
An.  alloy  of  22  pts.  tin  and  1  ixoa,  somewhat  harder  than  tin,  and  magnetic ;  and  below 
it :  A  compound  of  2  pts.  iiOD  Md  1  pt,  tin  (nearly  F«^%  wfaidb  i«  whita,  t«>y  hard, 
sliglitly  malleaMf,  and  diffiirult  of  fn.sion  :  this  eonstitut»^s  i'lnntd  Iroii-pJni'\ — Tn  ra.^f- 
iron  n'tort>«  in  which  the  tiu-amalgam  used  ior  silyenxtt  mirrora  is  continually  distilled, 
for  the  purpose  of  regaining  the  meceoFf,  as  altoy  «l  ttii  awl  iran  it  femed,  amoantiiig^ 
to  between  1  and  2  per  cent,  of  the  tin  obtained :  when  the  tin  is  ponred  oat  of  the 
rptorts.  thi.s  alloy  partly  floats  upon  it  in  scales,  and  is  partly  deposited  at  the  bottonk 
in  the  fonn  of  a  doughy  mass.  It  may  be  freed  from  the  pure  tin  which  adheres  to 
it,  either  by  boiling  with  hydrochloric  acid,  which  dissolves  the  latter,  or  by  treating 
it  with  nitric  acid,  by  which  the  frfc*  tin  \h  otidisod  while  the  alloy  is  not  aftaokMl. 
When  thus  purified,  it  has  the  form  of  shining  &quan>  noedh-s,  of  specific  gruviiy  8  733, 
lifiUley  and  fas&na  at  aa  incipient  white  heat.  Tho  piwilor  of  this  compound,  when 
Umnm  into  the  flame  of  n  mndlf,  bums  with  omi^ssion  of  spjirks  and  a  whito  smoko. 
n  dom  not  ru«>t  in  the  air,  when  moistened  with  water.  It  is  not  attacked  by  nitric 
arid  at  any  teniperatare  or  any  degree  of  coneenfaraUoa  ;  it  diiM^vat  aknHy  in  boiling 
hydrrx^hlonV  acid;  but  Dipidly  and  completely,  and  with  vi<llMlt  actioi^  iS  utMH 
muriatic  add.  (Lassaigne,  J.  Ckem,  nUd.  vi.  609.) 
DcviBa  and  uunmi  {Oonpli.  fwd.  alvL  990)  <ilitaiood  tba  idb^  ^M9a,^  io  thtoad 

illininjz  laminfr,  which  woro  but  slichtly  atfackod  by  hyclrochloric  acid. 

An  alloy  containing  Pe8n  remains  in  the  preparation  of  stannous  chloride  from 
Banca  tin  (see  Tin),  in  slender  (probably  quadratie)  aeedles  of  specific  gravity  7*44, 
ftuiUe  only  at  a  wbite  heat ;  it  solidifies  in  the  crystalline  form  am  cooKng,  and  is 
then  magnetic.  The  crj-etalB  are  nfarly  insoluble  in  hvdr<vh"!->nV  and  niirii-  nrid, 
but  dii-solve  easily  in  uitroniuriutic  acid ;  they  burn  m  iLc  lloiue  ol  .i  cimlio. 
(Nollner,  AsUL  ub.  Pharm.  cxv.  233.) 

It  has  bLvn  proposed  to  harden  malleable  iron  rails  by  introibi(  imr  n  portion  i  f  fin 
into  the  met^tl,  but  it  has  been  found  to  render  the  iron  eztremoiy  brittle  and  "  cold 
abort,"  and  also  incapable  of  being  wieUMk  (Karaten,  MttmHUmtmii,  t  999, 
and  Percy,  MrdiUiirgij,  ii.  Ifil.) 

18.  With  Titanium. — Pig-iron  often  contains  titanium  (p.  335),  which  appears  to 
ba  derived  dhtieily  Ihnii  tbft  dayof  fbe  an,  w  ftom  oOwr  siBQeoof  <»nipoanda  added  aa 

fluxes.  Tn  throe  samples  of  grey  pig  from  tli  ir.  n  ore  of  Wc.stbury  in  Wiltsbin', 
Biiej  fbottd  1*15,  0*71  and  0  47  per  cmt  titanium^  The  titaninm  is  either  minutely 
diUMHinated  tlirough  tbe  kon  or  elM  alkjed  with  it.  Tba  pwaanm  ef  titanhrai  in 

the  ore  or  in  the  ttnx  npjH  ars  tf>  improve  the  quality  of  the  iron,  and  render  it  of 
excellent  quality  both  for  castings  and  for  conversion  by  the  Bessemer  proceps ;  but 
according  to  Riley's  obeervations,  the  titanium  does  not  appear  to  remain  with  the 
irrm,  at  Icmst  only  in  very  minute  qiuintity,  when  it  is  converted  into  bar  iron  or  steel. 
Mushet  hn.«t  patented  the  tiw*  of  titfininrn  in  the  maiuifarture  of  in^n  and  steel,  i\m\ 
the  jdloying  of  titanium  with  iron  and  ft<>el ;  but  samples  of  his  steel,  in  the  mauutao- 
ture  of  which  titaniferons  ores  were  used,  did  not  yield  any  appvcdaUa  afidenea  af 
titanium.    (Riley.  Chotn.  foe.  J.  xvi.  .'JS7  :  -see  nvfr,  p.  1i^5.) 

19.  With  Tungsten. — Iron  and  tungbttiu  lui^y  be  united  b^  fusion.  It  is  stated 
Hiak  alcd  «f  rmef  anperior  qnaKty  mxy  be  made  by  simply  melting  eaat  ataali  or  even 
iron,  «itfa«rwitli  natallie  tiinfatan  or  witb  tlia  ao-oaUad  nalir*  aUoj,  pMpaiad  hf 
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ibonglj  hmAi^  %  nixtne  of  pawdend  volfrm  and  ibe  etAmmoaaim  naMer  m  % 

Oucible  lineal  with  clvirc'fual.    (hornouilli,  Pogg.  Ann.  1800,  xxi.  o73,) 

20.  With  Zinc. — Iron  takes  zinc  when  heated  with  it.  A  brittle  friable  alloy 
is  readily  formed  by  melting  zine  in  reaaeU  of  wroog^  o«  OMt  iron,  or  by  dropping 
iron  into  melted  dno;  sometimes  crystaUaia  Mmpomdl  ot  iiat^pam»  AM  AM 
4epA*(it,»,l.    (PorcT,  Metallurgy,  ii.  1.53,) 

Bj  itnmersiiig  malleable  iwn  or  cast  iron,  pcrffctly  free  from  oxide  on  the  surface, 
in  salted  sine^  tbe  iron  becomf^  covered  with  a  c»iiting  of  zine,  probably  in  conse- 
qnence  of  the  tvro  mefuls  t»eing  alloyed  BupfrfiiMtilly.  Iron  tliiw  coated  wit Ii  zinc  is 
hm  liabto  to  undeigo  oaddation  when  exposed  to  the  atmosphere^  and  ia  lai:;gely 
—tployed  mda?  thft  maub  ^^muimd  iron. 

ZBOVt  BSOacniBS  ot,   iron  unites  with  bromine  in  two  proportiona,  fomuag 

frrrom  bromidf,  which  is  either  a  protobromide,  FeBr,  or  a  dlbromiclc*.  Fft'Br',  apeord- 
iug  to  tlie  atomic  weight  of  iron  adopted,  iiud  ferrie  bromide,  wliieh  ia  like  manner 
it  sithtvm  Wflquibromide,  Fe^r*,  or  a  tribromide,  FfeBr*. 

Ferrous  brom  id e  is  n  yellov^hh  ?nb«lt;>^^^^'  obtalucd  by  passing  bri^minp-mpour 
orer  gently  ignited  iron  wire.  It  is  sululdc  in  water,  and  may  be  obtained  in  solatioo 
\f  Smnbnng  iron  in  Iq^dnlaomic  acid,  or  in  s  mixUira  ot  bromine  and  water.  TIm 
soln'inn  yields  by  prnporation  rhf^mV  :^  talmlar  crystals,  containing  FeBr«lHW*  WhM 
euoeed  to  the  air  it  tonis  brown,  and  deposits  ferric  oxvl^vmide. 

Ferrip  hr0m44«,  SVi^Bi^  or  FftBr',  Ui  prodiMvd  bettthig  ftmiiu  tomidd*  yriA 
bromine,  or  by  cvip.irntlnf;  to  dn,-n'  i  ?  'nt"  n  ir  lU  in  -x  vss  of  l)romine-water. 
It  is  a  brown-red  mass  which  deliauesccs  lu  the  air.  It  may  be  obtained  in  soluUM 
^  dlaiohuig  toie  carid»  in  b^dfOlNNmns  add,  or  by  miidng  the  aqueoos  nolitian  of 

ZKOV,  CARBIBES  OB  aaBBtmBTB  or.  Ca.st  IKON'  (p.  329)  and 

SroMu  By  heating  alkaline  ferroeyaaidoa  to  redneae,  a  compoimd  of  carbon  and  iron  ia 
obtainod,  ooaiatmg  of  FoO  (FeO*)? 

Three  other  definite  compo\inds  of  iron  and  carbon  Lavo  l>opn  supp»>t;M  to  t^xist,  viz. 
FfeC  {FeC)  FfeC  {Fe(P)  and  Ffe*C  iFe*C),  according  to  Karsten  and  Herthier  (Ann. 
des  Mines  [3]  iii.  229).  More  recently  Qurlt  (Chem.  Oaz.  xiv.  280)  has  endeavoured 
to  ahov  that  there  is  another  carbide,  represented  by  the  formula  FfeKJ  (Fe'C).  The 
nearesit  approach  to  a  dpflnitf  eorapi-nnd  of  onrlion  and  iron  is  spccnliir  iron,  which 
may  perhaps  consist  estfentialiv  of  a  tetracarbuxct ;  but  tha  evidence  of  the  existence  of 
thaaa  oobi^oumIi  ii  iHroawdingfr  iapwibet 

nMr*  OAXBOMAn  w.  8ae  OMamomkvm,  1 784. 

ZROir*  CAJi^s V UllTl'llXI,  AITAKTSXS  OT.  It  ha«i  already  been  mentioned 
tliat  cast  iron  contains  besides  carbon,  which  in  an  eseential  constituent  of  it|  a  ooo- 
aidenMa  mmibflr  of  otho'  aknanta,  twth  netalKo  and  non^raetallie,  that  naayof  theao 

tdemonts  are  not  cnrnj  1oti«ly  removed  in  the  proces,«»'S  to  which  tlie  ir<jn  is  subjected 
conveit  it  into  bar  iron  and  steel,  and  that  all  of  them  haTamore  or  less  influence  on  the 
quality  of  the  inm.    It  becomes,  therefore,  an  im^Nutant  paobkn  to  detect  those 
Mfinu  daments  in  iron,  and  as  fair  as  possible  to  estimate  their  amount. 

Thid  iron  used  for  the  analysis  mu.st  b*^  finely  divided,  as  in  the  form  of  filings  or 
turnings,  or  borings ;  very  haj^  iron,  such  as  specular  iron«  or  hard  steely  mav  be  com- 
niinnted  in  a  steel  mortar,  and  aiftad»  T]iaiiOBnHHtof«oniMbofiMllmanal»natk 
oil,  and  oth^r  forci^  snbetancee. 

1.  EtHmatvyn  of  the  entire  amount  of  Carbon. — To  estimate  the  whole  of  the 
ei^bon  in  iron,  boUi  free  md  ooaahiMd,  tha  isan  must  be  dissolved,  without  evolution 
<- f  hvdrogeo,  because  that  ga."?  would  carry  mm^  of  the  carbon  with  it;  or  the  car- 
buretted  ixoa  mast  ba  oompleteiy  oxidised,  and  the  carbon  estimated  as  earbonie 
■eid. 

"Wlif  ti  ■  ir^nretted  iron  is  brouf^lit  in  contact  with  cUoride  r  f  sih-r,-,  clJtyridr, 
Qt/frric  chUftide^  these  eom[X)imd8  are  reduced  to  matailic  silvec^  cuprous  chloride  Mid 
ftmrna  cHonda  VBOpaotiveiy,  whOa  tha  molaTHo  iron  ia  ala»  eoaiwted  into  ftmna 
chloride,  which  dissolves,  and  the  whole  of  tbe  carbon  remains  behind,  to<!;t  ther  with 
silicon  and  various  metals.  The  action  of  chloride  of  silver  is  very  slow ;  the  most  con- 
venknt  reagent  for  this  purpose  is  eupric  chloride.  A  quantity  of  ue  iron  (5  to  10  grms.) 
fa  aofcred  with  a  aodawttaJjy  concentrated  aqneoi»  solution  of  cupric  chloride,  free  from 
excess  of  add,  whereupon  metallic  copper  is  precipitatod,  andfemras  cldoride  is  fornu  d. 
As  soon  as  tritxiration  with  a  plas.s  rod  shows  tliat  the  deposit  ia  frf-e  from  hard  par- 
ticles of  iron,  the  solution  \m  decr.ntt  d  and  the  residue  is  drenched  with  a  concentrated 
solution  of  cupric  cliloride  acidulat»-d  w-ith  hydrochloric  acid,  in  onler  to  convert  tbrt 
reduced  copper  into  cuprous  chloride,  and  dissolve  it.  The  solution  ia  then  Eltcsred 
ttiough  a  glan  toba  dtnimMt  nk  tiha  lower  end  to  a  narrow  neck,  and  plugged  with 
ndbaatoa  (or  plalimMcigoage)^  no  an  to  rt^tain  all  nndiaaohcd  paiCielaai  Xmpnin  cuhon 
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if  thxw  obtaimd,  the  welpiht  of  wW<rh  mny  he  determined  by  wcigliing  the  tube  dncd 
nt  124°-130<^  C,  both  1.-  foi.'  an.l  niler  the  experiment. 

Ferric  chloride  may  also  be  used  inftead  of  cnpric  cliloridf,  the  free  ncid  cont!iine<l 
in  the  solution  being  p^e^^ously  neutnilised  witJi  carbonate  of  sodium  or  carbonate  of 
calcium.  Tbe  bisie  wiris  talt  defxisited  in  th«  metHm  xmj  be  remfwd  by  dSvto 
liydroohloric  jicid  or  solution  of  ferric  chloride. 

The  iron  may  .ilso  bo  disRolvpd,  without  Ions  of  carbon,  by  nitric  acid,  provided  it  bo 
fllMfe^Miidied  with  wnter,and  then  tiifrii*  :i.  id  tV--  from  chlorine  ornitn>us  acid  adii. 
As  fiooTi  n"'  tlic  soli'.finn  hw^  attained  a  stitficient  ilr^rof  of  ronrrntrntioii,  if  \n  ponrnl  oft^ 
tlie  residut»  is  dr«^ueluni  with  fresh  quantitiefl  of  wat«*rand  amipous  acid,  and  the  turbid  * 
yellowish  solution,  which  contains  nitnte  of  umnoDia  eaa  nitfate  of  traoi,  if  kftto 
clrirify.  and  finally  filteri^d  ns  abore. 

Another  method  is  to  heat  the  finely  divide*!  iron  in  a  stream  of  tlry  chlorine  ya«,pre- 
TioiuiyfreedftKnn  air  by  paMringtbrcmgh  a  wd-hot tnbe  eont*ining  finely  divideddittRmel.' 

Bromint  or  iodine  may  also  bo  u-^i'd  instenjd  of  chlnrint  ,  and  in  the  wet  way, 
Morfitt  and  Booth  (Chcm.  Gaz.  itiSa,  Sou)  drench  the  iron  (not  rvy  finely 
divided)  with  a  small  quantity  of  vater,  add  iodine  (5  grma.  to  1  gtm.  be<m\  and  IcnTS 
it  for  f\\o  f)T  pix  hours,  till  tin  ;u'tinn  is  flnishcil ;  thni  jvour  off  flie  liqniil,  ;idd  more 
neater  and  iodine,  if  any  iron  still  remains^  and  tllter.  Core  must  bo  taken  noi  to  add 
too  mudi  water,  and  not  to  allow  the  aelion  to  |^  on  too  lon^r,  othnwise  a  pottioa  of 
the  carbon  "fti  11  lio  lost.  Tlie  charroaV  which  remains  after  tlio  solution  of  iodide  of 
izcm  has  been  filtered  aE^  is  washed  with  hot  water,  then  with  hjdxochloiic  acidt  and 
again  witii  water,  and  tlie  TCsidne  is  weighed. 

The  carbon  obtained  by  either  of  these  methods  is  not  pun  .  V ni  Is  mixed  with  a 
pmall  quantity  of  iron,  and  a  larger  qxtantity  of  silicic  anhyoride  aud  oxide  of  silicon. 
The  amount  of  pure  carbon  may  be  determined,  eithrr  by  the  loss  which  the  residue 
sustains  when  ignited  in  contact  with  the  air,  or  by  bumin;::  tlio  carbon  as  in  organie 
analyst?,  with  oxid<»  of  copper,  or  Tx-f  f  or  with  cliroTiiiittn^f  l»  r\<l.  or  wil  h  :i  mi-xttiwof  that 
salt  and  ckloi'iite  of  potassium,  ur  in  a  stream  of  oxyg<ea,  and  weighing  the  ciicbuu 
earbonic  anhydride  by  absorption  in  cauatic  potash* 

Deville  (Compvt.  rend.  li.  938)  FPpstratf?!  thf  pure  carbon  at  once  l>y  tjxnitin;^  the 
finely  divided  iruu  ia  a  cum  ut  of  dry  hydrocliloric  acid  gii-i,  quite  free  from  atmo- 
splieric  air.   The  iron  and  mU  the  f<»eign  constitaents,  except  the  eaiboo,  an  then  4 
tMnrortod  into  volatile  cldorid<  s,  and  pnre  carbon  rpmnins  Ixliind. 

2.  JCttHmatifiii  (,f  ihi'  (i  ra  nh  1  tc  or  tmclmuiciUi^  mixed  curi/on. — This  is  the  jx)rtion 
whidi  TcinaiTis  I'.  hiiid  mixed  with  silica,  and  sometimes  also  with  hmniM-Iike  c«rbon- 
rnmpouiids,  wln-n  th>'  iron  is  dissolved  by^iihite  acids.  To  cstiinatf  it.  th^  inm  i^  d'ssolvi-d 
out  by  dilute  livdrochloric  acid  of  speciiio  gravity  1"1 ;  the  washed  residue  is  digested 
in  potash-ley  of  specific  gravity  I'l,  to  retttore  siliea  mi  lMUM»-eonpoa»3k  then  witfi 
%vatiT.  tlicn  with  hot  hydnM'Idi -ric  aci>l.  .-iiid  lastly,  -vrith  hot  wafer.  ;ift<^r  whi.'li  it  is 
dried,  weighed  and  ignited  in  coutact  with  the  air,  the  loss  of  weight  which  it  then 
■nstains  Ming  teekoned  as  graphite  (Morfitt  and  Booth).  Bnehner  (J.  pr.Ofaeai. 
Ixxii.  washt  >i  Ilie  rcsidui  with  boiling  water,  potash-ley,  alcohol,  an<I  finally  with 
ether;  then  dries,  weighs,  and  ignites  as  above.    Crnrlt (Peiji^  Oentralblatliy 

p.  378)  treats  the  finely  divided  inm  with  neently  pseeifntated  diknide  of  aUtw  and 

solution  of  sal-ammoniac,  digests  the  rcsidae  with  cyanide  nf  jxitassiiuu  to  remove  I 

dsiloride  of  eilvec,  with  potash  to  remove  silica  and  combined  carbon,  then  with  nitric 

acid  to  remove  m^alUe  sitrer :  the  residue  consists  of  graphite,  which  is  to  be  treated  , 

as  above.  I 

3.  Esiiituition  of  thf  combined  (7«r&<> 77.— The  carbon  actually  in  com1>Ination  \nth 
the  iron  ia  for  the  most  part  converted,  during  the  solution  of  the  metal,  into  volatile 
hydiocariicps^  which  escape  with  the  hydngen,  and  impart  to  it  a  well-known  offen- 
sive odour;  part  of  this  carlmn,  howpvor,  alway««  remains  in  tht^  liqTiid  form  fitf:i<»}ied 
to  the  graphite.  When  carburet ttnl  iron  in  digested  with  chhridc  uj  stlvtr,  ferric 
chloride  or  cu^ric  chloride,  as  already  deseribra,  the  whole  of  the  carbon  reraaini 
beliiipl,  and  ()n  treating  the  residue  with  pofn'^h-ley,  that  which,  was  originally  rvun- 
biiied  with  th»  iron  dissolves,  and  may  be  wparuted,  togeVJicr  with  silica,  by  super- 

Wturation  with  hydrochloric  acid,  i»vaporation  to  dryness,  and  washing.     The  amount  i 
of  c.arl>on  in  the  re'^idne  thtis  obtained  may  T!ieri  he  determined,  either  by  the  loss  of 
weight  sustained  in  ignition,  or  hy  combustion  witli  chromate  of  lead.   Hie  combined 
earoon  is,  bowever,  more  generally  estimated  by  diilhraiee. 

■1.  Estrmatim  r>f  Si h'myi.  - -The  amotmt  of  this  element  may  be  det/rnuDod  by 
igniting  the  residue  obtained  in  the  preceding  opention;  the  carbon  thus  bums 
away,  and  sflica  remains  betund ;  as,  howeter,  a  snsfi  polticNi  of  tho  Ottbon  is  apt  to 
escape  combustion,  and  thf  residue  likewise  contains  a  certain  portion  of  fclac.  th>'  pure 
silica  must  be  disMolved  out  by  potash-ley  of  specific  gravitjf  1*1  (whieh  will  not  attack 
tlie  dag),  and  than  precipitated  by  wipfVMttttatiaa  with  hjpdniduotie  afdd. 
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Caron  igiutcs  the  pulverised  iron  in  a  mixture  of  hydrochloric  acid  and  air, 
wheK'l>y  the  cjirbon  is  converted  into  carbonic  anhydride,  and  the  iron  into  volatilo 
lUocide,  while  silica  remains,  sometimes  mixed  with  the  oxides  of  titanium,  aluminium, 
aJdloffl,  &x. 

The  siliVon  in  iron  also  remains  ns  ^ilicn  in  the  wieidiic  l<-'ft  on  burning  the  iron  in 
a  stream  uf  oxy^vu,  &ud  lua^  be  i*ep»raled  by  moi»t«uiiig  this  residue  withoonoentrated 
Itydrochloric  and,  tfaporattog  to  dtyntw^  tlm  digiitaiig  in  diliito  bydioehlotie  Mid 

and  fjlf*  ring. 

!•  6.  i^Utmlnju  if  Aiiroyen. — The  mtroffen  may  be  detected  in  cast  iron,  accordin^c 

Co  T>f«whiind,  by  igniting  the  finely  divUwd  iron  with  potMiiiiiii,  perfMly  dflamed 

p  frum  oil  and  \rcll  dried,  in  an  afmosphcrt'  of  hydrogen  cjuiio  fn-t-  from  air.  The 

(Resulting  mass,  dissolved  in  water,  yields,  on  additicm  *k  a  fenoso-feirric  salt  and  supr  r- 
■aftmition  with  hydwdiktie  add,  a  prccipitato  of  ywarian  Mae.  Aeoordiug  to  Fremy, 
^<  nitmgcn  of  iron  may  bo  coDvertcxl  into  ammonui  by  ignition  in  pure  hydrogen. 
.  The  oitirogen  may  be  estimated  by  igniting  the  pulverised  irou  with  six  tunes  its 
mii^t  of  a  mixture  of  camtic  lime  ana  baryta,  receiving  the  ammonia  thns  evolved  in 
hydrochloric  acid,  and  coavmrtditg  it  into  plotmum-sHlt.  Another  method  h  to  diostolvt 
tlie  iron  in  acid,  whereupon  ammonia  roniains  in  solution  ;  lioil  tlu'  li*inid  with  excess 
of  slaked  lime,  and  receive  ihe  vajtours  iu  iiydruchloric  acid.  Aporliou  of  thu  nitn^en 
may,  however,  remain  in  the  <-tfhr,nantu^ixm  mi  m^K*  d*tmMMinmA  ly  i^inni^ 

4hat  residue  with  soda-lime  in  the  ordinary'  wtiy. 

6.  EetumUon  of  Sulphur. — The  tiulpLuc  in  pig  iron  may  be  converted  into  sul- 
flurie  acid  by  oxidation  with  mtKle  acid,  but  the  quantity  is  generally  too  small  to  bo 
rstimatfd  in  this  way.    A  ln'ttr-r  method  is  to  convert  it  into  suliilivdric  acid,  \>y 

I  dissolving  the  iron  in  ddute  hydrochlodo  aidd  (which,  of  course,  must  not  contain 

mdplniNiaB  aiad,  or  ftee  dilarin^  and  pan  tha  avolTad  gaa  tfarongli  a  Liebig'B  bolb* 
ajipiir.itTis,  containing  an  Rmui-iniacal  solution  of  nitrate  of  silver,  or  tlirouirh  a  series 
ot  smail  flaaki  containing  chloride  of  oop)^,  or  aoetato  of  lead  (the  latter  mixod  wiLb 
aeetie  add),  rad  "mmA  me  precipitated  anlphide:  100  pt&  aalpliide  of  «Qtv  »  IS*91 
sulphur;  100  pts.  sulphide  of  copper  »  1345  sulj^liur.  As,  however,  the  precipitated 
«ulphide  may  also  contain  phosphide  or  arsenide,  it  is  better  to  oxidise  the  stilphido 

>^  vrith  nitric  acid,  and  precipitate  the  resulting  solution  with  chloride  of  barium. 

[Another  mode  of  estimraon  is  to  ftise  the  pulverised  iron  with  nitra  and  ewbonata 
.of  sodium,  dissolve  flm  mass  in  dilute  liydrocnioric  acid  (silica  then  remaining  undis- 
•ulved),  and  precipitate  the  sulphuric  acid  as  u  baxiuia-iialt.  It  tliti  fosauu  i»  conducted 
I  «n»  a  ma41ame,  cam  moat  be  taken  that  the  mass  does  not  pass  over  the  edge  of  the 

I  vrjjspl,  becaus.-  in  that  case  tlie  suljiJinroHS  acid  in  the  flame,  rnmiii^  in  eontnet  with 

I  the  fiised  alkali,  will  be  oxidised,  and  ibrm  an  alkaline  sulphnu%  wliicU  will  greatly 

I  inmaae  tha  apparcot  amomit  of  solphar  in  the  iron.   If  the  fusion  is  made  over  » 

I  Spirit-lnnip.  tfiis  H.vurre  of  error  does  not  arise.    (D.  S.  Trice.  Clu  tii.  Sue.  .T.  .\vi.  ijl.) 

In  sevecal  of  the  analyses  alrt^ady  given  the  estimation  of  sulphur  iB  probably  too 
Irig^  llie  TCflolta  thai  an  qnestiaiMUa  az«  Budwd 

7.  EL^fiitKili'fn  if  Phimph  or  ICS. — The  iron  (6  to  10  grms.)  is  dinsolved  In  nitric  or 
nitfomuriatic  acid;  the  solution  evapc^iUed  to  dryneaa;  tlie  diy  residue  fijsed  with 
thiae  or  four  times  ita  weight  of  alkaline  oulxmate ;  tha  ftnad  maaa  diainlegrated  by 

•       vatsr,  the  filtrate  suptrsatui-tifed  with  hydrochloric  acid  and  evaporated  to  dryness 
I  to  fejinrate  silica,  tlie  residue  di^e.<tcd  in  water,  and  fix>m  the  filtrate  the  phosphoric 

r  uciil  IS  precipitated  an  ^uumuniu-maguesiau  pbusphate.    The  acid  tiltrate  may  also  be 

peeviooaly  wttd  ix  the  estimation  of  sulphuric  acid,  the  excess  of  haiylft  added  bfling 
then  removed,  prcrii)U.<lv  tu  iiivcipitatinp:  the  phwsphoric  acid  in  the  way  just  men- 
tioned. If  the  buiuiiou  also  cuuliuiis  alumina,  t«trUuic  acid  uio&t  iiiai  bu  added  to 
hflU  that  bMa  in  solution. 

The  nitric  acid  solution  of  tlie  iron  may  al?o  he  precipitated  in  the  eold  with  car- 
bonate of  sodium ;  the  whole  uf  the  phosphorus  is  then  thrown  down  as  l^emc  phoephata^ 
^  whidH  after  wathing,  may  be  fhiad  with  alfcaline  aaibanate  a»d  twatM  as  abtfi^  at 

decomposed  b^'Fidphid*  «'f  ammonium. 
>»  ■  The  iron  fikoga  nuigr  alao  bo  ivmtd  at  once  with  a  mixtiue  of  alkaline  carbonate  a^d 

■itmtg^  the  ted  nuMB  tMitad  aa  ahove  daaeiibed  te  tha  flatunaUoD  of  adphirfB 
,  acid,  and  the  solution,  after  bein^  free<l  from  silica,  may  be  used  « itli,  r  irnm«CUattil(y 

Ior  after  sfpanition  of  the  sulphuric  acid,  for  the  estimation  of  phosphoric ^acid. 
Eggertz  (J.  j)r.  Chem.  Ixxix.  496),  evaporates  to  dryness  the  aoltttioa  of  1  gnn, 
'  iron  in  16  grms.  nitric  acid  of  specifta  gtsiity  1*2,  moistens  the  miiss  with  hydro- 

chl.  rii'  aoi<!,  and  dissolves  it  in  such  a  quantity  of  water,  that  the  filtrate  measures 
la  c- c,  ihui  adds  12  .J  c.  c  of  a  boluii<>n  of  inoiybdic  acid  (prepared  by  dissolving 
,  1  pt.  molybdii-  acid  in  4  pts.  ammonia,  |«.uring  the  quickly  filtered  liquid  into  16  pts. 

r  nitric  acid.  nn<l  leaving'  it  to  settle).  On  leaving;  the  niixtur**  to  itself  f -r  a  few  hours  at 

^  40^,  a  precipitate  forms,  which  must  be  collected  on  a  weighed  hitcr,  washed  with 
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water  contafaliig  1  per  cent  of  nitric  uuA,  moA  dritd  it  M^.  100  pto.  of  Hbm  drisA  I 

precipiUito  correspond  to  1  pt.  phosphonis. 

8.  EstinMtion  of  Arsenic. — When  artiuniferous  iron  is  dissolvcfd  in  dilute  hydro- 
cUoric  or  Hiilphnrie  acid,  the  arsenic  is  not  given  off  as  anenet^«d  hydrogen,  but  is 
ronvortcd  into  nrspnic  arid  (H.  Kose),  which  remains  dissolred  if  tfie  f»«-»lnfinn  has 
been  made  in  the  cold,  but  is  precipitated  from  warm  aolatioiia  not  containing  too 
ipaat  an  oxecn  cif  Mid,  aa  banc  ftnw  ananalie^  and  ia  thcnAw  often  jfcvud  is  fSbib 

Oarbonacet  ni.s  residue.  j 
Wiien  the  iron  ia  disfiolved  in  nitric  or  nitromuriatic  add,  the  [arsenic  ia  oonrarted  | 
into  axaeoie  add,  and  may  be  precipitated  aa  tionte  ftRiesmenate  (together  wxtii  plioa- 
phate)  by  boiling  the  solution  with  acetate  of  sodium,  afYer  the  greater  part  of  the  1 
ferric  oxide  has  been  reduced  to  ferrons  oxido  by  heating  it  with  sulphite  of  sodium. 
The  precipitate  is  then  decomposed  by  sulphide  of  aamiommn,  and  the  filtrate,  acidu- 
lated, ana  treated  with  sulj  hydric  add,  yields  a  precipitate  of  sulphide  of  arsenic. 
Or  the  iron  may  be  dissolved  iu  hydrochloric  acid,  witli  addition  of  a  little  nitric  acid, 
to  dissolve  all  the  urst  nic;  the  filtnite  heated  with  sulphite  of  sodium,  to  reduce  all 
liha  terie  to  ferrous  chloride,  and  the  solution,  freed  mm  excess  of  a^phnrons  acid, 
may  be  treated  with  siilpliydric  acid,  with  the  usual  precautions ;  the  arsenic  is  then 
precipitated  as  trisulphide  (together  with  the  sulphides  of  copper  and  lead,  if  [H^esent). 

Aa  %  portKMi  taa  araonic  sometimee  remaina  in  the  earbooaoeona  iveidiie,  imm 
residue  must  bo  r  xamined,  either  by  treating  it  with  sidphidr  of  ammonium,  and  pre- 
cipitating the  arsenic  &om  the  filtrate  by  ai^hydric  add,  or  by  fusing  it  with  nitrate 
■nd  cariwaiteof  ao^Kun,  and  precipitatiiffi  thaanenie  aa  annwano  laagiiwiaii  ataenaHa. 

The  pulverised  irun  may  also  be  fused  with  nitrate  and  carbonate  of  sodium,  the 
silicic  and  sulphuric  acids  separated  aa  above,  and  the  axaenic  then  predpitated  by  sul- 
phydric  add,  or  if  no  phoepborai  ia  pwaent,  by  anmmla  snd  aidph^  of  magDeatnm. 

9.  BtHmation  of  Manganete,  Cobalt,  Nickel,  and  Zinc. — Thef*o  metals  may  all 
be  separated  from  iron  by  predpitating  the  latter  from  a  neutral  solution  in  which  all 
the  Iron  exists  as  ferric  salt,  with  benzoate  or  succinate  of  ammonium,  or  from  add 
aol  uti on,  with  carbonate  of  lauiiim. 

10.  E-sfimafion  of  Copper  mid  Lead. — The  precipitate,  thrown  down  as  above 

described  by  suiphydric  acid  from  the  reduced  iron  solution,  sometimes  contains  tracea  ^ 
of  tbeaa  twomoloiloi   The  arsenic  may  be  extracted  from  it  by  monosulphide  of  potas-  - 
sinm  ;  and  the  residue,  oxidis^f-d  with  nitric  acid  and  triattdlrith  fol^lunie  AOi^  jiiids 
insoluble  sulphate  of  lead  and  a  soluble  copper  ealt^ 
IL  MmaHomrfAlumimiMm^Vct  tbo  iMthod  tt  aeparating  thia  aMtal  ftam 

btOkf  see  i.  155. 

18.  Eitiimaiion  of  Magnetium,  Calcium,  and  the  Alkali-metal*, — Theae 
votals  zcmaia  in  aMBtkm  after  llio  mm  bat  bean  predjatilad  «  hgac  osdda  by  ban- 
tOOte  or  succinate  of  ammonium,  or  bj  cwboaato  CI  btBOBi  ad  viy be  Mfmlad  vd 
estimated  by  the  tisual  methods. 

18.  EetiTnatian  of  Chromium,  Vanadimmt  THtaniumy  Molpbdenum,  and 
Tungeten. — These  metals  occur  especially  in  the  Uadc  reeidne  whidi  remains  when  i 
ptgironiadiaaolTodindiliUeaddi^  aodxnigr  boiovi^fbreit^  diraet^ia 
tbeiron. 

To  detect  and  separate  chromium  and  vanadium,  a  large  quantity  of  the  pohre- 
rised  iron  is  fused  with  12  pts.  nitrate  and  1  pt  carbonate  of  sodium  ;  the  ftised  mass 
(which  likewise  contains  silidc,  phosphoric,  and  arsenic  adds)  is  mixed  with  such  a 
quantity  of  nitric  acid  that  it  atill  retains  a  slight  alkaline  reaction,  but  does  not  give 
off  any  nitrous  acid  (which  would  reduce  the  chromic  and  vanadic  adds) ;  the  solution 
ia  mixed  with  diloride  of  barium ;  the  washed  precipitate  is  treated  with  anlphnrie 
add ;  tbe aolntioii iaaatuilad  wtth  anmonia  and  evaporated; and  almnp  of  8aI<«8nmo-  | 
niac  is  thrown  in,  whereby  vanadate  of  ammonium  i.s  thrown  down  as  a  yellow  or 
white  ogratalline  powder,  while  the  chromate  remaina  in  aolution.   The  vanadate  of  I 
■lumoiiiiun,  baated  in  eontaet  with  fhe  air,  yieUbl  dask  red  ^HMfie  Mid,  the  quantity  " 
of  which  can  then  b-  determined. 

According  to  Se&trom,  the  vanadic  (and  chromic)  add  may  be  separated  from  the  4 
fused  mass,  after  neutralisatkm  with  nitric  acid,  by  the  additicm  of  a  lead-salt ;  the  T 
.  vaabed  precipitate  is  then  boiled  with  atroog alcohol  and  hydrcdlkric  acid,  the  resulting 
blue  solution  of  vanadic  (and  elircmic)  oxide,  after  being  evaporated,  is  oxidisea 
by  nitric  add  or  chlorine-pas,  then  mixed  with  potash-ley,  evaporated  down,  and 
fined;  Ibe  ftaaad  maai  ia  dissolved  in  water,  and  the  vaoadioaod  pgadpitated,  aa  j 
above,  by  sal-ammoniac.    The  liquid  filtered  therefrom  (after  separation  of  phos- 
phoric and  arsenic  acids  as  ammonia-mogncsian  salts)  yields  with  aniphydric  add  a 
predpitate  of  chromic  hydrate,  while  milphide  of  moljrbdemna  nemauia  in  aolntion, 
w]iencr>  it  may  ]>e  precipitaftad  bj  addib  ca^^HMB  IkHMd  in  ft  MROw  tnbab  Tiflid*  pan 
bulphide  of  molybdenttw. 
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According  to  MiiUoi^  the  mass  obtained  by  fusiiu;  the  iron  with  nitre  and  sodn,  may 
La  ilissolved  in  water,  the  filtrate  treated  irith  cubrine-gas,  which,  se^aratc^  plio»> 
phate  of  AlUBUnium,  and  then  sat  ur.it  <  d  with  nitric  acid,  afterwaidl  with  ammonia, 
and  the  VHnsditim  prrnpitatod  l>y  f:il-ammoni!te— or  the  fused  mass  is  boiled  with 
excet»t>  of  jjulpliide  of  auuiiuaiuii),  or  suturated  wilJi  sulphjdric  acid  gas  (whezebj 
chromic  oxide  and  .ilamina  are  separated),  and  sulphide  of  Tiattdfaat  ||flwri|»ltlll>g 
from  the  S'^lutimi  of  tin-  alkaliiK-  .suljihovanadatf  ]>y  an  aohl. 

The  chromic  acid  may  hn  st*p<u'ati;U  from  the-  liquid  filtered  from  the  ranadate  of 
aamMmtnm  by  the  ordinary  methods,  and  most  rcadQy  detected,  after  additkw  of 
pure  nitrii'  acid,  by  iti  reactiun  with  p«  n>xidf  of  hydrogen  (i.  953).  The  chromic  ueid 
may  also  be  precipitated  from  t^c  alkaline  luj^md,  after  nentralisation  with  nitric  anidf 
neam  of  memnmu  nifvate,  the  phosphmc  and  arsease  teidf  having  flnt  betB 
precipitati'J  by  ammonia  and  nitrate  of  m:v<.nieyiura  (tin'  addition  of  Sal-mnmoniao  Wd 
■nlphuric  acid  must  be  avoided,  Ha  thuy  would  precipitate  the  mercurous  salt). 

Bile^  (Chem.  8oc  J.JCV^  1»)  separ^ee  TUUldiiun  from  pig-iron  by  dissolving  the 
boKUlgli  m  dilute  Inrdniehloric  acid,  and  after  the  iron  is  nearly  all  dissolved,  adding 
a  strong  acid,  and  boiling  well ;  the  chloride  of  iron  is  tin  u  filt*  red  off  from  tho 
KTiipIuLe  uud  silica  the  tiitt*r  well  washed  from  chloride  of  iron,  and  troutyd  with  a 
dQute  solution  of  potash  to  dissolve  the  silica ;  the  potash  thoroughly  waj^k^d  oai; 
and  the  filt/  r  treated  with  hydrochl'^rit'  ;i<:id,  washed  until  all  the  acid  is  removed, 
then  dried,  ignited,  and  bumi  over  a  inais*  n's  burner,  or  better  in  n  muffla.  The 
residue  is  a  semi-fliaed  mass,  a^iaiently  consisting  of  a  mixture  of  a  fusible  and  iafti- 
sible  oxide,  staining  a  poreelam  crucible  yellow,  and  adhering  .sti\»ngly  to  it,  sonM 
^ottuma  of  the  mass  being  of  a  purply  blue  colour,  similar  to  the  bloom  of  a  plum. 

The  leni-ftued  neidiM,  trM^  with  (xmcenteated  liydrodblorie  add,  g^Tta-eff 
chlorine,  and  forms  a  j  ellowish-brown  solution,  wliidi  on  boiling  soon  becomes  of  a 
beautiful  gre^  ooloor,  leavii^  a  black  finely  poiverulent  insoluble  residue.  The 
oolntaon,  md  hem  ezoeaa  of  mad  tir  evapontum,  leaTee  a  svrupy  dark  creen  mass, 
which  when  heated  with  water,  yields  a  small  t^iant  ity  of  white  insoluble  flocciUent 
matter,  and  a  solution  which  has  a  areen  colour  when  acid,  bat  blue  when  nearly 
neutral  or  lar]g^  dihdfid^  and  givee  uie  characteristic  reactions  of  vanadium-salts, 
especially  the  yUow  jfgmgiMB,  baeaanag  gwaaiah  on  ttindinR  with  towaniada  of 
potassium. 

The  black  insoluble  residue,  fused  with  acid  sulphate  ol  potassium,  forms  a  mass 
which  dissolves  perfectly  in  cold  water,  and  yields  on  boiling  a  dt-nse  yellowish-white 
pulveruU'iit  precipitate,  exhibiting  tho  reactions  of  vanadium-salts.  The  black  powder 
appears  tobevanadous  oxide,  and  the  soluble  portion  of  the  original  residue 
eoaaialf  tMnRj  ol  vanadie  acid.  In  a  sample  of  grey  pig  imn  fton  Weetbory  ni 
Wilfshire,  also  containing  a  conjsiderable  quantify  of  yiTiospfiorus,  fu^rt  of  which  passed 
as  phosphoric  acid,  into^the  residue  insoluble  in  dihito  acidii^  iiiley  found — bv  sepa- 
fstui^  ue  phosphcotfe  tu!!d  from  this  lenthia  as  magneeiimi'wJt,  aniii  eonaidang  tho 
remaining  portion  soluble  in  couer  ntratod  hydrochloric  acid,  as  TaaadiiH  iridr  ~thit 
tke  total  ^oaotity  of  vanadie  acid  m  the  pig  was  0*686  per  cent. 

Molybdenum  flometimes  occurs  in  the  carbonaceous  residue  left  on  dissolving  pig 
inMi  ID  aeidi^  and  may  be  dissolved  out  together  with  arsenic  by  sulphide  of  am- 
moniuTn,  and  precipitated  therefrom  by  aeids:  oil  hwHng  the  JTfffTjitatff  in  t  jllTf 
tube,  sulphide  of  molybdenum  r<'maius  l»ehiud- 

Ironrieh  in  molybdenum,  such  as  the  "bears**  ftoin  copper  fuioaeea  (p.  367),  latj 
be  dis.'^olved  in  nitromuriatic  acid;  the  solution  evaporat+'a  to  diynes?  after  audition 
of  hydrochloric  acid ;  then  redibsolvcd  and  prei'initated  by  sulphydrie  acid,  wkh  ad- 
ditioik  of  metallic  zinc.  The  whole  of  the  molybdenum  is  thus  precipitat^  and 
be  separated  from  other  metab  bjaolittion  in  Bolphida  of  aaunonteB,  iMoipilakioa 
thcrctrom  hj  acids,  and  heating 

Titanium  is  obtained  as  btenie  add  [anhydride]  when  pulrerieed  imt  jb  heated 
in  a  current  of  hydn^ehlorie  acid  gas  and  oxygrn  ;  it  then  n-mains  together  with  silica, 
alumina,  lime,       and  maT  be  rendered  soiable  by  fusion  with  carbonate  of  sodtam. 

When  tron  is  dtatDhred  m  nitrio  add,  at  laofc  witii  aid  of  heat,  and  thn  aolntkm  fa 
evaporated  to  dryness  and  rcdissolved  in  nitric  acid,  titanic  anhydride  maulo^  to* 
gether  with  carbon,  silica,  &c.,  and  may  be  rendered  soluble  as  above. 

The  iron  may  also  be  dissolved  in  cold  hydrochloric  acid,  the  solution  mixed  with 
taxtaric  acid  to  prevent  the  precipitati<Hi  of  the  iron  by  ammonia,  and  the  whole  of 
the  iron  (together  with  cobalt,  nickel,  copper,  &c.)  pre<  ipitated  by  sulphide  of  ammo- 
nium :  titanic  acid  then  rem^iins  in  solution,  and  may  be  precipitated  and  estimated  by 
meihods  which  will  be  described  und<  r  Titanium. 

Kil  ey  (Chem.  Soc.  .T.  xv.  after  dissolving  tlie  ir  )ii  in  ]iydrt>cliloric  acid,  col- 
lects the  residue  on  a  weighed  filter,  treats  the  residue  with  dilute  pota^  to  dissolve 
oat  tha  iilie«,  Hid  after  wadiiiig  tho  IUt«  with  hj^^ 


Digitized  by  Goo 


37()  IRON :  CHLOEIDES. 

Wi'iglis  it.  The  XTtMght  of  the  rcsirltie,  consisfinp  of  pmpln'tc  mixc<I  wifli  ti'faine 
anhjdridc,  beii^  thus  detcnnixied,  the  eraphite  in  burnt  q%  and  the  dirt^*  light  brown 

^tor;  iiTifl  the  Boliit:  n  '  il  l,  whereupon  titanic  anhydride  is  [m'cif.Itafrd  in  rrlr 
pore.  Part  of  the  titouitua  iUf  howimr,  diasolred  by  the  odd  toother  vith  the  iroa ; 
nence,  to  obtafai  the  tntlfo  amoiiBlV  tha  wdntion  omaiBfld  hj  Ihstng  the  raf dn«  team 

the  silica  with  acid  8uli>liat<?  of  potassium  must  be  added  to  the  iron  solution,  after 
the  sulphur  contained  in  it  has  been  precipitated  as  a  barinm-salt,  and  the  excess  of 
baryta  removed.  The  solution  in  which  the  titanium  and  phospborug  aro  to  be  de- 
tmnilied  is  first  reduced  with  milphito  of  sodium,  and  the  excess  of  snlphurous 
driren  oflF!  It  is  then  nearly  ncntrali!?e<l  with  nmmonia,  and  acetate  of  sodium  or 
ammonium  added.  If  there  is  oulv  u  siikiII  qaam  ity  uf  phosphoric  acid  pr^ent^  there 
will  always  be  sufficient  ferric  oxide  t<>  pn  cipitato  it  ;  htjt  if  not,  a  few  <£ro|lt  of  nitric 
acid  must  beaddnl.  ami  th..-  sohifiori  is  boiled  and  filtond  as  qniekly  a.*r  posjable. 
This  precipitate  ma^y  be  at  once  treat<?d ;  or  if  it  contains  much  ferric  oxide  in 
»eem  of  toat  mriBaent  to  form  phosphate  of  iron,  it  is  better  to  nSumdtn  H  m 
byilrochloi-i,'  no'id,  reduce  it  again  wifli  sulphite  of  sYxlhini,  nnfl  rop^t  tho  nperatioo' 
above  described.  The  precipitate  is  then  di^lred  in  hydrochloric  acid,  and  chloride 
of  magnedliini,  wamatm,  ehloride  of  annDomnni,  sad  tutarie  aeid  added,  the  precipi- 
tate ppjilu  -fi!  being  allowf.l  to  stand  two  nights;  then  the  ammonio-m:i>:nosiam- 
pfaoephate  is  filtered  off,  dried,  ignited,  and  weighed,  and  the  phosphoric  acrd  calculated 
mm  tfie  pyro-phosphate  of  ma^osium.  The  filtrate  from  the  phosphoric  aeid 
treated  witli  Hulphide  of  ammonium,  and  the  sidphide  of  iron  separated,  tbc  filtrate 
cvaporat-ed  to  tb-m.-^s,  ■jpnitcl,  aiii!  hnrnf  in  a  munh^ :  or  PTaprmit'tl  nearly  fo  dirness, 
tmnsferred  to  a  tiask,  uud  trcattd  with  fuming  nitric  acid  until  all  the  tarf^iric  acid 
i.f  destroyed  ;  in  cither  case  the  residue  in  fti«'d  witll  BCid  tolphat^'  uf  potassinin.  Tho 
flised  mass  is  rliffsulvfcl  in  coM  Mater,  hoihcl  for  some  hours,  and  allowtd  to  stand  a 
night  in  a  warm  place,  when  tho  titanic  acid  is  filtered  off  and  washed  with  dilate 
pnlphnrie  aeid— dried»  ignited,  and  ivotf  hed.  If  the  delCTmuialion  of  pboephoric  acid 
i>  nut  r.-.jnir»'d,  thon  the  precipitate  prodneed  (t  itlit t  hy  one  treatment  or  two)  by  the 
alkaline  acetate,  mav  be  oried  (without  waahing),  burnt,  and  fuM>d  with  acid  Mdphate 
of  potaafimn,  and  duM^rod  in  ooM  water,  whersl^  a  Kttle  phoephato  of  iron,  wfaieb 

rt-mainf;  Insoluhlo,  is  i^oparate*!  ;  and  thu  solution  l>fin(i  Lulled,  the  titanie  acid  is  pre- 
cipitated, and  maj  bo  separated  as  before.  (For  further  detaiia^  see  the  paper  above 
peftrred  to.) 

Tungsten,  idiieli  f^ometimes  occurs  in  the  residue  of  tho  solution  of  iron  in  hydro- 
chloric acid,  may  be  rmdercd  solnWc  hy  fujnon  with  alkaline  carbonate,  and  scparatecl 
by  precipitation  with  acida  or  with  luercurous  nitrate.  It  mav  be  separated  from  the 
other  con.<tituonts  of  the  iron  by  tho  adnbiUty  of  toogrtan  aoia  in  amnwiiia,  or  of  tbo 
sulphide  in  f-iilpliide  of  ammonium. 

EaUmntion  <>/  tlu:  Irvu. — The-  amount  of  i>ur>'  iron  in  carburetttil  iron  is  generallv 
dotermined  merely  by  diflTerence,  aftt-r  all  the  other  constituents  hare  been  estimated. 
It  may,  however,  b<  .  stimated  directly  by  Fuchs'  method  with  metallic  copper  ([<.  .1S1), 
or  bjr  majf  of  the  volumetric  methods  hereafter  to  be  described.  Mohr  recommends 
eepedally  the  use  of  two  titrated  adb^ooa  of  ehromafto  of  pofcuonn,  one  'ten  tamao 

more  dilut.  than  tlio  other  (p. 

XRON-,  CHXtOBXBWi  INT.  Trtm  illtrniii  with  rhlftrimt  twrnwmiKfflndi  luiflkgiwur 

to  Ihti  biDinides. 

Wmnvmm  mOmMm,  Fed  or  TtiCIf,  ia  oblidned  in  the  anbydrone  ataftet^I.  By 

passing  cldurloe  or  hydroehl<>ric  acid  gas  over  iron  filinc^s  or  tnrninu;^  heated  to  redness 
in  a  gun-barrel  ccMuaected  with  a  re<»iver  into  winch  the  Moduct  may  sublime. — 2.^ -By 
heating  iron-filings  with  sal-ammoniac^  ftnooa  ehlooda  then  remaining  behind. 

I3v  boiling  down  a  solution  uf  iron  in  hydrodilocie  add  ooft  of  oontnot  with  liia 
air,  and  hwitina  the  residu*'  till  the  wafer  is  expelled. 

Ferrous  cliloiide  ixysLaliiiKSii  iu  white  or  yeUowiah- white  shining  scales,  which, 
according  to  Senamont,  are  auHrided,  and  ooUeaSJj  vniaxial ;  it  has  a  specifte  gxan^ 
of  2  02  ^,  melts  at  a  red  heat,  and  sublimes  when  more  strongly  heated  in  a  ch><*e  ve*wel. 
Hi-ated  in  an  atmosphere  of  hydrogen^  it  is  reduced,  yielding  hydrochloric  acid  and 
pure  iron  crystallised  in  cubes.   Heated  i  n  l  -y  oif  oor  9xyg9i^  fiitf  it  ia  Molivd  into 

ftcrio  Oxido  and  oUocide,  the  latter  volatilising  : 

8FfcCa«  +  0»    «    Ffo«0«  +  2FfoCl». 

Tn  eont  \ef  with  nqirrnirs  rnpf>ur  at  a  red  heat,  it  gireaoff  hydrogen  and  hjdrodU(»ic 
acid,  and  i«  converted  iiitu  ferrosoferric  oxide : 

3Ffca'  +  4H»0    -   FfcW  +  6Ha  +  H». 

It  afaioiba  umania-ga*  at  oidinaiy  tempenlnrei^  awalling  op  and  onanUing  to  a 
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vhxte  povder,  vbidi,  whra  exposed  to  tlio  air,  auicUy  tak^  np  vratut  and  oxygen. 
Mid  it  eoBYCffted  into  finrie  oacTchloride  aod  t^neo-Minnoiifo  *  ehkrids.  Femras 

chloride,  hoato*!  to  reilness  in  dry  aininonia  pas,  is  coiiviTtrtl  mio  a  nitride  of  iron, 
Ffe*N*,  containing  9*3  per  cent,  nitrogen  (Frcmy,  Compt.  rend.  iii.  323).  When 
mixed  with  a  little  charMftl  powder,  It  ifTedoo^dby  zinc-raponr  at  a  red  be^  yielding 
erytitalline  metallic  iron,  sometimes  in  dendrites,  sometimes  in  tetnUwdxoOi^  9tA  Of 
qwcific  gravity  7*84.    (Ponmar^de,  Compt.  rend.  xxix.  620.) 

F crrous  chloride  exposed  to  moist  iiir,  absorbs  water,  and  deliquesces.    It  diasolvca 
<  asilv  in  water  and  cUcol'  I.  l  ut  is  insoluble  in  ether.    It  dissolves  in  2  pts.  water  at 
si-7h°  (Abl,  Oestencich.  Zeiiscbr.  i  fbum.  TiiL  20) ;  in  Iptof  stzoog  akohol 
82.".'^.  (Wenzel.) 

Htfdratcd  Ferrmit  dUoride,  FeC1.2H«0  or  Ff.  r!l«4H»0,  is  most  easUj  oMdiMd  lijr 
dii-solviiiL'  iron  in  aqueous  hy'lrtichloric  aflil,  finally  hcitliif;  the  wlufion  with  exeesdof 
uietai,  und  ti^ltering  it  at  the  boiling  heat  iuto  a  vessel  muii>lened  with  8troii>r  hydruchlorio 
acid.  The  Udah-gNeB  liquid,  left  to  cool  in  traU-eloflad  irwdi, dqpoe-it^  t  lu*  hydnited 
ehloridc  in  m'Mals  which  must  be  qnicTcly  prp?<sed  between  paper  and  dri.d  in  air  at 
about  3a**.  The  bluish  cmtals  are  monoclinic,  and  cleave  parallel  to  oopoo  and  t  P. 
I^teetflc  gravity,  1  037.  The  tali  may  W  obtained  •  eryetaUine  poi*d«r  by  eoaoen- 
trating  tYie  solution  in  a  fla.s'k  or  a  Tctort.  and  evaporating^  tlit-  concentrated  liquid  ovor 
the  water<batb  to  a  paste,  stirring  till  it  is  cold.  The  ciystals  heatfd  in  a  cloee  vessel 
ftrst  give  off  half  ueir  irster,  and  the  reimiinikr  at  a  higher  temperatnre ;  wh«s 
quickly  luafod.  fhcy  nu'lt.  in  their  water  of  cn,';ifalli^atiiui  ;  tlir-y  tfflorrsce  at  ordinary 
tenoperatores  when  kept  ov<^  oil  of  vitriol.  They  diasolve  in  0*68  pts.  water,  easily  in 
dboM  and,  according  to  meet  aetiiorttie^  in  stSfr  ;  aeeordilig  to  Jahn,  hoirew,  they 
are  insoluble  in  ellit t.  The  f^oIutionH,  especially  the  alcoholic,  absorb  wi/n't?  oxidr  gaa, 
atnd  aaemne  a  black-brown  colour.  The  aqueous  solution  ^fiddt*  by  eieotro^ftia  iron  and 
hydrogen  st  the  negatiTe,  ehlodne  and  oxygen  at  the  pontive  poltft 

Ferrous  chloride  forms  douTle  waits  with  the  chlorides  of  the  alkali-metala.  A 
mixture  of  the  concentrated  solutions  of  ferrous  chloride  and  chloride  of  potMaium 
yields,  by  cooling  or  slow  evaporation,  the  salt,  KCl.FeCl.H»0  or  2KCl.FfeCl«.2H«0,  ia 
pale  Une-greoi  monoeUaic  crystals.  A  similar  ammonium-salt  is  obtained  by  mixiqg 
the  eorre«!pr>nding  solutions,  or  by  boiling  inm  filings  with  italraminiiiiimT,  ndvogan 
and  aiumoiiiu  being  then  set  free. 

rerrlo  dUorlde.    Seaqui-  or  trichktridt  *f  JmN,  FeKH*  or  Ffca*,  also  called 

Perchtoride  of  Iron,  Iron  tuolimait. — This  corapotind  is  sometimes  found  in  the  craters 
volcanofi ;  it  may  be  obtained  artiticially  bj  the^fuUowiug  processes : — 1.  A  piece  of 
hmi  vire  or  a  watdi-spring  introdnoed  red-hot,  or  with  a  piece  of  burning  tinder  at 
the  end,  info  chlorine  pas,  Tnmis  with  a  n^!  ijlow  iind  fnniis  ferric  clilorido,  which  th<  n 
aaUimea.  The  same  reeult  mav  bo  obtained  by  passing  chlorine  giM  over  gently 
beated  iroD. — ^8.  Fecmna  chknide  heated  in  eUonne  pm  it  eoav«rtea  into  the  terio 
chlirlilc. — 3.  "^Hien  ferrous  chloride  is  heated  in  a  vt  f^si  l  c\^>nlainiu^  air,  ferric  chlorido 
aablimeSf  and  ferric  oxide  remains  behind. — i.  When  an  aqueous  solution  of  lerric 
dibrideiflefaponted,  the  dry  compound  Temahw  behind,  nixed  with  more  ttt  leasferrie 
oxychloridc;  tlie  dry  re-sidne.  gently  ignited  in  a  loosely  closed  flask,  yields  the  ferric 
chloride  sablimed  in  laminse.— 6.  A  uuxtore  of  1  pt  calcined  tenons  folphate,  and 
I  pt.  chloride  of  ealrium,  is  ignited  hi  a  fladc  titt  the  ftnie  ehlocsde  enUtmea.  (Banr, 
Bepert  Pharm.  xxv.  432.) 

Ferric  chloride  forms  iron-black,  irideieent  plates,  having  a  metallic  lustre,  and 
tolatilitiin^  and  subliming  somewhat  above  100^.  When  heated  in  contact  with  oa^gen 
gof,  it  yields  ferric  oxido  and  chlorine ;  heated  with  .njuroiui  vapour,  it  forms  wntO 
oxide  and  hydrochloric  acid  gas.  With  M^pAwMT  tUfid  and  with  ttt^pAuT,  it  hehMTMl 
like  the  pro tochloride.    (A  Vogel.) 

Hydrated  Ferric  cMoridf. — Ferric  chlorido  disaolTee  in  water  with  consideraldo 
evolution  of  heat,  and  lilvowise  dellqiKSces  in  the  air.  The  liquid  formed  liy  deli- 
quescence is  called  Okuiti  Martis.  The  same  solution  may  be  obtained  by  the 
following  methods : — 1.  By  dissol^-ing  ferric  oxide  or  its  hydrate  in  boiling  hydrochlorio 
«cid.— 2.  ]>y  disf^olvinp  iron  to  saturuticn  in  a  definite  qxiantity  of  hydroclilnrle  acid; 
filtering  the  solution,  and  laixing  it  with  half  a:*  much  hydrochloric  acid  it  olrcadpr 
•OOtains;  then  heating  th<  li({utd  to  ebuIUtion  in  a  capacious  vessel,  and  adding  uitnc 
acid  in  Fmall  portions  till  the  dark-lirown  colour  first  produced  by  the  absorption  of 
nitrous  gas  has  given  place  to  a  yellowish-brown,  and  the  further  addition  of  nitric 
acid  produces  no  enrfntion  of  nitrons  gss.  The  mixture  is  very  apt  to  froth  over, 
ofsj-ecially  t/twanls  ilie  <  n<l  of  the  oj-crtition,  when  all  the  nitric  oxide  whieh  has  been 
absorbed  has  been  evolved.  The  same  reaultmay  also  be  obtained  by  disjjoiving  iron  in 
BitKMnuiatie  add ;  but  it  is  not  easy  to  hit  the  right  proportion  of  the  acids.--^  By 
passing  washed  chlorine  ii.is  thrinign  aiiuruU'-  liydnn-idoric  acid  Kitnrated  with  iron, 
aa  lung  as  the  gas  la  ab^iorbed.   The  dark  brown  lipoid,  which  has  a  rough  taste  and 
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colonra  the  skiu  vdJow,  yields,  on  eraponition  muX  cooling,  siyitala  oontaiiujQg  two^  or 
perhafM  tlow  ^mftdrrat  pruportioiui  of  wat«r. 

a.  ILjr-hydratfd,  Fr-Cl'.Gn'O  (with  40  per  cont.  water).— Forric  chloride  ddl- 
ouesccs  rapidlj  in  the  air,  then  crystallises  io  the  form  of  tJiis  Imixute,  and  afterwards 
ddiquewea  nradi  Imi  q[iiu^ly  (Kinast,  Kaata.  Axeb.  xz.  281).  Tb»  aaae  Inteto 
lik«'\visc  srparatts  slow  I}- from  an  .-.jui'ous  .Solution  of  tin?  c)ili)riJc  not  too  much  con- 
centrated— fiae  radii  stretciiioff  out  in  all  directioM  fium  particular  pointa,  and  forming 
pale  orange-yollov,  opaque,  neaiivpbarie  nodtilea,  into  irliidi  the  wbniB  liquid  ii 
nltimately  converted.  If  the  evaporation  has  bi  t  ii  carriod  too  far,  the  syrup  will  not 
crystallise  uuless  it  be  exposed  for  some  time  to  the  damp  air  of  a  cellar,  frosn  viiidi 
it  can  absorb  water.    (Mohr,  Ann.  Ch.  Pharm.  xxix.  173.) 

/3.  A  |-hydnUC^  8F«IK]K*.dIP0  (with  217  mat.  water)  is  obtained  by  evaporating 
the  liquid  to  a  syrup,  mixing  it  with  a  small  quantity  of  strong,'  hydrrv-hloric  acid  to 
re-di.s8olve  the  precipitated  ferric  oxychloridc,  and  leaving  it  to  it&uLf  iu  the  cold 
(Stein,  Bepcvtk  Pharm.  xiii.  264). — 2.  BflkiBing  the  crystaUi  a,  evaporating  till  the 
liquid  1><>come8  perfectly  solid  on  cooling,  rpplacinj';  the  I-'^f  hvdroi-nloric  acid,  and 
l«aviiif!;  the  solution  to  cool  (Fritzsche).— 3.  The  cryiitals  a,  placed  beside  oil  of 
vitri(<l,  under  A  receiver  coi^taining  air,  soon  deliqimae  and  form  •  fMA  Vafn^  m 
which  larpe  crystals  then  form,  till  the  whoh-  is  POTiTPrt*»d  into  a  mnR^  of  crystals 
(Fritzsche,  J.  pr.  Ciiein.  xviii.  47i)>.  The  pculahyJralu  forms  flat  rastJiU<}  or  deep 
wddish^yellow  crystals,  iv  liich  Aise  readily,  and  soUdify  again  at  42° ;  they  absorb 
water  from  the  air  xory  rapidly,  and  with  evolution  of  h<  at  (  Kri  tzsche).  When  the 
crystals  a  and  0  are  shaken  together,  a  slight  fail  of  temperature  takes  pUiCe,  and  a 
liquid  is  obtained^-^lM  mum  m  l^at  prodn(^pd  by  impet^Mt  efaponrtion  of  tb*  epfilab 
a — which  ppxluccs  fiTfnt  hl»at  when  mixed  with  water  (Frit  r 'i  i  I  '1  it  f.  rrie 
chloride  dissolved  in  9  at.  water  yields  a  liouid,  which  is  identical  wiih  the  Oicum 
MarHt  of  tfas  older  dMndfli  («■  oM«iB«d  by  deliqosMMnoe  «f  tihs  solid  «likHrid«  tiha 
air\  has  a  density  of  1'54.5.  and  refuses  to  enf-stallise.  Hence  there  are  two  8olafioD.H 
of  ferric  chloride  in  water  to  be  distinguished;  one  contMnii^  more  than  |  and  less  than 
•  at,  the  other  ooabihiiB^  imm  titan  9  at.  miter. 

'rri-htfdrate,  Fe-CP.3TT'0  (with  2.')  per  cent,  water")? — The  hydrate  is  obtaini'd, 
according  to  Wittstein,  by  leaving  a  solution  of  ffnric  chloride  concentrated  to  a  density 
of  160  u  a  covered  plate^  standing  in  a  cool  place,  till  it  solidifies  to  a  mass  m 
rhombic  plates ;  also  by  evaporating  to  a  syrup  and  lea^ing  it  ia  a  flDirered  vessel  in  a 
warm  pkce.  According  to  Gobley,  Mohr,  and  Fritzsche^liOfveveii^  h^^jMBMBtMtad 
solutious  of  ferric  chloride  always  yield  the  ^-hydrate. 

Hjdrnted  ferrio  cUraidd  dissolves  easily  in  alcvkol  and  «<ftsr,  forming  yellow 
tions  ;  in  which,  however,  if  expwed  to  light  or  heat.  <**r|>f»cTnl!v  in  the  ethereal  solution, 
it  is  easily  reduced  to  ferrous   chloride.     Ether  abstractts  it  from  the  aqueous 
solution. 

!'( Trie  chloride  i.«  also  easily  reduced  to  ferrous  chloride  by  eitte,  gfannow  chlon'dr, 
aulphurmu)  acid^  sidjthtfdrh  acid,  &c.  Ugdrwdic  acid  reduces  the  couccttt ratod  but 
not TVty  dibits  solutions  of  ferric  chloride.  Silver  KoA  platinum,  immersed  in  the  solU' 
tion,  are  converted  into  chloriiles.  reduclnc  the  ferrie  to  ferrotis  chloride.  Thereduction 
is  likewise  f£esXj&dL  by  many  organic  bodie*.  The  reducingaction  of  tartaric  acM  oo 
fsmedikridflliashenapfmsdtophotQgvaiihk  (Oompt.  nad. 

lii.  94.^  _ 

A  concentrated  acid  scdnfion  of  ferric  chloride  yields  by  ekctrolym  £emms  ehlocide 
at  the  negative  pole,  wUls  eUorine,  sad  a  smsll  qvantily  of  oa^fon  aae  wwlved  at  the 

pogitivr  p<">le.  TJehig  ha.s  ituggcsted  the  use  of  this  solution,  in.stead  of  nif  iie  acid, 
in  the  zinc-carbon  battery ;  the  zinc,  according  to  £uf^  should  Uien  be  immarssd  in 
solution  of  oouiBOii  wtSb,  Sndi  a  owsntt  is,  however,  less  poiPSfAd  thw  fhat  of 

Bnnsen. 

Ferric  chloride  as  aittdi  used  in  Bkedicine ;  it  is  a  powerful  styptic,  and  is  emploj^ed 
intbetTMlaiMat  of  aneansms  u^Tarieose  veins.  A  few  drops  of  the  aqueous  solnticm 
qnickly  coagulate  albumin.    (Handw.  d.  Cbem.  ii.  [3]  607.) 

Ba^c  Ferric  Chloride,  or  Ferric  Oxychloride^^Whea  a  solution  of  ferric  chloride  is 
evaporated,  hydrochloric  acid,  resulting  from  mutual  decomposition  of  the  ferric  chloride 
and  wator,  is  always  given  off  at  a  certain  degree  of  conceatMtloo ;  at  the  same  time  a 
certain  quantity  of  undecomposed  ferric  chloride  volatilifew,  and  a  ba.'^ic  salt  is  left, 
coiu$it»ting  of  terric  chloride  with  more  or  less  feiric  hydrate.  The  strougur  the  con- 
OMrtwIilMl,  the  greater  is  the  quantity  of  basic  salt  in  the  residue.  The  evaporated 
mass  no  longer  dismilvcs  clearly  in  wnf^r,  tmlcf-s  hydrochloric  aciil  is  added  to  reconvert 
tlie  ferric  hydrate  into  I'hloride.  If  the  tt'inpcruture  be  raiiafd  very  high  during  the 
evaporation,  a  considerabh>  quantity  of  ferric  chloride  is  evolved,  and  a  highly  basic 
insoluble  fialt  remains  behind.  A  f>oliition  of  f«me  dilotideheiftfidtaMtf^ill  aaeiM 
tube,  deposits  ferric  oxide.  (S  e  n  a  rm  o  n  t .) 
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Insolnble  ferric  cnrdilorides  of  rariable  constitntion  are  likevtse  obtained  bj  ex- 
posing a  (folution  of  lerrouii  chloride  to  the  air ;  by  precipitntiug  a  solution  of  ferric 
diilondewithaqiMi^<7  of  alkali  not  sufficient  to  take  np  the  whole  of  the  oliloriBe; 

and  hj  rf>a»tin«r  iron  in  pontuct  with  motalh'c  chlorides,  chloride  of  sodium  for  example, 
all  these  conipuuuda  whun  heated,  give  otf  watvr,  and  afterwards  fi-rric  chloride,  leaTUig 
frrric  oxide. 

Soluble  ferric  oxychlorides,  or  basic  chlorides,  are  obtained  by  adding  recently  pre- 
cipitated ferric  hydrate  to  aqueous  ferric  chloride.  Tiie  hydrate  dissolves  in  consider- 
able quantity,  and  a  deep  red  solution  is  formed,  containing  ftom  5,  to  6,  or  7  molecules 
of  forric  oxido  to  1  niolecul.'  of  the  chloride.  The  solutions  maybe  heated  or  diluted 
with  w&ler  without  deo^mposing ;  those  which  contain  the  larger  quantities  of  oodde 
^oposit  a  portion  of  it,  bowttvsr,  on  the  additioii  of  certain  salts,  ana  when  empaoAeA, 
leare residues  which  do  not  redissolvc  in  water.  Compounds  containing  not  moM 
than  6  at  Fe*0*  to  1  at.  Fe*Cl*  are,  on  the  contnuy,  perfectly  soluble  in  water  afttV 
eraporation.  (PhtlUpg,  PluL  Hag.  [3]  viiL  406;  Ordvay;  SiD.  An.  J.  [2]  xxtL 
197  :  Bechamp,  Ann.  Ch.  Phys.  [3"]  hn.  306;  h-ii.  296.) 

ITemc  chloride  forms  with  chloride  of  cymogen  the  compound  FcKn'.CyCl,  already 
detenbed  Hi.  VI9\  ft  yaSHtm  diraellj  intti  yewiodWpfife  of  photphoru*^  forming  tiM 
compound  Fe'CI'.PCl*,  also  produce.!  !>y  the  action  of  pentachlori'lc  of  j>hospJionjM  or 
Cerric  oxide.  It  is  a  brown  sul^staoce,  which  melta  easiJj,  but  is  difficnlt  to  Tolatilise. 
(W eber,  Pojg?.  Ann.  crii  S7*  ) 

Ferric  chloridft  unites  with  the  chlorides  of  the  alkali-mettlf  fiMMBBgdlMUA^IlIonlciS 
among  which  tho  ammonium  salts  are  the  most  stabls;. 

Ftrneo-ammotdo  MorUe,  2BrHK^Fe*CP.Bro.— A  tohition  of  tal-annnomao  in  ft 
lai^e  excess  of  ferric  chloride,  when  evaporated  over  oil  of  vitriol  within  a  receiver 
containing  air,  yields  garnet-coloured  monoclinic  crystals,  which  may  easily  be  mistaken 
for  regular  octahedrons  ;  they  are  not  decomposed  by  water,  like  the  corres|x>ndiag 
oompound  of  chloride  of  potassium  (Fritzsche,  J.  pr.  Chem.  xviii,  484).  By  slowly 
evaporatintr  n  mixtur-  r  f  this  nature,  L.  Omelin  ohtained  very  deliqne«»C('nt  rrrtan- 
gttlar  octahedruu.s,  iiaviiig  two  of  the  Ijasal  edges  and  four  of  thu  basal  summila 
tnmcated. 

A  solution  of  fmm  3  to  21  pts.  of  pal-ammoniac  and  1  pt.  of  ferric  chloride  in  water 
yields,  on  evapjratioo,  roseate  transparent  crystals,  which,  according  to  Geiger,  are 
acute  rhombohedrons  when  they  eootain  ft  ineanim  qmatity  of  iron,  bnt  obtuse  when 
the  projwrtion  of  iron  is  eithrr  very  small  or  very  large;  accordiiif^'  to  Marx  also 
(Schw.  J.  liv.  804)  they  appear  to  be  made  up  of  a  very  great  uuniber  of  smaU  cubes 
not  quite  regularly  grouped  together,  whereby  the  cubical  shape  is  somewhat  tlfcsnd. 
The  quantity  of  iron  is  small  and  variable.  Tf  24  ]its.  of  sjd-!immonific  are  tirM  to  1 
1^  of  the  feirio  chloride,  the  crystals  contain  0*85  per  cent,  of  ferric  chloride  ;  if  14  pts. 
of  Md-ammoniae  ftMiued,  they  contain  1*93;  and  with  8  nl-amBunnae,  iher  eontani 
6-12  percent,  of  ferric  diloride.  The  mother-liquor  of  the  laHt-mentioncd  crystads 
yields,  on  further  evaporation,  brown-red  crystalline  granule  containing  d'Jd  cent, 
of  l^frie  ehlortde  (Geiger).  When  10  pt^.  salHnnnioiitae  hsw lieen  mod  witb  1  pL 
ferric  chloride,  the  crystals  contain  0  R6  per  cent  of  the  latter  (Wlnckler,  Reix-rt. 
Pharm.  Ixvii.  166).  The  ciystals,  when  heated,  beoomeyellow  and  opaque,  and  evolve, 
Ibtt  Ml-Aminoiriftc,  and  tdterwtoAt  ft*nie  dilorids.  Tney  dissolTft  iii  8  pCi.  of  oold 
water;  those  in  which  tlie  proportion  of  ferric  chloride  does  not  exceed  6*12  per  cent., 
become  moist  odIv  in  damp  air;  those  whidi  contain  5*76  per  cent  Fo'Cl',  become 
moist  even  in  dry  air  (Geiger,  Repert.  xiii.  422).  "Wben  their  aqneoos  s^ution  is 
eroporated,  sal-ammoniac  crystallises  out,  nearly  pure  at  first,  but  afterwards  con- 
tinually richer  in  iron,  being  first  yeUow  and  then  red,  and  thcore  seBuuns  a  mother- 
liquid  richer  in  iron. 

To  these  miztnrefl  of  ftiric  chloride  and  sal-ammoniac  belong  iSbS  Wtrruginous 

J^t'Wf'rs  o  f  Sa^-ammoviar,  Ffores  Stih's-nmmoniaci  luartiaJts.  Tht  se  are  obtained 
1.  By  tiublimins  IC  pts,  sal-ammoniac  with  1  pt.  ferric  oxide,  whereupon  ammonia  ig 
efvomd:  ovwiw  1  ^t.  iron  filings,  in  which  case  hvdrogen  is  set  free  and  protoeliloride 
'•rtn>nand  ammonram  is  piroUuced,  the  latter,  however,  if  the  air  has  moderately 
tree  acccbH  tu  it,  is  converted  into  ferrico-anunonic  chloride,  while  ferric  oxide  is  left 
behind. — 2.  By mbllming  ft  aixtare  (oMa&ied  }ff  rrtpotation)  of  1 2  pts.  sal-ammoniao 
and  ferric  chloride,  prepared  from  1  pK  of  iron  filings.— 3.  By  dis-solving  16  pts.  ?al- 
ammoniac  and  1  pt.  ferric  chloride  in  water,  and  eTap<»rating  to  dryness,  ^me  phar- 
nacopoeias,  however,  dinet  the  preparation  of  tfM  a^atBlii  aliove  diaaribed.  Tha 
product  is  a  yellow  saline  laaa^  mek  ia  yelknrer  and  mom  deliqnaaMiit  is  fciipattiea 
as  it  is  richer  in  iron, 

Smmmit  wiawftMst  fiiii  pf  Iron,  HS'.Fs^*,  or  (Mmde  of  Finrieum  mti  FtrHo' 
rtMmottiujn,  NIi*feCl.2feCl. — Fei  ric-chloride  slowljjr  absorbs  aTnmnnia  pas  at  common 
temperatiucc^.witb  slight  ovolutioQ  of  heat,  but  without  alteration  of  external  appear- 
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aooe.  Part  of  the  compound  TuktUises  uiMlcccttipoiwd  when  heated ;  the  rest  leaves 
femm  chloride.  It  dMiqneaoeB  in  the  air,  but  not  so  qnidcly  as  pure  firacie  lUoride. 
When  thrown  into  water  in  considerable)  quantities,  it  diasolvos  wiUi  r  Insslng  nolMv 
and  forms  a  dark  red  transparent  solution.  (H.  Rose,  Pogg.  Ann.  xxiv.  302.) 

Fcrrico-j>otas8i<!  Chloride,  2KCl.iVCl'.H'0.  —A  solution  of  chloride  of  potaissiiim  in 
csco9.sof  ferric  hydrochlorate  evaporated  under  a  bell-jar  over  oil  of  vitriol,  yii  kls  small 
vpllowivh-rc'd  mnnot'liriic  m'stal??.  A  Bmall  quantity  of  wafer  extracts  chloritlr  of  iron 
from  them,  and  leaves  crystals  of  chloride  of  pot^ia^ium  uudiBsoived,  as  may  be  seen  by 
ejounimitioik  with  th<  mi.  roeeopeu  A  larger  quantity  of  water  i^Baolm  tlie  whole; 
Int,  on  evaporation,  ci.loiuloss  crystals  of  chloride  of  potassium  separate  out  first,  nncl 
afterwaida  coloured  cry.stals  of  the  fernoo-potaiBsie  chluiidd;  and  at  this  degree  of 
oonoentntioii,  the  OTetals  of  ddofide  cf  poteiahun  ndiasolYd  witfaotit  any  wanning  or 
Htirrino:.  and  are  reconverted  into  OTataii  of  fenMo*potewritf  diloride.  (Frits§eji«h 
J.  pr.  Chem.  xviiL  489.) 

melts  at  20(1^,  fonning  a  very  niotnle  liqmd.  (Bertlle.) 

Fcrrico-ammonio'pi'layiiiit-sufJic  Chl'riJf — 2(^NH*;  K;  Xa)Cl.Fe'''Cl'.H'0  (confainni^ 
121  per  cents  potassium  to  6  2  ammonium  and  u  l6  sodium) — m  found,  U^'ther  with 
sublimed  ferric  chloride,  in  the  craters  of  volcanos,  and  romdne,  after  the  remoA-al  of 
the  fecrio  dikiride  by  deliquescence,  in  ruby-red  regular  octahedcona,  which  may  bo 
dried  over  oil  of  vitriol.  It  i«  ver\-  (lcliquc<:eent,  and  di£Bealfc  tO  xeeiyatalliM  withonfe 
decomi>ositioii.  (Kremers,  Pugg.  Auu.  isuudv.  79.) 

ZBOir,  OTAMIBBB  or.  (See  CTAKxnii^  it  221.) 

actions. — Iri>!i-saU-i  fiis.el  in  .srn.ill  quantity,  with  borax  on  platimnn  wire  in  the 
outer  flame,  colour  the  bead  yellow  while  hot^  the  oc^oor  disappearing  on  cooling 
With  a  larger  proportion  of  inn,  the  bead  is  red  while  hot,  and  yeillow  after  eoolhi^ 

In  the  inner  flame  a  bottle-green  glass  is  jiroduccd.  With  phosphurus-salt^  when  a 
moderate  quantity  of  iron-salt  is  added,  the  bead  is  reddish-yellow  in  the  outer  flame 
while  hot,  becoming  yellow  as  it  cools,  then  green,  and  finally  colourless.  With  a 
laige  p{rO{x)rtion  of  iron,  the  bead  is  deep  red  while  hot,  becoming  red-brown  and  dirty 
green  m  it  co  ls,  and  n  ddish-brown  when  quit*-  cold.  The  coloun^  chancre  by  cooling 
much  more  quickly  llum  those  of  ilic  Lvrax  bt>ud.  Tkesw  reactions  uru  common  to 
ferroos  an  1  f<  rric  compounds  (H.  Rose).  FemittS  oadde  in  minends  may  be  specially 
distinguished  by  licating  the  substance  for  a  very  short  tim^  in  the  inner  flame  with 
a  bead  of  borax  coloured  pale  blue  by  a  small  quantity  of  oxide  of  cupper ;  the  ferrous 
oadde  then  reduces  the  cupric  oxide  to  cuprous  oxide  or  metallic  copper,  which  fonns 
red  spots  on  tho  Lead.  Till)  lii'at  must  not  b*'  too  loncc  continiK-d,  in  flint  onfe 
fame  oxide  if  present,would  be  reduced  to  ferrous  oxide,  which  would  then  produce  ihe 
reaction  just  mentioned.  To  diedc  this  Neult,  a  portion  of  the  sahstanoe  may  be  heated 
for  a  Di'inicnt  in  tlie  oxidising  flamo  with  a  m-w  bru-ax  br.id  oontainiii;^' cop(HT ;  tli9 
bead  will  then  assume  a  pale  groca  colour  if  ferric  oxide  m  pn^vat^  whereas  ferrous 
oxide  would  prodnoatha  red  spots  in  this  oiae  also.  (Chapman.) 

2.  Seaction*  in  Solution. 

Some  (impounds  of  iron  are  soluble  in  water,  and  tlu  ^^rcater  number  na  soluble  in 
acitls;  many,  however,  especially  native  ferric  oxide  and  the  artificially  prepared  oxide, 
after  btrong  ignition,  require  prolonged  boiling  with  strong  hvdiodiloric  oiiu  to  dissolve 
them.  The  solution  of  many  iron  ores,  and  of  fenio  oadde  in  a  state  of  very  dense 
ag'j^r<"^ation,  may  be  facilitated  by  addition  of  zinc  or  Gannons  chloride,  vrlnch  rednrrs 
the  ferric  to  ferrous  oxide.  Many  iron  ores  can  be  rendered  soluble  only  by  fusing  them 
irith  alkaline  carbonates ;  some  only  bj  ftudon  with  acid  snlphate  of  potassium  or  sodiom. 

Iron  umially  exists  in  solution  :is  ti  ferric  or  ferroti.«5  salt,  or  pat tly  in  onr  st;ite,  partly 
in  the  other ;  rarely  as  ferric  acid,  on  account  of  the  great  instabihty  of  the  salts  ot 
that  add. 

Ferric  salts  in  solution  are  mostly  yellow  or  roddlsb-yellow,  more  r.iroly  (a.*?  in 
the  case  of  the  iron-alums)  colourless  or  violet.  Sul^hj/dric  add  gat  passed  into  the 
neatnl  or  add  solntioii  otf  a  fenie  ssit  rednoes  it  tp  ftftnoos  ssltk  ^nHSL  pwdpatatioa 
of  snlpbiu^  fhns: 

2Fc«n»  +  H'S    =    2HC1  +  4FoCl  +  S 

In  a  solution  of  ncutxal  or  basic  ferric  acetate,  howeTer.  sulphydric  acid  fbrms  a  black 
precipitate  of  8Ql|iUda  of  iron ;  if,  on  the  other  hand,  the  liquid  cootaias  fine  aeetie 
acid,  nothing  but  a  milky  precipitate  of  sulphur  is  produced. 

Sidj^hydrate  of  amiHonitun  produces,  in  ncutnu  solutions  of  ferric  salts,  a  black 
precipitate  of  sulphide  of  iron  insoluble  in  excess  of  the  precipitant,  and  becoming 
i^d-brown  by  nyiflstion  in  «mtaet  with  the  sir*  Tf  tliii  i|iiiiiif  ilji  ijf  inm  ^iiwmic  iij  iitij 
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tninnt(>,  no  {n<ecipiUte  i«  fbnnod  at  first,  but  the  lianid  acquiroa  a  gtoen  colour,  and  if 
k<  pt  for  aome  tiine  in  a  domd  iraaieU  d^f>Mlt•  aolpltide  of  uda  in  Uadc  iodok 

AlA'nh's  :mr[  nfkniinr  corfimmf.^  pn^rliic-^  a  xed*1]tOiro  pveoiptteto  IMf  ftKMillfdnto 
iaaotoble  in  excess  of  either  of  these  reagonta. 

Tiie  DorhMuOet  of  hetrimm,  ttromtium,  and  eddmm,  dudmi  up  iri^»  ftsrie  aoiiitimi* 
likewise  form  .1  {>n  i.'i|ilf;i1  »•  nf  ft'rric  hydrtilo. 

JtoKylflffl  sodium  fonas  a  white  precipitate  of  ^snric  phosphate,  which  ia  turned 
vA-htwn.  1)7  alkaKa,  dtaaolTW  ea.sily  in  nitne  or  hydrodilozio  add,  but  is  imolnbla  in 
aeetic  acid. 

Ferrocyanide  of  potoMium  forma  a  deep  blue  precipitate  of  Prussian  blue,  insoluble 
in  acids,  but  dissolving  in  alkalis  with  sepantion  of  ferric  oxide.  If  the  quantity  of 
ircw  present  is  very  small,  the  precipitate  appears  green,  €C  the  VqwA  mmfy  aoqiUMtt 
tk  green  colour,  and  deposits  blue  flocks  on  standing. 

Ferricyanide  of  potassium  forms  no  precipitate^,  but  changes  the  colour  of  the  liquid 
to  greeniah'iMMfvmi  If  the laiat  trme  of  aftmw  adt  ig  pwaaat>  >  Mne  yteq^tato  ia 

produced. 

Sulphoftfanate  of  potassium  changes  the  colour  of  ferric  ssdta  to  deep  blood-rcd,  tli« 
eoloratton  beiti::  \  <  ry  decided  eran  in  extrcnioly  dilute  sulutioos:  thia  ia,  in  ^ict,  the 
roost  tMifMtc  (if  uU  tests  fiir  tlio  prr«spTi(*p  nf  iiDu  in  the  fcnic  stntf.  The  r^d  eolrittr  ia 
not  moJili«jd  by  addition  of  ;i  miihH  quantity  of  hydrociiiorie  acid ;  but  a  large  quantity 
nearly  destroys  it.  A  certiiiu  (luantityof  nitric  acid  destroys  it  completely  after  • 
whili-,  :i\u\  if  is  not  rf«tnr<  <1 1  y  f-tib.-r'qnnnt  a<1'liti<m  of  the  frrrii^  salt.  The  red  colour  ia 
also  destroyed  by  oxalic,  iodic,  phosphoric,  and  arsenic  acids,  but  reappears  on  again 
adding  a  solution  of  a  feme  sidt.  Ammonia  instantly  dffoolociaee  ^  red  xJntioii  end 
pr.vipltiteetenelijdnitai  flwlfhide  of ammnminm  taem  >  btock  pwcipitnto  of feaic 
sulphide. 

lufknon  of  gaUs  eolonra  Umio  aohitioM  deep  Uao^ilBdE,  ad  wndw  them  tnlnd^ 

Tho  pre<"ipif;itt'  is  dissolvi  tl  aixl  tlif>  colour  (lisiDytd  1>y  free  ad*!'*. 

Ferric  stdts  aru  eaaily  reduced  to  ferrous  salts  by  rnrioiis  d'  -nxtdtsing  agmts  ;  as  by 
•nlphydrie  leld,  MilNM^uentiimedrby  sulphiuoiu,  hypoiiulphurons,  and  phosphofona 
aoids;  rtaiuioiMi  ehkwdoB ;  \if  oMtalUo  txoii»  and  erai  by  ailm  at  the  bdfling 
heat. 

Theioactibtta  irithaa^liidaef  awMiMiiinini  alialii^  fcm^  or  tlw  ftpi^aaadeof  potaa- 
ainm,  and  suIpho(7«]i«to  of  |NilBwiiiiii|  icrToto  dtoHngHiili  ftnie  Mlta  from  all  otto 

joet.allie  saltf. 

Solutions  of  ferrous  salts  hare  a  bluish-green  or  bluish  colour,  aud,  when 
cnoied  to  the  air,  take  up  oxygen  and  are  eoovevted  wholly  or  partially  into  ft^rric 

Baft?;  and  unless  a  siiffich  nt  oxcess  of  acid  is  prosont  to  form  a  nontral  ferric  salt  with 
the  quantity  of  iron  prt  sent,  nart  of  the  iron  is  precipitate<i  in  the  form  of  a  yellow- 
Imwtt  bario  salt  They  wr«  likewise  eouTerted  into  ferric  salts  by  aerated  tmttr,  by 
ht/i)<><hf',r<n>s  Hr-iJ,  nitric  acid,  m<]  Ly  l■a^ily  rc.ltn-tM''  Tiicfallir'  oxM'fi  ami  salts,  such 
as  those  of  «i/t«r,  ^oid^  and  mercury.  When  nitric  acid  is  the  oxidising  agtiat,  the 
nitaie  oxide  sepantod  fiom  it  do«i  not  eoe^  fKm  the  liquid  at  oordinaiy  temperatoxM^ 
so  long  as  any  portion  of  f.  rrousialtzaniiiiMilxnotiidlMd,  Dnttematua^^ 
a  dark  greenish- brown  solution. 

▲  eoftteentiated  eohitieii  of  fmom  sulphate  or  eUoride  plaoed  ia  the  dmdt  of  a 
powerful  voltaic  Lattory,  deposits  tru  tallic  iron  in  small  p:raimL  s  on  t!io  negative 
platinum  wire.  If  the  positive  wire  is  dipped  into  a  »>lution  of  cotnmon  salt  separated 
^m  the  iron  eohi^on  or  moist  day,  the  iron  is  obti^aed  In  jittering  cryBtnls  which 
exliibit  magnetic  polarity  (Becquerel).  Zinc  imraefaed  in  a  perfectly  neutral  solution 
of  ferrous  sulphate  or  chloride  contained  in  a  stoppered  bottle,  throws  down  metallic 
iron  (together  with  oxide)  which  is  deposited  partly  on  the  zinc,  partly  on  the  con- 
tignona  aide  of  the  g^asa.   (Vlseh e r,  Pog^.  A  nn.yj^.  266.) 

Sftfphf/drif  arid  form*?  no  precipitate  in  a  solution  (ff  ft-rrous  salt  containing  an  excess 
of  ont'  of  the  stniugi-r  tuinerjil  acids,  but  irom  a  solution  containing  ouly  ii  weaker  acid, 
Midi  as  carbonic,  oxalic,  taitaiio»  or  acetic  acid,  it  precipitates  part  of  the  iron  in  the 
form  of  a  black  hydmtfd  f-  rTou«»  wdphide,  the  pmvpitatiuti  in  tlic  thn-c  last-nit-nf  I rtncd 
salts  going  on  only  till  a  moderate-  portion  of  acid  is  set  frci; ;  tlie  tAUic  rea^^cnt  pnv 
dpitateo  naoos  benzoate,  and  even,  to  a  slight  extent,  the  sulphide  and  chloride,  if 
tbp  acids  are  enmjilctfly  satumfi  •!  witii  base.  Vrvm  the  sulphate  or  chloride  mixed 
with  acetate  of  potassium  it  throws  down  a  consideniblc  portion  of  the  iron,  but  not 
tba  ^riule,  eren  wlien  the  acetate  is  in  excess.  The  bhick  precipitate  acquires  a  rusty 
brown  colour  by  o:^p«'->snro  to  tli"  air.  It  ilis-wlvcs  iv-.Jily  In  hydrorliloi-u-  or  Milp!iuric 
acid,  and  likewise  in  a  large  (quantity  of  acetic  acid,  provided  it  does  not  contain  excess 
of  mlf^r. — ^The  same  precipitate,  but  cont«imng  the  wliole  of  the  inm,  ia  prodnoed  in 
all  ftTi'-jus  s;ilts,  on  (he  ad'lition  nf  an  alkaiin.-  f^vfphytlmtf,  and  it  is  not  soluble  in  an 
excess  o^JJie  reagent.   A  very  dilute  iron-solution  to  which  aulphydisate  of  ammonium 
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^¥x«cf  caustic  alkalis  oompletelj  precipitAte  thin  iron  in  the  form  of  a  white  hydrate, 
which,  bjr  axpovure  to  the  air,  acquires  a  dingy-gnen  and  afterwards  a  red-brown 
colour. — Ammonia  throws  down  part  of  tli*'  iron  in  the  form  of  hydn\t^,  the  rfst 
rem&ininpf  dissolved  in  the  Uquicf,  whieli,  when  exposed  to  the  air,  becomes  covtfred, 
first  with  :i  ^en  and  uftflnmas  with  a  browB  ilm.  If  the  ferrous  adlfc  it  pnTHWdj 
mixed  witli  Hul-ammoninc,  ammonia  yield?  no  prt^ctpifate,  hnt  forwi  s  pi]*>gCMB 
mixture  wliioh  fxhibiu  similar  appearances  on  exposure  to  the  air. 

Mmomrb^nate  of  pofmrinm  or  sodiwm,  tod  #MfiitarftMMCi  of  ammoniitm,  throir 
down  wliite  ferrous  carbonate,  wliii-li  goon  ncqnirrs  a  green  and  aOorwardfj  ii  brown 
colour  by  expaaure  to  tbe  air,  and,  if  sal-ammoniac  be  added,  dissolves  in  the  liquid, 
iHhidi  ttim  aadtflrifai  *  gwan  a«d  aubseqnently  a  hnmn  ttfcidUy  on  aacyaww  to  tli* 
air.  And  carhonaU  n  f  poiasshtm  or  fodium  furni'*  the  saiiv  prr  •Trir-itf,  with  rrnltitinn 
of  carbonic  anl^dride ;  but,  if  the  solatioiis  are  dilute,  a  clear  mixture  is  formed,  which 
dcpeoitB  ferraaa  enttoaate  on  boilbg,  and  on  «gcponii«  to  tlw  ■»  jiddt  ft  pne^itoto 
of  ferroso-forric  hTdrat(>.-~TlM  wtftowrtu  of  tUmkm  mrtk  mttah  do  aot  pw^itota 
fmotwsalta.  (Fuchs.) 

FioBfkatt  «f  uodkam  preeipitatM  «Uto  fcuuua  phosphate,  iHdA  ftoqaivM  ft  UaMh 
green  colour  by  oxposuTi'  to  tli**  air. — Arsenafc  of  sodiion  p-ttfipttltTff  Iffcito  JtntMft 
arsenattv  wMoh  beoiHiiea  dingy-green  on  ei^oa&re  to  th%  air. 

(Mfe  tmi  mAaetd  oMuMt  of  pottmimn  «n»uaftto  ft  yaOow  mIdw  to  faimt 
salts,  and,  uftcr  a  while,  throw  down  j*  IIov  fsHNNM  onlafe*^  tlw  jndfiWkm  hmg 
immediate  when  an  alkaline  oxalate  is  used. 

Ferrocyanidt  of  potauium  forms  a  precipitate  whi<A  if  white,  if  the  solution  has 
been  perfectly  freed  from  air  br  boiling  and  the  iron-salt  is  absolutif^y  free  from  f&nti 
oxide,  but  otherwise  bluish-white:  by  exposure  to  the  air,  this  precipitate  is  con- 
verted into  Prussian-blue.  Ferricjfonide  of  potassium  givea  a  devp  blue  precipitate 
(iL  244 X  eren  in  very  dilate  aolvtiaiu; 

, A.;,      ../^  of  potottftm  mnthier  ftHow  tha  ookMur  <tf  forovft  aobifcioBi^  nor  tew 

iUij'  pn.'rijjiLiiti'  HI  them. 

TntriHre  of  gall  a  ntithor  colours  nor  precipitates  ferrous  salts  when  thej^  IM  4pito 
free  from  £nxio  ondo;  bat  the  siixtave  aeqwiM  ft  Tiolet-bladc  eolrar  on  ttqwonrt  to 

the  air. 

The  preceding  reactioni,  capeciaUy  those  with  the  alkalis,  and  with  ferrocyaaidi^ 
ferri cyanide,  and  sulplntcTunatc  of  potassitnn.  afHird  marked  distinctions  between 
ferrous  and  ferric  I^altj> ;  it  is  but  rarely,  however,  that  ferrous  solutions  can  be  obtained 
00  poe  fti  to  give  the  reactions  exactly  ft*  thej  ara  aliovo  dsMmbed,  vxpomm  to  tlia 
ftir  for  a  very  f*liort  time  Iteinj];  sufficient  to  convert  a  portion  of  the  ferrous  into  ferric 
■alt ;  beaoe  the  precipitate  formed  by  ferrocjanide  of  potassium  is  genendlj  somewhat 
blniah,  and  tlioie  ibnaad  by  the  aJkalw  uiTa  mora  or  kaa  of  a  dailc-fpmea  tinge. 

The  best  wa\'  of  oTtfaininj^  a  solution  of  iron  quite  free  fn.ni  f nii  -  ,1',  is  to  imnn  rse 
a  few  pieces  of  brigdit  iron  wire  in  aqueous  sulphurous  add :  a  mixture  of  fexrooa 
aidnhito  and  hypoaolpliite  is  Uioa  ftmaed,  irhim  girw  a  peiftetlj  winto  preripitoto 
with  ferrocyanide  of  potassium. 

Solutions  contoiaiag  both  iarxoua  and  ferric  salts,  snch  as  are  obtaioad  by  diasolving 
magneCie  oxSds  of  iitm  in  hydroehlorie  add,  of  eoarso  give  xtaelioiia  intenBodiato 
between  those  of  pure  ferruus  and  pTire  ferric  salts;  in  particular,  they  give  blue  pr^ 
cipitates  both  with  ferrocyanide  and  with  ferricyanide  of  potassinm ;  the  formation  of 
both  these  precipitates  in  a  solution  obtained  by  dissolving  a  mineral  in  hydrochloric 
or  sulphuric  acid,  without  the  mldition  of  any  oxidising  agrat^  smrh  as  nitric  acid, 
may  be  taken  as  an  indication  that  the  mineral  contains  a  mixture  or  compound  of 
ferrous  and  ferric  oxides.  From  snch  mixed  solutions,  the  fertic  oxide  may  be  pre- 
cipitated bj  moaw  of  oacbonato  of  bitiaai»  vhllo  tba  tefow  onido'inU  Mnnin  in 

soltitlon. 

Fur  the  reactions  of  iron  in  the  state  of  ferric  acid,  see  ii.  63 7> 

S.  QuantiiMtiv  Xttimttiicn  «/  Iron, 

Iron  is  always  estimated  by  weight  in  the  form  of  tenc  oxide.  If  the  solution  con* 
tains  ferrons  oxide,  eitlit  r  alone  or  mixed  with  f«me  oxide,  it  ie  first  boiLxl  with  a 
sufficient  quautity  of  nitric  acid  to  convert  the  "whole  of  the  ferRjus  oxid<'  into  ferric 
oxide,  and  then  treated  with  ammonia  in  exoeaa  to  precipitate  the  latter.  The  prettfi- 
tate  13  collected  on  a  filter,  w.islied.  dried,  and  ignited  at  a  moderate  red  heat:  too 
hi^h  a  temperature  expek  a  portion  of  the  oxygen.  Every  10  pts.  of  pure  ferric 
otnde  oorrespond  to  7  pts.  of  metallio  icon.  In  aono  oaaos,  bow«i?er,  it  is  tMomuy 
towejwtosjfasthopeMipitMiL  la  that  oa•^  tlia  ftvdpitotod  tena  ovide  ia  T17  i^pt 
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to  carry  down  with  it  a  portion  of  tho  potiish,  which  is  exceedingly  difScult  to  removo 
by  washing.  It  is  best  therefore,  after  having  mudud  it  two  or  thne  timng  with  hot 
water,  to  redissolvt-  i>  in  -icid  and  prfcipitntf  liy  ammonia.  In  otlipr  cases,  M  when  the 
iioiutioncontaixuiorgiinie  matter,  tlu-  iron  nm^t  be  precipitated  l>y  sulphide  of  ammonium, 
beeanM  such  substances  prevent  tho  pr<  vipit«tiail  of  the  oxide.  To  cnstin'  complcto 
prpcipitrttTon,  the  licpiid,  after  hAn^r  niixe  d  with  excess  of  siilplii>lo  of  amimmium,  should 
be  left  lor  aomo  time  ia  a  covered  T*Hit»ei  standing  in  a  warm  place  till  it  becomes  quite 
eolomlMi  or  yellow,  then  fltfeoKd  as  quickly  as  poHiblev  protoetiiig  it  flmn  tike  ftb,  and 
tlif^  pn/cfpifate  washed  with  water  containing  sulphide  of  aninioninm.  Tho  precipitated 
auiphide  is  then  dissolved  in  nltao  add,  and  the  iron  precipitated  by  amiooaia  as  before. 

If  the  iioB  ie  mixed  or  eoiiibiii«d  HMnfy  tritii  -volatile  or  with  easily  oomlnurtible 
Bul)'t:i;ic'ef«,  its  amount  may  be  dotermined  by  siniplo  ip^nition  In  contact  with  tlie  air; 
all  the  Toiatile  and  combustible  matters  will  then  be  driven  off  or  burnt  away,  and  tbe 
iron  will  to  lift  ia  the  form  f£  &rrie  oodde:  toetumraite  complete  convenikn  into 
thH  «nd«»  hcmmtt  ^  ntkAn  ahmld  b»  moiilMied  with  nitrie  «aia,  and  betted 
■gain. 

An  indirect  method  of  estimating  iron,  giviii  l)y  Fuehs  (.J.  pr.  Chem.  xvii.  160), 
dej>ends  upon  the  feet  that  metallic  copper  does  not  dissolve  (or  dissolves  but  veiy 
slowly,  and  only  when  finely  divi  !  ii.  40)  iu  hydrochloric  acid,  if  ke[>t  from  contact 
with  the  air,  bat  when  boiled  wiui  ferric  chloride,  it  dissolves,  with  formation  of 


Pe»Cl«  +  Ca«   «   iFeCa  A-  OM, 

The  solution  of  ferric  chloride  mixed  witli  excess  of  dilute  hydrochloric  acid  and 
dihtted  inth  water,  is  boiled  in  a  flask,  and  clean  copper-foil,  not  too  thin  (from  15  to 
50  pN  i^:^pppr  to  2  or  3  pts.  ferric  oxide),  xn  completily  inimerHod  in  the  liquid;  the 
flask  IS  closed  with  a  perforated  cork,  having  a  narrow  glaik>  tube  passing  through  it, 
•ad  tihe  liqvid  is  boQed  till  it  becomes  pmnanently  blui.sh-green  or  eolonriesa.  It  is 
then  h'ft  to  cool  with  the  flask  dosed;  deeanf>  d  from  the  undissolved  coi'|n'r :  this 
copper  washed  by  repeated  atfiusiuu  with  iiot  water  and  decantation,  tli*  n  iiri^  between 
bibvlow  paper,  and  finally  by  heat,  taking  care  not  to  nib  it»  and  weighed.  The  loae 
ef  «ei|^  BialtipJied  gifee  the  qiiaiitity  of  iroo  in  the  solntion :  for  eadi  alom 

28 

«f  capper  («•  81-{i)  xepMMnle  1  at.  jfon  (-^  98)  in  the  aoliitioB^  aad       »  0<894.  Or 

So 

the  loss  of  weight  multiplied  by        «=»  1'262  will  give  the  ijnantify  of  ferric  oxide 

Oo'«) 

in  the  solution.  To  ensure  the  complete  reduction  of  the  ferric  to  ferrous  chloride, 
it  is  essential  that  the  air  be  entirely  excluded  from  the  vessel,  and  therefore  that  the 
boiling  be  kept  up  VBxntcRiiptadliy  till  the  liquid  hm  become  colourless. 

Silver  in  tno  spongy  irtate  may  also  be  used  to  re<liice  the  ferric  chloride.  Thn 
products  of  the  reactiou  are  ferrous  chloride,  which  remains  in  solution,  and  eiUoride 
olalUar,  wbieh  mixes  with  the  metallic  silver,  and  increases  its  weight.  Aa  ia  tliia 
reaction,  each  atom  of  chlorine  that  ent^^rn  info  comliinafion  witli  the  silver  corresponds 
to  2  at.  irua  (Fe'Cl*  +  Ag  ~  2FeCl  +  AgCl),  tho  increaso  of  weight  multiplied  by 

S  M  98  80 

—^^.g    »  -1*5774  gives  the  quantity  of  iron  in  the  solution ;  or        mm  2-2535  givoa 

the  qTiantity  of  ferric  raride. 

The  method  of  n;ductiau  by  copper  or  silver  may  be  applied  to  determine  the  <pmn- 
titiee  of  ferrous  and  ferric  oxides,  when  they  exist  together  in  solntion.  The  quantity 
of  ferric  oxide,  or  of  iron  existing  as  frrrio  salt,  is  first  determined  aa  almve,  tho 
ferrous  sa-lt  prestjiit  not  interfering  with  tlio  reaction.  It  is  necessary,  however,  to 
gttttd  against  the  conversioa  of  tibe  ferrous  into  feme  salt  by  atauepherie  ozidatioB ; 
for  which  purpose  it  is  best  to  perform  the  determination  in  an  atmosphere  of  nitrogen 
or  carbonic  anhydride.   Another  poitioD  of  the  solution  is  then  treated  with  chlorine 


tooonrotthe  aaheotttaiBedinitintofttneaalt^aidia  thia  adatioa  the  total 

quantity  of  iron     !  t  :  rniin<  d  hy  the  same  metliod.    The  ^flbfenceof  the  two  deter- 
lainiitiona  f^yim  the  quantity  of  iron  eariirting  as  fioxrous  salt. 
Femoa  aad  Knrrio  oaidea  maylikewiae  be  separated  by  means  of  M^Soiuiff  o^  honwtk 

Or  carbonate  of  caleiuTn,  which  precipitates  ferric  oxide  from  sUglitly  acid  solutions, 
but  not  ferrous  oxide.  It  is  necessary  to  have  the  solution  slightly  acid,  since  if  it  is 
perfectly  neutral,  a  small  quantity  of  ferrous  oxide  may  likewise  be  precipitated.  The 
solution,  which  should  be  slightly  wanned,  is  shaken  up  with  recently  precipitated 
carbonate  of  Tiurium  (wliifh  tiets  mor<^  quickly  than  carbonate  of  calcium\  in  a  corked 
flask  tillud  with  carbonic  auhydritle;  then  Wt  to  staud,  oixd  shaken  up  again  ii-om 
time  to  time,  till  it  baa  become  quite  coloiirlfae»  afterwards  filtered,  and  the  precipit^ita 
vaahedr  ahr^  ia  an  atma^hme  of  eaxbeoie  aal^ydiidA.  Tha  Bwcipitatet  ffonawtim 
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of  carbonate  of  I'.iri urn  mixed  with  ferric  hy.lnit^i,  ia  dissolved  in  dihiti^  Iiydroohloric 
acid,  the  barytn  f-pitatod  by  sulphurio  a.  id.  and  the  ferric  oxido  fr«ni  tlie  filtrata 
hy  nmnioiii;i.  'Y\u'<  <letermine«  tho  ([U.intity  nf  iron  t-xi=ttnjr  in  thi'  solution  fi  rri'- 
cum.  To  find  Ike  quantity  exi8ting  his  /rrrosnm,  the  liquid  filtered  from  the  precipi- 
tate of  aii4>onat«  of  barium  and  ferric  ojdde  is  boiled  with  nitric  aeidi,  to  coaTWt  ni« 
ferrous  into  f<^rric  Halts  then  free<l  fn-im  biirvtn  I'V  sulplnirl.'  iioid,  nnd  tlit^  iron  is  pn'- 
cipttatM  as  ferric  oxido  bj  treating  tho  filtrate  with  ammonia.  Or  anothtir  portioa 
oftibe  ofigiiml  tohrtioa  maj  be  treeted  inth  xntrie  eeid  to  bring  «)1  the  hoa  into  the 
ferric  stato,  .uid  t]>c  total  quantity  of  iron  drtcmnin  d  l>v  prooipitation  ^vith  ammonia. 
The  diirm>ncc  of  the  two  detenaiiiatious  wilL  then  give  the  ^uanti^  of  iraa  eods&ig; 
as  fwrofram. 

Anhydroiu  ferroso-forric  oxides  may      anslyBed  by  dissolving  tbem  fai  nitric  or 

nitroraurintic  arid,  and  precipitatinir,  the  iron  i\n  fcrn<*  oridc  by  flmmAii!;!  Tho 
proportiotiti  of  iron  and  oxygen  aro  thua  determined,  wiieuce  tiie  formula  may  be 
calenlated. 

Vo!u  m  •■trie  estimation  of  iron. — "Wlion  iron  is  contained  in  iisolafjon  as  ftroiiR 
oxide  or  ferrous  salt^  it  maj  be  eetimated  b^  determiDing  the  quantity  of  an  oxidising 
agnit  TO^tdied  to  eooTett  it  into  ftmio  ooado ;  if,  on  Im  oUmt  hand,  it  is  present  aa 
ferric  oxide,  tho  estimation  may  be  made  by  measnriqg  the  qioantity  of  a  MdnoBig 

agent  reqntml  to  brinf^  it  to  the  fstate  of  ferrous  oxide. 

1.  Mtlliods  depeudtng  on  oxidation. —The  reagent  niost  generally  employed  for 
converting  ferrous  inionnio  <aide  in  fohnnetric  analysis  is  ptrtnanganate  of  pofmtium. 
The  method  of  applying  it  is  fiilly  described  in  tln>  article  Analysis,  \'or  T'>rBTklO 
(i.  263). — If  the  iron  in  tho  solution  under  examination  is  present  wholly  as  fcrroauiiit 
ttie  method  is  dirertly  applieable;  it,  on  tiie  ooDtrary,  the  inm  is  present  wfao)]y  op 
partly  as  f.  rricum.  it  must  first  In-  i»rought  to  tln^  f'  rn»us  sfaf<>  by  licatintr  it  with 
sulphurous  acid  or  sulphite  of  sodium,  or  better  with  a  few  grains  of  pure  zinc.  In  a 
mixture  of  femm  and  ferric  salto,  the  ferjoauin  maj  be  drtsimined  by  treating  one 
portion  with  the  permanganate  divaetilj,  and  aaothflf  ate  rednotioa  of  the  fana  salt 
in  tho  manner  just  described. 

Acid  chromate  of  potassium  may  also  be  used  for  tiie  volumetric  estimation  of  iron, 
and  has  the  advantjige  of  not  varying  in  stnogtil  niicn  its  solution  is  kept  in  irell 
closed  vessels.  The  reaction  between  Iberooa  QSida  and  chtomio  aeid  may  be  xepore* 
sented  by  the  equation  : 

2Cr»0«    +    6Fe«0     »     3Fe'0«    +  CVO" 

Chroniic  Chromic 
anhjflrid«.  oxide. 

whence  we  find  t!mt  1  grm.  of  iron  rc4uirt\3  0-8S49  ^rros.  of  acid  chromate  of  potassium, 
K"O.20t'O",  to  ('onrert  ft  Urom  ferrous  into  feme  oxido.  If,  then,  8-849  grms.  of 
the  pnr(*  afiii  clirorvi'p  rire  mndo  into  a  litre  (1000  cnb.  cent.)  of  Sfjiution,  100  ctib. 
cent,  of  this  solution  wtil  correspond  to  exactly  1  grm.  of  iron.  The  solution  of  tho 
aeid  dnoonate  is  dowly  added  to  the  add  fexxous  solution  till  a  dfop  of  the  I^id  no 
longer  forma  a  bine  predpitsta  nitii  led  prassiatflk  (Fenaj,  Ckm.  OaiL  1850, 
p.  609.) 

Bunsen  (Aiui.  Ch.  Fharm.  IbdctI  388)  adds  to  Ae  ftoons  solution  nixwd  with 

hydrochloric  acid,  a  >vi  i;_died  quantity  of  acid  chromate,  mon*  tban  snflRci.  nt  for  tbo 
eoui|dele  oxidation  of  the  ferrous  salt^  'passes  the  chlorine  evolved  on  heating,  into  a 
aolntion  of  iodide  of  potassium,  and  estimates  the  quantity  of  iodine  thus  libentcd  by 
the  method  described  under  Akaxysu,  Volumktbic  (i.  265).  If  no  ferrous  oxide 
were  present,  I  at.  K'0.2Cr'*0''«-onld  trirc  3  at.  chlorinp,  and  therefore  3  at.  iodine; 
but  as  a  portion  of  the  chlurine  is  usid  up  iu  cunvtrtiug  the  ferrous  into  a  ferric  salt, 
there  will  hi-  1  at.  less  of  iodint^  net  firee  for  every  2  at.  iron  pieiWt  as  fcwoaimu  The 
qxmatiiy  of  iian»  will  therefore  be  given  by  the  formnla: 

J5Fe  2Fe 
*      K»0.2Cr*0»-^  ~    i'  a(.»t  -  f) 

where  p  denotes  the  weight  of  acid  chiomate  nsod,  and  a^n^ttf  hafo  die  HHDengpiifl** 

cations  as  in  the  article  just  cited. 

For  the  exact  estimation  of  iron  in  cast  iron,  iron  otei^  &o.,  Mo hr  uses  two  titrated 
tnjlutions,  one  containing  8-785  grms.  of  tlio  a<  id  rhromate  in  a  litre.  tfi<  r«?fore  1  rub. 
cent.  O'Ol  grm.  iron ;  the  second  diluted  ten  times  as  much,  therefure  I  cub.  cent, 
w  0*001  gnn.  iron.  A  quantity  of  the  snbsteaeeii  Cfmtaining  alwQt  1  gnu.  of  pure  iion 
(that  is  to  ft\y  l  O.j  fjrm.  pi<;  iron,  or  2'00  prm?.*  iron  ore,  jnippcsing  t!ie  lafft  r  to  ci^n- 
tain  about  60  per  cent,  iron)  in  then  weighed  out,  and  dissolved  in  hvdrochloric  acid  ; 
the  whole  of  the  iron  in  solution  is  brought  to  Uie  AtMWia  atlfee  bjxedoction  "with  bIm^ 
Ice ;  the  eolation  ia  thm  aitaced  urith  100  eob.  centof  tfaefllioi«er  aolation  of  ehiemt* 
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•ad  the  more  dilute  solution  is  aftcrwartls  ackled  from  a  burette,  till  the  liquid  no 
longer  gives  a  blue  colour  widi  forric^anide  of  potaAsinm. 

Or  1  grm.  of  the  carburetted  iron  m  dissolved  in  acid,  &c. ;  the  f^lution  is  mixed 
with  100  cub.  cent,  of  the  stronger  chromate-solutiun  ;  and  as  an  excess  of  the  latter  is 
then  present,  it  is  titrati^l  backwards  with  a  graduated  addaohifttonof  fiarroBo-ammonic 
sulphate  (1  lifro  of  this  solution  eontaininL'-  7000  prmp.  of  the  erystallised  salt 
(NH*)FeSU'.3ll'0,  together  with  a  sniuU  quantity  of  free  sulphuric  acid,  so  that  I  cub. 
eont.  B  0*001  grm.  iron),  till  a  blue  colour  is  produced  on  addition  of  fcrricyanida  of 
prvtuwsium.  The  number  of  euliic  cfntinicl  r*>«i  of  this  iron-solnf  ion  used  roust  of  course 
be  deducted,  as  so  many  mUligrHmmes  ol  iron.   (Mohr,  I>ingl.  poL  J.  clix.  124.) 

S.  MetM*  iepmuNnff  om  BedtietioH,-^tTeng  (Pogg.  Ann.  xdr.  493)  disBohres  tbe 
metal  or  ore  to  be  rallied  hi  boiliog  hydrochloric  acid ;  oxidises,  if  necessajy,  with 
ckloiatc  of  potassium ;  dilutes  with  cold  water,  after  ezp«ilixig  the  free  diloriue,  and 
aUsM  tfao  Mutifle  wilk  OMM  (tf  iodid«  cf  fNrt^ 

FcKV  +  id   »   fF<I  4*  SECB  A-  L 

Adilttte  titrated  solution  of  sfiinnous  chloride  is  then  adtli'd — whcreliy  the  l^rown  C'^Idiu' 
of  the  solution  is  rendered  lighter— and  whea  only  a  small  (^uanli^  of  iodine  renmins 
in  the  free  stets^  tomo  dear  ■tarehwnliition;  then  more  ftannow  cSilwide,  by  drops, 
till  thi-  blue  ookmr  disappears.  If  the  tin-solntion  has  bocn  titrntr^l  with  acid  cfalO> 
mate  of  poteMio^  the  jperoeatage  of  riKtallic  iron  is  given  bj  the  fionaula: 

100  ■  12Fe  .  c  CG 
•   ■    ^{K'0.2Cr»0»)  •  y 

irbcTOtf  dlmotes  ^  qmuitShf  of  Mid  dmottte  ia  I  e.e.  of  ^  etandud  folntioik  of  that 

salt,  G  the  number  of  rul>ic  centimotn  s  of  f iM-*;olution  added  to  produce  decoloration, 
g  the  number  of  cubic  centimetres  of  the  same  tin-solutiun  used  in  determining  its 
•trength,  (7  the  mmher  of  aiUe  ceutluietwa  of  tfiedmiine«>latloB  used  to  oxidiw  die 
f  cub.  cent,  of  tin-solution,  and  A  the  quantity  of  iron  or  ore  di-    Iv  L 

Mohr  f  Ann.  Ch.  Pharm.  cxiii.  257)  after  bringing  the  whole  of  the  iron  to  the  statei 
of  feme  mloride  (by  treating  the  solution  of  ferrous  chloride  with  artificially  prepared 
peroxide  of  manganese,  and  boiling  to  expel  free  chlorine),  adds  a  smull  quantity  of 
eolphocgranate  of  potassiuni,  and  then  a  standard  solution  of  stannous  chloride,  till  the 
rea  odoor  disanpfan*,  the  tin-8<dution  baring  been  j  reviuusly  titrated  with  a  solution 
of  pure  ferric  chloride.  Or  the  solution  of  ferric  chloride  iinder  examin  ition  is  mixed 
with  starch  and  iodide  of  potassium  heated  to  60^  or  60^,  and  the  standard  tin-solution 
added  till  the  colour  disappears.  Fresenins  uses  a  solution  of  stannous  chloride  of 
such  a  strength,  that  from  60  to  100  c.c.  are  required  to  rethu v  i  ^rm.  of  pure  iron 
f  1*003 gnu.  harpsichord -wire)  from  ferric  to  ferrous  chloride.  lie  dissolves  the  iron  or 
non-eoakponnd  in  hydrochloric  acid,  oxidises  with  chlorate  of  potassium,  and  adds  to  the 
dowl^  but  continuously  boiling  liquid,  after  all  the  free  chlorine  has  been  expelled,  a 
quantity  of  standard  tin-eolotion  rather  more  than  stifficient  to  decolorise  it.  The 
cooled  liquid  is  then  mixed  with  starch-solution  ;  and  a  solution  of  iodine  and  iodide 
of  potassium  (containing  about  0  005  grm.  iodine  in  a  litre),  previously  titrated 
•gainst  the  tin-solution,  is  added  till  a  permanent  blue  colour  is  produced.  The  quantity 
of  tide  iodiue-solution  required  for  the  purpose  gives  the  ex<x8S  of  tin-solution  pre- 
▼ioDflfy  added. 

Ib  using  a  solution  of  stannous  chloride  for  the  estimation  of  iron,  it  is  essejifial 
that  the  water  with  which  the  iron-solution  is  dilated  bo  free  from  air;  otherwise  a 
portion  of  tlie  fctannous  salt  will  be  oxidised  tliereby. 

When  ferric  chloride  is  brought  in  contact  with  hijpoAulphlte  of  sodium,  tetrnthionate 
of  sodium  is  formed,  together  with  chloride  of  sodium  and  ferrous  chloride,  but  no 
■nlphmieaeid: 

SFM"  +  2\a'^-0«   «   4F6a  +  SNaGI  +  Ka'S'O*. 

iiypoiulphkte  Tetrathlnnate 
eTsodtum.  ofsodiuni. 

Accnplincr  to  this  equation,  248  parts  crystallised  hyposulphite  of  sodium 
(Na*S=U*.6U*0)  correspond  with  162  6  pts.  ferric  chloride;  or  100  pto.  iron,  pn^sent  as 
nmcnm,  require  for  reduction  to  ferroRum,  442*9  pts.  of  die  crystallised  hyposulphite. 

Mohr  (for.  «7.)  uses  hyposulphite  of  sotlium  in  the  same  way  as  stannous  chloride, 
mixing  the  solution  of  ferric  chloride  with  iodide  of  potassium,  a  little  hydrochloric 
add  and  starch-paste,  heating  it  to  599-909^  and  ambif  ik»  ataadaid  aolntioii  of 
liyprsnlphitr-  till  the  Ijhn  rolntir  disappears. 

These  reduction-processes  may  also  be  used  for  determining  the  proportions  of  ferric 
and  feiTOiw  salt  asialiag  in  the  same  solution,  one  portum  of  ue  eolation  being  titrat«-d 
in  it<<  original  state,  another  after  all  the  iron  has  been  conTMrtodiatolarrieaaUi  the 
difference  gives  the  amount  of  iron  existira;  as  ferrous  salt. 

Vos.  m.  0  0 
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4.  Separation  cf  ir^n  from  other  eltmeni*. 

From  all  metal'-  r>f  the  fir^t  ^^jn^ip  (I.  *2T7),  imti  i«»  ca-'^Ily  M'parr»t>^d  by  gulphy  ^ 
acid,  which  tlirowt>  duwu  all  tho^u  mtstak,  leaving  the  iron  in  solution.   The  filtrate, 
whicih  eontains  the  iron  in  the  form  of  ferrous  salt,  mxat,  then  be  hratod  wMi  Bttm 
•dd  to  oxidise  the  iron,  wliicli  may  uff4»rwards  be  pivcipitafod  by  ainmonia. 

The  separation  of  iron  from  the  metals  of  the  aeconU  gix»up,  which  are  not  precipitated 
by  sulphydrio  •rid  from  fteid  •idtttions,  but  are  precipitated,  together  with  iron,  by 
■olphide  of  ammonium  from  nnitra!  or  alkaline  solutions,  i.K  nion*  tliffinilt. 

From  mau^^iinese  (present  as  manganous  »alt)  and  from  ^iue,  iron  is  mosi 
effectually  separated  by  suadmat*  or  henzoaie  of  ammonium.  The  soIntioB,  after  all 
the  iron  has  Uwn  Lrought  to  the  fstate  of  ft'rric  stdt,  is  inixf*!  with  a  i<afR.'it«nt  quantity 
of  ttol-ammotuac  to  hold  the  manganese  or  zinc  in  solution,  and  rerj  carefully  neutralmed 
with  ammonia ;  it  it  then  tvettoawfth  Vnzoate  or  sucdnatB  «f  amaoofan,  wlrioh  throwa 
down  the  iron  as  ft^rric  benzoate  or  succinafo,  leaving  the  mangnnesp  or  xinf-  in  S'.lu- 
tion.  The  precioitate  is  washed,  dried,  and  ignited  in  an  op<  n  platinum  crucible,  so 
tiut  tfie  air  may  mrr©  aofficient  access  to  it,  to  prevent  any  reduction  of  the  iron  hf 
the  carbon  of  tn*^  orpnnic  acid.  Should  siu  h  reduction  talcc  plarr,  th<-  iron  imivt  l>o 
reoxidised  by  nitric  acid.  The  success  of  thia  mode  of  sepanilion  depends  entirely  on 
the  ear^  withwhidi  the  acid  in  the  soludon  is  neutralised  with  umnumia  befim  adding 
the  VxMuoate  or  succinate.  If  to.)  nuu-h  ammonia  lias  lieon  adJi  d,  manpant-fse  or  zino 
goes  down  with  the  iron ;  if  too  little,  a  (K^rttou  of  iron  remains  in  solution.  Tb0 
addition  of  ammoma  ahould  be  eooiCiiined  till  a  small  quantity  of  ferric  oadde  ia  pre* 
cipitatod,  and  does  not  redissolve  on  agitation.  Tlie  supernafanf  liquid  has  than  a 
deep  brown  colour,  the  greater  part  of  the  irun  being  still  in  the  solution. 

^nie  separation  of  iron  {wftrricum)  from  manganese  and  sine  na.j  also  he  effMed 
by  agitating  the  solution  with  carfymate  of  harhtm  (a^  in  the  separation  of  fi^rric  from 
ferrous  oxide,  p.  383),  which  precipitates  the  iron  as  ferric  oxide,  leaving  the  other 
metals  in  solution. 

According  to  J.  Sohiol  (Sill.  Am.  J.  [2"]  xv.  27«'>')  tnanprnTirse  may  bf>  separattKi 
from  iron  by  mixing  the  solution  with  acetate  o^  sodium^  and  paasing  chlorine  through 
it,  wfaieh  thvowB  down  the  mangajieae  as  parande. 

Zinc  mny  be  sf^parat^d  from  iron  (femcnm)  when  both  are  present  a.**  aoetatcB  in  a 
solution  containing  a  sufficient  quantity  of  free  aceti(^  but  no  inoi^anic  acid,  by  passing 
attlphydric  acid  go*  through  the  BDlntum,  flw  ane  being  then  precipitated  while  the 
iron  romains  in  .solution.  If  the  two  metals  arc  combined  with  any  oth'-r  arid,  t!i«\v 
must  be  precipitated  by  carbonate  of  potaasinm,  and  redissolvcd  in  acetic  add ;  or  if 
they  are  present  as  sulphate^  they  may  be  oon^erted  into  aoetalea  \if  deeoaqKwitioti 
with  acetate  of  barium. 

For  the  methods  of  separating  iron  from  cobalt,  see  toL  i  p.  1046.  When  the  two 
metals  are  precipitated  together  by  soli^de  of  amnonifnn,  the  septrstioa  may  be 
effected  by  digoi^ting  the  sulphides  with  acetic,  as  well  us  with  dilute  hydioaiuoaie 
acid;  the  iron  then  dissolvea  as  acetate,  while  the  cobalt  remains  behind. 

Iron  nay  be  ae|nnited  from  ni  ckel  by  the  same  methods  as  from  eobalt  (excepttng 
that  with  nitrite  of  potas.sium).  Nickel  may  also  be  separated  from  iron  {  ftrricu»?i 
by  mtxiug  the  solution  with  a  lar^  quantity  of  sal-ammoniac  (20  pts.  of  that  salt  to 
1  pt  of  nickel),  precipitating  the  iron  with  carbonaU  9f  mmtmhim,  tJhSD  heating  the 
liquid  slowly  to  tlie  lx)iling  point,  kfcpinf;  it  at  that  trmpcmftire  for  some  time,  luhling 
a  small  quantity  of  ammouia  and  tilteriug:  ferric  oxide  then  remains  on  the  filter, 
while  all  the  nickel  passes  through  in  solution  (Sohwarsenberg,  Aan.  Ch.  Pharm. 
xovii.  216).  Iron  ana  niclcfl  may  al.so  be  scparat«xl  by  preoipitating  the  ir<in  an  ferric 
oxide  with  carbonate  of  barium.  For  the  separation  of  iron  from  cobalt,  thii>  method 
if  aot  so  weQ  adi^ited,  beeatM*  »  mbsU  porticm  of  the  oobdt  is  apt  to  be  precipitated 
At  the  same  time. 

Uranium  may  be  separated  from  iron,  both  being  in  the  state  of  sen^quiuxides,  by 
tVMttng  the  solution  with  excess  of  carbonaU  of  antsioftlwn,  wfaieh  precipitates  the 
ferric  oxide,  nnd  refnins  the  uranium  in  solntion.  Tlie  rarbonate  of  amraoniTim  mw^, 
however,  be  quite  neutral,  as  if  it  routain»  any  excess  of  carbonic  acid,  part  of  the  iron 
may  be  redissolTed.  To  ensure  this  condition,  the  carbonate  cf  amiuouium  should  be 
previously  boiled,  and  the  ^allltion  of  tlie  metftli,  if  acid,  must  be  rr nrr;ili.sed  with 
ammonia  till  a  slight  permanent  precipitate  begins  to  form;  the  solution  is  then 
to  be  dihited  wiia  water,  the  carbonate  of  ammoninm  added,  and  tiie  pceeipltato 
digested  with  i*  f  r  =;ornr  time  before  filtering. 

J^or  the  sepiuration  of  iron  from  cerium,  chromium,  didymium,  lanthanntn, 
noljbdaaiiBt  Biobian,  plfttimitt  and  its  oongeaani  tanialuvy  titAmi««i» 
tvngitaa,  aad  TftUftdiuM,  see  thoaa  mefeala;  alsQ  pp.  Vfi,  S7& 
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From  altiminium.  iron  iu  the  form  of  ferric  salt  maybe  separated  bj  caustio 
potash,  which  when  added  in  excess,  and  boiled  with  the  concentrated  solution  of  the 
two  salt«,  precipitatefl  the  iroa  u  fiHrie  oxide,  and  retains  the  alumina  in  solution. 
If  the  proportion  of  iron  is  small  (not  exceeding  1  pt  ferric  oxide  to  100  alumina), 
this  method  of  separation  is  sufficiently  exact ;  but  when  it  is  larger,  a  portion  of  liio 
alamina  always  remains  with  t  lie  ft  rrio  oxido,  and  must  be  separated  by  redissolriug 
the  |ffecipitat«  in  a  small  quantity  of  hydroohloric  acid,  and  repeating  the  treatment 
vith  potash.  With  very  large  quantities  of  iruu,  this  treatment  must  sometimes  be 
repeated  three  or  four  times  before  complete  separation  is  effected.  The  process  may 
be  modified  by  firf?t  rp<1rjdng  the  ferric  jjolution  wifh  sulphurous  acid  or  an  alkaline 
sulphite,  and  then  boiling  with.  putu»li  tiU  the  iron  is  prcK:ipitated  as  dark  ^reen 
fem}go>ferric  oxide ;  but  in  this  way  also  the  separation  is  not  quite  eompleto ;  if  too 
much  sulpburons  nnd  is  addiedt  •  small  qtutttitgrof  sitlphtteof  alanuBiiiials  ■oonetiiiMi 
precipitatini  oa  boiling. 

Iron  and  aluminium  may,  however,  be  much  more  easily  separated  by  means  of 
ht/posulpkite  of  todittm,  wlueh  jpteeifiUtas  ahunina  togefchar  with  mliihiir,  laftving  Um 
iron  in  solution  (i.  165). 

Another  very  good  method  of  sppaniting  iroB  and  aluminium  is  to  mix  the  solution 
with  a  quantity  of  tartaric  aei<l,  siiflu  ient  to  prf»rt'nf  tlic  j>ri'cipitiitinn  of  the  oxidet 
when  the  liquid  is  rendered  alkaline,  then  add  excess  of  ammonia,  and  precipitate  tho 
mm  tm  sulphide  by  tulphide  <^  mttammiMm,  Tha  aaoia  method  sarraa  to  aepaxmta  nrm 
from  various  odiar  nuittk,  eernm,  g^iieiiumi,  magiMwinm,  tjionnsiB,  ytbriiim,  and 
sirconinm. 

Aluminium  (or  glucinum)  may  also  be  aeparated  from  im  bj  precipitating  the 
alumina  and  forric  oxide  together  with  nmrntmin,  and  igniting  a  wpiehetf  qufintity  of 
the  washed  and  calcined  precipitate  in  a  stream  of  hydrogen.  The  iron  iit  then 
ledneed  to  the  metallic  state,  while  tha  ataaiina  remains  unaltered.  The  loss  of  weight 
gives  tho  quantity  of  oxygen  wliich  was  combined  with  the  iron,  whence  the  qn:\nfity 
of  ferric  oxide  may  be  cuilmilat*  d,  and  the  alumina  determined  by  differtsuce.  As  a 
check  on  the  result^  which  is  eHpi  i  ially  neces^ar)  when  the  qoanttty  of  iron  is  small, 
the  residue  may  be  digested  fur  24  liours,  without  heating,  in  very  dilnte  nttrir  acid 
(1  pt.  acid  of  specific  gravity  12  dilureil  with  more  than  30  pts,  water),  which  dis- 
aolml^  lfmi«4fhoat  attacking  the  ignited  alumina.  A  slight  loss  may  arise  in  this 
process,  in  consequence  of  pjirticles  of  tlie  alamina  (or  glucina)  being  carried  over  by 
tho  Btreani  of  hydrogen  (Rivot).  Devillo  modifies  this  process  by  exposing  the 
■dztue  of  metallic  iron  and  alumina,  obtained  m  above,  to  a  very  strong  red  heat,  in 
a  stream  of  hydr  h^-^rir  (it-id  gas,  whereby  the  iron  is  volatilised  as  chloride,  wliile 
the  alamina  remains  unaltered,  and  may  afterwards  be  weiglied  ;  the  iron  is  then 
detenainad  by  difference.  Or  the  iron  may  also  be  directly  determined  by  pa.«>.ing 
the  vapour  of  boiling  hydrochloric  acid  into  the  tube  and  attadied  rcceivrr,  in  which 
the  chloride  of  iron  is  condensed,  oxidising  the  solution  of  ferrous  chloride  thus  ob- 
tdaad  vith  nitrie  acid,  and  pvedpitatfaig  by  ammonia. 

Prom  glucina,  and  from  most  other  pK>toxidefi,  ir-m  in  the  form  of  ayq,niOTide 
may  be  separated  by  precipitation  with  carbonate  ol  bimura  (p. 

From  magnesia,  ferric  oxide  may  be  separated  by  precipitation  vilh  awisiaiiis  aftcv 
addition  of  sal-ammoniac— l>etter  with  snrrinntr  or  hmoatt>  of  anamnimmt  tto*^ 
described  for  manganese  fp.  38G),  or  with  carbonatt  of  barium. 

From  the  alkali'  m  l  alkaline  earths*  ftnieaodde may  be  separated  by  am- 
monia ;  in  the  case  of  the  alkaline  earths,  however,  care  must  be  taJcen  not  to  add 
more  than  a  sli^t  excess  of  ammonia,  and  to  protect  tlte  precipitate  ixom  tlie  air 
during  filtration  and  «adifaig;  otherwise  carbonic  acid  will  be  absorbed,  and  earthy 
cnrltonates  will  be  precipitated,  tcwetber  with  the  ferric  oxide,  and  the  precipitate, 
after  washing,  will  appciir  light-cowured ;  it  mtxst  then  be  redissolved  in  acid,  and 
reprecipitated  by  ammonia.  If  r(  >  olution  contains  any  orgaaleanbataaet^  tibeiwn 
must  be  precipitated  by  sulphide  of  ammonium  (p.  3<S3  ). 

Precipitation  by  ammonia  serves  to  separate  iron  in  the  ferric  stiile  from  roost  of  its 
faOBgaaW aaitii,  e.g.  tha  nitrate,  sulphatei,  &;e.  From  phosphoric  or  boric  add  it 
may  be  separated  by  dissolving  the  salt  in  hv  lr  . chloric  acid,  adiling  tartaric  acid  in 
sufficient  quantity  to  prevent  precipitation  by  alkalis,  then  adding  excetjs  of  ammonia, 
and  precipitating  the  iron  bf  iidphida  «tannMniiim^For  olhar  aMtbodi  afamaljainf 
phosphates  of  iron,  see  PHOsmonio  actd. 

From  arsenic,  iron  may  be  separated  by  precipitation  with  tulphydrie  acid,  tho 
arsenite  «v  arsenate  of  uNMl  Ming  dissolved  in  hydrochloric  acid.  These  salts  may  also 
be  decomposed  in  the  dry  wny,  by  ignition  in  a  stream  of  malphydric  add  ga«,  ralphida 
cf  arsenic  then  volatilising,  and  sulphide  of  iron  remaining.   (See  also  p.  374.) 
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6.  Assay  of  Iron  ores. 

1.  In  thf  ttct  watf. — From  most  forrugiuous  iniuerala  tiiftt  are  ftrtaally  twed  for  the 
extmction  of  inn,  \'v/,.  the  oxides  and  carboDat«8,  the  inm  maybe  dissolved  out  by 
boiling  with  h  vdnjehlon'c  i\c-n\.  tho  insobililc  residup  ponsi^tinj?  of  quut^  eUy* 
which  may  l?o  furllu«r  auiilystni  bj  fusion  with  an  alkaline  carlionato. 

The  acid  solution  generally  contains — besides  iron — manganese,  aluminiuni,  caktlUB, 
mn£rno<»iiim,  the  alkali -metals,  an<l  s^mall  quantities  of  sulphur,  phosph.  )nj!'.  arseni<», 
tjilii  iitni.  and  titanium,  and  less  fr<  qiunuly  copper,  zinc,  lead,  vananiiim,  chroiiiium, 
Ttiolvi  .K  iium,  and  tungsten.  These  elements  ma^  be  detected  and  separati-d  by  nn-rhoda 
already  described,  or  to  be  df-orihed,  under  their  respective  h-^ruls  f  neo  also  pp.  374 — 
376).  The  Last  four,  together  with  titanium,  maj  be  separated  by  lu&iog  tho  pulverised 
or©  with  a  mixture  of  alkaline  carbonate  and  mlnte,  and  treating  the  fns»'<l  mass  with 
water,  whereby  a  sohiHon  if  formed,  wliic'li  may  contain  titanate,  mnadatc.  ohn:>mate, 
molybdatfc,  and  tungstute  of  alkali-in<  tal.  togctlHr  with  silicate,  arsfnatt*.  aud  phosphate. 

If  the  whole  of  the  iron  cannot  ]n<  cxtrartt'd  from  an  on  by  boiling  with  livdro- 
clilorio  arid,  it  must  be  pnlverisod  and  fused  with  carl«)nnte  oraeid  sulptiato  of  alkali- 
metal  (bisulphatc  of  potash),  and  the  fimed  mass  then  di  solved  in  water  or  aqueous 
add,  freed  man  nHoa  1^  eraponiljoii,  and  ItaxtlMr  CGuaniiied  tat  tlw  abovo4tt«otiaMd 
oonstJMii'nfs. 

In  the  complete  quantitative  analyaifl  of  iroo  ores,  it  i^  nect.'ssary  to  determine  the 
vatar  and  carbonic  acid.  The  water  nay  be  eitimated  by  igniting  the  ore  in  a  glass 
tube,  and  eondensing  the  nqu<  An«;  raponr  ny  Tneans  of  eldoridcof  calcium;  the  carlxinic 
acid  by  the  method  daschbed  under  Alkalimetry  (i.  119).  When  either  water  or 
carbonic  acid  ia  pNMnt  idone,  its  aBMnmt  may  be  detenaitted  by  the  loss  of 
suMtuined  on  Ignition. 

If  the  percentage  of  iron  in  the  ore  is  the  only  point  to  bo  determined,  the  inm,  after 
bemg  brought  tntotiie  ftnic  state  by  oxidation  uNth  nitrio  add,  may  be  precipitated 
by  ammonia,  or,  if  phosphorio  and  arsenic  and.*  are  present,  by  .sulpliidc  of  ammonium 
alter  addition  of  tartaric  acid  (p.  387).  Alumina,  if  present,  must  be  separated  by  one 
of  the  methods  ahvady  described.  All  the  tronble  of  these  sefiantions  may,  howerer, 
lir  avoided  l>y  adoptiiif^  Fu'-'hs'  melhod  of  estimation  with  metallic  copper,  which  pires 
correct  results,  provided  all  necessazy  preamtions  are  taken  to  exclude  tho  air,  or  by 
one  of  the  -volnmetrie  nethods  abesdy  oeseribed. 

2.  In  the  dry  ?/v7;/.— The  object  of  this  mode  of  assaying,  which  is  an  Imitation,  nn 
the  small  scale,  of  the  process  which  ^poes  on  in  the  bh^  furnace,  ia  to  determine,  not 
only  the  qnandly  of  iron  comfeaiBad  in  an  ooo^  or  xiliher  the  i^paatitj  that  ean  be 
extracted  by  smelting,  but  likewise  theqiialityof  the  pig  inn  obtunahle^  andgNienllj 
also  that  of  the  alag. 

10  grma.  of  the  finoly-pounded  ore  are  tnixed  wHh  8  to  10  gnns.  of  anhydiotts  borax 

(HCCfirdin<;  to  (he  proportion  of  the  ^an^ni*  ) ;  and  the  mixture  is  placed  in  a  eruc'blo 
lined  with  charooai  {orsiuut  brasaui),*  and  eoq^osed  in  a  powerful  air-furnace  or  a 
portable  blast-fhmace—Oriffln's  blast  gas-ftimace  (ii.  787),  fi>r  exauipIe->to  a  gradually 
inoreasinir  be.if,  raised  at  last  to  whit^oness.  After  cooling,  there  is  found  in  the 
crucible,  if  the  operation  is  suocessful,  a  weU-fusod  regulus  of  cast  iron»  and  above  it  a 
elag  eofopoaed  of  bonut  and  the  materials  of  the  gangue.  The  regnlns  mnst  be  eareo 
fully  freed  from  slag  and  weighed.  It  should  have  a  grey  colour  without  much 
appearance  of  separated  graphite.  A  liung;e  eepamUon  of  graphite  shows  that  the  heat 
has  been  too  gr«At.  If  the  me^  is  wnite,  it  is  very  fhsilUe  and  probably  contains 
manganese ;  it  is  thou  imperfectly  carbonised,  or  it  contains  phosphorus,  arsenic,  or 
sulphur.  The  slag  should  not  contain  cither  globules  of  iron  mechanically  mixed 
(these,  if  present,  must  be  separated  from  the  pulverised  wing  by  levigation,  or  by  the 
magnet),  or  iron  chemically  combined,  which  latter  condition  will  be  indicated  by  a 
^rcen  colour  in  the  slag.  The  weight  of  the  regulus  is  increased  by  the  carbon  which 
It  f  ontains,  but,  on  the  other  hand,  a  small  ouantity  of  iron  always  remains  in  the  slag, 
and  t  he  two  enon  tibns  piodaoed  nuqr,  Hor  we  mosfe  psit»  be  reigairded  as  cpmpensating 
one  anotlier. 

Sometimes  powdered  glass  free  from  metal  is  used  instead  of  borax,  to  increase  the 
fusibility  of  the  gangue ;  or  the  ore  to  be  aMjjjped  is  mixed  with  the  same  kind  of  flux 
that  is  to  be  need  in  the  aotoal  smelting  pioeeas— that  ia  to  mj,  with  chalk,  if  the 

•  To  prrnnre  thi»«o  crnrihlci,  a  HcMlsn  or  rorniili  cnicililf  is  lined  with  xurreifiTC  larfr*  of  «  pa«te 
ConipDicd  of  fi!ii'  rh.irrrial  pnwdcf  lolxcti  with  water,  th"  wliojo  h''iii(r  well  (temped  with  a  wooJ»*a 
pc«.tlp.  A«  si<on  .IS  a  \.\\  rr  lia*  bf«n  well  jircsscd,  itd  surfAt  o  must  bp  r  ulm  i  -d  with  ii  knife,  BO  th«t 
the  next  layur  may  44ilic>rt!  to  it  well ;  o(h«rwit«  th«  layers  will  fr{>nratr>  uitca  heaic-d.  The  crucible 
having  tmn  thu»  AIImI  with  stamped  rharcoal,  the  portion  wliich  proj^rtu  over  fl.  iko  {«  removed, 
mtmrtty  with  rounded  bUtom  U  paade  ia  the  middle,  and  the  tides  and  bottom  of  thi»  cavity  are  polUhed 
win  aseaadsA  ilaM  nA 


Digitized  by  Google 


mON:  ESTIMATION. 

ganfjup  consists  of  quartj:  or  clay,  or  with  clay  if  the  gangnio  is  chicflv  lirn.  sfone. 

Mcerttiiu  auuruximately  the  quantity  of  flux  required,  a  pnliaumiy  anal}   

made : — 1.  J3y gently  igniting  10 grms.  of  tbe ovp,  to datMBUM  Am  tnumnt  of  wfefH^  ^ 
carbonic  acid. — 2.  By  oxhuusting  another  sample  with  very  dilntr  nitric  a<543oJji^ 
determine,  bj  the  loiss  of  weight  after  washing  and  heating,  the  ^^SfiMAj^^^^ 
failxmie  add,  and  IfaM,  talmi  together.— S.  ^  bmlia^  with  hydrochB^^d 
the  iron  is  di-isolvcd  out,  and  weighirifj  thr  resiJue,  which  consists  of  quarts  and  i  I.iv  : 
the  loes  of  weight  in  this  experiment,  compared  with  that  in  the  bocond,  gives  tLe 
anonnt  ot  ftnfe  osidAa 

These  points  being  dctcrrninor^,  If)  jjnns.  of  ftAOM  are  mizedirilil  flodl  a  quantity  of 
day  or  chulk  that  the  assay  mav  contain  3  pta.  <ht3k  to  2  pta.  daj  fBegnault).  A 
eertaiB  quantity  of  fluorspar  or  borax  may  Iik«inw  1m  addra.  Far  ndi  ores,  Karsten 
takes  1  grm.  fluorspar  and  1  grm.  calcinttl  bonix  to  10  grras.  of  ore;  for  the  poorer 
ores  2  5  grma.  floor  and  an  equal  quantity  of  chalk;  and  for  very  poor  ores,  tlie  aame^ 
irith  1  grm.  borax.  • 

For  ores  not  coiifalning  silica,  a  certain  quantity  of  clay  or  quartz  is  added  with  tha 
fluorspar.   Or  10  grma.  of  ore  are  mixed  with  the  foUowiiig  proportions  of  flax : 


Ha(jnrtic  Iron  cm 
Specular  iron  ora 
Bed  bmnatito 

Brown  hrtm.itite 
Clay  iron  ore 
Sj  irry  iron  ora 


1  gmi.  cbaBe  nd        2-6  gaoM.  flnorapar. 

0-6  „      „  2-6  „ 

2  8  „      „  «•« 
20   „       „  20 
2-fito3  0  „      „  2-6  to  3  0 

IH)  S'OtoS-O 


n 

n 
n 


f> 

w 
n 
»» 


If  the  ri^ht  proportion  of  flux  has  been  added,  and  the  proper  temperature  attained, 
•  irell-constitutaa  regnlus  is  produced  (pi  WB),  together  mth  a  ^pood  alag^  having  a 
prcy-yellowiHh  or  sometimes  violet  colour,  an  enamel-like  or  sometimes  jrhissy  aspect, 
and  a  conchoidal  fracture.  If  the  slap  is  stony  or  eairthy,  yellow,  grey,  or  brown,  with 
loneh  ftaetnre^  it  is  too  rich  in  l  >as< . ,  t  oo  (xreak  an  ezoeaa  of  Ume  eanscs  it  to  cmmblo 
ea-sny  when  touched.  If,  on  the  other  liaiel,  then^  is  an  cxeess  of  silii  :i.  the  slag  is 
glassy,  more  or  less  transparent,  of  erecn  colour  (arising  from  ferrous  oxide),  and  very 
hrittla.  Tha  xanltt  of  •  meeanlu  assay  yield  tiM  xayuaita  data  fiir  imeltiag  on  the 
hugaieale. 

C  AUmU  Wtigki  9f  Iron, 

The  atoraicireight  of  iron  has  been  dotermtnad  III  lifaial  ways: — 1.  From  the 
weight  of  ferric  oxida  obtained  by  dissolving  a  known  quantity  of  pure  iron  (harpei« 
chord  wire)  in  niMa  acid,  precipitating  with  ammonia,  &o.,  the  small  quantity  of 
carbon  contained  in  the  iron  being  estimated  and  allowe<i  for. — 2.  From  the  quantity 
of  iron  obtained  by  reducing  a  known  wewht  of  ferric  oxide  with  hydaSgen. — 8.  By 
measuring  the  volume  of  hydrogen  erolTedin  the  solution  of  iron  in  hydrMilaric  acid. 
— 4.  From  the  qoaatilnr  of  chloride  of  silvor  obtained  by  precipitating  a  known  qnan- 
tity  of  pure  ferrous  or  wrnc  chloride  with  nitrate  of  silTer.  Tho  Mlowrag table  exhibits 
the  results  obtained  by  various  chemists;  the  determinationB  are  arranged  in  chxunolo- 
giarioadi^iadthahKaolDrtadiiMibcwiadioatothaaMtiioda^ 


Berzelius*  (1)  . 
Qajr-LoMotm. 

(3) . 

E.  Davy  1(4)  . 


.  Fe 

2712 

.  Fe 

28-36 

.  Fe 

28-27 

.  Fe 

27-98 
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27-94 
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27*99 
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Dumas  (4) 


28-OS 
28<01 

(27-98 
"  \  28-02 

*•  J27-99 


Hm  number  27*12,  dednaedftom  the  first  experiments  of  Berselinii,  waaftrnaay 

years  received  as  the  true  atomic  weight  of  iron,  although  Buchole,  pome  years 
before,  had  made  a  determination  of  the  composition  of  ferric  oxide,  which  now  appears 
to  havw  bean  naaiar  the  truth.  JaHwJina  waa  afterwards  led  to  conclude  that  his  fir>t 

experiments  were  affected  with  an  error,  arising  from  the  action  of  the  nitric  acid  on 
the  glass  ve^l  used,  and  from  subsequent  experiments,  in  which  platinum  veHsels 
vara  amployed,  he  obtainad  tha  higher  number  28*08.  The  whole  nnmlx>r  28,  which 
is  the  mean  of  all  the  most  trustworthy  determinations,  is  now  universally  adopted  as 
tha  tiua  atomic  weight  of  iron,  on  the  supposition  that  the  metal  is  monatomic  in  tha 
aad  aaaqai  atonfa  to  tfia  fttrio  lalti^  t,g.  fmam  ehkddB  *  FaOl;  ftnia 


•  Oilb.  Ann.  vH.  SIS. 

LAbb.  Ch.  Phana.  L  €KL 
Ana.  Cb.  Ptism.  eslli.M. 


tABB.  Gklia.  laxs.  161. 
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chloride  —  Fe'Cl*.  If,  howr»vrr,  iron  is  gnppfwcd  to  1>c  diatomic  in  fh*^  fprrrms,  and 
tmtomic  in  the  fexrio  compouuda — a  riev  which  ia  more  in  aecordiiace  with  lece^ 
iiiiMtjuiitirtiiiH 

Fenou  ohloridA  '  .  .  FfeCI*  I  Ferric  chlorfdA  .  .  .  Ff.  CI* 
Ferrous  oxide  .      .  FfeO  |  Ferric  oxide      .       .      ,  Ffo'O", 

then  the  atoBiD  iraj^  k  Efo -i  M.  (Sm  MariUb  Axcoao  Waiam*  0*}  tko  L470; 

iL  30.) 

The  equivalent  of  non,  that  ia  to  nj,  tfis  qfoanti^  of  the  metal  which  replaces 
1  alk  <rf hjdlOgeai,  is,  in  the  ^rrous  compoundi*,  e.  g.  FcOl,  f^xm\  to  28,  and  in  the  ff^rna 

coTnpoiind.1,  f.g.  Fe*CP,  or  FoCli,  it  if  f  o€  28^  Or  18^  whieh  number  ia  dsootad  lay  ie. 

(See  EiiiUiVAJuBNTS,  ii.  403.) 

nUNVf  Wtummtamm  OW  nmm  jhonig,  F«P  or  FfeF*,  ia  obtained  hf 

diasolving  iron  in  ai^iu-oiiii  Jiydrufluoric  jvoid,  ;inJ  cTyfstulH.sos  by  eva{»ration,  or  as 
the  sohition  afiproachcs  saturation,  in  small,  colourless,  rectaagnlar  olateB  containing 
water,  whioh  thej  give  <dF  witboat  deoon^MwHion  wfaan  moaeiately  heated.  Hie 
anhydrous  fluoride  is  not  alterod  by  ip^nition,  I'Vi'ii  in  contact  with  the  air,  but  the 
li^ydrated  salt  soon  turns  yellow  on  exposure  to  the  air,  and  if  quickly  heated,  oxidises 
poitially,  giving  off  hydroBoorio  acid,  mie  hydrated  errstals  dissolve  slowly  in  pure 
water,  more  easily  in  .loids.  Ferrous  fluoride  fi)nns  with  fiuoridt  of  potastium  a  fffhiMfr 
double  ult,  KF.FeF,  which  separates  in  granular  crystals.  (Berzelius.) 

Ferric  fitumde,  Fe'T*  or  FfeF*,  is  obtained  by  dissoh  iiig  f«  rric  oxide  or  hydrate  in 
amioon.H  }iydrofluoric  acid,  and  separates  on  evaporation  in  pain  flosh-eoloured  crystals. 
When  heated  in  a  platinum  crucible,  over  a  lamp  ui^d  by  a  blust^  it  melts,  sometimes 
exhibiting  on  the  surface  small  cnibic  crystals  of  the  fluoride,  while  the  fused  mass  has 
ft  marred  coloor,  perhapa  due  to  tiie  format  ion  of  a  sraidl  quantity  of  ferric  oxide. 
Ferric  fluoride  is  isomorphons  with  fluoride  of  aluminium,  somewhat  more  fluibla  than 
that  compound,  and  equally  volatile.    (Devi lie,  Oompt.  rend,  xliii.  970.) 

Ferric  fluoride  dissolves  slowly  but  completely  in  water,  forming  a  eoloaileai^ 
Rwrctisb,  astringent  liquid.  Its  solution  mixed  wiUi  ammomiA  dftjMiaita  a  bioio  aalt^  or 
oxy fluoride,  which,  when  dry,  forms  a  rust-yellow  powder. 

ICztaves  of  the  solutions  of  itelie  fluoride  and  fluoride  of  potassium  deposit,  ondlttir 
cooling.  eolourlcHM,  crystalline,  !»paringly  soluble  double  salts.  If  the  solution  of  the 
ferric  fluoride  io  a<lUe>d  by  di-upu  to  tliat  of  the  potashie  fluuride,  tho  salt  formed  ia 

KF.Fe^,  In  the  oontmy  eaaeri,  SEFJ**^.  (Borsalitta.) 
zsowHIMVinL  sfmdatMmm*  8to Inoir, Oxiras ov (n. 886); abo Xnoir 

(p.  338). 

ZSOSr,  HTOSUkTBS  OF.    Sec  luoN,  Oxides  of  (pp.  393 — 399). 

Z&OV,  OV.    The  flame  of  hydroeen  evolved  by  diiij^olving  iron  in 

dilnte  acids  some^m^  yields  black  spots  whan  a  eoM  piaoa  of  porcelain  is  hdd  in  it, 

and  has  hence  been  supposed  to  contain  a  pMsernw  compound  of  iron  and  hydrogen  ;  but 
i  reisenius  and  Schlossberger  (Ann.  Ck  Plurm.  xliv.  264),  and  other  chemists, 
liave  chuwn  that  these  spots  are  produced  by  phosphorus,  and  that  the  gas,  when 
perfectly  freed  from  mechanical  impurities,  do<*s  not  produce  thcni.  Cameron  (Chem. 
News,  ii.  181)  has  shown  that  do  ferruretled  Lydrogeu  is  formed  by  dissoh-ing  the 
■Uny  of  iron  and  sodium  in  acids. 

\Ylien  ferrous  iodide  is  treated  with  zinc-ethyl  and  ether,  gas  is  evolved  (consisting 
of  hydride  of  ethyl  and  hydrogen),  and  the  rt^idue,  after  washing  with  ether,  yields  a 
hydride  of  iron,  mixed  with  metallie  irMi,  in  the  form  of  a  Uadc  pMvder,  re- 
sembling mctillie  iron,  and  dei'ompoiHnp.  with  cvolntion  of  liydrof;;pn,  in  contact  with 
water,  or  when  heated.    (Wanklyn  and  Carius,  Ann.  Oh.  Pham,  cxx.  74.) 

IBOV,  wnramm  of.  ArrMtt  JbdSE^  Fel  or  FltO*  obtained  hf  heating  or 
triturating  iodine  M'ifh  a  elight  pxoes.i  of  iron  fllings,  is  a  brown  compound,  which 
molts  at  a  red  heat,  forms  a  grey  laminar  maas  on  cocking,  and  volatilises  at  a  stronger 
heat.  It  diMOlfW  readily  in  mkm,  and.  the  pala  grsea  aolvtloa,  widdi  may  also  be 
fornit>d  directly  by  digesting  1  pt,  iron  and  from  2  to  4  pts.  iodine  in  water,  yields, 
when  evaporated  in  contact  with  iron,  and  protected  £rom  the  air,  green  deUquescent 
eryatala,  eontaininf  8FdlffR*0  «r  Fi»I*.5JEP0.    Both  csTatala  and  eolvtion,  when 

fxpoHed  to  the  air,  very  quickly  turn  l)ro\vu,  from  f<,>rniation  of  oxyiodide,  and  separa- 
tion of  ferric  hydrate  and  iodine.  Ferrous  iodide  cannot,  therefore,  be  aaaify  kept 
nnahiend,  eithar  in  the  aoKd  abita  or  In  eolation ;  it  keeps  heat  whan  mixed  with  a 

8uf!)cirnt  quantity  of  common  NUgnr  or  milk-sugar.  Fur  preparing  the  compound  for 
medical  use,  Mohr  recommends  that  I  pt.  iodine  bo  converted  into  ferxons  iodide  by 
tsitnntiaii  with  iron  and  mtar.th^flltandliqiiid  mixed  with  26  pta.  of  aimple  syrup, 
•adthewholaqQii^OTapotateddownto  MpbL;  20pte.of  thia  ^yntp  aontain  1  pL 
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of  ferxoofl  iodide.  It  is  beat^  ho^OYet^  to  pieparb  the  compouAd  irenh  erery  time  it  if  * 
wantsd,  wMeh  b  not  diAeali,  «i  th«  aetion  is  Terv  quick. 

T!u'  solution  of  fiTruiLS  io.lldo  froat.-d  with  ulkaliiif  carVi'Ui.'iti'.'*,  yields  iodUct  oC tht 
sIluiU-metAls,  and  oukv  be  used  for  the  preparation  of  those  compounds. 

Ferrous  iodide  esauy  diasotTW  «a  umss  of  iodine :  on  iddin^  1  st  iodine  to  3  at. 
ferrous  iodiili>,  a  brown  boltitlon  is  fonnod  (eontainin;^:  FoT*),  which,  when  mixed  with 
earbouate  of  potaKuum,  yields  iodide  of  potosaium  and  black  fcm>8o-f«rcio  hvdmte; 
it  w  donMbl  whether  the  hmwn  soluttoii  contains  iodated  ftrrons  iodide^  or  a  nmso- 

Hsrrii-  iodidf,  analogous  to  the  mfltrin-tlo  oxide. 

Ferric  iodidct  FeU*  or  ffel',  is  not  known  with  cortaintv,  but  appears  to  be  fonned 
-wben  iron  is  bMied  in  excess  of  iodine-TapooE.  The  feswting  compound  d{ssol?ed  in 
w.it.'r,  ylrMri  [I  !in«wi)-r<'d  solution,  whirh  r.^.vt.s  like  that  which  i.s  td'taiiu'd  I'V  di«#oIv- 
iu2  iodlno  in  ferrous  iodide^  as  above,  or  by  disiiolving  ferrous  h;f  di-:itt>  iu  hydriodic  acid. 
Afl  these  solotieina,  vhen  wcpoaed  to  tite  air,  give  off  iodine  and  deposit  Issiie  hjdiate.  * 

nOV,  MSnO&IO.    See  p.  3S6. 

Iieoir,  IT ATZVa.    See  p.  335. 

X&OW  ir ^.TBOUTB.    Bee  NATBOLm. 

Z&OW,  WITKZSa  OT,  Iitm  heated  to  dull  redness  in  a  porcelain  tube,  and 
subjected  to  the  action  of  ammonia  gas,  becomes  white,  brittle,  and  increasefl  in  weight 
by  about  12  per  cent.  The  oorapound  thus  formed  is  supposed  byDesprotz  (Ann. 
Chim.  Phys.  [2]  rfii  IM)  to  be  a  nitride  of  iron  ;  but  it  has  not  been  analjsed,  and  is 
supposed  by  some  chemists  to  contain  hydrogen.  It  dissolves  in  weak  acids,  with 
OTonitaon  of  h^'dronron  and  nitrogen,  and  formation  of  ammouiacal  salts.  At  a  white 
heat  it  decompu.-(  d,  gi  ving  off  its  nitrogen.  Hydix>g>  n,  at  a  red  beat,  withdraws  the 
lUtrc^n,  forming  ammonia. 

Sometimes  the  iron,  aAer  ignition  in  ammonia-gas,  is  found  to  be  altered  in  ph^r^cal 
properties,  and  yet  not  to  have  increased  in  weight ;  in  such  a  case»  tiieoomlnnation  ol 
the  nitrogen  with  tha  izon  is  but  tninsieii^  hvfe  MTCithskan  <9IMn  to  altv  its  nu>- 
]emlar  structure. 

Kitride  of  iron  is  also  produced  when  oxide  of  iron  is  ignited  in  ammonia  £as ;  also 
in  minute  quantity  when  mtwgsn  gas  ia  passed  mm  lad-hok  inm.  (Pelonxa  al 

.Fr^my.  Traiti,  ii.  452.) 

Re^ptH  ting  the  controvea«y  about  the  existence  of  nitrogen  in  steel,  see  Stbbl. 
XXOV,  xriTROflTIXMniiaS  or.   NUrmtd/un'.s  f/e  fit,   (Ronsain,  Ann. 

C'h.  J'liys.  [3]  !ii.  2.H,j. )  — Comfxmnds  prodxiotNl  hy  the  simultaneous  action  of  iiitrit«*s 
and  alkaline  sulphides  on  iron-salts.  Thij  (.•mtain  nitric  oxide,  together  with  sulphide 
of  inm  and  snlphidaof  hydkogen  or  an  alkali-tnctal,  and  may  therefore  perhaps  bo 
r**{?«rdM!  as  annloprtns  in  composition  to  ih.-  nitnif.  rricyanides  (ii.  250^  that  is  to  say, 
as  »ul[t!iidt  s  of  iron  in  which  1  at.  sulphur  is  rt  placed  by  2  at.  ni(ru«yl,  NO.  Thoy 
contain  in  fart  a  disulphidaof  iMMl,  Fe^S-  or  I'fe'S',  in  whidi  tha  fourth,  or  wmt'tinue 
th*^  half,  of  tho  hulphnr  may  ho  supposed  to  be  roplaml  Ijy  an  eqiiividi  nl  quant iiy  of 
nitrovvl.  TiiP  aoalogy  of  the  uitroaulphides  to  the  nitroferricyaiudta  in  sli"wn  by  tiia 
feet,  tnat  when  a  solution  of  nitroferricyanide  of  sodium  it  completely  deeoni[x>si'd  by 
fulphydric  acid,  and  the  solution  boilod  and  pvupomtrd,  the  rrslduo  contains  .r:.i'r.(- 
sulphidc  of  iron,  which  may  be  reconverted  into  a  nitrofcrricyanidt-  liy  treatiug  it  with 
cyanide  of  potanjum..  A  mixture  of  iron  salt  Mid  nitrite  of  {jota.'-siuni  yields  a  nitxo- 
f.-rricya;iide  wh«n  treated  with  oyuuidc  of  potnK?inm,  and  nitrosulphidc  of  iron  when 
trt^ted  witii  bulphide  of  ix>tn5.Hiuiu.  lu  Ufitiicr  uf  tiiww  clasi>es  of  conipounda  cuu  tho 
Iron  be  detected  l»v  ordinary  r«  .igents. 

Vinitrosulpkide' of  Iron,'  Fe«S»K»(NO)«  -  Ffe'S^NO)».FfeS(NO-j-.n-S,  or  Ff.'S* 
(N0)Mr*8. — This  compound  is  prepared  by  dropping  a  solutian  of  ferric  chloride  or  sul- 
phate, witli  constant  stirring,  into  a  mixture  of  the  solutions  of  nitrite  of  putustfium  und 
sulphide  of  ammonium,  h«  ;itin^'  tht;  liquid  tu  boiling,  kcepin^,'  it  at  the  Iwiling  heat  for  a 
few  minutes,  sod  tiiteriui^  to  t^parute  sulphur ;  the  aeep-coloured  liquid  depoi»its  crj'stals 
of  (he  compound  on  cooling. — Or  Sdgrms.  ferrous  sulphate  dissolved  in  02  litre  of  de> 
n^nttf^d  water  is  added  to  a  sol uf  ion  of  21  grtm.  dry  nitrite  of  pot^issium,  and  15  <rrTr.««. 
crv  !>t-idii8cd  sulphide  of  sodium  also  in  0'2  litre  ui'  water,  and  the  solution  is  boilod  und 
filtered.  When  a  ferrous  salt  is  use<l  in  tha  preparation,  no  sspaiation  of  snlphor 
takt'H  place.    The  crystals  are  purified  hy  rrrrT<^taIlisrttion. 

iJiuiuusulphide  of  iron  forms  black,  net^dI».: -shaped,  oblitjue  rliombic  prismt>,  2  unj. 
long,  more  soluble  in  hot  (about  2  pt."?.)  than  in  cold  watc.-,  easily  soluble  in  alcohol, 
w<'M>d-iipirit,  aniylic  alcohol,  and  glacial  acetic  acid;  thiy  disMiIve  in  all  pi-oportions  in 
ether,  and  dtli  |in  see  even  in  etnor-vapour.  The  solutious  arc  very  dtcp-colourftl, 
laslo Slyiltie  et  tir^>t,  then  persii^tently  bitter;  they  remain  unaltered  iu  air  Containing 
ammonia,  and  may  br  rem'stalli^i-d  from  alkaline  i5o!vtfi. ill".  W!u  u  hrati  d  t<i  llo"^  - 
140°,  they  give  uH  reddiah  vupourt*,  ti^cihcr  with  sulphur,  tuipkito  uf  ammuuium,  aud 


m  IRON  ORES. 

nitrite  of  ammomtun,  and  leave  iron  in  the  residua ;  when  quickij  heat«>d,  they  bum 
AVty.  Tin  eompotma  ia  Msilj  decomposed  bj  mineral  ooHm,  wHOl  «fdQtion  of  redduh 

va|)ourB,  not  by  organic  acid^.  Clilorino  aiul  io<liiic  ilccompose  it,  -witli  ovolutloii  of 
nitric  oxide  and  eepu-atiuu  of  sulphur.  It  us  preuipitatod  from  solutiua  by  jpotash  and 
mamomM,  maA  more  slow]j  by  soda.  The  crystals  are  decomposed  by  permanganate 
of  potnsFiuTn,  pcn^xlde  of  lead,  and  mercuric  oxide.  Many  motislh' ■  >  ;lts  pn-cipitate 
the  solution,  with  elimination  of  nitric  oxide.  Cyanide  of  potatittium  and  cyanide  of 
mercury  eonvcft  tlM  crystals  into  nitroferricyanides. 

The  crystals  are  not  tU'cotnposc*!  by  i<ivl{^iliule  of  nmnionlum,  su]pliy<lric  acid,  ferro- 
or  ferti<<!yanide  of  potatusiam,  or  tannic  acid,  neither  of  these  reagents  giving  ai^ 
indieatioii  of  the  presence  of  uron  in  tbooi.  Neither  am  Aej  decompmed  by  eanatia 
pota^fi  or  Poda  in  tho  cold,  hut  when  hoatod  therewith,  thry  fivo  ofT  amrnouia  ga-s  and 
yield  ferric  hydrate,  together  with  a  filtrate  which  depo«it«  the  following  compound. 

8HfphwtittdNitro»3fhidi  of  Iron  and  Sodiwm.'Pe^^mOl^at  FftW(N0)>.8Nft« 
— This  coinjM  .iind  forms  I  n  r/'  black  cry«^tals  haviiiija  very  bitter  taste,  easily  soluble  in 
water  and  in  alcohol,  but  msoiuble  in  ether.  The  ciystala  deoompoeje  at  120°;  ibeir 
■dation  ia  deeomposed,  with  erolntion  of  nitric  oxide,  by  dikntte,  iodine,  or  mnoirie 
oxide.  It  forms  prrripitatcs  with  "mptuHtc  salt^i.  thi-  reaction  Vieiui;  In  sotnc  easi  >i 
attended  with  evolution  of  nitric  oxide.  The  solutiou  yields  ei^st&llme  compounds  on 
addition  of  potaah  or  asmumia,  \nA  ta  not  altered  by  caoatio  ioda;  the  ayatala  an 
not  idtert^d  Ly  sulphide  of  aiiirnonlum  orferrocyaiu<le  of  pctassanaif  bntirithftlriejanidia 
of  potassium  they  yield  nitric  oxide  gas  and  prussiau-blue. 

separates  in  reddish  flocks,  when  thi'  |irt  cediiig  componnd  i*?  d(Voni|>.)sed  1<y  aeids^  out 
gives  off  sulphydrie  aeid  and  sutlers  further  decnmposition,  even  during  washing, 

NittoBufpMde  «/  JWm,  Fei8t(X0)'  or  Ffe*S\NO)',  separate,  evdotion  «f  aol* 
phydrie  acid,  when  sulphuretted  ul'njsnlphide  of  iron  and  sndinm  is  deoonipnsed  l.yan 
acid  ut  the  boiling  h&tt.  It  is  a  block  substance,  which  when  freshly  prtM;>ared  and 
dried,  bona  airay  like  tinder,  when  aet  on  flm  It  deeompoeea  spontaiMmial!^,  laamng 
sulphide  of  iron.  If  is  insolul  le  iu  water,  aleohol,  and  ether,  but  diaaolfw  IB  4iaiiatie 
potash,  with  partial  decomposition  and  separation  of  ferric  liydiat4\ 

mttondpMi»6f  him  and  Sodiifm,  FeWIXW'.EH}  .  Fft*8'(N0)*J!rn«.H*0^ 
Formed  by  evajwratinp;  a  H(»lution  of  nitrosulphide  of  iron  in  sulphide  of  f^odiuni  at 
^  l/Ml^f  tad  treadns  the  residue  with  alcohol  ai^  ether.  CiyataUises  in  red  priams, 
blaeK  by  reflected  ii|^t;  diaaolTea  with  deep  red  etdonr  in  water,  aloohelf  and  ether,  bnt 
IB  insoluble  in  chh^roform  and  in  sulphide  of  carbon.  The  (solution  is  precipitated  by 
metallic  salta^  forming  inoolttUo  compounds  in  which  tho  sodium  is  replaced  by  this 
other  BMtaL  Some  «f  theae  ptectpitetea  aie  tolerably  pcamanentk  whereaa  othan^  th« 
ailTw  pcceipitate  Har  «gMinpl«h  deoonpoae  quickly*  with  erolntioii  of  aitoic  codda. 

nMlir  OBZS.  The  ferraginoos  minerals  containing  anfltcient  qnantities  of  iron 
t'  b  nvatlable  for  the  extraction  of  the  metal,  hare  alrendj  bean  dwCTibod  (pp,  8S7 — 

For  the  methods  of  assaying  them,  see  p.  iibS. 
Th^foUowing  mineraltigical  terms  must  h«re  be  noticed. 

Argiliaceaius  or  Clmj  Iron  Ore. — This  tprm  is  applied  to  several  ores  consisting  of 
oxide  or  carbonate  of  iruu  mixed  with  ckv.  The  a^^laceotis  carbonate  is  called  sim- 
ply "clay  iron-stone  ; "  anhydrous  and  hjdmled  ibric  oxides  with  a  aiailar  admixture, 

are  called  "red  clay  inin-stone,"  and  "brown  or  yelluw  clay  imn-stone,"  rrspeeTiv<  ly. 

Ax:('tfni<jiii  Iron  Ore,  or  Kibddopham.  A  variety  of  ilmeuite  or  titanifcrous  iron 
ore.    (  See  TiTAXATBS.) 

Bog  Iron  Ore. — A  brittle  or  loosely  agprcgatrd  variety  of  brown  ha?matitc,  occurring 
in  low  muTiihy  grounds.  It  proceedii  from  tlie  deeumposition  of  other  species  and  often 
takea  the  form  of  leaves,  nnts,  or  stems,  found  in  the  manliy  aofl. 

Brown  Iron  Ore. — Hydruted  ferric  oxide  (p.  33S). 

Colmnnar  Iron  Ore.— Red  clay  iron  Btoae,  having  a  columnar  structnre. 

€fret»Irm  Hydra  ted  ferric  phoaphjate^   (SeeDuniFxirB,  ii  347.) 

Ja$j)rry  Iron  Ore. — Avarietyofr*'d  clay  iron  ore.harinpalar^e,  flat  conchoi'dal  fracture. 

Lenticular  Iron  Ore. — A  variety  of  red  clay  iron-stone  having  a  flat  granular  structure. 

MagnOh  Iron  Orr.—Ferroso- ferric  oadda  (ppw  W7, 

^fi'  accons  Iron  Or^  .— Specular  iron  ore  witn  a  micnceous  f»tnicture. 

(jehnous  Jr<m  Off.— Il<;d  hieaiatite,  havizig  a  soft  earthy  oooaistence. 

Octahdral  Iron  Ore.—Spi.  with  magnetic  icon  4MNi 

Pitch  1/  Iron  Ore.'-  A  variety  of  red  lianiatftei. 

Bed  Irvn  Ore.—  Native  ferric  oxide  (p,  337). 

AMrrv  or  Spathtc  Iron  Ore. — CrvMatlised  ftnoof  carbonate  (i.  785). 

Specmar  Iron  On.— Ked  hematite  having  n  perfect  metallic  lufltTC  (pfb  888^  IM). 

JU<u^fmm$  Iron  Ore. — Ferric  titanate.   (Wee  Trr^ATBflb) 
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If  irm  irTT-r  IroD  forms  two  oxulos  Corresponding  with  the  chlorides 

viz.  tht-  protoxide  or  /errotu  oxide^  Fe'O  or  FfeO,  the  aesqtiioxide  or  ferric  oxide,  I'e'O* 
or  Ffe'O',  and  MTCtal  Ogjdwi  of  intermediate  composition,  called  ftrrowy-ferric  ox^ea^ 
■which  may  be  regarded  as  compoiinds  of  the  two  just  mentioned:  the  most  im- 
portant of  these  w  thu  nuvjutiic  oxide,  Fe*0*  or  Ffe»0*  ■=■  FfeO.FfeK)'.  A  trioxide, 
FeK)*  or  ^^feO*,  may  be  supposed  to  exist  in  the  ferrates  (ii.  §19);  teltOttf  pohM 
Bium,  K^FfeO'  =  K^O.FfeO*,  but  it  has  not  bo<"ii  isohited. 

Verrons  oxide,  Fe'O  or  FfeO,  is  never  found  in  nature  in  the  free  state,  but  may 
t>e  supposed  to  exist,  in  combination  wiA  curbonic  anhydride,  as  femmi  MfboMto 
(FfeOO*  ==  Ffe*O.CO')  in  spathic  iron  ore,  and  in  solution  in  chalybeate  waters;  also 
combined  with  ferric  oxide  in  ma^etic  iron  ore.  It  is  not  easily  obtained  in  the  pure 
Mate,  on  account  of  the  avidi^  with  which  it  absorbs  oxygen.  According  to  Debray, 
it  is  obtained  by  pjis.sing  a  mixture  of  equal  volumes  of  ntrbonic  anhydride  and  carbo- 
nic oxide  over  red-hot  ferric  oxide.  According  to  Liebig,  it  is  obtained,  mixed  with  a 
Iftde  metallic  iron,  by  igniting  ferrous  oxalate  in  a  close  vessel  The  impure  ferrous 
('xi<1>'  ^I:us  oT>taint.'d  is  a  bhiok  prrophoric  powder,  whieh  ill  OOlltaet  With  the  IDT 
quickly  takes  fire,  and  is  converted  into  ferric  oxide. 

HydraUd  Farrova  0:aida,  or  Farroua  kj^drata,  i» obtained  hy  precipitating 
the  solution  of  a  pure  f  'rroMailt>  p(  rf'H  lly  fn-o  from  air,  with  piotiU^h-ley,  also  fn-^"  fi-om 
air,  in  a  vessel  filled  with  d^-Airated  water.  The  hydrate  is  then  precipitated  in  white 
flodE^vhuhnniflt  bo  washed  by  deeantation  with  Twently  boiled  water,  then  dried  and 
red  in  an  atmosphere  perfectly  free  from  oxygen."  Schinidt  (Ann.  Ch.  Pharfa. 
101),  by  a  ver^  careful  preparation  thu.s  cundncted,  obtained  the  hydrate  as  ft 
i>niagnetic,  very  fhaUe  mass,  haTing  a  pul<<  greenish  colour,  probably  arising  ftem- 
pittial  oxidation.  \VTicn  exposal  to  the  air,  even  in  th*i  dry  state,  it  quickly  absorbs 
9xyg^  becoming  strongly  heated^  even  to  igutiou,  and  is  converted  into  fenic  oxide. 
^bn  uie  moist  state  it  ti  oouvsvIm  by  oxldanon,  first  into  ffKOfluish  ftnoeo-Avrfc^  then 
quickly  into  brown  ffrric  hydrate.  It  reduces  iodic  acid,  abo  platinum-  and  mercurj*- 
salta.  It  dissoivei^  aoeording  to  Bfnean,  in  160,000  pts.  of  water,  fbrming  an  alkaline 
Bqvid.  U  diaaoiMa  amSfy  in  aaids^  Isvniiig  fiNcroBi  aallik  aad  dwflrat  oubonio 
anhydride  qidflkfy,  avn  in  the  diyatatig^  ao  tiiat  it  cannot  be  dried  in  an  attmoaphera  of 
that  gas. 

Ferroua  aalta. — Ferrous  oxide  and  hvdrate  dissolre  in  acids,  forming  salts  in 
wbUk  the  itat  Is  mono*  o»  di-atootiek  aeeoicung  aa  ita  atonie  weight  ia  88  or  56:  4,g, 


«I^E  ♦  ffla    -    IPO  * 

The  soluble  ferrous  salts  are  likewise  produced  by  dissolving  iron  in  dilute  nrida.  Tfia 
insoluble  salts,  a.  g.  the  carbonate  and  phosphate,  are  obtained  by  precipitutiou.  The 
carbonate  ii  of  fteqnsnt  occurrence  as  a  natural  mineral  (p.  839). 

Most  ferrous  .salt.s  are  soluble  and  crystallisable,  wnite  in  the  anhydrous,  pale 
greenish-blue  in  th''  hydmted  state.  The  solutions  are  green  or  greenish-blue,  have  a 
sweetish  taste^  with  inky  after-taste,  and  quickly  abadirb  asygen  ^m  the  air,  yielding 
ft  yoilow-brown  deposit  of  bat^ic  fr-rric  salt,  because  the  quantity  of  acid  in  the  solution 
is  not  sufficient  to  form  a  normal  ferric  salt,  inasmuch  as  uon  (Ffe)  is  triatomic  in  the 
ferric,  and  only  diaUmiie  in  the  fSanoas  salts ;  thus  ferrous  salphate^yieldibjooddatioa 
«  baiia  iSHizie  aa^hate,  or  oxysulphate  contaimag  only  2  at.  SO' ; 

2(WBaS0») .  +    O      -  Ffe«0».2S0» 

*  SEftSO*    +    O  - 

wheieaa       aolnble  nonnal  Me  aalphate  haa  the  oompoaitlon  1M*.S80*  or 

Ffe«(SO*)« 

Those  ferrous  salts  which  contain  a  volatile  acid,  give  it  up  on  ignition,  leaving 
lesidne  of  ftrrie  oodde,  if  the  add,  sttch  as  snlphnrio  or  nitric  acid,  gLves  up  its  OK|gen' 

readily;  of  ferroeo-ferric  oxidf,  if  the  acid,  such  as  carbonic  acid,  ret-ains  its  oxygen 
more  forcibly ;  and  of  metallic  iron,  either  pure  or  mixed  with  femras  oxide,  if  the  acid 
is  organic. 

Fur  the  rcnetions  of  ferron?  F.ilt."  in  solution,  ^ee  p.  381. 

Vavrie  oxide.   Fe'O*  or  Ffe^O*.    8esquioxide  or  peroxide  of  iron.    This  oxide 


oeema  in  natue  far  abondaatiy  and  widely  distribntra,  yia.  1.  As  specular  iron 
ore  in  rhombohedraf  forms.  R  .  oR,  also  R  .  fV2  .  |R  (ratio  of  princiivil  to  spcon.lary 
axes  —  1-3668:  1).— 2.  As  mar tite,  in  regular  octahedrons.— 8.  As  red  hematite, 
in  tibhuanar,  granular,  botryo'idal,  and  stalaetitie  ahapei^  alio  lanaHar  and  gianviai^ 
aither  atone  areaseriatedwafcajyyfcnning  the  aemaitarietiaa  of  led 
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(p.  3i0).   it  i»  formed  by  heating  iroa  or  ita  lover  oxidee  andbjdrates  in  contact  witU 

Ferric  oxide  may  bo  oLtaiiioil  In  sniiill  orvFtalg  bv  deconipoMing  ft  rric  cLl(>ri>l.'  with 
lime  at  a  red  heat  (Uaubre,  Uompt.  rend.  xiix.  113);  in  micacGoua  laTiiuip  bv  heating 
Hub  amorpiioiui  oidae  with  bonuc,  and  tmadn^  tfaa  reaaltinff  maw  with  hydzoehkrio 
ncid  (Hauer,  "Wion.  Akarl.  Brr.  xUL  456),  or  by  meltiug  the  iiniorpbrms  Dxiil.-  wlf!i 
chloride  of  calcium  (Kuhlmana,  Com^  n'nd.  Hi.  1283).  Eboiobohedral  or  laminar 
cry  state  of  tttrie  oside  u«  UkMrne  ohtemed  by  igniting  the  amorpboua  <aide  in  a  dow 
^urr.-nt  of  hydroeblorlL- acid  g-.iH.    (Doville,  Lompt.  piTid-  lii.  1264.) 

When  equal  parts  of  ferroua  8ul{>hate  (green  Titnol)  mul  commoa  salt  are  heated  to 
Mdneaa,  and  the  prodnet  wilHUMtiad  hj  washing,  ftnia  oadda  tmaaxa  in  x«d>biovn 
sbiniiig  scab's.  When  pnlrerulcnt  fcn-ic  oxidc'  is  ipuitod  wtfli  s;d-iiimnLtniai^  part  rfit 
becomes  crjatalline,  while  another  portion  volatiliaeti  as  ferric  chloride. 

Fenrie  oatida  ia  obtaintd  in  the  amorphooi  atate  by  igniting  fmwu  aolpliata  with 
pt.  of  saltpetre,  and  lixiviating  the  pixxiuot ;  by  diesolring  iron  in  nitric  itcld,  evapo- 
rating, and  heating  the  resultiag  nitrate  to  redness ;  also  by  deflagrating  iron  fitinga 
with  fla!tpetx«.  In  the  distillBHon  of  ftaming  sulphurie  add  tram  giera  Titaol,  a  Midae 
of  iinjmit^  ferric  oxide  is  obtaine*!,  forinrrly  known  as  Caput  mortuum  vitrio/i.  Amor- 
phous ferric  oxide  is  usual^  prepared  £or  pharmaeentical  use  by  igniting  fenic  l^drata 
or  ftnooa  eariiaoata  in  oooftaet  with  tha  air;  the  preparation  tlma  obfidned  it  idled 
Crocu*  Marlis  tuL-triiujm.'^  or  Fi  rrnm  oxydatum  rufirum.  Tory  pure  ferric  oxide  may 
be  pnqiared  by  heating  ferrous  oxalate  in  eontaet  with  the  air ;  the  aalt  thra  takes  fire 
and  is  eomplctely  eonr^rted,  witboat  fhttlMr  heating;  into  ferric  oxide.  (iL  To  get) 

Ferric  oxido  prop:ired  by  either  of  t^ie  latter  methods,  is  amorphous,  and  has  a  brown- 
red,  red,  or  nearly  black  colour,  according  to  the  partieohir  mode  of  prepaxmtion  adopted. 
It  it  very  hy^]^8Copic,  not  magnt^tic,  very  hard,  and  it  therefore  need  as  a  grinding 
and  polishinfi  muti-rial.  The  s«pocirtc  ^^ravity  of  the  art ifieiallj. prepared  cixidc  \^  0  04 
to  d'17  (H.  j^ose^  ^ogg*  -^J^  Ixxiv.  440);  that  of  red  haematite  and  specular  iron  ore^ 
froni  4*6  to  S*8 ;  <tf  eome  odinmnar  tariedes  aa  low  aa  iil ;  that  of  martite  from  Pent, 
3-80  ;  from  Pay  do  Dunio.  4  Go  ;  from  Bnizil,  4*80  (Breithanptl  ;  from  Monroe,  New 
York,  6*33  (Hunt).  Haidaesa  of  luunatite  and  neadar  iron  ore  »  d  d  to  6*5;  of 
martite  *  8.  The  euhae  eacpani^  of  feme  oxide  »  OKNNHM  for  1*  C.  (^Kopp). 
Ferricoxide  is  not  volatile,  but  at  a  full  white  heat  it  ^ives  uiT oxygen,  andia  paitulqr 
oooTeited  into  fectoao-fomc  ozide^  which  is  attracted  by  the  magoot 

Ferrfe  oande  w  reduced  to  the  metaUie  state  by  hifdrogen  gas,  at  a  heat  ewn  hdoiw 
n'diies.M.  and  coniplcfely  at  r-  d  hmt  hj  charcoal  or  earh'nic  oxide,  also  by  ammonia  gat. 
When  ignited  with  sulphur,  it  yields  sulphurous  anhydride  and  a  sulphide  of  iron. 
It  easily  gires  up  its  oxygen  wtien  ignited  with  wnmtgHbU  bodirg,  but  takes  it  np 
again  when  lieatoil  in  contact  with  tlie  air:  hence  it  facilitat<«  tlio  conibnvtion  of 
organic  bodies,  and'  may  be  used  for  incinerating  them  (Grager,  Ann.  Ch.  Pharm. 
cxi.  124).  £?en  at  ordmary  temperatures,  it  frequently  acts  as  an  oxidising  agent  in 
contact  with  organic  matter,  ami  is  thereby  reduced  to  magnetic  oxide,  or  even  to 
femma  oxide,  and  then,  by  taking  up  carbonic  add,  converted  into  spathic  iron ;  the 
re^hmed  oxide,  if  in  contact  with  moisture,  is  firequently  also  rec<niverted  into  ferric 
hydrate  (limonite  or  brown  h^rmatite)  by  atmospheric  oxidation.  The  oxide  is  ahso 
aometimes  further  reduced  by  the  action  of  sulpht/drtc  acid,  and  conrcrted  into  pytltes ; 
hence  magnetite,  limonite,  and  pyritaa  often  occur  as  pseudomorpha  after  red  haematite. 
According  toKuhlmann  (Compt.  rend.  lii.  1169),  it  easily  conrerts  »idphid*  of  cal- 
cium into  gypanm  at  the  expense  of  atmospheric  oxygen :  the  oxysulphide  of  caicinm 
of  the  flodapnaidaea  mixed  with  an  e^ual  weight  of  firric  oxi<le  (the  reaidae  of  tha 
burning  of  pfjiitciX  Anna  » "wtj  naeiU  osment,  whieh  haidena  4|ddKly  in  contact  with 
the  air. 

Ferric  oxide  dissolves  in  acid*,  but  lees  easily  in  pronortion  as  it  has  been  more 
abrongly  ignited :  the  best  solvent  for  it  ia  strong  boiling  nydroobloric  acid.    The  solu- 
'tion  is  facilitated  by  the  addition  of  sine  or  atannona  mkindo^  the  oxide  then  diasoW- 

ing  as  ferrous  ehkmde. 

Ferric  oxide,  on  account  of  its  har<lnesf*.  is  much  used  as  a  grinding  and  p<)li>liing  . 
material.  A  very  luird  compact  kind  of  red  heematite,  called  bloodstone,  fomut, 
when  well  polished,  the  bcKt  material  for  pnxlucing  a  high  lustre  on  coat-buttons, 
and  OB  the  gilding  of  porc(>lain.  Ferric  oxM>  in  the  piuverulent  state  is  used  fox 
polifhin;?  gold,  silver,  and  other  metals,  for  poli^thing  and  sharpening  cutting  instru* 
menUf,  &ud  for  grinding  and  polishing  gla.ss  for  mirrors  and  lenses.  According  to 
Yogel  (Dingl.  pol.  J.  cxxxii.  276),  the  oxide  obtained  by  the  combustion  of  ferrous 
oxalate  (p.  393)  is  peculiarly  adapted  for  these  purposes.  That  which  is  prepared 
by  igniting  green  vitriol  in  crucibles  is  also  much  used,  the  le&nt  calcined  portions, 
which  are  of  a  scarlet  colour,  forming  Jt  viller'a  rouge  for  polishing  gold  or  silver,  and 
the  moM  odflined  poctkMi%  whieh  are  Uoiah  or  pitipliah,  fonning  the  eroctu  which 
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is  used  for  poUahipg  brass  and  sU^l  Lord  Bosse  prepftres  feiric  oxide  for  polisli* 
iflff  Om  speenli  <tf  nit  tokaeopM,  by  precipitating  a  pun  diliito  solvdon  of  ArroM 

BuTphate  with  ammonia,  pressiuf;  the  washed  precipitate  in  a  screw-jin  till  luarly 
dn,  Slid  ez|K»ing  it  to  a  heat  vMch  Of  pean  dttU  {So»  Ur^s  Dictumut^ 

Ferric  oxide  is  also  used  as  a  colouring  material  for  plass  and  porcelain,  Offpocially 
tbe  latter;  it  yields  a  fine  puzple^red,  or  vbao  more  stroagljr  heated,  an  orange-yellow 
soumI  flMmF,  ihe  tint  pvomesd  deptading  tsatntialty  on  the  mode  of  treatment ; 

according  to  l^on t  emps  (PhiL  Mag.  [4]  xxxv.  430"),  ferric  oxide  may  be  made  to 
colour  glass  with  ail  the  tiuls  of  the  speetrum,  according  to  the  dpgrer-  of  hr-nt  apjdi*  d. 

Hydrai^d  ferric  oxide^  ot  Ferric  hydrate^  occnn  Hbund&ntly  in  nature,  either 
cijBldllaed  as  gSthite  or  n«edl«  iron  ore  (it  MO),  or  in  stellate  groups  of  umAss 
or  fibres,  ns  xanthosiderite,  or  more  freqnrntly  in  sfalactitic,  boti^'oVdal  or  mamniil- 
luj  ionuM,  having  a  hbrous  ur  t»ubhbrou8  slruetm-e ;  also  massive  and  occasionally 
suthy,  as  brown  h»niatite  or  Hmonite;  also  mixed  with  cla^,  as  brown  or 
yellow  clay  iron-stone  (pp.  338,339).  It  is  tlin  colouring  principle  of  Tnnny 
minaraK  o£  ochre,  of  the  deposit  of  mineral  waters,  of  yellow  sandstone,  Turkiah 
nnilMCv  ite.  It  is  ftmncd  by  the  |»^pitation  of  ferric  suta  with  alkaili  or  aikainie 
carlxsnates;  also  whon  ferrous  salt-s  are  prfcipitatc-d  in  liko  manniT,  and  the  j^ri  i  ipii  ifo 
is  exposed  to  the  air;  and  by  the  rusting  of  iron,  which  takes  place  when  the  metal  is 
eapoeed  to  moist  air,  and  is  aeed«nted  by  eontact  with  amall  qmmtitiea  of  addi,  and 
of  various  saline  solutions,  especially  animoiii.ical  salts  and  Tirii.e. 

jf  erric  hydrate  is  most  easily  prejpared  by  jprecipitating  a  moderately  dilute  solution 
of  ftnie  duoride  with  exossa  of  ammonia  (with  a  anallsr  ^nantity,  a  boeie  saH  weald 
be  thrown  down) ;  it  is  a{if,  however,  to  rrtnin  Fmall  quantities  of  ammonia,  to  remove 
which  it  most  be  washed  several  times  with  water,  then  dried,  and  washed  ooupleteljr 
after  bsing  rsdneed  to  powder.  Thib  prsapitirte  ftmned  in  the  ebid  (the  nrmm  om- 

(hihtm  fuaatiii  of  the  jMiannacopa'ias)  has  the  com{K>sition  Ffe'0'.'2Tl '0,  according  to 
Qmelin  iMatuUmLj,  198)  andLefort  (J.  pr.  Chem.  liy.  30d);  ffe'O'.SlI'O,  aeoocd- 
jug  to  Wittetein  (Fliann.  Centr.  1858,  p.  367) ;  or  SFMO*JhK>,  aeeoiding  to  Pian 
de  Sai nt-Gilles,  Ann.  Ch.  Phys.  [3]  xlvi.  47).  the  profKjrtion  of  water  doubtless 
Tarying  according  to  the  degree  of  dilution,  the  mode  of  precipitation,  and  the  tam- 
peratare  to  wfaieh  the  hydrate  has  heen  exposed  in  diring.  The  hydrate  precipitated 
ifom  hot  solutions  is  Ffe=0».2lT'0.  (L  e  f o  r  t ;  S  c  h  a  f  f  n  e  r,  Ann.  Ch.  Pharm.  li.  1 1 7.) 

j^ative  ferrie  hydnteH  iire  also  of  various  oomposition.  Qothite  is  Ffe'O'.H^O ; 
Kmonite,  2Ffe«0»iH-0  ;  xanthonderite,  Ffe*O».«H?0;  and  a  variety  of  boc  iron  ore 
(called  Queltere)  from  Nischnei-Nowgorol  in  nussii,eQlMlta,aeeoirding  to  Hermann 
(J.  pr.  Chem.  xxviL  68X  mainly  of  Ffe»0*.3H*0. 

rerric  hydrate  has  a  light  yellow  to  dark  brown  colour,  and  is  somel&nes  a  loom 
earthy  powder,  scoaetimes  a  heavy  friable  mass,  according  to  the  mode  of  preparation. 
When  r^ently  precipitated,  it  is  easily  soluble  in  acids,  but  its  power  of  uniting  witli 
acids  is  Uiiuinisned  by  drying,  and  frequently  even  by  prolonged  immersion  in  liquids. 

A  maricaUe  insoluble  moditieation  of  ferric  hydrate  is  produced  by  bdUng  the 
ordinarr  ypllow  hydrate,  2Ffe'C»'.3H'0  (precipitated  from  the  chloride  by  ammonia), 
in  water  for  s«?vtu  or  tight  houi's.  The  colour  then  changes  from  ochre-^ellow  to 
brick-red,  and  the  hydrate  thus  altered  is  scan  ely  nrtod  u()on  by  strong  boihoji:  nitno 
acid,  and  but  very  slowly  by  hydruchlorie  aci<l.  In  acetic  acid,  or  diltite  nitric  or 
hydrochloric  acid,  it  dLssolves,  forming  a  red  liquid,  wliich  is  clcivx  by  tra,iismitted, 
hot  tnrbid  by  reflected  light ;  is  precipitated  by  the  smallest  quantity  of,  an  idkali- 
salt  or  a  sulphate;  and  on  addition  of  strong  nitric  or  hydrochloi-Ic  acid,  yields  a  red 
gratiukr  precipitate,  which  redissrjhes  ou  diluting  the  liquid  w  itli  water.  The  modi- 
fied hydrate  dosa  not  form  i>russian  l>lue  with  ferrocyani  lc  of  itotassium  and  acetic 
acid-  It  npppftrs  to  consist  of  Ffe^O^.iPO.  This  insohibl.'  liy.lnitr'  is  likewise  preci- 
pitated when  a  solution  of  the  ordinan-  Fiydrate  in  actic  add  is  rapidly  boiled.  Tho 
■ame  idfaition,  if  kvpt  linr  some  time  at  loo^  C.  in  a  close  vessel,  becomes  lifSfht  in 
colour,  no  1  on jyer  forms  pms.sian  blue  with  ft-rnnyaniile  of  potassium,  cr  exhibit"  any 
vdaepeniug  of  colour  uu  aUdiliou  of  a  sulphueyauati; ;  titroug  hydruchluric  or  nitric  acid, 
or  a  trace  of  an  alkali-salt,  or  sulphuric  acid,  throws  down  all  the  ferric  oxide  in  tho 
form  of  the  in«^oluMe  liydrate.  (P^an  de  Saint-C,  illes,  Ann.  Ch.  Phys.  [n]  xlri,  47.) 

Ferric  hydrate  gives  uti'  part  of  its  water  betwetn  tSu-"  and  100^,  and  the  whole  at  a 
red  heat ;  it  is  aLK>  completely  dehydrated  by  heating  it  to  IdO^-^SOO",  with  a  latnp 
iat«d  solution  of  chloriile  of  calcium  or  chloride  of  s>)diinn.  (SiMinrmnnt.) 

Ferric  hydrate  easily  gives  up  part  of  its  uxygea  to  oxidabk«  bodies,  and  is  easily 
redoeed  \^  anljAaroiia  aoid,  itmionii  chloride,  &c.  In  contact  with  putrefying 
onraiiic  Vjodies,  out  of  contact  with  the  air.  it  forms  f  rroso- ferric  co!nponiid~,  or 
ferrous  carbonate ;  but  if  thv  air  has  access  to  it^  it  quickly  recoveni  the  oxygen  which 
it  haa  (ifen  ip  to  the  putrefying  lahatMnfle^  and  oan  tben  again  exert  an  o«idtaing 
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action,  thufl  •ctincr  a««  a  carrier  of  oxTRfti  from  the  air  to  the  orj^.-inio  borly :  hi-nc*  it 
accelerates  the  oxidutioa  of  \r(X)dy  tibre  in  tiit>  bOiL  (Kulilm^uu,  J.  yr.  Cliem. 
Ixxxi.  110.) 

Fi  rriL-  hydratf  i«  rarely  ufcd  iilr.ne  in  medicine;  l>ut  in  the  reoenfh-  pnvfj.itateil 
stiite,  it  ai't8  as  an  aiuidoto  to  arsenic,  as,  when  given  in  sufficient  quautity,  it  iocma  a 
highlj  basic  ferric  arKnite,  reiy  dilBenltfy  deoonposible  by  water. 

Ferric  hydrat<'  uiutes  witli  culonrin^  matter!*,  and  rusily  fix>  s  itself  on  many  ortyanic 
bodicfi,  eapecialiy  on  tissues:  henc«  its  use  m  a  murdaut,  aud  tlie  formation  of  iron- 
mould  on  linen,  e<^too.  Such  spoti  nmy  be  removed  by  oxalic  acid,  or  acid  vw^^**^  «t 
potassiuTu,  the  action  being  greatly  accekratod  by  contact  with  metallic  tin. 

Ferric  sa  Us. — In  tiie^^e  salK  the  iron  is  se^qui- or  tri-atomie,  aiscording  as  ita  ntorafc 
weight  m  28  or  66,  e.g.  the  cliloride,  Fcr-Cl'orPfcC!l";tll«liitWUvF«fl(NO»y  «Ffc(NO»)»; 
thi'  sulpiiulf,  Fi  '(SO')'  or  l'f.'-i>'n'  ;*  (T!ic  oxy;i?en-wi1tH  mny,  of  coarse,  bo  regartled  as 
compounds  uf  ferric  oxide  with  auhvd.'vU'S  acids,  (.//.  tlie  nitr;it*>,  FfeH)*.3N*0*,  the  »ul- 
plittte,  Ffe*0'.3S0*,)  ▲osotdingly,  it  requires  three  molt  <^uIesof  a  moaolitaio  Mui  raeh 
H3  nitri''  ,icid,  to  form  a  normal  salt  with  one  molecule  of  fen-ii.-  oxiiV. 

1  kti  nurtudl  ferric  aoits  are  for  the  most  part  soluble  in  wiaer,  uud  difficult  to  cryti' 
tallise ;  some  of  them  M»  daliqiiMeent  Tbey  m  mostly  analogous  is  eompontioii  to 
th"">  .srdts  of  filnniini'um,  nnd  frrqtinitly  tTimorphon?!  with  tli<  in  ;  this  corrospond«*ncr'  of 
form  and  coini^tsiiion  is  mobt  cuu^ipicnoiis  in  flic  alums;  than  ft»rrico-pota>ieic  sulphate, 
FfeK(S0«)M2H-0,  kfaomorphoua  with  romnu.n  alum,  AllK(S0')M2H-0. 

Soluble  ferric  salt^  arp  obtaini'd  by  disvilvin^  t'l-rric  oxidf  or  it-;  liy.lr:if(  s  in  nqueoni 
acids,  or  by  oxidising  ferrous  salts  with  nitric  acid,  adding  the  quantity  of  acid  rtquiz«d 
tolbmsaoBiiimlftnieMit;  9.g*x 

2FfoS0«  +  0  +  IPSO*    -    Ffe*(80«y  +  WO. 
The  insolubb*  snlts  arc  obtained  by  double  drwm position. 

Ferric  saltii  ar'>  white  in  tlio  uiihydi'ous,  yellow  or  yellowish-red  in  the  hydnttwl 
atete.  The  solutions  lune  alpo,  for  the  most  part,  a  yellowiih-ved  colour,  especially 
when  heati'd;  the  jioluti<,nH  of  thi'  nitrate  nnd  flnrn  lib-,  Iiowever,  are  colourless  ;  t'l.it  of 
the  chloride  is  brown-red,  and  iliom  of  the  actfliiLt;,  lut'Conate,  and  siilphoeyaaate  are 
blood-red. 

The  presence  of  free  hydroehlone  acid  in  a  solution  of  ferrio  cbloride  char^fn  the 
oolour  of  the  solution  to  onmge  yellow;  this  coloration,  like  that  of  other  acid  solu- 
t«Mis  of  ferric  salts  (r.  g.  ferric  julphoeyanates)  is  completely  destroyed  by  addituo  flf 
a  suffieient  quantity  of  phosphate  uf  sodium;  on  the  other  hand,  the  coiourintr  power 
of  ferric  chloride,  in  presence  of  an  exce&s  of  strong  hydrocLloric  acid,  is  T«  iy  gi*eat, 
Uw  bright  yellow  colour  of  commercial  hydrochloric  Mid,  for  instance,  being  oiused 
by  a  quantity  of  f<  rric  chloride  too  small  to  impart  »  pe>ec|iUbld  coloar  to  tine  liqaid 
when  somewhat  diluted  with  water. 

Fsrrie  oaAn  hm  a  great  tendencj  to  flam  basic  salts,  whidhmay  be  regaxded  as  eoai- 
pounds  of  the  nonn^  aaHs  with  akoeii  of  Hum  oxide:  th«i%  faeaidia  Uie  triaeid  «r 
normal  sulphate^ 

(^^')' 1 0*,  thm  aM  aaml  baaio  aal^liai^ 
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Most  of  theee  basic  salts  nro  insoluMf  in  wator.  nnd  nro  preeipxtatfHl  on  hoatinc  m 
modrntdy  dilate  and  near^  neutral  solution  of  the  comspoDding  nomal  Halt  {e.g, 
£ntk  wMUUfjh  or  on  miMa^  to  Um  aolvtioii  of  «  Mfmal  ftvrie  talt,  a  quantity  of  auait 
not  .suffioicnt  to  prfci(»itato  the  whole. 

I'enic  aalta  contaiiupg  Tokiik  adds  are  decomposed  by  ignition,  learing  a  rasidua 
of  Arm  oond^  ftnoos  cnodis  w  welalBe  iron,  aoeoRhn^  to  tho  niitww  of  tb#  aeid 
pm>4r,i,    ]'■:  r  fl'.'-'r  r>-:\'ri\' iTf-T-  l!w  M  and  in  boluti<ni,  hoc  p;tgi'  380. 

Venroao-IWTio  Osiitos  moA  HjrilratM.— The  term  lenoso-fernc  is  applied  to 
oiaidsa  of  tran  vliidi  aw  iBfeenaodiate  in  eomptm^  betwaen  fttiMi  and  teiw  coda, 
and  nia}'  1»<-  rogardod  as  compounds  uf  ihi-  two.  Ti.o  principal  Ct  theao  intfffBsdiata 
ooddea  ara  the  scaleoozide  and  the  magnetic  oxide. 

the  air,  two  layers  of  '  ■  oxide  arc  formed,  wliieli  may  eanilv  l>e  separated.  The 
iBBer  lajeTj  6FfeOJffeK)*,  it  blackish-grey,  poroai^  brittle,  and  attracted  by  the  maprnet. 
The  ontflr  hijar  eootuiM  a  larger  quantity  of  haic  wdde,  but  in  raiiaUe  proportion 
it  is  of  a  reddish  iron-black  colour,  clensf*,  brittle,  yields  a  black  powder,  and  is  mor« 
strongly  attracted  by  the  msgnet  than  the  inner  layer.  The  amount  of  ferric  oxide  in 
the  outer  layer  is  between  32  and  37  per  cent.,  and  on  the  very  surface  it  is  as  much  ns 
63*8  per  cent  (Mosander,  Pogg.  Ann.Ti.  86 ;  alsoSchw.  xlvii,  81).  The  oifiL*  gravity 
of  the  scale-oxide  is  648  (P.  Boullay).  Bert  bier  (Ann.  Ch.  Phys.  \  2]  xxrii.  19; 
also  Schw.  xliiL  319)  re^rds  the  scalo-oxide  as  4FfeO.Ffe'0';  Mosanoer  attributea 
til*  greater  amo«mt  of  ferric  oxide  fi>und  hy  'BkOom  to  th»  fidL  of  Botfalar 
aaatyaed  the  inaer  and  outer  la jen  together. 


O*  m  Fli0O.WO^.^Tliii  odda  mqui 


abundantly  us  a  natural  mineral,  and  is  one  of  the  rich^t  and  most  valuable  ores  of 
mo,  oontaiiiing,  when  pure,  nearly  72  per  euA,  of  the  natal  (p.  337).  It  occurs  in 
monomefric  ery!>taN.  tlie  di>minanl  fnrm  being  n-n.illy  the  'jctaiiedroii,  eonn  times  the 
rhombic  dodecahedron,  these  forms  heins  modihed  as  in  figures  194,  196,  IVti,  199, 
900,  fte.  (CmrnuKaanr,  iL  129,  ISO);  twtoa  aba  ooe«cnika  figm  SIO  (iL  100). 
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another  in  varion"!  prnportirin<5.  or  into  whi  'h  otlu  r  dintomie  metHle$  enter  in  various  pro- 
portioiM,  r.p,  calcium,  Cca,  witli  mn^citium  tu  pkoua.Ht  and  chluraspiucL  Cleavage 
octahedral,  more  or  less  distini  t.  The  dodecahedral  facea  m  eomnMOly  atliatra, 
pitr&Uol  ill*  loni:  t  diacrr  rmL  Jiuch  more  freqiMntly,  howerer,  it  oeodn  aunaiTa^ 
with  granular  structure  (p  336). 

Fermo>ftffric  oxide,  Ffe'O*,  is  produced  when  iron  is  hented  to  rtNlness  in  aqUfoaa 
vnp<^T!r  (Reprnault,  Gay-Lussai ) :  when  f,  rrei;<  c  hloride  is  hc-Ht-  d  to  low  rednops 
with  cxcetvj  of  carbonate  of  podium  (Liebig  muJ  Wuhler,  Popg.  Ann  xxi.  682);  also 
aofording  to  Mitscherlich  (Pogg.  Ann.  xv.  C22).  when  iron  is  burned  in  oxyy^-gaa 
cr  h.  frr.  tlje  ].l.j\vpi|ii .  It  iv  (ihtained  cr^-stallised  in  octahedron?,  by  igniting  fermso- 
ammonic  chloride  in  contact  with  the  air  (Hauer,  Wien.  Akad.  Ucr.  xiii.  466);  alao^ 
together  with  ferrou.s  chloride,  hy  heating  ferrous  mide  in  a  slow  slrMm  of  hydrocblorfc 
neid  '^:\<  (Deville,  Compt.  rend.  1*^9)  :  hy  fusing  ferric  phn'.-ph.itr  witli  r5  i.r  1  tliues 
its  weight  of  sulphate  of  sodium  (^De  bray,  ibid,  lii.  986) ;  and  by  hcutiag  ferrous  .sul- 
phate with  chloride  of  calcium  in  coreivd  cmdUes  (Kvfalmann,  tMo.  lii.  12S8). 
Deville  ar.d  Carnri  f?^/''.  xliv.  701'.  l^y  heatin;^'  forrir  flnoride  wUh  hr.vir  iudiydrMr- 
out  of  contact  with  the  air,  obtained  Uic  magnetic  oxide  in  loDj^  needles,  made  up  uf 
s^egatea  of  rpgnlsroetabedroiH:  Ebelmen  obtained  eryatalhne  magnerie  oxide  by 
tUi-  a.  tlon  of  heat  on  ferrous  .--illc;:!''.  .Artif  .'Lilly  pi-epan  d  friT'">-n-f- rrrr  oxide  is, 
however,  mimt  frequently  a  bhick  mass,  which  yields  an  iron-black  powder,  and  ia 
sttneted  by  the  magnet. 

Many  nietallur^ie  prodtiels  alj?o  contain  ferroco-f.-rrie  oxide,  <  it1i(  r  free  or  combined 
•with  silica — refineiy-eliigs  for  cxavjde,  according  to  I'lattncr  (Ann.  Ch.  Fhann. 
3CK.  SSO).  Tba  ifOD  platea  ivhidi  tons  nid  bmaafh  tn#  heartlM  of  ifoimnneltin^ftmuHseB, 

snd  are  exposed  to  a  red  heat,  are  sotnetitnes,  in  the  ooiirsr  of  or  10  years,  eoin|il.'fcly 
converted,  by  the  moiature  of  the  mil,  into  magni^tio  oxide,  partly  crjstalline,  partly 
eotDpact,  ana  attzMted  by  the  magnet  (but  aot  itsflf  magnetic).  The  aaBM  ccmpoiand 
is  formed  on  the  tun!  r  '>de  of  the  refining  hearths,  where  the  iron  eoOMft  in  COOtact 
with  aqueoua  vapour.   (Koch,  Ucder  krjfHaU*  UuiUnproduc^f  P*  U.) 
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7.  Crj'stalliwetd  ferrous  carbonate,  ignited  in  close  vescis,  yields  ferroso-ferric  ooude, 
cmurwting,  according  to  Krifamr,  of  FftO.Pfe"0* ;  <OTwrai!1g  fo  DSbcMiaari  «f 

.iFf.  O.Ffe»0»;  according  to  Glisson.  of  JFf.  O.Ffe^O*.  tbe  Mnporitkn  Of  th*  pradn* 
beiogdoabUen  inflvenced  bv  the  rapiditj  of  the  boating. 

9.ThB  old  ph«niMi<«ii6cu  prepanitioii  etiled  JBtkkpt  maHUUt,  w  «  ftjiioau-iipuTe 
oxide,  or  mixiuro  of  ferrous  and  f'-rne  (^xidts  in  various  proportloiiM,  obtained  by 
ooddkuig;  irou  in  a  current  of  aqueous  vapour,  or  by  ^axtaalhr  rodttcing  feme  oxide  by 
fgnition  with  {mm  filings,  or  with  a  qnaatity  cf  otl  jmt  wriBeieMt  to  umIm  it  into  a 
jBoist  powder ;  the  jin  iKinition  obtained  by  this  last  niotho<i  always  containf<  carbon. 

Forro9o-f«mo  oxide  ia  oasily  reduced  to  the  metallic  state  by  jgnition  with  hydngge^ 
charcoal,  eariwnio  oxide,  or  ■imaoirin-fe.  Whni  igB^od  in  tn»  mt,  it  is  coimrted 
into  ferric  oxide. 

F«rroso-ferric  Hjfdrate»,—'Theae  are  compoiioda  of  various  oompoeitlon, 
obtained  by  the  partial  osidatioii  of  fettooM,  or  wdnrtkn  of  ftnie  hydrate,  by  pr»> 
cipitating  mixtures  of  ferrous  and  ftnie  talltwith  alkalii^  tad  hfikM  OflridllkB  of  OM 

in  contact  with  air  and  water. 

a.  Dingy-green  Hydrt^e. — By  exposing  white  ftnoos  l^dn^  to  the  air  for  a  short 
time— or  by  precipitating  a  mixture  of  a  ferrous  salt  and  a  small  quantity  of  ferric  salt, 
with  potash  or  ammonia — a  dingy-green  hydrate  of  ferroso-ferric  oxide  is  obtained, 
which,  on  further  exposure  to  the  air,  is  quickly  converted  into  rusty-brown  ferric 
hydrate. 

fi.  Black  Hgdrate. — 1.  This  hydrate,  which  has  nearly  the  composition  FfeO.FfeK)* 
+  xH^'O,  is  precipitated  from  a  solution  of  magnetic  oxide  in  hydrochloric  acid,  or 
from  a  misXure  of  equivalent  proportion^  of  fi  rrous  and  ferric  sidts,  on  the  addition 
of  potash  or  ammonia.  The  yellow  solution  of  magnetic  oxide  in  hydrochloric  acid 
yields,  with  ammonia,  a  bronnish-black  precipitate,  which  is  magnetic  even  while  in 
the  liquid,  so  that  it  collects  round  a  magnet  dipped  into  that  liquid.  It  may  bo 
washed  on  the  filter  without  becoming  more  highly  oxidised  (Liebig  and  Wohler, 
PogK-  Ann.  xxi.  683 ). — 2.  The  same  precipitate  is  obtained  by  mixing  ferrico-ammonic 
sulphate  with  ferrous  sulphate,  in  such  ptt>portion  that  the  ferric  omde  present  im  the 
mixture  may  contain  fhri  f  times  as  much  oxrjy^n  as  the  ferrous  oxide,  and  precipi- 
tating with  ammonia  (Abioh,  I'opg.  Ann,  xxiii.  351). — 3.  Two  eqoal  purtions  of 
ftrrons  sulphate  are  taken ;  the  first  is  dissolved  in  water  acidulated  with  sulphuric 
arid,  and  oxidated  at  a  l)oiUng  heat  by  the  addition  of  nitric  acid  in  .amall  porfion.s  at 
H  tima  Tlie  other  port ic>n  i«  dissolved  in  M"a.t«r  freed  Irom  air  by  boiling.  The  two 
•olntioM  are  thm  Blixed :  the  mixtnre.  while  still  hot,  precipitated  b^  ammonia  added 
at  on<v>  in  <»xeess:  and  the  hqui<b  together  with  the  brown-black  prccipitntc,  heated  for 
ao'i  e  miautcH  to  the  boiling  jxjint.  The  precipitated  forroeo-fcrric  oxide  is  then  col- 
lected on  a  filter  and  washed— during  which  process  it  undergoes  fnrtlier  mridatinn— 
and  then  dried  at  a  gentle  heat  (Woliler,  Ann.  Ch.  Pharm.  xxii.  50).  This  process 
should  yield  2FfeO.Ffe*0* ;  but  even  it  a  greater  quantity  of  ftn-ic  oxide  is  not  pro- 
duced by  the  nitric  acid  still  remaining,  or  by  contact  with  the  air,  the  proportion  of 
that  oxide  is  sure  to  be  increased  liy  di'Coinpcisition  of  watei*. — 4.  Bottler  (Br  ttniir'', 
a.  1 2)  procipitatete  ferrous  suiphate  free  froia  ferric  oxide  by  the  addition  of  carbonate  of 
sodium ;  washes  the  precipitate  several  times  by  dwsantation ;  and  then  boils  it  with 
tolerably  eoncentrnted  CiUistic  potash.  This  process  yiMdn  a  velvet-l'laek  powder, 
niiich  less  liable  Uj  absorb  au  additional  quantity  of  oxygen  th;ui  tliat  which  kis  bt<*n 
precipitated  by  ammonia. — 6.  Noel  (J.  Phaim.  [S]  i.  62)  precipitates  ferrous  sulphate 
with  carbonate  of  yi>dinni,  washes  the  ferrons  carbonate  by  decantation,  leaves  it  to 
drain  upon  linen,  uud  then  hcutis  it  in  a  cu^t-iron  vessel,  with  constant  slirriii^,  till  it 
is  dry.  U  io  thereby  converted  into  a  velvet-black  powder.  Soabeiran  obtained  by 
fhi^  proccfis  apivcipitate  which  wa.s  not  i>erfec{ly  bbick,  and  when  treated  with  hydro- 
chlwric  acid,  tvclved  carbonic  iUiUjdridc.  -  6.  l^rcuss  introduceti  4  pt«i.  of  pulverised 
iron  and  5  pts.  of  ferric  oxide  into  a  flask,  together  with  a  two  or  threefold  quantity  of 
water,  and  boils  the  liquid  pently  f.tr  some  time.  The  mixture  give«  oft' f'  tid  hydrogen 
gas,  and  turns  dark  brown  at  first,  but  afterwards  black-  When  the  evolution  of  gaa 
ceases,  and  the  reanltin^  bhtek  powder  sctth  s  down  nmSSfyt  it  is  ieptnited  by  h  ^  i^'n- 
fion  from  the  exoe««'  of  iron  :  thrown  on  a  filter  of  grey  porous  paper;  and  the  filter, 
after  the  water  has  drained  uS,  in  wrapped  up  ia  a  large  quantity  of  paper,  and  quickly 
dried  in  hot  air.  The  black,  very  loose  powder  dissolves  in  acids  without  evolution  oc 
gas,  and  the  8olufif>n  yield.«  a  black  prectpifate  on  the  addition  of  an  alkali.  Tlic  pr©« 
cipitate  must  not  bi3  dritnl  by  heat,  because  in  that  case  it  would  turn  brown  £rom 
higher  oxiilation.   (Wobler,  Ann.  Pharra.  xxviii.  92.) 

The  bhick  hydrate  of  ferroso-ferric  oxide  exliibita,  after  drying,  the  app*«!mnce  of 
]>rown  bUick,  l^riltle,  strongly  magnetic  lump»<,  having  a  conchoVdal  fracture,  and  yield 
iiig  a  dark-brown  powder.    It  contains  about  7  percent,  of  water,  which  it  gives  oflF 
when  heatod  in  »  letoct,  leaving  Uaek  anhydcow  Uaomhhaac  oxido.   When  heated 
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iti  t!io  uir,  it  is  converted  into  ferric  oxUlf*.  From  its  yellow  MlutioB  ia  l^jrdioohlorio 
acid,  it  is  precipitated  ondmnged  b^-  anmionia  (Wohler). 

Ferroso-feme  bydntemMfonnerly  much  employed  in  modicino,  but  hM  Btnr  almost 
fallen  into  di!»iiRo.  In  preparing  iodide  of  potassium  from  iodide  of  iron,  it  is  ;u! vis- 
able  to  Utke  the  irun  aud  iodiue  iu  such  proportion  (Fe'l'^  that,  on  precipitating  with 
earbonate  of  potassium,  this  black  ferroso-ferric  hydrate  soall  b«  finned,  beomse  it  b 
much  1(  ss  Lnlky  than  ferric  hydrate,  and  therefore  easier  to  wash. 

The  firioeo-irrne  oxidee  and  hydrates  dissolve  in  adds,  forming  brownish  or  yellow 
ntetions,  according  as  the  one  or  other  of  the  oxidet  pt^ftdomidrtw.  These  sulatiooi^ 
comTnonly  b&u\  to  contain  ffrroso-ffrric  salts,  are  mere  mLxturps  of  forrons  :itu1 
ferric  salts,  and  give  reactions  intermediate  between  the  two.  The^  give  black  preciui- 
ttXm  with  alkalis ;  blue,  both  with  ferro-  and  with  fiam-49Tanidc  of  potassium,  smo  tnUl 
eyanide  of  potassium  (ii  218^  •  iwction  not  prodneed  either  by  inxotm  or  ij 
feme  aalta  when  pure. 

TtUtaMm  wt  or  f\irri»  anhydride;  Pi^or  FfeO*.  it  Mt  known  in  t&oftM 
Htatf,  but  may  be  supposed  to  i-xlnt  in  the  ferrates  (salt.i  oTifaim-d  I  v  fusing  iio&or  Hi 
oxides  with  nitre,  (ii.  636)  r.ff.  Ftrrate  of  potaasium,  FcKO-,  =  X-O.Fe'l)'. 

Z&OVf  OZTBSOAKXIIIS  OI*.  Ferric  oxybromide  is  obtained  by  evaporating 
tiic  aqueom  aolntiOB  of  ftrric  bromide,  or  by  treating  it  with  n  qnantity  of  potAih  &w 
sufficient  for  eomj^eto  jwri|iitiitini^  or  bj  osponnf  •  wtntMB  of  ftsvons  bromido  to  tibo 

air.  fL'iwig.) 

nOZf ,  OXTCBZiO&lDJa  or.    See  page  378. 

tBOITt  •AMgltU— IW  Aftme  oigrivoiido  is  precipitrtad  bgr  muiumiu 
IkinthoMlafeioaofftEiiQtnfltidew  (Borielini.) 

ZROV,  OXTCEV-SAXiTS  Or.  The  jr.noral  proprrf  les  of  tlieso  salt*  have  been 
already  dcacribcd  (pjp.  SitO,  39^,  396).  For  the  special  dcacriptioxu,  aoe  the  eevctfil 
Aano» 

ntOir,  FBOBVStBBS  OT,  Phosphorus  unites  readily  withlrOtt,  ibmiing  a  grey, 

fu-il^le.  xi'vy  h;ird  componml,  wliich  t  ik^s  h  hish  polish.  This  componnd.  v  nich  has 
the  compositiott  F©*P,  rouy  he  prepared  by  heating  a  mixture  of  phosphate  of  iron  and 
daiooal  in  a  eradble  lined  with  chereool  md  plaoed  in  •  fotge  fire. 

A  very  small  qn-intity  of  pliosphorn?:  produces  a  greot  oltemtioD  in  the  propertke  of 

iron,  n-ndfriog  it  brittl..-  in  the  coid  {\>y.  329,  334). 

ZXtOXr,  Pin«V£SXSX;s.  Femtm  puhfratum  ;  Umniura  ftrri  s.  Martia  aho- 
koliaaia, — Finely  p)nlv<  rined  iion  for  medical  use  may  be  prepared  by  nodinnicsnl 

trifunith>ii  of  tllinL'^fi  of  liiir  iron,  and  sub.-.rjui  iit  boilinj;  ruid  sfnunin^.  Iron-powder 
is  prepared  in  large  quuuULit'S  by  this  method  in  the  Tyrol.  The  iron  is,  however, 
obtained  in  a  much  finer  state  of  division,  by  reducing  an  oxiih'  of  iron  with  hy«li"<i;:'  n. 
Wohler  (Ann.  Ch.  Pharm.  elx.  I'lo  :  cn  .  192)  mix*?*  1  pt.  of  ft  rroiis  su]ph.it<'  pcrf-  cfly 
free  from  copper,  with  three  tiuiuii  its  weight  of  chloridtt  of  budiunii  heats  tho  mixture 
till  it  becomes  red-hot  and  fuses ;  washes  tho  residue  completely ;  heati  flio  liurie 
oxido  thus  prfxiuoed  to  dull  redness  in  a  glass  tube  or  pnn-liiirrcl  ;  and  passes  over  it 
a  stream  of  dry  hydrogen,  perfectly  free  from  carbon,  snlphur,  phosphorus,  and 
anenic;  an  theee  substances,  if  present^  would  unite  witli  the  iron.  It  is  difficult,  hov- 
fTfT,  whvn  ferrous  .Mulpliatc  is  nsed.  to  oTitain  iron  quite  free  from  sulphur;  hence, 
Lnca  (Compt.  rend.  IL  '6'6ii)  prccipiuites  fermus  chloride  with  ammonia,  and  reduces 
tiievashed  oxide  wi^  perfeeUy 'vaehed  hydrogen-gas,  avoiding  the  use  of  vulcanised 
caoutehouc-tiibes  rinKause  the  gn"  rnipht  tako  xxp  sulplnir  from  them).  It  is  doubtful, 
however,  whether  the  presence  of  miuuto  quantitira  of  sulphur  and  carbon  in  the  pul- 
verised iron,  would  be  at  all  injurious  in  its  application.  To  pfeMTTo  the  iron  noni 
ruft.  it  is  kept  in  sealed  vessels  filL  J  with  hydrogen. 

Keduccd  ikmj  is  an  imptdpable,  idtittj-grey  powder,  which  may  be  set  on  fire  by  a 
dowing  body,  and  then  burns  away  very  quickly  (mechanicaUj  polTorised  iron  cannot 
be  set  on  fire  in  this  way) ;  it  should  lie  li«  a((>d  strongly  enoujrh  in  tJie  hydir/prn- 
atttosphere  to  prevent  it  from  becoming  actuallv  pyro^horic  It  is  much  more  adirp 
fStm  nsehnnieally  pulvgriscd  iron,  on  aooonnt  of  its  ftnnr  state  of  division. 

zaov,  BSMiMMTDMB  OT.   Selenium  in  tho  state  of  vai>ovr,  pasfwd  over  {ron- 

ftlinps,  Combines  with  the  metal,  jiroJncing  considerable  evolution  of  lipht  nnd  heat. 
The  product  ie  a  yeUowish-grey  substance,  with  metallic  lustre,  hard  and  brittle.  It 
melts  baftMOfhe  olowpipe^  giving  off  osideof  Heh  uinm,  and  forming  •  UMkbritdo 
^Imle,  gpraTently  consisting  of  ferrous  selcnite.    {  Yii  rz  el  iiis.) 

0,  Little  (Ann.  Ch.  Ph^m.  cxii.  211),  by  passing  selenium-vapour  over  red-hot 
km  wb%  «nd  mating  the  brittlo  prodoet  nnoer  borax,  obtained  a  metaUic-lodd^ 
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greyish  yollovr.  ^n<<ny  prilreri^nMe  oompondi  hAnag  •  yyi**  gMfiljof  6*M|  and  IIm 

compoeittuD  of  fttrric  iteleuide,  Ffe'Se*. 

.  aurar*  miJaVAUMMI  OV.  iron  md  inlphlir  volte  dixveti^  tHth  one  Mother, 

under  various  rirounistanocs,  and  in  sovt  ril  dinir<*nt  proportions.  Besides  two  sub- 
snlphidcs  conteiining  less  than  I  at.  sulphur  to  1  at.  iron  (Ffe),  there  is  a  protogtdpkide  or 
fcrrom  ttdphide,  Ff#S ;  a  sfsqui/mfpAith  aefivriettUphide,  Ffe'S* ;  a  ditulphide,  Ff»^»  ; 
and  a  compound  called  the  magnfttc  sulpbide,  intermediate  in  composition  between  the 
pvoto-  and  srsqui-sulphides.  Metallic  iron  heated  with  excess  of  sulphur,  yields  one 
or  other  of  the  four  last  meotioD«d  compounds,  accordine  to  the  heat  applied^  the 
degree  of  snlphuration  being  leM  M  tha  tra^mtnie  is  figkir.  (B«niBi«l«b«rgb 

Pop;.  Ann   rxxi  3.^7.) 

An  octoferrlc  aulplitde,  Fe"S  or  Ffe'S,  is  formed  bypassing  hydrogen-gas  over 
red-hot  dibwie  ferric  sulphate  (p.  396).  It  is  a  bladosh-grey  suumede  powder, 
which,  when  treated  with  dilate  acid%  jieldi  »  miztura  of  7  TWI.  l^yqiogep.gM  awl 

1  voL  Hulphydric  acid. 

A  iMmlaidplilde,  Fe*8  or  Ffe^,  in  produced  by  heating  anhydrous  ferrous  sul- 
phate in  hydrogen  ga^i,  half  of  the  sulphur  being  then  given  off  m  salphurous  anhydride. 
It  is  a  dark  grey,  coherent,  magnetic  powder,  which  dissolves  easily  in  dilute  adds, 
gi\  iu>j  off  eqtuil  volnmes  of  hydW  upn  and  sulphydric  acid-  When  ignited  in  sulphydric 
acid  gas,  it  takes  up  snlphar  and  is  converted  into  the  protosulphide.  It  occurs,  com- 
bined with  other  metallic  eolpbtdfli^  in  manj  fti|iMM-pn>duct«  obtained  in  tbft  inalrii^ 
of  lead  and  copper  ores. 

gjotowlpM— ,  or  Verms  ralpltf  to,  Fe%  or  This  oompoaiid  oeenn  in 

m-\r\y  spr-oiinons  of  mptpori."  irrn,  sometimes  imlx'ddt'd  in  small  yellow-brown  miissc?*, 
sometimes  as  a  ^r^  powder  posjiesiiing  metallic  lustre.  (Berzelius^  Bammelsbcrg^ 
Pogg.  Ann.  cxxi.  868,) 

It  ha?  not  hocr\  fnind  in  tlio  fro.-'  stat.-'  as  a  lerrostrinl  mineral,  but  exists  in  eonil-i- 
natiou  with  sulphide  of  nickel,  fu^d  mixed  with  copper- pyritr<s,  in  a  masair^  bronze- 
colovred  nsinenl,  with  octahedtai  deavsgv  and  specific  gnwity  <-  4-60,  from  LiB*- 
hnn^in<  r,  in  Norw.iy.  Tiiis  mineral,  after  dodncting  6-14  per  cent,  of  copper  pyriti'.'-, 
contaius  36*7  per  cenL  sulphur,  41*1  iroxx,  and  22  2  nickeif  agreeii^  afiprozimatelj 
-with  the  formula  2Fe^BLKi%.  (Bauinelsberg,  toe,  dt.) 

r.  TTons  siilpliide  is  producf  d  :  1.  By  the  direct  comlilnallon  of  sulphur  and  iron, 
either  at  a  red  heat,  or  al  lower  temperatures  iu  presence  of  water. — a.  Heated  iron 
wire  intvodneed  into  sulphur-vapour  bnreB  brightly,  and  ibrma  fntoem  aolpliide.— > 
$.  When  iron  filings  are  gradually  hi  ntod  in  a  cov.timI  cni.  il>li'  with  al^out  f  wu-fhirds 
t'loir  weight  of  stifphur,  Uie  ma»6,  when  luati -d  to  abuut  the  temoerature  of  low-red- 
ness, begins  to  glow,  and  combination  rapidly  takes  place,  witn  yivA  eombnitioa 
thr«ui)_'houf  tlit'  (ntiri'  mass. — y.  Snljihar  pn-s^td against  a  n  d-hot  iron  bar,  perforates 
it,  and  farms  ferrous  sulphide,  which  ruas  off  in  drops,  and  may  be  quenched  in  water. 

Pemtw  solphide  may  also  be  obtained  in  the  w«t  way  by  moistening  h  mixture  of 
28  pts.  iron  filings  and  Ifi  pts.  sulphur,  and  applying  a  gentle  heat;  combination  then 
takea  place,  attended  with  oonsiaerable  rise  of  tempcniture.  When  a  considerable 
qnantity  of  mixture  of  2  pts.  sniphnr  and  8  pts.  iron^filings  is  made  into  a  paste  with 
■w  at<T,  and  covered  with  earth,  the  mass  after  a  while  becomes  red-hot,  and  giyos  off  a 
huge  quantity  of  steam,  which  throws  up  the  earth  with  Tiolenccv  piodiicing  the  efSoelt 

an  artificial  xolcano. 

2.  By  igniting  ferric  oxide  or  seale-oxidc  of  iron  with  sulphur. — 3.  By  heating  iron 
pyritea,  ferric  {sulphide,  or  magnetic  pyritr'?.  r  ithor  alone  to  a  Lrii^'if  re<l  hoat,  or  with 
iron  filings,  or  in  an  atmosphere  of  hydr.  guu.— 4.  By  reduciu^  ferruus  sulphate  at  a 
bright  red  heat  iu  a  crucible  lined  with  churcoaL  Fetioaa  salphate  is  also  reduced  to 
pu^pliido  in  the  wet  wav  bv  contact  with  deoompoaing  oiganic  matter.-^.  Bj  ^ndpk' 
tafincr  ferrous  s»alta  with  aUcaline  sulphides. 

Forrona  sulphide  prepared  in  the  dry  wny  is  a  dense  3^ow  mass  with  metalHft 
lustre,  or  sometimes  a  black  porous  masa.  Tl  is  s'lm-  'Imp^!  m:ifrneti(\  but  according  to 
BeTEeiius,  ouly  when  it  contains  a  portion  ot  ouc  of  the  Ja^^hcr  Milpliides.  It  does  not 
alter  sensibly  by  exposure  to  tJie  air  at  <ndinary  temperatures,  and  is  not  decomposed 
by  ignitiou,  even  to  whiteness,  in  close  vessels;  but  when  p< ntly  heated  in  tlie  air,  it  is 
partly  I'onverti'd  into  ferrous  sulphate  ;  whileat  a  stronger  heat,  feulpharous  anliydri^k  m 
ertdred,  and  ferric  oxide  remains  behind.  With  nitric  acid  it  evolves  nitrons  gas, 
fpTTie  o:xide  and  sulphuric  acid  being  formed,  nnd  snlpluir  separated.  It  dissolvee  in 
dilute  si'lphuric  or  hi/drochloric  acid,  with  evulution  of  pure  sulphydric  acid  gaa.  If, 
however,  it  is  mixed  with  metallic  iron,  which  is  generally  the  case  with  the  protosul- 
phide obtained  by  igniting  iron  filings  with  sulpbnr,  it  j;ives  off  a  mixture  of  sulphydric 
acid  and  free  hydn^eu.  Aqueous  vapour  pasacd  over  red-hot  proto-aulphide  of  iitNi 
aoBTSits  il^  with  ev^ntimi  ormudi  liiydnigeB  and  snlpliTdxic  adogssi  into  a  Uadc  and 
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ptirtly  magnetie  mass.  Tlie  vmtw  forms  with  the  sulphide  of  iron,  sulphydrie  acid  and 
ferroua  oxide,  which,  by  further  decomposition  of  water,  yields  hydrc^ien  gaa  and 
fenxMO-ferric  oxide;  bot  a  portion  of  tho  sulphur  remains,  even  after  three  hours* 
ignition  (Regnaalt^  Ann.  Ch.  Fhya.  [2]  Ixii.  379 J.  Chiorinc  fjm  dot's  not  decompi^se 
odd  sulphide  of  iron  ;  hut  that  compound,  when  ncat^nl  in  the  gas,  yields  ebloride  of 
■dphur  and  sublimed  ferric  chloride  (H.  Rose,  Pogg.  Ann.  xliL  540).  Protosulphide 
of  irOBt  bttttod  to  low  r<  ihu  ss  with  once  or  twice  its  weight  of  carbonate  of  sodium  or 
jwtatisium,  fuses  inio  a  black,  crystalline,  highly  magnetic  mass,  from  which  water 
extnurts  sulphide  of  sodium  or  potassium,  with  ai  trace  of  sulphuric  acid.  Baryta  and 
lime  behare  in  thft  flame  manner,  only  that  the  viscidity  of  the  sing  prevents  ue  iron 
from  fusing  into  a  miiss  (Borthior,  Ann.  Cli.  Pliys.  [2]  xxxi.  170).  When  proto- 
Bulphi'l*"  of  iron  is  fused  with  30  times  its  weight  of  protoxide  of  Uad,  the  whole  of 
tlu-  sul|  'liur  is  given  off  in  thefonn  of  sulphunjus  unhydrido,  metallic  lead  issspwatcd, 
and  a  fusfd  mixture  of  protoxide  of  iron  and  j  rofoxido  of  K  ud  i<?  prf)duccd. 

FtTTOu.s  8ul]>liidc  prcpiirt'd  m  the  wet  way  is  a  black  umorphuu^  substance,  perhajps 
containing  water ;  in  the  finaty  divided  fliate,  it  has  a  dark  green  colour.  In  the  moMt 
state,  it  oxidises  quickly  on  exposure  to  the  air,  b«'in<;  converted,  first  into  ferrous 
sulphate,  then  quickly  into  yeilow-brown  ba.<{ic  ferrio  »ulphate.  It  exhibits  the  same 
reagfions  m  toe  protosulphide  pnpind  in  the  dry  way,  but  is  much  more  easilj 
decomposed,  and  ouhoItm  madi  Bon  qvidUy  in  adds^  vitb  yioknt  erolvtUNi  of 
sul^ydric  acid  gas. 

Tlw  black  mud  at  the  bottom  of  drains,  cess-poobi  ponds  and  morasses^  OfVM  its 

colour  to  siilj  l.idi-  of  iron,  pro}>ably  fomu-d  by  th«  pQtnfiution  of  OtgUkic  IBfllAfln  IB 
contact  with  ferric  oxide  contained  in  tlie  soil. 

■•■qnttwlplitde  or  Veirlo  Sulpblde.  or  FfbV. — This  compound  is 

Ebably  a  constituent  of  copper  pyrites,  Ccu*S.Ffe*S"  (ii.  77),  and  of  magnetic  pyrites 
»  bekyv).   It  is  produced  by  heating  ixon  to  moderate  redness,  or  ferric  oxide  to 
'  redness  with  excess  of  sulphur  :  in  the  latter  case,  however,  the  product  is  mixed 
witli  ferric  oxide,  unless  the  process  is  several  times  repeated  (Ranim  elsberg.  Pugg. 
Ann.  oxxi.  339).    According  to  Berzelius,  it  may  also  be  obtained  by  the  action  of 
sulijliydric  acid  on  ferric  oxide  at  100°,  or  on  ferric  hydrsite  at  onlinary  temperatures, 
/  mm  dMppiBg  a  neutral  solution  of  ferric  sulphate  into  excess  of  sulpliydratc  of  am- 

monium. Acoonling  to  Rammelsberg,  however,  the  product  obtainwl  bv  heafinp  ferric 
oxide  in  sulphydric  acid  gas  to  a  temperature  short  of  redness,  i.s  an  oxysulpliidt-  con- 
taining lat  ferric  oxide  to  3  at.  ferric  sulphide;  afterstronger  heating,  the  product  contains 
less  ferric  oxide,  but  in  place  of  it  a  certain  quantity  of  ferrous  sulphide;  and  if  tlie 
heat  be  raised  to  bright  redness,  there  remuius  at  last  a  sulphide  of  iron  free  from 
oxygen  and  having  the  composition  of  magnetic  pyrites. 

Ferric  sulphide  dri(»d  out  of  contact  with  air,  is  a  yellow-prey,  non-maprnetic  powder. 
When  heated  to  redness  in  close  vessels,  it  gives  off  sulphur  and  leaves  magnetic 
Pyritei  In  the  moist  state  it  oxidises  very  quickly  in  contact  with  the  air,  especially 
when  prepartnl  bv  precijiitntion  of  ferric  salts.  Acids  decompose  it.  with  formation  ^ 
ferrous  salt,  evoluLiou  uf  sulphydric  acid,  and  precipituliun  of  sulphur. 

Wmntm9^9&ittm  or  Wteisetlo  aalpMd** — This  solphids  oeenn  Mttrt  as  mag- 
netic pyrites,  and  is  fonn-  d  1>y  heating  iron  with  a  sli^^ht  excess  of  sulphur  till  the 
mass  fuses ;  also  by  beating  tlic  disnlphide  to  redness  in  a  covered  craciUe.  As  thus 
prepared,  it  has  a  brownish-yellow  to  speiss  ydlow  ookwr;  is  attracted  bj  tha 
magnet,  and  sometimes  itself  magnetic.  It  does  not  loso  weight  when  simply  ignited 
in  close  ressela,  but  when  heatod  in  k^dro^m  ffos,  it  yields  sulphydric  acid  and  the 
protosnlphide.  DUnto  acidi  dissotrs  with  sepuation  of  snl^ur  and  eTolution  of 
sulphydric  acid.  Bofling  jpo/tfdW<y  ia  said  to  xmmfm  a  portion  of  the  solplHir,  kvriag 

ferrous  .sulphide. 

Magnetic  pyrites  or  Pyrrhotin  occurs  in  crystals  Ixlonging  to  the  hexagonal 

Sjtem  and  generally  tabidar,  exhibiting  the  combinations  oP  .  P,  oP  .  ooP,  oP .  ooV  .  P, 
e  figures  239,  240  (ii.  139)  and  others.  Ratio  of  principal  to  secondary  axes  =  1 :  r741. 
Angle  P  :  P  in  the  tmninal  edges  of  the  pyramids  =  \26'^  49';  in  the  latend  ed^es 
—  127°  6'.  Gkarage  tolarably  distinct  par^lel  to  uV,  indistinct  parallel  to  a  ] '  M ore 
commonly  massive  and  amorphous,  with  granular  stnicture.  Hardness  —  3"6  to  4*6, 
Specific  gravity,  4  01  to  4  G4  (Rammelsberg).  Lustre  metallic.  Colour  between 
bronze-yellow  and  copper-red.  Streak  dark  greyish-black-  'Fracture  small  subcon- 
choi'dal.  Brittle.  Slightly  attnicted  l>y  tbe  mapnet.  Tarnishes  quickly.  Before  the 
blow|>i|)e  it  gives  oft*  sulphurous  auhydride,  and  on  charcoal  in  the  outer  llame,  is 
converted  into  ferric  oxide;  in  the  inner  llame  it  melts  and  continoas  to  glow  after  the 
blowpipe  is  removed.  The  mass,  after  cooling,  is  magnetic  and  has  ft  flMtaUie  eiyita^ 
line  strocturc,  with  a  yellowish  cuiuur  on  the  fractured  surface. 
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The  ftllowiBg  aw  MtlyMft  of  nMywIin  pjfitM  eilwilnted  to  100  jgnlM,  aft«r 
drdwtiBg  qnaiCi^  Uto.  (BammaioUoerg^  ko.  oftL) 


RamroeU- 
berg. 

41  ft  C  rf  r  / 

Pe   61-56  6117  60*66  60*20  60-29  69*29 

8  ss*44      se-as      n-u      so-io      to^i  mi 

r  "  ^ 

g  k  i  J  t  I 

Fe   69  21         60  00         60*83         6108         61*80  6010 

8    40*70        40*00         00*17         S8-07         88-70  80*00 

a.  From  BodeaoMiiii  in  Bswia;  b,  from  the  same;  c,  Irom  Ae  Mine;  d,  tram 

Congbonu  da  Campo,  Brazil;  e,  from  Fahlun  in  Swinien;  /,  from  Trci^oVnirg  in  the 
Han ;  ftWA  Joarzburg  in  the  Harz ;  t,  from  Tramboli  in  Comiecticut ;  j,  £rom 
Xalartoe  In  Heodeo;  k,  ^'f^nB  loealitiee  vnknown. 

These  results  may  bo  includ<d  under  the  goncral  formula,  Fo*'5i"+'  or  Ffe'S"+\  in 
which  n  may  bare  either  of  the  raluea  6,  6,  7,  8,  9, 10;  but  the  par«t>t  sp«)cimens  agree 
most  nesriy  with  the  ftmnls,  VfeV  SBUBSWBF,  giTva  I17  Beinliw^  or  with 
Ffe»S*  -  6FfcS.Ffe»S« 

Niekdi^ertmt  magmtio  pyritu  occurs  crystalUsed  or  maasire  and  of  S{>ecific  gnvi^ 
4*548  to  4-074,  in  mtcmI  loMlltioi.  Tho  fiaUowiag  am  aaal^  i 

RammrUberg. 

BcrMUoa.        Scheercr.        /  *  ^ 

P«   bS'IZ         66-74         66-82         66-96         56*67  6642 
Ml      817  5*50         8-86  8*10  8^ 

8     88*10         40-44     ■    88*00         40-18         40-g7  40-gg 

100-00     10-000     100-00     loono     looiN)  100-00 

(I.  3Tassive  firom  Klefva  in  SmHland.  5>\ve(Ion  ;  h.  Mussivo  from  Modum  in  Nonvay; 

c.  Laminar,  intei^pnwn  with  quartz  and  mica^  from  the  Gap  roint^  PennaylTania; 

d.  ManiTe,  intergrown  with  white  iron  pyritfli,  doo  oonfauning  a  email  qnatitity  oteopptr 
pyrites,  from  Horl  1  li  in  l?adrn  :  f.  Laminar,  from  ITilscn  in  Norway. 

Theae  analjses  maj  be  zepreaented  hj  the  formula,  M^S*  »  SMS.M'S*,  and 
W9  »  4MS.H*9,  wham  M  atuido  t»  Ffo  (50)  and  Hni  (58-9),  eadi  metal  being 
present  in  both  degree  of  snlphuration.  (Bammelaborg.) 

Sisulplilde  of  Xron.  Fe*S'  or  FfrS* — This  compound  occnrs  abundantly  in 
nature  ia  tiro  distinct  lurms,  viz.  as  I'cUaw  Iron  pyrites,  Cubic  pi^rites  ur  Muudtc, 
which  cryataUiaee  in  mouometric  forms,  and  WhUe  Iron  ptfrites,  Marcasite,  RadiaUd 
W'*jV  Spear  pyrites,  Hfpatic  pi/ritrj<,  or  CrfhdaT  pi/riifs,  wliicli  f  ry?falH>*i  s  in  trime- 
tric  forms.  Cubic  pyrites  occurs  abundantly  in  rocks  of  all  ugt-y,  from  the  oldest 
oyetAlline  to  the  most  recent  allutrml  deposits,  and  has  been  found  in  small  imgnlar 
crystals  in  the  Vesuvinn  lara^.  Marca.'iitc  o<mrs  also  in  rocks  of  Tarious  aijrs.  brin^ 
found  in  granite,  gneiss,  nnd  mica  slate,  and  abundantly  in  the  plastic  clay  of  thu  brown 
coul  formation  near  Oailahoid  in  Bohemia.  The  peeiuiar  eiieoniataJicee  which  deter- 
mine the  formation  of  one  or  other  of  tlie.^e  varieties  aro  not  known  ;  neither  has  it  been 
found  possible  to  convert  the  one  into  the  other.  Iron  pyrites  is  often  formed  from 
iron  salts,  in  presence  of  putrefying  organic  matters,  such  as  straw,  wood*  9bc^  tba 
sulphide  of  iron  thn:^  produced  retaining  the  form  of  the  organic  substaTic^. 

Yellow  iron  pvritea  occun*  in  a  great  Tatieij  of  mouometric  forms,  the  domi- 
naiit  fttM  boi^g  the  enha^  the  octahoaron,  the  tnpanliodion  802  (JIf,  180,  it  If^ 

the  pentagonal  dodoaahetbmui        (/ig.  lOSX  and  thehoKaUatetnhodrano^S 

and        (hemihodral  forms  of  the  hexakis-octahedron.  ii.  127  X  these  ftnoa  occurring 

either  alone  or  in  eomlnnatinns,  sueli  m  jigs.  194,  196,  196,211,  and  nnmcrouf  others. 
Twin-crysLrtls  are  aliw  fuun  1  re.sulfin^  from  the  intersection  of  two  pentagonal  dodeca- 
hedrons, deavage  cubic  and  oetalx  dral,  more  or  less  distinct;  the  cubic  and  octa- 
hedral faces  arc  often  striated.  It  likewise  occurs  radiated.  6ul>fibrous,  and  masf^ive ; 
often  reniform  or  globular,  with  a  ciystaUine  surface.  Hanlness  6  to  6  6.  Specitic 
graritv  4*088  to  6  031  (Dana);  5*0  to  5*8  (Bammelsberg).  Lustre  nctallie^ 
Fplenaent;  colour,  bronzr-yrllow,  ncMrly  nniform.  Streak,  brownish  black,  opaque. 
Fracture  a>uchoidaI,  uneven.  Brittle,  striktis  Urd  with  steeL  [For  onalyoas,  see 
p.  343.] 

White  iron  pvrite.s  or  marcasite  forms  trimetric  crrstals,  in  which  a  .h  :  c  = 
0-7454  :  1  :  i  1648.    AngU  »P :  obP  -  73o  24'i  f»op :  t«  in  the  baeai  principal 
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■Mtion  »  08^  IS*.  Th*  erynfttih  m  i^maaldal  and  primalio  eoittMiuitioiM»  t1i«  ftoc* 

Fx  Winp  fnx|iiently  pr  I  i  iinant  in  fli«"  latter.  CK-avairo  tolt-raVly  tlisf inct-,  parallel 
to  qbF.  It  occurs  also  in  globular,  reaifocm,  aad  other  imitative  shapes ;  ofteo  matudvc, 
eolumar,  or  granular.  HaHnaaB  »  6  to  6'<.  &p<H:iflc  gravity  —  AiffS  to  4*M7 
(Dana);  4"S5  to  4"88  (R  jimm  r  1  ^  li  •  rp).  Lustre  nit'tallic.  Colour,  jalft  bronze- 
jellow,  aometimea  iaclining  to  green  or  grej.  Streak,  grejiali-black  or  browa-bladu 
IT^iMliiFe  tiiMfan.  Bnttls. 

Disulphide  of  iron  is  produced  artificially :  1.  By  heating  iron  M  ith  cxco^s  of 
mlphur  tu  It  temperature  below  redness  (Kammelaberg,  Pogg.  Ann.  C3uu.  839).— 
i.  By  exposing  ftnie  ozkle or  hydrate,  ferroooW^ne  hyidnitB,  ormrona  carbonate,  at  a 
heat  above  loi>°,  but  not  amounting  to  rednos.s,  to  a  t«tr.  !im  of  solphydric  acid  gasi, 
as  long  aa  the  mass  oontinuea  to  increase  in  weight.  At  first  the  action  ia  so  strong 
that  aqueous  vapour,  sulphamui  anhydrida,  aad  nydrogea  are  erolTpd,  ainl  lower  st£ 
phidea  of  iron  are  formed  ;  but  these  afterwards  take  up  more  sulphur,  and  liberiite  ' 
pore  hydrogen  gas.  The  sulphide  of  iron  tluis  produced  retains  the  crystalline  furra 
of  the  ozioe  used  in  its  preparation,  witli  tlui  tame  lustre  on  the  faces,  and  the  8;tme 
directions  of  cleavage  (Berzelius). — 3.  The  lower  sulphides  of  iron  may  be  brought 
to  this,  the  highest  degree  of  sulphnration,  by  heating  them  in  like  manner  in  huI- 
phydrie  acid  gas  (Berzeltus^.— 4.  An  intimate  mixture  of  2  pts.  protusulphide  of 
iron  and  1  pt.  4u]|^iia>,  heated  in  a  retort  to  a  temperature  short  of  redness,  leaves 
disulphide  of  imn  s«  a  bulky,  dark  yellow,  non-magnetic,  metallic  powder,  not  attacked 
by  hydrochloric  acid  (Berzelius). — 6.  When  an  intimate  mixture  of  ferric  oxide, 
anlphnr,  and  nlnmiaMMiMe  is  heat4<l  to  a  temperature  a  little  above  that  at  which  Um 
SHl-smmoniftcsnblimes,  theresidiu-  is  found  to  contain  small,  braf«»  yellnw  oftnhedrons 
aiid  cubes,  wliidi  may  be  pc-paratod  from  the  rebt  of  the  powder  by  levtgaliou  (Wohler, 
Po^.  Ann.  xxxvii.  288). — 6.  When  sal-ammoniac  containing  sulphate  of  ammoniiini  it 
sublimed  at  a  drll  red  heat  in  iron  vessels  coated  \vith  clay,  tlie  day  (Viverin^'  becomes 
impregnated  wuli  chloridu  of  iron,  and  cubes  and  octiUu  druns  of  iron  pyrites  form  upon 
its  surface  (Lowe,  /.  pr.  Chem,  tL  98).— 7.  The  compound  may  aliio  be  prepared  in 
the  wet  way  by  mixing  solutions  of  alkaline  ptTsulpliides  with  ferrous  rbloride  aft 
180°,  or  ferrous  sulphateat  166^.    (Senarmont,  Ann.  Ch.  Phyfe.  [3]  xxx.  129.) 

Artificially  prepared  diaulphide  of  iron  differs  in  cbaractiTr  according  to  the  noda  of 
preparation  adopted,  being  either  a  bulky  dark  yellow  powder  (Berze]ius\  or  ery^- 
tallising  in  small  braas-yeilow  cubes  and  octahedrons  fV¥ older),  or  a  black  {Kjwcier 
(Senarmont).  It  ia  not  magnetic,  is  not  attacked  by  ailuto  acidls,  but  is  decomposed 
by  heating  with  stronff  hydrochloric  acid,  with  evolntion  of  sulphydric  arid,  and  s.  p<i- 
ratiuu  of  sulphur,  ana  is  oxidised  when  heated  with  strong  nitric  acid  or  with  tutru- 
muriatic  acia 

Yellow  iron  pjTites  in  its  compart  form?,  and  the  denser  rarirties  of  the  nrtifi  -ial 
dkulpliid%  do  not  alter  by  exposure  to  the  air,  and  even  that  which  is  prepared  in  the 
wet  w^  oad^aes  but  slowly  m  the  air,  and  only  when  moiftt ;  but  wiuto  mm  pyrites 
weathers  very  rapidlv.  nn  l  the  yellow  vjirii  ty  in  the  finely  divided  state  oxidises  even 
at  ordinary  temperatures,  with  sensible  evolotion  of  heat,  as  in  tlie  roasting  of  alum- 
ftOMk,  and  tlM  aiwataneoiw  heating  of  eoal  or  1%nito  containing  pyrites,  which  aome- 
tinies  becomes  intense  ononpli  to  set  fire  to  inflammable  substance^',  an'!  ri"r««  rit^e  to 
the  spontaneoQS  combust  iun  of  coal-mines.  The  products  of  this  spontaneous  oxidation 
«re,  M  long  tm  llw  temperatnm  fcnaina  modanite,  snlphwie  add  and  fecrona  aiilpliatei. 
which  separates  partly  in  cry  stals,  partly  as  an  cfflori'>cence  on  the  surface,  but  is  for 
the  most  part  diaaolved  out  by  the  water  which  permeates  the  maaa  (sm  Sijuphatss)  ; 
bol  at  faii^ier  tempamtares,  sulpbnvoiit  aidiyiuida  is  enrolved,  uA  ftnio  oxide  ia 
left,  with  only  a  .small  quantity  o!  s\dphuric  acid.  This  reaction  rendeis  iron  pyritea 
•?ailable  fi>r  the  mannfitctnre  of  aulpaurio  acid  (£. «.).  When  ignited  with  duucoal, 
it  yiddfl  aolphtde  of  mrban.  Mixed  with  10  per  etnt  duurooal,  and  eoKpoaed  to  tha 
acti(jn  of  a  mixture  of  Buperhoated  steam  and  atmowplieric  air,  it  is  completely  desul- 
phurised, giving  off  8ttl|^ttr,  aulphjrdric  acid,  and  sul^uroua  aQhydnde,  to|^ther  with 
auAonio  anhycMda  and  oarimnie  ovid^  vnil^  the  mm  remainf,  aoonding  to  cir- 
cuni«ttance«>,  either  in  the  nsfeallie  slata  or  aa  ftcrie  onda.  (B?nnffttt1»  Xoonu  dea 

Miners  1861,  No.  5  ) 

XMOM,  TAiri'A.XfATS  OF.    See  Tantaxjtb. 

aurar.  VBUimzo.  A  term  ai}pUedt»aaliftm«ta]lioiianiraad«itlMMvt]i*# 

surface,  to  distinguish  it  from  meteoric  iron. 
IROm,  TBX&mUBa  or.   See  TELLtntiOBa. 
ZROir,  VUVUB'TJLTM  OF.   See  TvMOsraTXS. 

XB^MXC  ^CTD,  C"H"N'0*.  Imasatie  acid,  Rubindenic  acid.  (Laurent, 
Ann.  Ch.  Phya.  [8]  iii.  490.)— This  acid  ia  produced  by  the  action  of  warm  ammonia 
«n  iMlia ;  bat  tiba  bcit  mode  at  preparing  it  ia  to  oisBolvs  iiatin  to  fataiatioo  in 
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tqvean  potidi;  eraporate  the  solution  to  dryness;  dinobw ia  •loohd;  nitl^aolntiaa 

with  a  very  <y>nrf<ntr:itt  d  solution  of  ?ulpnatp  of  aTnmontnTn  (in  the  proportion  of 
r&tber  more  than  1  at.  of  that  .salt  to  1  at.  i,^atin );  filt<  r  to  ewparute  etulpbate  of  potas- 
Miim;  erapoist«  the  filtered  liquid  to  dryneft-.  whereby  tlie  isatate  of  ammoniam  is 
conT<>rti'f!  into  i«n':i-<ti  -.  tlion  lx>il  with  aloohol;  liltcr  to  fcpnrate  isatuid*'  and  hulphate 
of  amiuuiiiuiii ;  ana  ueutraliite  the  filtrate  with  hydrochloric  acid,  toJciug  au-c  to  avoid 
an  cxcf  hs.  Isamic  add  than  aeptntei  in  ojrikals  on  cooling.  If  a  small  quantity  at 
iRfStiii  .'^luiiiM  liki'wlKc  scpMr;!t.<  in  '•on««»qnenoc  of  too  mnch  hydrochloric  acid  having 
be^n  addini,  ur  of  too  gn-ut  a  h<'ai  liaviog  hcon  upplied,  or  of  the  solution  of  isatate  of 
amnoninm  not  baring  been  sufficiently  evaporated,  the  cry8tAl«  mnst  be  tnitod  with 
weak  ammonia,  whicli  di.Mftolvr-s  thf  isaiiii'-  and  and  lea%fs  th<'  i!>atin. 

Isamic  acid  crystuUi&t^  iu  ispk-udid,  shining,  rhombic  kininee,  of  the  colour  of  red 
iodide  of  mercury.  By  spontaneous  <  v:ipurarion  of  the  soluttoa,  nil^-colonred  hex* 
njr^nr»I  tables  are  funned,  with  angles  of  about  110°.  It  dissolves  •'parinf.-lv  in  l)oiling 
walcr,  forming  a  yellow  uolution,  easily  soluble  in  hot  aloohol,  sumowhal  lets  iu  rtiier. 

Isamic  acid  diMOlTM  with  fine  viokt  colour  in  hydrochtorie  acid.  Kv  boiling  with 
dilute  :icid!<.  it  is  eonrrrted  into  ammonia  and  isatin.  Bromine  attacks  it  viduntlji 
fi.>nning  iudtliftri'mf^  (.''*Ii''Br*N'0*,  a  yellow  substance  insoluble  in  wat«r* 

Jmmate  of  amni<niii(>ii,  C"H"(NH*)NK>*,  crystAllisea  in  smMll  needles  or  vny  mq|« 
mionvoopic  rhombs.  Wlien  Bomewhat  strongly  heated,  it  gives  off  water,  and  is  <r>n- 
Tert<>ii  iiUo  isamide.  lia  tiolutioa  does  not  pm^ioitate  the  salts  of  barium,  calcium,  or 
magnesium.  It  forms  a  yellow  precipitate  witn  Meteto  ^  imd,  x«d  vith  mtrniri0 
^(>ritl\  yellow  with  v/(raf>~  of  silver. 

hantate  of  potassium  mny  be  boiled  without  decomposing. 

Dichlorisamic  act  d,  C«»H"C1«N«0*.  -Produced  by  adding  hydrochloric  acid  to  » 
fiT-hition  of  dielilorisaniide  in  <li!ate  potash,  and  crystallising  the  brick-red  flocculent 
precipitate  from  alcohol.  It  forms  bright  red  elongated  hexagonal  lamine,  derived 
mnn  •  rhombus  of  about  110^.  It  is  more  .soluble  than  isamic  acid  in  akniiol  and 
ether,  and  forms  yellow  dilutions.  It  if  deeoni]>o.sed  V>y  distillation.  Ptmnp  neids 
diwtolre  it,  with  violet  colour,  at  ordinary  t&tu|>erdtures ;  but  at  the  boiling  heat,  they 
conveit  it  into  MnuHmia  and  chlorisatin. 

track  fo  risnmic  act  rf,C'*H*Cl*N"0'.- — Tetrachlorisamidc  is  conrcrted  by  boiling 
alcOtioI  into  tetrachloriaamate  o£  ammonium  ;  and  <m  adding  nitrate  of  silT«r  to  this 
Mlt,  ft  flooenlmt  pndpilftte  !•  Ibmcd  oontatnitv  0>*H"AgGPN*CH. 

ISAMXSB.  C'«H'«N'0».  AmMOtin.  (Laurent,  Arm.  Ch.  Phys.  [.1]  lit.  488.) 
Produced  Vy  heating  isamate  of  ammoninm  till  water  is  given  oflT,  and  washinp  the 
residue  with  water.  It  is  pulverulent,  of  a  tine  yellow  colour,  tasteless,  inodoruwi, 
insoluble  in  water,  nearly  insolvUe  in  M]lCf>t  Tffiry  sparingly  soluble  in  alcohol,  mode- 
mtrly  .Htdul  le  in  boilinn;  alcohol  containing  ammonia.  Potn-sh  dissolrw  it  with  yaUour 
colour,  with  elimination  of  ammonia ;  the  solution  contains  isulin. 

ISATAV.    C'*H'<N*0*?   (Laurent,  J.  nr.  Ohem.  zxriii.  346.)^'niit  bo^y  ia 

sometimes  produced  when  distdphisatyde  is  boiled  with  acid  Hulphate  of  ammonium,  as 
a  white  precipitate,  which  dissolves  when  boiled  with  a  la^  quantity  of  alcohol,  and 
is  deposited  on  cooling  in  crystals,  which  appear  under  Ae  microscope,  either  as  well- 
defined  rectangles,  or  as  pointed  ovals,  according  to  the  side  on  wliich  thej  are 
viewed.  The  compound,  Jaaated  till  it  meiti^  tozna  brovniah  red,  and  yields  ft  auxtwa 
of  iaatin  and  indin : 

SO'«H»«!!W   »  20*HW0*  +  «(?«H*W)*  +  H"0. 

Imtan.  Iiatia.  Indin. 

If  d'vompofted  by  boiling  rilfne  aeid,  with  foT-ni.iilon  of  n  violet  powder,  similar  to 
iiirrindin.    With  alcoholic  potatsh  it  foniit*  a  yt-Uow  eoluLtou,  from  which  water  nrrei- 

pitatea  faydriBdin,  and  byaiodilorie  aoid  tbnwa  down  laafin  mind  "with  s  iwiima 

subotAnee. 

The  composition  of  isatan  isi  equal  to  that  of  2  at.  indigo-blue  -f  1  at  water 
(tCHWO  +  W0\  and  to  that  of  isatjda  wdmu  1  at  ocygan  (C««H»M>0*  .  O). 

ZBATZC  ACXS.  C'H^'O*.  (Lanrenf,  Ann.  Ch.  Phys.  [3]  iii.  37l.)-The 
notaaanim-aalt  of  thia  add  ia  {ooduced  hy  the  actioa  of  oaoatio  potaah  upon  iaatin. 
The  add  itadf  is  not  eaaOy  obtained  in  the  free  state. 

The  fsohition  of  the  pota8siiiin-.>-rilt  mixed  with  hydrochloric  acid,  deposits,  after  a 
while^  exystala  of  isatin,  which  in  ika  difiecs  from  isftlie  ftctd,  ovij  ^  the  otopsnta  of 
water: 

CIT^'O'    -   OfH'NO'  +  HK). 

I»atic  acid.  Itatln. 

The  composition  of  the  isatates  is  represented  bj  the  formula  OH'MNO*.  The 
•aaeninM-Mte  appeals  to  bacai«ble  of  ansting  only  miAlii^  ibroii  tnpaiftlioii  to 
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drrnpsn,  it  givf^s  off  wator,  and  U  romrrttKl  info  iffnmato  nf  aTnTnonlum  (p.  401).  The 
barium-mU,  C*li*Ba.NO',  producod  the  iicliua  ut"  kirjta-water  on  isatin,  cryjiUiIhs<?s 
is  MalM.  The  potassiwH-salt  contains  CH*KNO*.  Isntin  dinolres  in  a  cold  strong 
wlntion  of  jvjta>!i.  fonninp  a  de«»p  violet -ri  d  li(|uid,  wlilofi  cliunLT?!  to  pal»'-yrl!r>w  wliun 
diluted  with  water  and  boiled.  On  eraporatiiig  ih*i  sululiou,  the  mlt  is  obtaiuc<l  iu 
tgyttaU  of  *  iGnnt  yeOov  colour.  It  precipitates  cMoride  of  barium  if  the  solutions  are 
concentrated,  nnd  forms  witli  acrtate  of  lead,  a  y»41c)w  ftoccult  rif  pr<»cipit:ttp,  wliich 
gnuiuAllT  turns  red.  Tli©  edvt  r'*u/t,  C'H'Agx^"  O'',  la  boluble  in  water,  and  cirstaJlisM 
UI  bMtttilU  yellow  prisms.  It  is  obtained  as  a  precipitate  on  mixing  thd  bofliiig  wd 
jfat'i'T  t^oncentratcd  Bolutions  of  isatate  of  potassium  and  nitrato  of  f-ilver. 

BromlMKti*  Mld«  CH'BrNO%  i»  obtained  as  a  potassium-calt  by  the  action  of 
Mid  aqueous  potaah  on  brombatm. 

Dibromisatic  acid,  C*II*Br*NO*.  (Erdmnnn,  J.  pr.  Chom.  xix.  360.)— This  acid 
is  obtained,  by  adding  hydroohloho  acid  to  a  coneentiated  solution  of  its  putasaiuin- 
Mlt»  a  lipbt  yellow  pttlTernkBt  mib^tmai,  aolitlite  in  •  lai^er  quantity  of  int«r. 
By  dariaeatioii,  oTftn  in  Tacoo^  at  mean  tenpemtnces  it  ti  eonveKtad  into  dibfomi- 
Mktio.   

D&mmiM^  of  poUuthmt  0'!H'KBi*SrO*.H*0,  in  prepared  by  di^lring  dibromi- 
satin  in  cold  aqiK  uus  ]>otash,  and  leaving  the  solution  to  itself  for  a  while.  If  i  i  v>f  .d- 
liaes  in  pale  yellow,  shining  needlea,  less  soluble  in  wat«>r  and  in  alcohol  thuu  tb« 
diddoriaatate.  It  girea  wiu  metallio  aalts  the  same  reactions  as  tlw  dichloriaatat«i 
atdflmrwu  ocftleonvarta  it  iatotttftrpMvsaftwifpAfl*  »ffottutimfK  0!B«JKBi>N0*.3S(l*. 

dUorlsaUc  add.  C*n«ClNO».  (Erdmann.  Ann.  Dj.  Pliaim.  xxxilf.  12^?  — 
Lanrt«nt,  Ann.  Ch.  PhTS.  [3]  iii.  378.)— This  add  is  not  known  in  the  free  state,  but 
aeveral  of  its  ndta  havo  Men  prepared. 

ChL»  Isaliite  of  potassium,  C"11*KC1X0',  is  obtained  by  mixing  w.irni.  nioderately 
concentrated  solutions  of  caustic  potash  and  chlorisatiu.  The  salt  separates  ou  cooling 
and  may  be  parHIed  by  repeiitf>d  ciTStalHsaHon  ftma,  aleohtd.  It  oTrtallises  io  shiauw 
flattentd  qiiadrllatt  ral  iie<  dies  i<f  a  lii,'lit  yi  Hcw  c'.l.iur,  .--olulilf  in  ^v,l?^•r  and  alcohol, 
and  decomposed  by  heat.  Hydrochloxic  acid  added  to  its  solution  throws  down 
ehlorisatin. 

Tho  other  .lalts  of  olilorl.sutie  aoid  ar*^  oLtalnod  l<y  double  dooonipc >sit ii m .  The  harium- 
tal4  senarates  on  cooling  fxum  a  mixture  of  the  hot  solutions  of  chlorisatatc  of  Dotaasf&ni 
and  ehlorideof  barimn,  aometiines  in  pale  y cUow  needles  eontatning  20'H^ClKO*.H  0, 
sometimos  in  dttp  ytlluw,  very  brilliant  lamina;  contaitiinu  2C*n*BaClNO*.3H*0. 
Both  thef>e  bydralc>s  ffivo  off  their  water  between  160°  and  16U*^.  The  biamttth-mH 
has  a  deep  orange-y(>Uov  ooloiir.  The  ooMiMR-sall  wacmbtes  the  barinm-ealt.  The 
cadmium-itaU  is  y'llow.  T!io  cupric  salt,  when  (lr<t  precipitated,  is  bulky,  and  of 
the  colour  of  ferric  hvdratc,  but  ciuuiges  after  a  whil<'  to  ;t  heavy  p;ranaJar  powder  of  a 
blood>red  eidoiir.  Tike  ftrrie  tatt  is  a  braiwn*red  pM-ipit  ite  o»btained  by  adding  dilo* 
ris, if ritr  (,f  potassium  to  iron-alum.  Tli.^  lad-aalt,  CiPP^nN'O*  II-O,  in  produced 
as  a  brilUant  yellow  gclatinuus  precipitate,  which,  in  a  few  minutes,  especially  if 
agitated,  beeontes  floeea1cnt>  and  of  a  splendid  seamt  eoloor,  almost  as  bri^t  as  that 
of  uxTcuric  icKlid(».  Tender  flu-  mierosoopc,  tlir  yi  llow  precipitate  .ippt  ars  pulverulent, 
without  any  trace  of  crystallisation,  but  the  r<4  flocks  present  the  appearance  of  den* 
drittc  vegetation.  Tbase  ted  llodu  eontain  I  at  water,  whieh  fhcy  give  off  at  160**. 
The  hiutfni siHih-  and  aluui{tiium-sii^(.<i  apjx-ar  to  be  foIuI  Io.  The  niercurj/  Kidis  afa 
yellow  predpitatea.  The  mckd-mU  is  a  yellowish  crystalline  powder.  The  tUver-talt, 
On*AgCINO*,  u  a  light  yellow  precipitate,  whieh  dinolTM  in  faoiUiig  %rater  and  ci^ 
taliisf's  on  cooling  In  noodles  gr^jupoil  in  tuf).':,  OViB  dflPdritif  TtgTlatfont  ftf  yrilowish 
colour.    Thp  :ri?ic-s<i/t  is  a  yollow  precipitate. 

DicbJortaaUo  acid.  CH^Cl'NO*.  (Erdmann,  Laurent,  !"C.  cu'.)— This  acid 
aeparates  from  a  concentrated  sohttion  of  its  potassium  —It,  on  addition  of  a  mineral 
arid.  In  tho  form  of  a  yvUnw  precipitate:,  which,  however,  raniint  bo  obfain-  d  jrur*^; 
for  by  desiccation,  even  in  vacuo  at  mean  temperature,  it  separates  into  dichlorisjiiin 
and  water.  It  dissolvft^  in  water,  foming  a  li^  ydlow  sohttion,  which  beoomea 
turbid  at  60°.  and  deposits  dicldorisntin. 

DichimisiiitUe  of  ^otas^iuM,  C*H*KCl'NO'.n'0. — Bichlorifeatin  dissoheH  in  c<jld 
aqaeons  potash,  forming  a  deep  red  solution  which  becomes  colourless  when  heated, 
ancl  or,  cooling  deposits  tlie  p«jtasHtum-8alt  in  shining  yollow  laminse,  which  may  bo 
purified  by  crystallisation  from  alcohol.  They  contain  1  at.  vrater  (  =  6  per  cent), 
which  is  not  com|detely  eacpellcd  below  IZ0°.  When  crystallised  trom  absolnta 
alcohol,  the  salt  appears  to  contain  only  half  of  that  qoantity  of  water.  It  it  deeom> 
posed  by  heat^  witn  a  kind  of  explo»i«>n. 

Tha  MbMtt,  (?H*BaCl*NO*.H*0.  forms  shining  gddeo-yellow  needles.— Tha 
Mfiicm^ia*  nd-hRnm  peee^tate^  whidi  soon  bcooniea  gwrnnish  yaUow  and  alter- 
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nately  crimson,  thettn  cYianges  of  colour  arising  from  the  «iTsUlIiMtion  of  the  salt 
within  the  liquid.  Th<*  lead-talt  is  a  yellow  precipitate.  The  silver-salt  is  a  light 
j^Skm  BredpHato^  wfaieh  disAolves  in  a  large  quantity  of  boiling  water,  and  crystalHiies 
on  (wibijg  in  tmn«ipnrt  nt  yt-nomsh  needles,  ^uped  in  tufts.  When  heated  in  ooHtaoC 
with  th»  air,  it  melttt  to  a  brown  mass,  and  yields  a  sublimate  of  dichlorisatin. 

nUkVnaii  0**HMNH)*  .  S  at.  isnliii  4-  NH*  -  H^O.— a  (^ubstftnee  stated  \j 
LaurtMit  f.T  I  r.  Chem.  xxxr.  121)  to  be  sometimes  obtained  wlu-n  drv  jimnionia-gas 
is  passed  over  isatin  moistened  with  alcoboL  Yellow  non-crystallijae  Uocka  uasily  de- 
eompoMd  by  potash.  Ita  oomposition  la  caHur  doviliiftiL 

ZSASlWDMk  C»*H"N»0«.  (Liiurenf,  loc.  aV.)- Obtained  by  passing  dry 
ammonia-gas  over  isatin  moistened  with  alcohol,  eitbtt  ocdioax;;^  or  afaaotnte.  Wlmn 
absolute  alcohol  is  used,  inusatin  (p.  246)  first  ctysCalliMa  out  ill  |Mmbs  with  B<jnare 
or  rectRngulnr  base ;  and  the  solution  dtM^ant<Hl  tluTefnjin  di  |K>sits  isatimido  ia  the 
form  of  a  yellow,  shining,  erystalline  powder.  It  is  insoluble  in  water,  scarcely 
soluble  in  bojUnff  alcohol  or  in  ether,  but  diasolfaa  aaaty  in  boiling  alcohol,  containing 
ammonia.  Potaah  djaaoLtaBitwith  ydloweotogr  and  tfolalioa  <rfainii»ia;  the  liqaia 

JMH^TTN.  C*irN()^.  (Laurt'Ut,  Ann.  Ch  Pliya.  ^3]  iii.  371.— Erdman  n,  J.  gr. 
Chem.  xxiv.  11.— A.  W.  Hofmann,  Ann.  Ch. Pharm.  liii.  11. — Om.xii.  51.— Qerh.tU. 
634.) — This  boiiy,  which  wa?  diwirered  eiroultiHieuusly  Ijy  r.anr.'iit  mid  Brdmailll, 
in  1841,  is  prodiu^  by  the  action  of  nitric  or  eUruiuic  acid  upou  iudigu: 

IwVgo.  Uatin. 

PrrparnHtm. — 1  kiloc:nimmc  of  finely  powdered,  good  commercial  indip-n  \^  stirred  up 
in  a  iar^e  dish  to  a  lliiu  piu^te  witli  water;  it  is  then  placed  orer  a  tnuderate  tire,  and 
eommeraal  nitric  acid  is  gruduullv  added  (which  causes  a  Tioknt  effervescence,  without 
evolution  of  nitmus  acid),  until  the  blue  ev  lour  has  disappeared,  for  which,  from  60O 
to  700  gruis.  of  uitric  acid  are  necessary.  The  solution  ia  boiled  with  several  quarts  of 
VHtar,aad  filtered  at  the  boiling  heat,  as  rapidly  as  possible ;  nAer  12  hours,  the  isatin 
separates  in  r-  iJ.li^iTi  ery?>tallitn'  no^IuleH.  The  mother-liquor  i.«  !»f>iled  with  the  undi.«- 
solved  residue  and  iilu  red,  the  op<fnttiuu  being  two  or  three  times  repeated :  the  lAst 
aiotherdiquor  still  yields  iaatia  4m  avaporation.  Tha  c^atala  are  maiatciiad  tritli 
wnter  containing  a  little  ammonifi,  in  order  to  remove  a  resinous  matter ;  thf*y  are 
then  washed  with  cold  water,  ami  finally  recrrstallised  sevenU  times  from  iKjjJiug 
alcohol  (^100  pta  of  indigo  yield  16  pts.  of  isaiin)  (Laurent).  When  an  excess 
nitri<'  ncid  is  employed,  nit ruf..dioylio  acid  is  formed.  After  each  addition  of  nitric 
aeiil.  ir  ia  necessary  to  wait  uutil  the  effervescence  is  over.  If  no  eflervtacence  takes 
]<lii<  e.  in  consequoiue  of  the  indigo  being  mixed  with  too  much  water,  and  if  the 
i'oilinir  is  continued,  'wiiilst  more  and  more  nitric  ncid  \a  added,  a  nolent  ri'action  sud- 
denly eusues  when  the  fM.iluti.:)ii  lias  reaclitxl  a  certaiu  concentration,  the  niasa  over- 
flowing the  vessel  e\  en  wlieti  it  is  very  capacious :  the  residue  generally  contains 
nitros.nl'cvlic  acid  (II  o  fm  a  ii  n),— 2.  Inoigo  is  heated  with  ehronuc  acid,  propf-rly 
dilui.il.  mitil  the  whole  nearly  boils^  when  it  is  filtered  hot;  isatin  then  crystallises 
out  on  eo,>lin<?,  and  is  purified  bj  xcpeated  recnrstaJlisatioit  ftoiftirater,  and  lastly 
alcohol.  If  the  chrtiinic  acid  is  ?o  contrcntrated  that  it  cnnses  an  evelntion  of  carbonic 
anhydride,  the  solutiuu  depof^iu  little  or  no  isatiu  on  cooling,  but  ii  tjinali  quantity  by 
apontuncous  evaporation  or  in  wcvo ;  OD  awporating  the  solution  heat,  only  sea^m- 
oxide  of  chromium  and  a  Irpown  powflpr  yepamte  (Erdmann)  Tjaurent  drops  a 
dUute  aqueous  solution  of  chromic  acid  upon  powdered  iudigo,  and  warma  the  mixture, 
Il)e  addition  of  duoosic  acid  being  discontinued  as  soon  as  the  blue  colour  has  disap- 
peared, and  the  proeess continued  as  in  (1).  In  order  fo  jmrify  crude  isatin,  wliich  -still 
contains  resin,  Hufmanu  djt<iKulves  it  in  potash,  and  careful ly  adds  hydrochloric  acid  to 
the  solution,  aa  fang  aa  tl  Ama  a  black  or  brown  precipitate ;  when  a  portion  on 
filtering  is  of  a  pure  yellow  colour,  and  gives  a  hii;hly  red  precipitate  M-ith  hj"dro<>hloric 
acid,  the  whole  solution  is  filtered  off,  dtcouipoeed  with  hydrochloric  acid,  and  the 
precipitate  washed  with  a  little  water. 

Prop! rtii'st. -liiiii'm  crystallises  in  large,  tmnsparent,  brownish-red  prism.s,  or  in 
smaller  yell()wis!i-red  prisms,  belonging  to  the  triuutric  system;  the  crystals  are  very 
brilliant,  fsfcciiilly  when  obtained  from  an  alcoholic  solution.  They  exhibit  the  com- 
bination oc I*,  cef «  .  r=c  ;  the  face.s  xFoc  greatly  prcdominrtincr  Inclination  of  tlie 
faces  «»r  :  »!>  =  133^  50'  to  60;  « ;  Pw  «  127°  16  to  12"'^  30'  (G.  Rose, 
J.  pr.  Chem  xxiv.  11).  Isatin  in  inodflvona.  and  haa  a  bitter  taste.  It  melts  when 
heated,  and  solidifies  on  cooling  in  a  crystalline  mass  of  needles;  when  heated  above 
ita  melting  point  in  contact  with  the  air,  the  greater  part  volatilises,  without  daoome 
position,  in  y^ellow  and  very  irritating  vapours.  It  dissolves  sparingly  in  cold,  mor- 
freely  in  boiiiag  mttr,  fimng  a  aolntioa  of  a  daik-iaddadi  jaUov  aoiow.  JKIHb 
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mU  Hmokfta  it  with  the  nid  of  »  geaU«  hattt  and  depo«ita  it  wiebang^  on 

Dtcompcsitions. — Isatin  distilled  in  a  retort  leaves  a  large  n-.sidue  of  charcoal 
(£rdm»BiL  Laurent).  When  thrown  upon  glowing  charcoal,  it  difibses  the  vame 
odov  M  Inmga  Heated  in  tiie  air  upon  platiiram-fial,  it  bone  with  a  briUiant  flune, 
and  leaTee  a  fused  residue  of  diffu-ulfly  cmilai-stiMe  charcoal. — 2.  When  isatin  is  sus- 
pended  in  hot  water,  and  a  current  of  cJUerine  ia  paseed  through  the  solution,  it  is 
O0BT«ted  into  dilorintin  ;  no  diddoiintai  i>  ftnned,  RTen  if  the  solution  is  exposed 
to  sunshine.— 3.  Isatin  heated  to  1 80^  with  eUbnW'  of moyJ,  yield-s  a  brown  substance 
hKna%  the  oompoaition  of  benaoyl-iiatin,  0%XC'UH))N<)'.— 4.  Moderately  warm 
miH»  mM  ^eaolTea  isatin  withoot  deeompoeition,  but  on  boiling,  h  violent  action  takes 
place, attended  with  evolution  of  nitrous  funics,  oxalic  acid  being  forni.  .i  (i)gt'thfr  with 
a  reddish-brown  nitro-resin,  soluble  in  ammonia ;  no  picric  acid  is  furmetl. — 5.  I»utin 
heated  with  fuming  tulphmrie  aeid^  dissolves  with  brownish-red  colour;  a  (strong 
eflfeffeacenee  then  takes  place,  and  on  treating  the  solution  with  water  and  alcohol,  a 

Sellow  aubstance  is  obtained,  which  has  not  been  further  investigated.— 6.  Isatia 
issolres  in  cold  potash  without  underling  decomposition,  and  imparts  to  it  a 
brownish  red  colour:  after  a  time,  vr  iimnHliatdjoil  boilmg^  the  aolTOOB  baoiNnea 
yeUovaad  ia  lound  to  contain  isatute  of  potatiaium  : 

If  this  solution  be  coneentrated  1>y  distillation,  decomposition  suddenly  takes  place, 
colourless  drops  of  phcuylarnine  p^isaiBg  OTWWith  tiie  atcaa,  md  hjrdwgWl  MUtg 

evolvwl  (ilofmann) : 

CIPNO'  +  4KH()    »    Q*IVS  +  2K='Cn«  +  H'. 


7.  Ammomia  forms  with  solutions  of  isatin,  variooa  products  of  decomposition,  which 
Taiy  according  to  the  eoneentfatfam  of  dm  aamioaia  tad  tiie  aolTent  of  the  ieatin ; 

niixtun-K  of  several  coniiX)unds  are  always  fanned,  each  eonfaiiiin^;  1,  2,  or  3  at.  isatin, 
flu*  I  or  2  at.  anunonia  ndnu*  water. — &  I'htv^lamne  behaves  with  isatin  in  a 
•fanilair  naanner. — 9.  With  ttUphmmt  mtid  in  preaenee  of  alkaUB,  iaatui  fbnaa  aalta  of 
isatosulj'hurous  aoid.— It  dissolves  in  s.:!jJff  .  '"./  .//(c/iium,  with  formation  of  isafy<1e. 
— 10.  Wbeu  sulpht/drio  add  ga$  is  passed  through  an  aloohoUo  solution  of  iaatin,  di-  . 
inlnbiBatyde  (p.  412)  iaibmed. 

laatites  -  Isatin  docs  n^t  unite  with  adds,  but  rather  itself  plays  the  part  of 
an  acid,  exchanging  1  at.  of  it.s  hydrogen  for  an  equiralent  quantity  of  metal.  Isatin 
diwotvee  in  eold  strong  aqueous  potash,  forming  a  very  dark  riolet-red  liquid,  probably 
containing  itatite  of  fotauium,  C*n*KNO^  On  diluting  with  water  and  boiling,  the 
colour  oban^ea  to  pale  yellow,  and  the  solution  is  then  found  to  contain  isatate  of 
potassium.  Jmiite  <f  cuprtmmonium,  C*H*(NII'Cu)NO^  is  obtained  as  a  light  blue 
precipitate  an  poHfag  an  ammoniacal  solut  ion  of  iaatin  into  an  ammoniacal  ftolutionof 
acetate  of  copper.  uatiU  of  tiiver,  C*H'AgNO',  is  a  wine-red  crystalline  precipitate, 
obtained  by  mixing  nitrate  of  siWer  with  an  alcoholic  solution  of  isatin.  It  gave  by 
analysia  42^5  and  42*2  per  cent,  silver  (calculated  quantity  42*52).  On  adding  nitrate  of 
silver  to  an  alcoholic  solution  of  iodine  containing  a  considerable  quantity  of  ammonia, 
a  red  crystalline  precipitate  is  formed,  consisting  of  i$atiU  of  aryentammonium, 
C*Il\NH*Ag)NO*.  It  gave  by  analpis  3d  23  per  oent*  carbon.  2  66  hydiofin,  and 
i»-16  ailvar  (b/  naWnlatiCT^  86*42  onrtnn,  2*68  Igrdrogan,  and  39*86  aihrer). 

These  compounds,  which  were  diseovereil  by  Erdmann,  have  the  composition  of  isatin, 
in  which  1  or  2  at.  hydrogen  are  replaced  by  an  equivalent  quantity  of  bromine  or 
chlorine.  They  closely  resemble  isatin  in  form  and  properties,  and  when  treated  with 
eanatie  potash,  ammonia,  sulphydric  acid,  or  alkaline  i^pldtes,  yield  the  chlori- 
nated and  brominntfd  denvativea  at  the  bodict  which  «a  pndnoed  bj  the  actum  ol 
the  same  reagents  upon  isutin. 

aMOrisMla.  <7H*BrN0*.  (Erdmann, J.pr.Chem.xix358.— Hofmann, Ann. 
Oh.  Pharm.  Hii.  40.) — This  compound  ia  produced,  together  with  dibroniisnf  in,  by  tlio 
action  of  bromine  upon  indigo.  The  product  is  exhausted  with  boiling  M-ater,  and  the 
\  I jalila  vldMi  aenanto  an  aoaMag,  are  ]g«rifled  hj  reciystallisation  from  nh  ohol,  the 
f5rj<t  portions  wmch  separate  consisting  principally  of  bromisatin  (Erdmann). 
Another  mode  of  preparation  is  to  suspend  isatin  in  water,  and  shake  it  up  in  sunshine 
wMi  hraai^M^  frhuih  ia  to  ba  gfadnally  added  tiU  tiie  liquid  no  longer  becomes  colour- 
less  on  agitation.  The  mmponnd  i.*?  thon  boiled  with  weak  alcnhnl,  fr-  ■  d  from  Iiydro- 
bromic  acid  by  waahing  with  water,  and  recrystailisod  from  boiling  oIcuhoL 
(KafhiAU.) 
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potash  converts  it,  at  mean  tAmperatiires,  into  bromisatate  of  fotaaaiom.  DilliBtd 
with  hjdnto  of  poliMiwn,  it  yi«lai  liroiBophenyIaimn«k 

IHbromlsattn.  C*H'Br»NO*.  (Erdmann.for.  f/7.— ITofm  a  un,  lor.  r/V.— Lauronf, 
Ann.  Ch.  Phjs.  [3j  iii.  880.)-;-Thifl  body  ranains  in  the  alcoholic  motheoli^uon 
obtaliwd  in  uwpariBg  bromkatin,  by  Um  flivtof  the  methods  abote  dneribed,  and  natf 

bo  sepiiratea  by  crysfalllsafion  :  hut  a  bt  ttcr  way  of  preparing  it  is  to  digfst  isatin  or 
bromi«dtin  with  bromine  in  amuthine,  as  k>Qg  aa  Jurdrabromie  acid  cutitinocs  to  «<acapa. 
It  ia  {mriAcd  by  erygUlJiaitibn  ft<oiB  deMoL  ftom  whldl  it  separates  itt  ahimiig 
oraD(.'o-(  oloun^'l  trimeuio  jfOMom.  When  dtttilied  with  hydzste  of  potHRom,  it  ^idw 

dibromophenylamine.   

DSbromiwaHte  of  potassium,  CFB*KBfVC^,  is  obtained  by  gently  heating  a  aohitimi 
of  dihromisutin  in  absoluto  alcohol,  and  pouriii;^'  into  it  a  hot  solatkn  of  aleohdio 
potash.    It  crystallifies  in  black  scales,  blue  by  transmitted  light. 

Cblorlsatln.  C*H*C1N0»  (Erdmann,  Ann.  Ch.  Pharm.  xxiii.  129.— Laurent* 
Aim  Ch.  Pbys.  [3]  iii.  478.— H  of  man  n,  Ann.  Gh.  Fhann.  liii.  12.)— I*rodu«d: 
1.  By  passing  chlorine  into  tepid  water,  in  which  i.tatin  i««  »:nspended.  -  2.  By  the  action 
of  chlorine  on  pulverised  indigo  suspended  in  water.  A  large  quantity  of  a  reddish 
yellow  substance  is  thereby  pcodnoed,  consisting  of  a  mixture  of  chlori»itin  and 
dichlorisatin,  which  may  be  sopanited  by  solution  in  boiling  alcoh  1,  the  ehlofiaatia 
Bcparating  out  first    It  is  purified  by  repeated  cr}*8tallijiation  from  altKljol. 

Chlorisatin  crystallises  in  orange-coloured  prisms,  isomorphous  with  isatin.  Ob- 
aarrod  combination,  wP  .  ocf »  .  Poo .  Iti 'lination  of  tin  fan-,  yrP  :  ooP  —  131°  ; 
I'oo:  Pto  as  134®  12' (G.  Rose).  It  is  irioJuruus,  but  hat.  a  LiUer  taste.  Its  dust 
irritates  the  oi-gans  of  respiration  and  provokes  sneezing.  It  is  insoluble  in  coM  wntor, 
but  dissolves  wadily  in  boiliiiLT  w:it<*r  nnd  in  ali  olinl.  The-  BfAnV.on"  impurt  a  dis- 
agreeable odour  to  the  skin,  lieatetl  in  c('Uta<  t  with  tiie  air.  it  meits  to  a  brown 
liquid,  and  gives  off  yellow  vaponrt  having  the  odour  of  bviniBg  iad^O.  At  a  higjh 
tf  inpi  rature,  it  partly  sublimes  and  is  partly  c  irbonised. 

Ciilurisatin  behaves  with  reagents  like  i^siutiji.  It  disflolves  in  strong  sidphuric  arid^ 
and  separates  on  addition  of  water.  With  nitric  acid  it  yields  a  resinous  sul^stancM^ 
oxalic  acid,  and  a  small  qufintity  of  an  azntif-cd  I'ody,  which  crybtalHses  in  \  i  llnw 
gi\iins.  Sidj^yhydric  add  gas  passed  into  an  alcoholic  solution  of  chlori8<itin,  lonii^i  a 
white  precipitate  which  inenaaeo  on  addition  of  water.  Erdmann  calls  this  precipi- 
tate sulpinK' lilorisatin ;  ar^^nling  to  Gerhardt,  it  is  pfr1i:t]>s  rlilorinated 
telrasulphi&aLyde,  C^H'^C'l-N-ti'  (aaialysis,  417  C,  2-37  H,  and  Jl  U'J  S;  calcjla- 
tiOB»  44-7  C.  2  33  H,  29  83  S). 

Caxurtic  puftish  roiimmtiif^tes  a  deeper  colour  to  cblori-i.itTn,  ronrerting  it  into  rlilf>- 
risatite  of  potab&ium  ;  ou  heating  the  liquid,  the  colotir  disaj'peart-,  and  the  liquid  con- 
tains chlorisatate  of  potassium. 

ChforiWif,'fr  <-</ etrgentanim-nuHin,  C"H^{  NII'Acr'iClXO',  is  a  on-sfalline  proci'iiitaf ft,  of 
the  colour  of  wino-lecs,  obtained  by  pouring  an  ammooiacal  Holution  of  nitrate  of 
silver  into  aa  alcoholic  solntion  of  ohioristtin  nfaced  with  ammonia. 

Slcliloriaatin,  C*H'C1*N0*  is  obfaim  d  from  the  alcoliulio  mother- liquors,  which 
have  yielded  chloriaatin,  and  is  puriiied  bj  recrystallisation  from.  aloohoL  It  crys- 
tallises in  small  dbining  reddish^ToDow  needlfa,  or  shortened  lamimis  Attible,  jiartly 
Tolatile  when  honted  in  a  clo-io  vessel,     Ii^'     in  water  and  in  alcohol. 

Aqueous^  potash  acta  upon  it  in  tho  same  xnanner  as  upon  chlorisatin.  When 
diehsarisatin  is  thrown  upmi  solid  potadi  motstened  with  absointo  aleohol,  a  red  soln- 
tion 13  fornic^^,  ',v'-;!ch  aftor  a  short  timf.  solidifies  in  a  vin!t->t-blaclc  niafrma  compost  d 
of  diehloribatite  of  potassium,  the  solution  of  wluch  fosvau  with  nitrate  of  silver 
a  precipitate  baring  the  colour  of  wine-lees. 

Chlurini'  doe.H  not  a'^t  upon  fhlorisatin  or  dichlorisntin  in  pref;cnco  of  wut»>r.  but 
wbw  either  of  these  bodies  is  dissolved  in  hot  alcohol  of  80  per  cent., and  chlorine  ^ 
is  passed  through  the  liquid  nnttl  nothing  is  Ibvmod  bnt  prednets  tt  tito  deeompoei- 

tion  of  alcohol,  a  brownisli  ytdloM'  visrid  mass  \i  deposited  at  the  bottom  of  tln'  vi  ss*"!, 
containing  shining  laminae  of  perckloro^tdmne  (^chloranil).  Water  extracts  sal- 
anmoniao  ftom  this  man,  and  aloohol  dissolTss  ^orido  of  ethyl,  peDtaeh!<»ropierio 
acid,  and  a  resinous  wvash  wliirh  forms  the  birm-st  portion  of  tlic  product.  Tin-  sapi :  - 
nutant  yellow  solution  contains  products  of  the  action  of  chlorino  upon  alcohol,  and 
yields  by  disdllatioii,  « lesidtie  coRMpoocUng  to  the  resinonB  snhstanoc^  bat  not  con- 
taining perchloroquinone.    (Erdmann,  Hofmann.) 

XSATOSt7Z.PBTmZC  ACXB8.  ^G.andA.Schlicper,  Ann. Ch. Pharm.  rxxi. \.\ — 
Siiiphimli^otic  acid,  treated  with  oxidising  agents,  such  as  nitric  acid  or  clirouiic  ai?id, 
yields  II  monobasic  acid  containing  the  element8  of  isatin  suid  sulphuric  anhydride,  vis. 
i  MPNO-.SO' ;  and  the  salts  of  tlu's  acid,  treated  with  alkalis,  yield  a  dibMMMidt 
containing  the  elements  of  isatin  and  sulphuric  add,  via.  C*fl*NO^.SO*H'. 
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To  pr<»pare  thf>  monobasie  wdd,  a  soperior  sort  of  <v)mmomal  indT£rf>-carmine  ( [>.  26 1 ) 
i«  stirred  up  to  u  thiu  paste  with  an  equal  qaantity  uf  \vut«r;  1  or  2  pta.  of  sulpiiunc 
flieid  are  addbd ;  th^  mass  ia  heated  to  boiling;  and  1  pt.  of  pqlraMad  add  dnomate  of 

potassiam  is  adde<l  by  amnU  portion?!  as  Innp  ns  rlecuiorafion  pn&n^.  Thf  soluti-.n  is 
then  quickly  flit  erf  <1  wliili.'  hot,  hikI  mix*<l  with  uitnito  of  jwtaii&ium  (tu  laciiitHtt?  tlio 
■olution  of  the  imti'sulphat  t  ) ;  t  he  cn  st.illine  paste  whieh  Mparates  is  ooUm^I  oa  » 
filter:  aiifl  fh»^  thick,  dark -on  I  on  rod  niotht-r-liqiior  is  nepamted  bv  dis|i]af'i  rni  nT  with 
a  small  quftiitity  of  wat<  r.  Tliis  liquid,  evaporatinl  nud  cutiled,  yields  a  iiuij.ll  adilitiooai 
qoantity  of  th<>  ]v>tasHinni-s:ilt.  Tha  iaaloaalphate  of  potaammn  thus  obtained,  ia 
the  form  of  a  l>n:>wnish  ydlow,  heavy,  sandy  powilcr,  is  contaminated  M-itn  a  resiDons 
Ixidy,  whicli  adhen  s  to  it  obstinately,  and  cannot  he  M^parated.  The  nad  and  its  salta 
majr,  howev  ; ,  !  obtained  pun  by  converting  them  into  dibasic  isatosulphales  hy  the 
action  of  alkalis,  and  reconverting  these  into  the  monolMsie  iHato-tdphates  with  a  id*?. 
Tlie  imoure  potassium-salt  obtained  as  above  is  di8i>olveil  in  hot  baiyta-water,  which 
is  addea  till  the  solution  is  completely  decolorised,  and  the  exoeem  of  iMf^ta  is  procipi* 
lated  by  earl  onic  add,  the  prccipitati-  carrvinir  down  all  tlin  r(^<--innn«5  impurittr's  witli 
it  The  fesulting  pale  straw-yellow  ik^luiion  contains  a  mixture  of  dibasic  ii«atosul- 
idiata  of  potaarimi  and  dibario  isatosulphate  of  bamm ;  and  on  precipitatiiig  tba 
rtan-ta  as  exactly  as  possiTde  vr'ith  Miljihurio  ai-id.  aii  ornriii''<  -yrlluw  solution  of  the 
monobasic  salt  is  obtained,  whence  the  salt  may  be  separated  by  evuporatioa  and  erya* 
tallisntion.  If  on  the  other  hand,  the  tolation  satontfd  while  W,  with  a  quan- 
tity of }) ydroc-lilorio  aoidjiisf  .sufTicit  tit  to  ih'iitr.di-(-  tfi."'  [..tush,  tVn-  ll  juiil,  wM<  li  !i:is 
now  acauired  a  dark  orange  colour,  deposits  bulky,  bright  rvd,  almuug  crystuUmo 
aealaa  of  monohaaip  iaatoantpliato  of  bamun. 

Xonobasie  l9^to»ulphuric  acid,  Cm'yaO^.mO  -  C»irX0*i?0«.2HV,  may 
ba  obtHined  in  the  free  state  by  docompoaitig  the  Bolntion  of  tho  baritnU'ialt  with  an 
•univalent  qtuintity  of  sulphuric  acid. 

The  TcautiBg  oningc.re<l.  strongly  acid  solution,  tolidifiai^  when  avnporatfd  ta  a 
syrup,  into  a  somewhat  sticky,  radio-crystallin"  masf,  dryinir  up  in  vacuo  over  sul- 
phuric acid  to  a  yellow,  silky  crystalline  mass,  which  do^s  iiut  aJtt  r  on  exposure  to  the 
air  at  common  temp<'ratures.  hot  easily  girea  ap  ita  water  of  crystallisation  at  100^. 
It  dt»-sjnlvt«  in  (i^^cf/^'ne.*!*  tasily  thnn  in  wnter,  and  is  insoluble  in  t  fft'  r  and  in  kencmf. 

J&dt>i<u\y\i\uic  acid  is  a  strong  neiJ,  ueparating  •  veu  the  fitrongt  r  miut  c.d  acids  from 
their  sal's.  It  is  not  decompo8«l  by  atiMig  utttpAurk'  or  »if/-ic  acid,  even  with  tha  aid 
of  hi-at;  hnt  nliru,/n>riath  aa'd,  OT  a  mixture  of  h i,  J r  chloric  acid  and  chior  rfr  ,,f 
^Uuuium  slowly  detoiuposes  it,  with  formation  of  cldoranil.  The  aqueous  soluUun 
afipaaga  to  be  aearcely  altered  by  chlorine.  The  alcoholic  Mjlutii<ii  treated  with  am- 
liivnia  ^05  yields  vi.<eid,  dark  l'ro*  ii-r<  d  I'odli-s,  pr'o1>:diIy  aiiiidafod  ooni{  < aiiul>.  The 
acid  is  not  rtduct*!  by  kydriudic  avid,  but  tlit  rtiiui  tiou  la  i-fftclad  by  and  hydrO' 
ehhrip  or  stdvhuric  acid,  the  solution  being  then-by  completely  decoloriaed.  Sulpht/' 
dric/rn'J,  and  espeeial!y  su/plu'Jr  of  ain,n'r,iiioii,  likewise  rodttoa  tha  acid,  yielding  the 
ammonium-salt  of  hydrindin-sulpburic  acid  (p.  22^). 

Salts  of  MoBobaaie  Tsfttoenlpbnrie  aeid.— jlfontf-ammattlff  Uatotulphate, 
CH*(NH')NSO».HK),  is  ol'taine.l  \<y  deeoinposing  any  other  Mlt  of  the  acid  with  an 
excess  of  an  ammonium-salt  in  which  the  reaoltiog  salt  is  spaiinffly  soluble ;  or  by 
mixing  a  solution  of  the  free  acid  with  excess  of  sal-ammoniac.  Toe  «dt  crystaUtaea 
in  ahiaing ,  <leep  yellow  needles,  easily  soluble  in  water. 

The  monobarytic  salt,  C'H'6aNS0*.|H'0,  is  formed  by  precipitating  a  solution  of 
chloride  or  nitrate  of  barium  with  the  free  acid.  It  is  insoluble  in  alcohol,  sparingly 
soluble  in  cold,  somewliat  more  in  li.it  water,  forming  a  light  yellow  solution. 

The  ])ioni,cnh-ic  aati,  C'H 'CaSO*.HH),  is  obtained  by  precipitation,  and  crystallisps 
in  small,  shiniug,  goid-yi  How  needles  which  dissolve  somewhat  slowly  in  water,  but 
more  eaaily  than  the  V>ariuin-<;alt. 

Tfie  /J.. ..,.7, ,  i:nit,  C*H'KNS(>MI*0,  crysfalHsee  in  small  p  Id-j'ellow  needles 

t»hii  li  yi,  ,1  i  fandy  powder.  It  \^  insoluble  iu  alcohol,  dissolres  in  atiout  20  pts.  of 
Cold,  and  8oni*iMrihat  Ipsh  of  hot  water,  whence  it  crystallises  slowly.  It  is  not  altentl 
by  hoilinc;  with  stronp  hydrochloric  acid.  It  pivrs  off  all  its  water  of  er\  vtalli»ation  Ht 
a  ratlicr  high  temperature;  indeed  all  the  tialli>  of  uiuuubusic  iijuiu^uiphnric  acid 
r<  tain  tbeiriMliV till  heated  above  10<P. 

The  mono-argentic  salt,  C*H'AgNSO*.H*0,  separates  slowly  on  mixing  a  solution  of 
the  sodiiun-aalt  with  nitrate  of  silver,  in  hard,  needle-shaped,  honey-yellow  crystals, 
•parinriy  aolnble  in  water. 

The  monoRodic  t^ali,  C*II'XaXS0».2TI-0.  is  ol.fained  In-  mixin<^  u  hot-pnturnt.  I 
solution  of  the  potassium-salt  with  two  or  three  times  its  volume  of  a  concentrat<  il 
aoltttiop  of  ehlflffida  of  aodioM,  andefyrtalliaea,  onkftfing  thaliqudafcMBtlndaepKd 
tabulur  crystal?. 

Salts  of  Dibasic  Isatosulphuric  acid,  C*H»M'NSO«  -  C«H»NO«.SO«M'. 
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These  adts  are  formed,  as  abet^y  observed,  by  the  action  of  alkalis  on  the  monobasie 
iattoenlphatea.  AH  aUnUf  nroduce  the  change  provided  they  are  added  is  esioese  ;  if 
an  insufficient  quantity  of  allcali  be  added,  a  deep  red,  or  Kometimes  dirty  vinl.  t 
eolouring  is  prodooed,  which,  tboo^  tnuwiwi^  it  aofficient  to  indicate  the  iurmatiou 
cf  an  infeinitdiite  (x>m^x)uiid.  Tm  tnyMlMeaMtiaa  ii  IflcavlM  eAeted  by  alkalue 
Ctrbonatefri. 

JKbttie  iaatofltilphniic  acid  has  not  been  isolated ;  when  separated  from  iht;  solotiou 
«f  eHher  of  ite  nltei  it  h  eoavwrted  in  m  riftort  tinw  «l  ordivary  temperattirel, 

immediately  when  heated,  into  the  monobasic  acid. 

The  diammome  tali  is  produced  bj  boiling  isatosolphnric  add  for  some  time  with 
mtm  of  amionia,  or  by  deeowipodag  tlie  duMTtie  tut  witii  sulphate  «f  mmmoAvm. 
The. solution  dnes  up,  in  vacuo  ov(V«lof  TlfaDol, tp  »  jdlmr  gUBBIJ  niii  CxhtUtlBg 
but  slight  traces  of  crystaiiisatioii. 

Tbe  Mai^  mit,  0*ff!BB^N80*.  tWO,  fa  obtnned  hj  HmSMng  tiw  ■wBobaiTlic 
salt  in  boiling  baryta-water,  and  removing  the  excetvs  of  l>aryta  with  carlxjiiic  ariil. 
The  slightly  ot^mund  solataoo  yields^  by  evai^ocatitMi  or  coolii^  shining,  lemon-yellow 
silky  needles,  non  mIuUb  dttn  the  monobasie  salt  in  water,  hnlt  insolwlt  ia  aleohoL 

The  diplwnbic  sali.  C»ITTb-NSn« .  ^TT^O.  is  oLtaiiud  1  y  niixinj' a  ooncfntratcd  solu- 
tion of  the  yellow  potassium-salt  with  an  excess  of  a  concentrated  solution  of  acetate 
uf  lead  ;  it  crystallises  in  slender,  shining,  dark  yellow  needles,  which  diasohre  xeadily  in 
water. 

The  difjotoitsic  «a//,  CTPK'N'SO* .  H*0,  obtained  by  decomposing  the  barinm-salt 
with  neutral  sulphate  of  potassium,  crystallises  slowly,  by  spontoAeous  evapomtiou,  ill 
hard,  shining,  tmusparont,  wax-ycllow  prismn,  wliicli  I  i  1  in  fmidfl j  in  "Witfir,  and  give 
off  their  water  of  crystallisation  between  1-40°  and  16u**. 

The  diargentic  add,  C'H*Ag*NSO* .  |II*0,  separates  on  mixing  a  solution  '  f  the  po- 
ta^>!ura-salt  with  excess  of  nitrate  of  silver,  in  con<^ntric  groups  of  bulky  nefdle«t, 
which,  nf>er  drying,  torra  a  li^ht  ?»poTipT  pale  yellow  mass.  It  is  sparingly  solubis  in 
water,  and  does  not  give  ofi'  ita  water  of  cryetidlisation  till  heated  above  100°. 

ZSATOSVXpVBrrBS*  (Laurent,  Rev,  scient  x.  2S9.~Giu.xiiL  66.— Gerli.  iii. 
A44.)— Snlphoroas  anhydrido  does  not  set  n\mn  isatin  alone ;  but  in  pres^^nce  of  potash 
or  ;iTnmoni:i,  peculiar  Halts  nre produced,  coritainitig  tli*'  rlemcufs  of  i'-alate  df  ammonium 
or  pu}a>->ium.  to^t'tber  witli  sulphurous  anhydride.  Tbe  acid  corresponding  to  tho^e 
■alts  ha;^  not  I  letn  isolated,  being  decomposcl  when  the  wltBUetmited  With  a  stronger 
neid.  The  chlorinated  and  brominated  isatiaijisld  WfMpowdiim  eonpowadi  MOor 
the  influence  of  alkalis  and  sulphurous  acid. 

iMOomlnhUg  o/Jmrnonhm,  C^*(NH«)N0^.2S0*  is  obtained  by  bofltnii  iMtin  witit 
acid  sulphite  of  ammonium,  and  concentrating  the  liquid  by  (evaporation.  It  tht-n 
0eparates  in  small  rhomboidal  tables  of  a  pole  yellow  colour,  sparingly  soluble  in  cold, 
Imt  Tsry  sfdnble  in  boiling  water. 

Isnf'isidphiU'  i>f  Po/(issiu7ii,  C*II''IvNr)'.25^0',  is  p^^du^'ed  \>y  pasginfj  sulphnroTi'?  an- 
hydride to  saturation  into  a  solution  of  isatin  in  potash,  or  into  a  solution  of  isatate  of 
potMrimi,  or  by  boiling  powdflMd  iiitibi  witfa  avipUta  of  potaMdum,  till  it  m 
completely  dissolved. 

The  salt  is  neutral,  has  a  £unt  yellow  colour,  is  mo<lerately  soluble  in  water,  and 
crystalliM  tfMMfrem  ill  eloiigatad  lamiini  WMiesf^ing  eoanMrftUa  litte«.    It  Ut 

niod<  rately  soluble  in  boiling  alcohol,  very  little  in  cold  alcohol.  Its  solution!*  are 
yellow.  When  heated  it  aquires  an  orange-red  colour,  swells  i^  and  gives  off  water. 
Had  at  a  lughgf  temperature  Maeikena,  and  off  a  nd  tliiek  natter,  whMi  ooli^ftM 
wif'i  1  f  "rystalHsing. — Iodine  decomposes  it  at  the  hoilinf;  heat,  isatin  V>einp  precipi- 
tated and  sulphuric  add  remaining  in  the  liquid.  Chlorine  also  forms  sulohuric  acid, 
Imt  at  tho  aMiie tisn  throwi  down  ddovfaMitin  <xe diehloriMfttin,  accofdiQg tone  dmftioii 
of  the  action.  Hydrochloric  acid  poured  into  a  Ix tiling  solution  of  tha  salt  aUmiBitiat 
sulphurous  anhydride^  with  ^Enrescence,  and  precipitates  isatin. 

The  nlntion  of  the  potMsima^t  does  not  form  any  precipitate  with  chloride  of 
barium,  strontium,  or  calcium,  or  with  acetate  of  copper;  but  with  nitrate  of  silver  and 
acetate  of  laid,  it  lonns  pceeipitafcn  nrnMiiring  of  a  mitalHti  lalptete,  tofsthar  with 
isatin. 

mrom»ato9tdphitt  of  Tottmbm,  raWKirO*.3S0*,  is  •  jdiMr  pw<^pitrt^ 

i|iaringly  soluble  in  water. 

Chloruatottdphite  of  Pbtassium,  G*H*C1EN0'.280*  is  obtained  by  passing  sulphu- 
rous anhydride  into  a  »)lution  of  chl<xiaatat«  of  potassium.  The  liquid  yields  by 
evaporation  a  straw-yellow,  flbro-lamellar  salt,  ^aringly  soluLle  in  cold  water.  Acids 
decompose  it,  with  precipitation  of  ehloriimtin  and  evolution  of  sulphurous  anhydride. 

DichloriMtotdpkUe  of  Pohusium,  Cm  «CmNO*.lBO*.    YcUmT MMDm  oUftlMd  bj 

boiling  didikritatia  with  acid  sulphite  of  jjofiwfmn, 
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IMXnB.  C"H"«!W  -  (0"HWO«)»^.  (Laurent,  Aud.  Ch.  Pbjs.  [8]  iii. 
tM.— Om.  s&L  M^«rh.  tt.  ML)— A  niMltteB  jtodneed  lij  tlM  mMmi  of  mUi« 
agents,  such  M  MMMt  hff^a^gm,  ao^lqpdfit  aekC  mdflikb  «f  MUMdm,  fte.  on 

iaatiii:  e.g.: 

InilM.  IMvdi: 

lb  bears  to  isatin  the  same  relation  that  indigo-white  bonrs  to  indigo-blue. 

Tba  beat  mode  <tf  pnpariiig  it  is  to  mix  powdered  isatin  in  «  flaak  vith  a  Unga 
^pMHitity  of  initsr  aora  •^Ule  aalpharie  add,  Ami  add  a  pieee  of  pore  «iii»4bi],  and 
heat  flu-  lir^uid.  As  the  isatin  dissolves,  it  takes  up  the  nascent  hydrogen,  and  is  pon- 
verted  into  pnlTenlent  iaatjde^  which  may  be  washed  with  water,  and  then  boiled  with 
alealial  IB  MMm  indaeaaBpoaed  iniin.  MBl^in«ytik«wii0l»«ltaiof>d1)y  dinwlT- 
ing  isatin  in  hot  aloohol,  and  adding  a  small  quantity  of  sulphide  of  ammonium.  Tho 
mixtore  left  to  itself  for  a  week  depitsitu  laminated  and  prismatic  ciystals  of  isatyde, 
Bized  with  oetahednd  crystals  of  solphnr,  wfaidt  Bust  be  remoTcd  by  digestion  with 
disolphide  of  carbon. 

Isatyde  is  white,  with  a  slight  grqrish  tint,  tasteless,  and  inodorous,  and  appears  to 
be  insoluble  in  water.  It  dissolTes  in  very  small  quantity,  in  alcohol  and  ether,  at  the 
boiling  heat,  and  separates  oa  OQoUag  im  lieweopiP  ndM^  iHtTiiig  tha  htm  of  oUiqM 

prisms  with  rectangular  base. 

Isatydo  softens  when  heated,  and  then  turns  riolet-brown  (being  perhaps  conrerted 
into  a  mixture  of  indin  and  iaatin) ;  if  the  heat  be  increased  tSl  the  body  is  half 
melted,  it  suffers  further  decomposition,  yielding  a  substance  which  dissolves  in  alcohol 

and  crystallises  in  brown-red  needles  by  evaporation. 

Boiling  nitric  acid  decomposes  iM^de,  pn>ducing  a  violet  powder  which  ultimutely 
dissolves.  Pntanh  likewise  decomposes  it.  lonning  isatafe  of  potassiiim  and  iiidin- 
potuiisium,  which  ultimutely  changes  to  hydrindiu-pota£:iium  and  other  products  oi 
unknown  constitution  (see  p.  264). 

Erdmann  (.T.  pr.  Chcm.  xxiv.  lo)  gives  the  name  of  isati/de  to  a  substance  which 
he  obtained  by  dissolving  isatin  iu  hot  sulphide  of  animoniunj.  This  substance  gave 
hfmtifytm  numbers  agreeing  approximately  with  the  formula  C'*H''N'0*.  It  was 
white,  very  slightly  crj'sfalline,  soan'ely  polnlile  in  water,  but  soluble  in  ammonia,  with 
red  colour  gradually  clianging^to  yellow.  Putash  dissolved  it  with  deep-red  colour,  dis- 
appearing when  the  liquid  was  heated  ;  the  solution,  on  *«wtl^«*g;  deposited  m  OTataDilie 
•alt,  and  yielded  yellow  flocks  with  hydrochloric  acid. 

tJbloirimmty^M  and  BroinlMtydes.  (Erdmann,  Ann.  Ch.  Pbarm.  xxxiii.  129. 
—Laurent,  Ann.  Ch,  Phys.  [8]  iii.  382.)— l>#tfAfeH»o<yrf«,  C«H'«C1«N»0\  is  pro- 
dnced  by  the  action  of  sulphide  of  ammonium  on  chlorisatin.  It  is  white,  crystallis- 
able.  insoluble  in  cold  water,  sparingly  soluble  in  hot  water ;  moderately  soluble  in 
boiling  alodiol,  soluble  also,  apparent^  without  alteration,  in  a  hoi  sedation  of  sulphida 
ofBolMiln.  Iftiftii  tft  IIMr  ft  k  TTtr'Tr*  Mi*  flili'rinli'i  tiH  flMiH~"i  7 

CTllorliitjcli  is  coloured  red  by  ammonia,  and  partially  dilMolTed.  It  dissolves  in 
bofliaff  aqueous  potask,  being  oonvacted  into  chioriaatAta  of  jpotaaaium,  which 
eryrtaUisea  on  cooling.   T!m  n9Cii«p-liqnor,  treated  with  ^nmShrit  aM,  yidds  a 

copious  light-yellow  precipitate,  which  is  partially  dL^olved  by  boiling  water,  the  imio- 
Ittble  part  consisting  of  chlorindin,  and  the  dissolved  |>ortion  ofcblorisatydicacid, 
probably  a  product  of  the  decomposition  of  ddorindin.  This  acid  is  deposited  from 
the  aqueous  solution  in  the  form  of  a  lemon-jeUow  substance,  which  forms,  with 
potash,  a  soluble  salt  having  little  tendency  to  crystallise.  The  solution  gives,  with 
•alts  o£  lead,  eopper  and  barium,  yellow  precipitates  which  redisaolve  in  the  liquid 
vhoikBtSed. 

TetrachlnriKnti/de,  C'«H"01*N»0«.— Produced  by  the  acti.n  of  «mlphide  of 
ammonium  ou  tetrachlorisatin.  It  resembles  the  preceding  compound,  and  is  deoom- 
Maed  in  lika  manner  by  heat  into  tetnehlorisatin  and  tatnemoriiidfak  It  Kkewiaa 
behaves  in  a  similar  manner  when  boile<l  with  potash,  yielding,  among  other  pnidncts, 
probably  by  a  secondary  decompoaition  of  diohlorindin,the  potassium-salt  of  a  peculiar 
Mid  {Mhrimitgdic  add)  wUaTm  WfOA  oooli,  It  dcporitod  in  yoUow.  almimg 
laminiip 

Tetrabromitatjfdt^  C'^H'Br^N'O',  resembles  tetraehlorisatyde,  and  is  prepared 
in  a  similar  maiinsr.  It  tana  brown  when  heated,  aud  is  resolved  into  dibronuaatin 
nddilmnBdia. 

— li>te>Mii^  OMHMNKrai  aurjiiMrtj^Nk  O'mM^  An.  Oh.  Tbji.  [S] 
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uL^463^^^Ud^ed  by  adding  alcoholic  potash  drop  by  drop  to  an  alcoholic  solatioQ 


(FHPN'O'S'  ♦  KHO   -   C"R'»N=0\S  +  KBB, 

DltalphiiAtyde.  Sulphiiatydc 

The  liquid  toras  red,  and  after  a  few  seconds  de^jpoeits  a  wliite  crvstalline  precipitate 
of  Hulphisatydci,  which  mast  be  vaihcd  with  boOiag  alcohol  and  dried.  It  gMMrali]F 
has  a  faint  rose  tint,  due  to  the  presence  of  a  small  quantity  of  iodine. 

Sulphiuatyde  whun  puru  is  a  white,  crystalline,  iuudorous,  and  tasteless  powder ;  it 
crystallises  from  hot  alcohol  is  miflweeopie  feeteagvlar  isalM.  It  is  insoluble  in  water* 
Boiling  alcohol  dissolves  only  tnioc:,  which  separate  out  Oft  ia  mmU  OlTatallilM 

•cales.    It  is  not  more  soluble  in  ether  than  in  aloohoL 

Solphisatyde,  when  keaied^  rndta,  tuna  red,  awella  vn,  and  deeomposea,  wUle  aal- 
phnrotted  hydrogen  is  evolved,  and  a  rose-0(doored  oil  distils  over,  togotlit-r  with  the 
rapour  of  a  sabstanoe  which  crystallises  in  naedlea;  flaaily,  there  remains  a  boUcj 
readve  i>t  AvntmL  It  ia  oonmrtad  by  nitrie  aefd  faito  a  yMei  powder,  trhidi, 
in  all  probaliility,  is  nitrindin  ;  tho  solution  contninn  snlphnrio  aoid.  It  is  deeoBUpoeed 
by  cold  putash  with  formation  of  various  products,  among  which  is  iudin  ;  the  solution 
erolrM  salphuretted  hydrogen  on  t^e  addition  of  hydrochlorie  acid,  and  gives  a  pre- 
cipitate consisting  of  sulplinr  aui  1  a  little  zeddidi  matter.  Ob  tnatiBg  aolpliiaelgrde 
M  itli  warm  j»<)tai»li,  hydrindiu  is  formed. 

Sisulpbisatgrae.  C"II'^N*09.  SulphemlhiftU.  (Erdmann,  J.  p.  Chem.  xxir. 
IG.    La  urent,  Ann.  Ohin.  Plqra.  [S]  iii  468.)~£rodnoed  ligrthe  aetion  of  mdphydrie 

acid  ui>on  isatin. 

The  deconiposition  takes  plaM  fai  two  stages,  sulphur  being  iirst  deposited,  and 
isatyde  fvoduced,  and  tbb  eompoaiid  being  aftetvaraa  eoaveitod  into  manlphatyde^ 
Ibcmatioa  of  water : 

2C'H*N0''  +  H'S    -    C"H'*NH)«  +  S* 


and 

C'«H'»N»0*  +  2H^S    -    C"H'»N=0»S»  +  fflW. 


Preparation. — ^When  sulphydric  acid  gas  is  pasaed  through  a  boQiag  eoneentrated 
alcoholic  solution  of  isatin,  the  liquid  becomes  pale  yellow,  and  forms  a  crj'stallino 
deposit,  which  incnMuses  on  looling,  and  consists  of  iiiici\»"copii'  sulphur-crystals  and 
scales  (iealTde).  1'hc  solution  is  left  to  itaelf  for  u  week,  that  tho  greater  part  of  tho 
Miiplsnr  may  erjstalli'^o  out;  it  is  then  poured  oflF  and  mixoil  with  a  litth*  water,  and 
the  reoultiug  pn'cipitutti  is  removed,  as  it  contains  sulphur;  it  is  then  shaken  up  with 
mom  water,  wiiidi  praeqaitatea  the  dianlphfaalyde  aa  a  InmnnA  giej  foeiBoaa  aab- 
stance.  (Laurent?) 

Disulphisatyde,  when  dried,  is  a  yellowish  grey,  inodorous,  and  tasteless  jiowdt-r. 
It  doea  not  OTOtallise  from  its  alcoholic  or  ethereal  eolation,  either  on  cooling  or  by 
epoataneoQS  evaporation  (LaurentX  On  dryinp  at  110^  it  always  becomes  bluish  or 
bridk-ved;  if  the  solution  is  exposed  to  the  air  for  some  time  before  the  addition  of 
water,  the  peecipitate  is  brownish-red.  (Erdmann.) 

Bisnlphisatyae  swells  up  strongly  when  heatr-d  in  a  ^'las?<  tube,  and  melts,  with  evolu- 
tion of  sulphydric  add ;  at  the  same  time  a  brown  oQ  and  a  needle-shaped  sublimate 
are  fbmed,  and  theta  lemaina  a  bulky  reddne  of  diarcoal.  "Whm  boiled  w^  strong 
nitrie  acid,  it  puffs  up,  evolves  pemitric  oxide^  and  dissolves;  wafer  precipitates  yellow 
flakea  from  the  solution.  In  boiling  nitric  acid  diluted  with  its  own  bulk  of  water,  it 
pafik  np  and  girea  off  nitrous  f^mes.  If  llie  leddBsh-brown  swollen  maaa  ia  treated, 
aft>>r  a  few  minutes,  with  alcohol,  tli'^  Inttor  takos  up  a  reddish  suhstancf,  whi>  h  is 
insoluble  in  water,  but  soluble  in  potash,  from  which  it  is  precipitated  by  acids.  Tiie 
portion  ineoInUa  m  alodbol  dimoltea  in  potash,  and  cut  neatndiaijig  the  eolation  witb 
an  acid,  a  white  precipitate,  insoluble  in  water,  is  form.'d.  eonsistiiifr  of  microscopic 
Heedlee.  The  lioaid  obtained  by  the  action  of  nitric  acid  contains  sulphuric  acid,  but 
no  os^ic  add.  Jtromiiu  acta  Tiolently  upon  disulphis^ttyde,  mth  erolotioD  of  bromide 
of  sulpliur  and  hydroViroTuJc  acid,  and  forms  a  yellow  mass  containing  brorniii din,  an 
orange-yellow  crystalline  mass,  and  a  little  resin.  Disulphisa^de  dissolves  in  strong 
atdjaJmrieaeid,  with  the  aid  of  a  gentle  beat;  th#  red  eolntion  ia  not  precipitated  by 
water;  potash  colours  it  green,  but  does  not  precipitate  it.  On  treating,'  disulphisatyde 
with  potash,  sulphisatyde  and  various  other  producta  (amongst  others,  iudin)  are 
formed,  wbidi,  bowerer,  cannot  bo  prodnced  ^  wiB.  (Aoeording  to  Ecdmaon,  tbe 
solution  dep<«lts  a  crystalline  salt.)  Ammonia  behaves  in  a  f^iniilar  ni.um.-r.  With 
acid  sulphite  of  ammonium,  at  mean  temperHtoie,  disulphisatyde  produces  varioas 
eonpounds,  among  whidi  tt  found  the  ammoniam-ealt  of  a  pcemiar  add,  called 
anlpbiaatanona  neid.  TMa  nit  ia  eiToldliaable,  aolable  in  water  and  akolMl,  and 
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Its  alcoholic  solution  formf,  witli  di  -hlorule  of  platinum,  a  yvUtfv ]meipital«>,  whiehf 
whm  deoompoa«d  bjr  anlithydric  acid,  yields      £rM  add. 
When,  on  th&  otlwr  bukd,  disulphisjttvda  » trcated  irith  and  Bolphita  of  annoniiim 

at  the  iHiiliug  hi  at,  there  is  genemlly  depoBitcd  a  mbcture  of  in<Iiii  with  a  white  sub- 
staineti  which  has  not  been  ezaminod ;  sometimes,  howerer,  a  diftierent  rvoctiaa  takea 
place,  resulting  in  tbe  pxodtt^on  of  iioian  (p.  4M), 

TttanUtmrai  iron.  Bee  Titaxatml 

cnw  -  cn«so<n*  (Gm.Tiii.  428..  n.  rh. ii. 234.) 


— Xhia  acid,  wiuek  in  iaomem  with  et^^sul  ihurio  (vnlpboTmio)  acid,  and  may  be  re- 

gvdad  aa  «fl>^ana  arfplmwii  add,  (SO)"  0*,  waa  iSmomtMd  Iqr  Magnva  in  1883 

(Pogg.  Ann.  xxrii.  378^  and  has  been  further  examined  by  Liebig,  Regnault, 
Woskresensky,  Berzelius,  Kolbo  (Ann. Ch.  Fharm.  cxii.  241),  and  Carius  (/^/.y. 
cxxir.  257).  It  is  produced: — 1.  By  the  ebullition  of  ethionic  acid  (ii.  623). — 2  Uy 
the  prolonged  action  of  strong  sulphuric  acid,  or  of  sulphuric  anhydride,  on  alcohol  or 
ether,  and  is  found  among  the  residues  of  the  prepanttion  of  ether. — 3.  By  the  action 
of  nitrons  acid  upon  taurine,  CH'NSO',  which  may  be  rt-gardod  as  the  amic  acid  of 
isethionic  acid.  A  solution  of  taarine  in  dilute  nitric  acid,  treated  with  nitrite  of  potM- 
sinm,  is  converted  into  isethionate  of  potassium.  (W.  Gibbs,  Sill.  Am.  J.  [2]  xxr.  30.) 

Prtparation. — 1.  Vapour  of  sulphuric  anhydride  is  passed  into  absolute  alcohol 
cooled  by  a  mixture  of  ice  and  salt ;  and  the  resulting  yellowish  oily  liquid  is  mixed 
vith  water,  boiled  for  some  time,  and  then  saturated  with  carbonate  of  barium.  Tlia 
product  thus  obtained  is  isethionate  of  barium ;  if  the  water  were  added  gradually,  and 
the  liquid  were  not  boiled,  cthionate  of  barium  would  be  produced,  but  no  isethionate. — ■ 
2.  Vapour  of  sulphuric  anhydride  ia  paaaed  for  some  time  into  anhydrous  ether;  watflr 
is  then  added,  which  separates  the  excw  of  Hher  containing  h<*aYy  oil  of  wine:  and 
the  £olution  is  heated  to  ebullition  ;  it  ilieu  gives  of^  first  ether,  then  alcohol,  and 
nltiaiatolj  eantMBa  nothing  but  eulphorie  and  iaetbiome  addi^  vhieh  may  ba  aapatatad 
"hy  "nt'jrjition  with  carbonate  of  b;triiim. 

Tu  obtaiu  tiie  free  acid,  iha  bar;um-i>alt  is  cautiously  decomposed  with  the  exact 
quantity  of  sulphniie  aflid  xequired,  and  tha  flltmta  ia  mpocated,  llxat  hgr  gtfide 
heatlnfr,  tlicn  in  a  racunm  nrcr  oil  of  vitriol. 

Isetiiioaic  acid  is  a  vij»cid,  strongly'  acid  liquid,  which  decomposes  acetates  aud  common 
aalL  It  b«a»  without  deeompoiitum  a  heat  of  bat  hladfans  at  higlMc  tenipe^ 
tares. 

The  isethio7iaUs,  C^*MSO*,  are  obtained  by  decomposing  the  l  arinm-salt  wiil» 
solutions  of  the  corresponding  sulphates.  They  are  soluble  and  ctystaUisable,  and  are 
di>f tn^'ul.-1n<l  fix)m  the  elhyl-sulph.ifre.  •^fith  which  they  are  isomeru-.  ]>y  their  much 
greater  stability,  most  of  them  suistainiug,  without  alteration,  a  temptruiiu'c  of  2U0^. 
vHuni  an  iaathionste  is  heated  with  caustic  potash,  hydrogen  is  evolved,  and  thsra 
remaitif  n  nii-ftnrr'  of  crirlKnintc,  oxalaf**,  sulphate,  and  siUphite,  the  jiruytortion  of  these 
product".  v.ii;)iiig  witii  thf  (li  gn  e  of  htiit  which  has  been  applied.   I&tiluouate  of  potns- 

sium,  dit'tillt'd  >vith  pt  ntacliloride  of  phosphoros,  yields  C-Il'SO'Cl*  or  ^  (SOy'Jd* 
which,  when  heated  in  sealed  tubes  with  ammonia,  yields  taurine  (Kolbe): 
CFHWCP  +  WH"  +  HK)   m   0«HTT80*  +  2HC1 
htOumaU  of  tmmmimm,  C^EP(NH*)BO*,  forms  well-defined  octahednxni^  whidt 

preserve  their  tnuippfirrnn'  in  a  vnrnnm,  and  do  not  lose  weight  at  120°. 

The  harium-iali,  C-'il^Jjii^O',  cr^.sullises  in  transparent  six-sided  plates,  which  may 
ba  hMiled  to  300*^  without  loss  of  weight.  They  melt  at  320^,  and  decompose  at  a 
stronp^r  bent,  tlio  s:ilt  1  l-i'-ki  iiing,  SM-ellin<;  np  to  moro  than  100  fcunca  its  orjgiltal 
volume,  Bud  giving  ort  a  liquid  of  very  pungent  odour. 

Tba  copper-talt,  C"H*Cu80* .  H'O,  fonoa  pal»«nni  right  prisms  with  rhombia 
base,  and  bevelled  "srith  l\v.)  f;n("<  rrpfincr  upon  the  acute  edges.  At  liO°  it  tama 
white,  and  gives  off  ly  7  per  ctiit.  water  of  crystallisation. 

The  potaMiumsalt,  C-II*KSO*,  forms  rhomboidal  prisms  which  are  unalterable  in 
the  air  and  beiir  witlunit  dccompo^if  ion  a  ln-at  of  ^no''.  It  melts  between  300^  and 
360^,  forminj]:  a  liquid  which,  on  cooling,  solidities  into  a  (ibrouo  baviitg  the 

qypearanee  of  porcelain,  and  nndiminiahcd  in  w^i^iK  The  aalt  qryifaHiara  wudHy 

from  "Iir.i]in2  alcohol. 

ZSOBZUSBX,  Cfi'N'O*.— A  compound  isomeric  with  biuret  (i.  000),  produced 
>yth»nctiflttflf  aniniottiaontrfiiim-nealjylH^ 

CH"(C'Br«0)N«0  +  VJP    -    C»H»N»0»  +  CHBr» 
T>ftwiD.acft|lf  laoWtnsC  Btohmh 


I  41  i  IS0B&0M0MALEICU-I60DIGLYa)L-£TUYLK^IC  ACID. 

Tf  iliMnlf Hi  HWrfaflly  tll  cold,  easflj  in  hot  water,  and  crystallises  from  the  solution  im 
Ions  needles  containing  CH*N'0*.2H'0,  and  melting  at  185°,  whcrf'as  Vtiuret  forms 
iadutinct  crystalline  a^reffations,  and  melts  at  177°*  lu  all  olher  respects,  the  two 
aobtteDeM  wembU  mSbLmnm  (A.  Ba«7«i;  Aam,  Ok,  PlwniB  «nx.  1§L) 

ZSOBSOMOBKAZiSZC  AdSb  SseMALBIOAODk 
ZSOCAJVXrrEirz:.    See  CkivvTKSTi  (i.  311), 
ZSOCSTABKZSB.    See  the  next  article. 

ISOCXTIO  AOA  C'*H'K>*— An  add  dincoTered  in  1864  by  Bouis  (Compt. 
read,  xxxix.  923).  It  is  produced  by  saponifying  the  oil  of  Jatropka  Curc€u  (huilo  do 
m^icinier),  the  quantity  obt^uned  bdng  18  or  20  per  cent,  of  the  weight  of  the  oil. 
After  separation  by  pressure  from  olaic  acid,  and  crystallisation  from  alcohol,  it  furms 
■hining  sealea  which  melt  at  66°,  and  solidify  again  ut  53*6^.  Ita  silver-tall  is  soluble 
in  water,  very  soluble  in  alcohol,  meltt  whAXl  j^atgd,  and  bnzst  «mUj  vithoat  odoni^ 
learing  a  residue  of  metallic  silver. 

hocttate  of  Ethyl,  C'»H»(CH*)0«  prepared  by  the  B8aalnietho<ls,  is  odoBilMi^  melta 
at  the  ]ieat  of  the  hand,  and  solidifiei  at  wmalning  pecfisetlj  tzaaspaienti  and 
aa&umiug  a  cQ'staUine  structure. 

Jmoetamidf,  C'lP'NO,  is  obtaiiied  by  heathig  the  oil  above  mentioned  witli  ammoiiiia 
in  a  Healed  tube.  It  is  whito,  nacreoua,  meltaat  67°,  and  in  nut  attacked alNQg  potaril* 

ZSOCTAXrURIC  ACZI>.    Hyn.  with  Fvluixuric  acid. 

ZSOSZSKOMCOBircCZVZC  ACZS.    See  Su  ccinic  acid. 

ZSOBZOZiTCO^BTKTMDrZO  AOZB.    C*II 'O*.  (Barth  and  Hla!>iwetf, 
I  Ann.  Ch.  Pharm.  cxxii.  90)L«Aa  acid  isonurie  with  diglycol-ethylenic  acid  (ii.  914^ 

i  produopd  by  treating  milk-snpnr  with  bnimine  and  the  product  with  oxido  of  silver. 

A  bromiiie-cunipouiid  of  miik-su^ar,  C*ii'*0*Br',  (not  isolated)  appears  to  be  fink 
Ibrmed ;  and  thi^  wh.  n  iceatad  witli  Boiat  onde  cC  dhar  yielaa  Dranide  of  aOrec^ 
and  the  acid,  C*H "'(  )«. 

The  acid  is  prepared  by  heating  SOgrms.  milk-sugar  (1  at>  »■  C*H'*0")  with  GOgrma. 
bromine  and  half  a  litre  of  water,  to  in  strong  well-closed  bottlee.  The  somewhat 
dilute  yellowish  solution  \s  neutralisod  with  moist  oxide  of  silver  (or  oxide  of  lead) ;  and 
the  tiltertKl  solution  is  decompiled  by  sulphydhc  acid,  evaporated  at  a  gentle  heat,  mixed 
with  alcohol  to  remove  a  little  lime,  freed  ftom  alcohol  ny  distillation,  and  saturated, 
while  still  liot,  with  carbonate  of  cadmium.  The  slightly  acid  solution,  decolorised 
with  animal  charcoal,  yields  the  cadmium-salt  in  groups  of  granular  ciystala.  To 
obtain  the  free  acid,  Uie  oadminm^ealt  is  rubbed  up  to  a  thin  paata  with  water,  and  de> 
composed  while  hot  by  sulphydric  acid,  and  the  filtrate  is  evaporated  to  a  syrup,  which 
grauuLllv  driee  up  to  a  sofl^  hygroscopic,  crystalline  maai. — Thia  acid  may  also  be 
obtaioad,  without  tiie  Ibrmatioii  of  tiia  intcmadiata  bioaiiad-^oiiiiNnuid,  bj  txeatiiv 

I  milk-sugar  with  half  the  preceding  qtuotltj  of  broaiiii%  nootnliaiag  tfao  tohition 

carbonate  of  sodium,  and  boiling. 
An  add,  agreeing  witii  the  pwwuediag  in  every  respect  excepting  the  amount  of  ita 

j  rotatory  power,  is  obtained  in  like  manner  from  gum-arabic.    With  .starch  only,  a 

aauU  qnantity  of  an  unciystaUieable  acid  nuuw  is  obtained.  Maanit^  cane-sugar  aiid 
l^oeee,  treated  witii  bromine  and  water,  form  hydrohrumie  add,  which  tiiett  gives  nse 

to  the  formation  of  humus-like  pnxlucts. 

Isodiglycol-ethylenic  add  dried  ov^oildfyitriol  contains  13*9  ner  cent  water, 
agreeing  nearly  wilh  the  Ibnnida,  9CI*!EP*0*.tH*0.  IthM  a  strong  add  reaction,  melts 
below  100**,  and  bums  on  platinum-foil,  giving  off  the  ud<uir  of  burnt  sugar.  It 
dissolves  in  alcohol  and  is  predpitated  from  the  solution  in  flocks  ether.  The 
aqneoM  solntion  is  not  predpitated  bj  neotial  or  bade  acetate  of  lead,  merenrie  nitrate, 
i  caustic  baryta,  or  lime-water,  but  forms  a  white  prodpitate  with  ammoniacal  angarof 

1  lead.    The  ammoniam<8all  reduoea  an  alkaline  eiqirie  sdntion,  and  forms  a  npnnnlBm 

!  when  heated  wiHi  nitrate  of  ailrer.  The  add  poeseseee  optical  rotatoiy  pown: 

hodiglifcol'tihylenate  of  ammonium,  C*H*(NH*)0*.H*0,  crvstaUisea  in  huM 
[  paront,  glaasy  crystals  of  the  monoclinic  system.    It  diasoma  in  wafeeiV  W  aaailj 

[  usolnble  in  alcohol,  and  gives  off  all  its  water  at  120*'. 

\  The  ro^/ntum-eo/i^  crystallises  from  a  hot-saturated  .solution  in  grannlar  aggregatea 

,  of  monoclinic  needlea  containing  2CH*CdO'.3HH) ;  from  dilute  solutions,  or  from  the 

I  mother-liquor  by  slow  evaporation,  in  well-developed  monoclinic  cr}-i<tu]8,  mostly 

united  in  tuftH.  Both  these  hydratea,  rHp(H:ially  the  former,  are  sparingly  iioinMa  in 
water,  and  both  retain  all  their  water  of  crystallisation  till  heated  to  160='. 

The  oalciumsaltt  2C*H»CnO«.7H'0,  crystalli.seB  iu  crusts,  or  from  more  dilute 
aolntioas  in  large  shining  plates ;  it  gives  off  4  at.  water  at  100^  and  the  rest  at  140*. 
There  is  ahK>  a  calcium-salt  containing  only  Imlf  as  much  water  aa  the  j^iracedtng. 
The  bariua^  and  sironUum-taltJS  are  gummy. 
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ISOMERISM.  416 
The  coppi*r  mN  if  tohVle  and  unorpiMNH. 

A  lead-salt  havinp  approrimately  tho  n-  mpo^iHon,  CTT'Pbn*.2Pb'0.^IT*0.  in  obt«iiwd 
as  a  white  precipitate  on  treating  the  solution  of  the  acid  with  nautral  acetate  of  1m4 
ad  nMnrii 

Tho  potaxMum-satt  form  %  flMid  UOyitllliMbli  MM^  «Mi]j  Ml»bl»  fai  «it«r,  tad 

pceeipitatad  by  aloohoL 
Tlw  itfwr  iott  ii  •  gBirtlnuM^  iMOfdeeempodUe  precipitate,  foniMd  only  in  eosMv- 

tnt«d  solutions. 

The  •odhm-*aH  forma  tufts  of  prisms,  which  in  the  aiiHbacd  state  conUin 
 —  trfglftciffhdftlMlrwitwailO©*. 
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mont  by  ch<  mi'-fs  is  r\n  expression  of  the  fact  that  very  difltaftnt 
have  sometimes  identically  the  same  ultimate  composition. 

Two  or  more  dilfereat  bodin  iMA  wn  eonqpoMd  of  tiu  mom  elemwiita,  md  «f  tlia 
f-nmp  proportions  of  those  witmeiiti  {it,  iHiich  km  tiM  MUM  prmrntago  compoaition) 
are  said  to  be  isomeric; 

Isomerism  is  sooMtiaiefl  used  ii  %  tmtcmm  mom,  1»eiiif  n«ds  to  ^lify  equality  of 
Biolecular  weight,  as  woll  as  identify  in  porcontaf;o  composition.  When  the  com{x)Uuda 
bare  the  same  pezoenta^re  compositiun  but  different  molecular  weights^  the  term  poly- 
Merie  im  employed,  fflras  tbsra  wn  tii«  taraM  Uomtrk  (in  iti  Mose),  signifying 
that  the  diff<  rf>nt  bodios  h;ivr  the  same  percentage  coni]Misition;  fplytnerir,  (signify  iiig 
that  theie  different  bodies  have  the  same  peveeatage  compoeitmk  rat  different  mole- 
atkrwn^^;  laetmrie  (in  Hi  ree tricted  mam\  souedraM  eriled  Mtt&mefie,  that  Am 

bodies  havo  the  same  pfrt'ontago  composition  anil  likcwiso  the  same  mob milar  woight. 
As  might  naturally  be  expected,  cases  of  isomerism  abound  in  oinnic  cbemiatiy, 
wlwrs  to  euufnimw  nvrnlwr  of  eompoondt  rerah  ftwa  ^  wnbbimn  «f  fvy  §gm 
elements.    TTic  follrwint:  organic  sub.stances  may  hf  ciltd  bj  Vl^of  IDMlntil^th« 
em^yment  of  the  term  isomeric  and  its  cogpnera. 

Butjnicadd  ^^h}^  " 

AoelieedMV  c^\^  "  <Wff^ 

Aldehyde  -  ^"^^ 

Oxide  of  ethylene  (C»H«)"0  »  CH'O 

These  four  bodies  arc  quite  different,  and  have  the  same  percentage  composition,  ns.: 

Carbon  64  55 

Hydwg—   9*09 

Oxygm  36-36 

loo-ob 

They  an  bomeric,  or  homers^  using  the  term  in  its  widest  sense, 
i^ya,  bilTife  acli  tad  ald^lijd*  bm  diftaM^  Bi^^ 

Butj-ricadd  C'lPO*  -  88 

Aldehyde  C»fl*0    -  44 

Bn^rie  acid  and  aldehyde  are  therefore  Folpmeric. 
Skmilarly  aeede  etbar  Mid  aldehTde  are  AWywsrfe,  or  acetic  ether  tad  onde  of  «4bj4iB« 

are  Poh/mfric,  or  butyric  acid  ana  oxide  of  ethylene  are  Poh/mrric. 
Again,  butyric  acid  and  acetic  ether  have  the  same  molecular  weights,  viz. : 

Butyric  acid  C^0»  -  88 

MmUki/kat  C^PO^  m  88 

Tbm  are  therefore  h'onirric  (in  the  restricted  MBM)  OT  MtUmmit,  JJf3iiAjd»  tad 
ODU  of  ethylene  are  also  metameric  bodies. 

CbaelyiMadtetbtlim  woHiPriwi  to  ^twrn  allotropy.  Bolb  of  them  b«T« 
nANOce  to  the  same labflantial  fact,  via.  that  different  substances  have  sornrrimev  the 
HBT  ultimate  compoaition ;  but  thej  difl^  in  their  manner  of  stating  iu  Ibouu  ric  and 
aUolFopio  are  ia  fliot  oom  plementary  Cmaa.  "iocwaarin'*  bfiag  omployed  to  predioato 

identity  of  composition  between  diffi-rent  bodies,  vbilal  ** allotlOpto  "  OipnOMi  dlflb* 
rence  between  bodiea  of  identical  composition. 

Sack  being  the  Ibreo  of  tbeoo  wofda,  tii««to  aovtein  propriety  n  tfieir  asage;  thua 
whilst  it  is  correct  to  say,  "F.utyric  acid  and  acetic  ether  ure  ■  r/r,"  it  should  be 
"  There  are  ttUotropio  bodiea  of  the  formula,  C*H'N."  The  same  reason  which  eiyoina 
Ibaanof  *'aIlotro|iie''iBfhlaease,  pmeribeoit  In  the  iaataiMeof  single  elomeiita; 

Ibufl,  for  exam plf,  we  rv.nl  of  "  allotrupie  kinds  of  sulphur,"  but  new  r  of  isomeric  kindlh 
It  ia  worthy  of  remark  that  cases  of  isomerism  otxunring  in  inorganic  chiaustiy,  aza 
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usually  dc«,^rn>0(l  ]<y  otiijiloying  thp  worfl  nllotropy  Of  aJlofropio,  -whilst  the  rercrM 
obUiui  in  o^anic  chemistij.  This  maj  be  partijr  aacxtbed  to  there  being  always  a 
very  wid«  djffiwMM  or  elae  »o  diiftrraee  at  all— -in  tlia  oompoaitMiii  <^  any  definita 
inoriranic  siibshmces;  and  hence  thp  fart  of  identity  or  non-identity  of  composition 
boing  so  easily  ascertaiuable,  it  is  implied  ia  tha  form  of  axpnauon,  whilst  the  fact  of 
diiferttiioa  of  propertiea  alone  needs  to  be  made  the  antjlec*  of  fnrnal  predieatimi. 
Ainriii;^  oriraiiic'  VKidi.'s.  on  f!ie  oflicr  liatul,  it  cnntinnally  happrns  that  llu^  difffr»-in^f9 
of  composition  arc  quite  decided,  and  vet  so  rerv  minute  as  to  tax  the  utmost  powers 
of  cbemied  anaemia  ligr  thair  racoftuiooo ;  and  hmoe  tiM  aapenor  dignity  vbich  tha 
TiK  rt  afflrmafion  of  identity  «f  nmnwla  «OBq|N)iitiw  atoqpina  ia  tha  oi|puie  depwtr 
jucnt  of  the  licicuce. 

The  princip.\l  examples  of  allotTopy  or  imnerum,  i«.  of  the  eoesbtenoe  of  identical 

nltimnte  composition  with  ilin^  ronce  of  proporti>'S,  v  ill  uow  bo  considered. 

ifydrocatbotu. — 1.  The  olefines,  a  numeious  class  having  the  general  fbrmola, 
Oh",  tarn  a  mj  lenuuUhle  ooae  of  poly merisD.  Methylene,  the  hnreet  term,  where 

«  —  1.  is  wanting:,  and  apponn<  to  !»  an  imp^s^iihle  body  ;  for  many  rvMction^  in  which 
it  should  be  produced  jield  the  higher  teems  instead.   The  olefiues  at  pretient  known 

Vapour.  BoUlM* 

deiuiiy.  palal. 

Ethylene  C*H«           0*97  .  . 

Propylene  CH*           I'U  .  . 

Butylene  CH*  1-94 

Amylcne  0»H»          2-42  Sd" 

Hexylene  C-H"  69» 

Heptylcne  C'H'«          3-39  95'' 

Octylene  CW*           387  lU^ 

Decatylone  (paraniylene)      .      .      .  C"H"         4*84  IM* 

OetyleoA  C»«H"        7-7«  »7««. 

By  the  dertructire  distillation  of  wax,  Brodie  obtained  cerotene,  for  which  the  formula 
C*^H**  has  boon  given  ;  but  there  is  in  reality  no  reuiion  whatever  why  C"H**,  rather 
than  any  other  out  of  a  considerable  number  of  formulae,  should  be  assigned  to  IL 
The  peroentage  ooB^poaition  of  the  oJdhuo  it 

Carlton  =  8571 
Hj^drogen  ■  14  28 

10000 

They  present »  eertafa  genewJ  dmroed  ehaineter.  All  of  theueomUtte  vitt  dJe- 

rine  and  hrominc  witli  pwnt  readiness.  They  differ  in  vapour-density,  those  near  the 
beginning  of  the  lit^t  increasing  icgularlj  in  vapouvdensit^  by  0*4844.  The  first  two  are 
gaseonc  at  ovdinary  temperatare  and  {neottre ;  the  third  w  a  wy  Tolatile  Uqaid  boiling 
at  about  0**  C. ;  the  others  on  the  list  are  liquid*  of  whic!i  f!ic  loilintr-ixnnt  rlsrs  an  the 
fonnnla  increases ;  and  tiie  very  eompUoL  <deftDee  which,  being  uncertain,  are  not  on  the 
list  are  usually  btdieved  to  he  aoUdi.  It  will  he  ohserved  ibaX the  inemnent  in  boiling 
jioint  for  the  addition  of  CII*  to  the  formala  is  large  ;  between  amyleno  and  lie  x;.  l.-n«, 
for  instance,  it  is  Zi°.  As  the  series  ia  aaeended,  thie  inccement  becomes,  no  doubt, 
sneoefBivcly  smaller  and  smaller. 

The  sp.x  iiic  gravity  of  the  diAfont  oMiiM  in  tiM  liqiud  state  tMma  to  Inontaa  ia 
the  formula  increases. 

^ere  are  certain  well  aflccrtained  chemical  differences  between  the  olsAnefl.  Thna 
the  amount  of  olefine  which  will  saturate  a  given  quantity  of  chlorine,  or  of  liromine, 
differs  according  to  the  olefins  taken,  being  proportional  to  the  vapour-deusity.  The 
molecular  weights  of  t^e  difiRvrent  oleflnes  express  their  saturating  capacity:  Deeraoe 
the  vapour-densities  are  proportional  to  the  molecular  weights. 

Enrh  .define  may  be  prepared  from  a  pectiliar  alcohol,  and  in  general  may  be  made 
to  yimid  that  peculiar  alcohol  by  certain  simple  processes,  e.g. : 

Ethylir  alcohol.  EthrlfHe. 

C^RH)    -    H«0       «.  C-K* 

and  i^jaiii: 

Ethyl>>ne.  ErhvHr  alcohol. 

CH»     +    HK)      -  CH«0 

Amrlf^e.  Amjilc  elcobol. 

+   TO      «  C«H"0. 

If  the  alcohol  and  the  oleflne  standing  in  these  relations  to  it  be  conipare<  I  it  will 
be  seen  that  tluy  xeeembie  one  another  in  the  number  of  carbon-atoow  contained  in  their 
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The  erplanation  that  chemists  give  of  the  difforcnfo1>et\vocn  the  oleflnen  is  that  tlieir 
Brolecnles  are  of  dili'i  rent  degrees  of  complexity,  and  tliat,  in  fact,  difl^rent  caribou- 
radidea  are  contained  in  them.  Thus  in  ethyli  in-  we  hare  the  carbon  radicle,  C,  and 
accordingly,  ethylene  in  ofisWy  obtaiiu  d  from  certain  (impounds  containing  the  radicle 
O**  sad  easily  yields  derivutives  containing  the  niiiide  0%  Again  in  aniylene  then  ia 
th^  rHdicI'-  C\  and  iimjltnAis  obtaioad  ftam  awpoamii  of  0*,  vhidi  itiatnmBij 
be  made  to  regenerate. 

TIm  okAnes  pre^nt  ft  fttf  tndom  «mB|il«  of  pQ^fmaiMn,  Imof  tt  om  tad  tfa« 
same  time  polymeric  and  homolopjus.    !Rec«.-nt  inrestigatinns  render  if  pn-liaM-  that 
k  also  iaauuxum  in  ita  restricted  Beobe  (or  netaiaeniua)  among  the  oleftnes.  It 
tfp«m  Ch«t  thwB  M  man  than  om  hoif  hmwutq;  the  ftmnila,  (FH**,  the  he^kne  de- 
nved  fpjm  mannite  api)Paring  to  "be  allotropic  with  that  got  from  other  KMneM(pb 
It  would  seem  also  that  there  are  distinct  varieties  of  amylene. 
(2)  Among  compounda  of  the  general  formula,  C'H*''*'*  men  ia  ft  videflald  in 
tamerism,  bat  polymerism  is  obyiously  an  impossibility. 

Two  classes  of  compounds  are  commonly  recognised  fts  posse<««ing  thia 
formula.    These  are  Ihu  alcohol-radicles  and  the  alcohol-hydrides. 
IIM^],  the  aiBite  tloohoipndida  ia  saliiiMis  «it^ 


Methyl  CH«[  •  ^* 

Ethyl-hydride  ^  g'J  -  Cm* 


And,  advancing  higher  in  the  series;,  the  possilniity  of  casea  of  motanierisni  beconK^ 
modi  greatec  Thua  putting  n  »  6  in  the  f  »rmula,  C"!!''*',  we  have  the  following 
ipoonda,  all  hioloded  bj  Ae  expressions  hydride  and  akoholo> 


BnQil>bjrdridd 

Vethyl-ft^jrl  

Ethyl-tetiyl  C*J1*  1 


14 


-  C«H»« 


f  C«H» 

'C*H' 

rC'TT* 

C-H\ 
CH" 

C 

CH«. 
CH«» 

C 

H 

0 

CH». 

C- 

H  * 

I  H 

1  H 

H 

I  H 

There  is,  however,  no  reaaon  for  believing  that  alcohol -radicles  and  alcohol^hydzidea 
form  the  only  classes  of  compounds  embraced  by  the  formula,  C"H*^*l  NoUiing  that 
we  know  would  lead  to  the  rqectiqi  o^  for  inatance,  the  following  additional  allotroptc 
hftviagthe  temvb,  GV*. 

«H" 
H 
H 
H 

Ke«rpeetirg  thf  netnal  diffeTenees  between  i^i/^mer<5  having  the  geneml  formula 
OH^'^,  very  little  ia  positively  known.  A  difference  in  the  action  of  dry  chlorino 
vpim  nalhyl  and  Irfdrtde  of  ethyl,  haahaen  obecrred  byFranhlatid,  mHh^r]  yMding 

C'lI'Cl"  as  a  gjiscous  coniivmnd.  whereas  ethyl-hydritie  pivcs  C*II*C1'  as  a  liquid. 

SchorIemmer,ontheotber  hand,  who  has  ex^mmented  under  ditierant  conditions, 
obt^naflvMii  methyl  ftbodjwhiehhaa  the  oompoaition,  vaponMensity,  and  boiling  point 
of  chloride  of  ethyL  He  has  not,  however,  ol>tainf  d  c< minnni  al-ohol  from  it.  nnd  whether 
it  be  or  be  not  identical  with  chloride  of  ethyl  remains,  for  the  present,  undecided. 

The  hydride  of  tetryh  which  ooeora  in  petroleum,  is  a  very  volatile  liquid,  boiling 
at  about  0^;  ethyl  is  agaa  which  doae  not  ooodanae  at  —18°,  under  the  ordinaiqr 
atmospheric  pleasure. 

HTtlride  of  tetryl  and  ethyl  are  neComeric.      jj  ^  -  |  qi^j. 

Tlif  hexyl-hydride  derived  from  mannite  by  the  action,  fin^t  of  hydriodic  acid,  nnd  then 
of  £100  and  alcohol,  is  remarkul  ly  insensible  to  the  action  of  chlorine,  even  in  the  pre- 
sence of  iodine  and  water.  The  liy  dridc  of  hn^l  ooenriaf  in  patrolMUiv  on  the  ethar 
hand,  seems  to  be  readily  attacked  by  that  agent. 

The  dreuniBtance  that  Uiose  0  he^l  compounds  fruiu  v^hich  the  haxvl-hydride  of 

mantie  ia  aunie  immediately  derired,  tend  to  aplH  up  on  ozidatioa,  lawta  

«f  Mpport  to  the  notion  that  the  formula  for  the  manaite-bjdada  ia 

CH» 
0H» 
CH" 
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but  mwh  remftiiui  to  be  doae  b^bre  any  rery  ^ittve  opinUm  Ma  be  ibnaed  of  die 
1       r  themflUuMRimfalinitiiifflMlwanliiiii^^  ftudlih*^  


3.  Two  compounds  with  the  empirical  formula  CH,  viz.  benzene  and  acetylene,  pre- 
sent a  esrioiie  eaee  of  polynwrini. 

Till""***  roTnpoTTnr!«!  harp  a  certnin  Hlcrne???,  IwtTi  l  iomjr  prodiicts  of  the  Mtaon  of  A 
Vtry  elevated  t«miperjitur»\  l^ut  iu  other  respects  they  ure  very  uulike. 

Benzene,  0*H*,  le  ft  liqaid,  and  is  related  to  bsnsoio  add  and  phenylamine.  Acetylene^ 
CIF.  Is  a  pis  pos<!fs«in^  flio  pmiliar  proprrt}*  of  attiifkin^  certain  rin  tanic  solntions^ 
Buch  HH  Hnmioniacal  solution  of  cuprous  chloride,  aud  is  rtlateil  to  ooiniiiou  ulcoliol. 

4.  A  large  ntunber  of  yoktile  oik  di&ring  much  in  smell,  ta'^te,  boiling-point, 
action  with  roappnt*.  and  in  other  important  partiLMiIars,  Iiavo  had  tlu  formula  C'^H"' 
assigned  to  them.  To  this  class  belong  the  different  kinds  of  oil  of  turpentine,  oil  of 
Icoioiia,  neutral  oil  of  dovva,  oil  ci  eUwd-nmn^  earvene,  end  eome  otluH.  lUepeeting; 
theso  bodii^f.  the  remark  may  he  madi*  that  wo  aro,  for  tlio  nmst  part,  quit'?  igno- 
rant of  their  true  formula :  for,  in  the  almost  entire  at)8ence  of  denvatives,  the  mere 
nalnieof  iwch  hydroewbone  ^  oig  pceent  methode  !e  totaU^  inadequate  to  ' 
guiA  batweeii  •  TBiittj  of  nddMaooMCia  ftin^^ 


Isomrrs  containing  Carbon,  Hydrogen,  and  Oxygen. 

Both  metamcn^in  and  pulymerisim  occur  very  abundantly  amoi^  these  compounds. 
(1.)  The  ethers  of  the  organic  aoids  aflbid        ftrendlMi:  ' 


Mwillbo 

nmarent  on  a  little  confiidcrafion. 
Aoetate  of  methyl,         >  0>  is  metamerio vith  fonuate  of  etlgrl,  (^sl     ud  vitli 

ing  ndide  and  add  nCH'  to  the  aleoliol4hnmag  mdicle,  or  vice  vanti,  m  mitat  gel  ft 

TTiotamor.    Hence  it  follows  that  any  ether  of  an  oi^nio  acid  must  haveoiaiiy  1 
if  its  molecular  weight  be  tolerably  high.   Hi  n'  i.s  uu  example: — 

C4I»0 


Valemteof  ai^yl 
Btt^ftstecf  hezyl 
Ftrapioaate  of  heptyl  . 
Aaetatoof  ootyl  . 
FoBMteof  nonjl 
Caproate  of  tetiyl 
(BnaBthataoftrityl  • 
Capiylate  of  ethyl 
Bdatgonate  of  methyl 
Bntie  add  . 


O 


cn-o 
cm*o 

CH" 
CHO 

cm* 

OTP  p 

C'H'K))^ 


jo  - 


1° 


mm  O^R^* 


C»H»  > 

cwa»K)i 

H 

Thus  there  are  no  fewer  than  nine  metamers  of  valerate  of  amyL  The  diffovnoa 
iMitweeik  metamere  of  this  kind  is  very  neatly  defined  by  mebons,  saponilloalwti 

with  potash  yielding  a  different  alcohol  and  a  potassium-gait  of  a  different  aoid  in  each 
case,  i-'or  example,  valerate  of  amrl  gives  amyl-aloohol  and  valerate  of  potassium, 
iriiQat  but}Tat«  m  bexyl  gives  hexyl-alralioi  and  DoiTvate  of  pofUrinm. 

This  kiml  of  metamerism  is,  of  course,  not  confined  lo  the  fatty-acid  series  :  ■whenever 
there  Me  homologues  of  the  acids— no  matter  what  the  seiies  to  which  the  add  belonM 
— audi  metameriam  ia  maaiblaw  Andof ooofael^ aanae leraaric  appKea  to  tiiaaleohol, 
the  aromatic  and  the  aQyUe  acrioa  admitting  of  jnat  tiia  fame  Uaaof  metaBaEiani  aa 

the  vinic  series. 

(2.)  Every  alooihol  in  a  aeriM,  except  the  low^t  one,  is  metamoio  vith  one  or  xoan 


Oommon  aleobol 


cm*} 


o 


C*flH) 
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hjl^criip  in  the  scale: — 


Telrj^l-iuetbi^l  cth&t .... 

Tkityl-eChjl  eHicr  .... 

The  action  of  {odid«  of  phoaphoras  npon  Amm  diflhrantcampoiukb  enabke  va  to  dia- 

tinpuijih  them  immodinti  Jy. 

J3.)  The  aldehjdes  are  metAmeric  with  ketones,  with  alcohols  of  the  alhrlic  aerieii 
iivith  «lb«n  of  tiM         aariM,  thna: 


.  C*H"0 

Propylie  aklihjde  .....  ^g*^}  "  C'H»0 
OoBtmon  iMtona     •     »     •     >     ■  O 

Allylic  alcohol  ^*|*^        -  C'irO 

Oxidf  of  tnh'kno  (C»JP)"0        .  C'HH). 

These  four  compounds  are  very  easiijr  distinpiishcd  irum  oiie  aaothar:  the  fixst  ia 
•tmfy  «addiicd  to  prupunk  add;  tiia  aaeoad  giT««  no  propionie  add  «n  olidadoiip  iMit 
lowerftfi^Mida  iaMMd;  4lia  thnd gitaa aodaia  aad  Mtjtk  addj  tlM  AwUi laatio 
add. 

(4.)  Katonaa  acM  nMtemcdo  vilfc  <illMr  katonaa  and  willi  aldal^daa  and  componnda 

IlK  tamenc  tlicrt  with. 

The  metamerism  with  ether  ketones  i»  very-  easj  to  understand.  The  rational  fnimnla 
(rf  an  ketones  consisting  of  an  acid-form  iiig  i^ide  cot^joined  with  an  alcohol-forming 
radicle,  it  follows  that  transference  of  nCH*.  firom  one  ladkla  to  ^  otliar  vUl  yiald 
iaoBane  bodiaa.  Tk«%  lor  instanco,  wc  hava  iaoanin  in 

MeOijl-^fdttyl     .     .^;^|  aadttfcjl-lHrtyijl     .      -  cniP\ 

Our  knowledge  of  the  ketones  is  very  aligLt,  but  it  is  to  b«  expected  that  these  two 
eom)X)iin<is  wuiud  fl^ve  different  products  on  being  oxidised. 

Mttamerio  Alcoads. — It  hm  recently  bcpn  discovered  that  there  are  at  least  two 
aeries  of  alcohols,  the  corresponding  terms  of  which  are  mctameric,  well-marked  difier- 
ances  having  been  recogniaad  between  corapoonda^  wiIIl  the  composition  of  hexylie 
alcohol,  and  also  I'Otwpen  compoun<ls  witli  tho  composiTion  of  amyho  alcohol.  It  is  at 
pteaentonoertaiu  what  the  nature  of  this  metamerii»m  i&  (see  HjBXTi.-M.c«>HOZ.a,p.  162)» 
Mi  it  aeama  to  affect  the  total  conatilvtioD  of  the  two  seta  of  composnda. 

A  more  RnpK'rfifial  kind  of  difference  wn'^  notict-d  h\  Paptrnr,  some  years  ago,  Vn^- 
tween  varieties  of  amylic  alcohoL  Ordinaiy  fusel-oil  was  found  by  Pasteur  to  be  made 
«p  of  two  liquida  faatving  the  corapoeitum  of  amylie  alcohol,  but  slightly  diftrent  in 
properties,  the  on<>  Ix'iuj^  wifliout  action  on  polarised  light,  whilst  tho  other  furiii'<l  the 
plane  of  a  polarised  ray  to  the  left.  The  derivatives  of  each  of  the&e  varieties  of 
aniTKe  aleoool  poaaeaa  the  aana  adion  on  polariaed  light  aa  the  almhola  themaelveap 

nr  .  r  r- sent  some  difT<'rence.s  in  f>oTiiViilIfv,  «c.,  but  on  the  whole  they  ar<'  raarvcUouslr 
similar.  Chemists  axe  not  amreed  how  tbeee  varieties  are  to  be  regaj>iedt  it  being  stiu 
mwHarn  whethnr  a  m«re  dlmmnee  in  aotioii  vpon  polariaed  light  potnta  to  any  Imttlie 

▼eiT  slightest  differenee  in  roust itution. 

JmUumic  Acids.— Thf^re  is  some  reason  for  believing  that  the  fiUty  acids,  when 
tb^  an  in  llie  Ikpiid  state,  have  twice  tiia  moleenlar  trdfbt  which  their  rapoim !»?» 
when  heated  up  to  300®  and  higher.  Their  great  tendency  to  form  douhle  salts,  and 
the  £BCt  that  their  vapours  at  low  temperature — whether  oiidBt  gnat  ox  email  preesww— 
hftva  a  double  density,  point  to  this  conclusion. 

Admittii^  the  donble  formula  for  the  fi&tty  acids,  some  very  interesting  eaaet  of 
trfan.  Tliiu^  pTOfiioitte aoid  ia  metamcric  with  ba^^aoetic  leid:— 

C*H»0  \   

Propionic  add  .   C"H^  lO*  -  OTW, 

Bo^yr-acetic  add  .      .      .  O^HW^|0»  •  C«H'H)*, 
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And,  in  like  niauner,  eticli  term  uf  the  aeries,  except  the  end  oues,  is  metatncnc  with  a 
eompotind  acid  formed  of  the  next  Motr  «nited  with  the  next  above.  It  is  ntxtthj 
of  remark,  n!>  a  fa<'t  in  tlu>  ]n^tory  of  organic  ebemutiy,  that  bu^nsAeitae  aflid  WM 
niataken  for,  and  described  aa,  propioiuc  add. 
Tlieanhydndei  of  tha  aionutieaad       addt  oftr  a  ijit«matie  iMttiMKinii,  e.^. 

Aceto-valeryl  anhjdride  .      .   ^I^j^  "  ^'^"^'» 

Ftopio-biilTiylaiilvdada     .  ^h«o|^  ~  CSmQ*, 

ar*  BOlanMrie.   In  feet  tbtra  ia,  araonff  these  ad^^rdrides^fiist  a  mwtitiiai  of  tiia  eue 
of  the  othert  al-^^nlts  of  the  organic  nculs;  ljmtkU!^l^JSPmm*Wm^bBm»u4idb 
to  the  other,  endlcaa  metamerism  arises. 
Ho  eaoft  of  in«taanerl«n  hehnm  two         ftttj  aeidt  baa  yet  beon  mado  out;  but 

in  thf  arriniatic  st-ru's,  thoro  un-  sucli  cmscs  :  thus  fhcrr  ar>-  two  1)*'iii'ute  acid*!. 

A  veiy  remarkable  example  of  metamerism  is  affuided  bv  the  difiEareat  varieties  of 
tartaiie  acid  and  taeemie  aod.  Thsio  is  a  taiCarie  aeld  ynadti  polariM*  to  tho  rig^ 
(the  commonetit),  another  which  polarises  to  the  left;  raccmic  acid,  from  which  V.oth 
varieties  of  tartaric  acid  may  be  obtained ;  and,  finally,  a  tartaric  acid  without  any 
action  upon  polarised  light.   AH  these  substances  are  met&mexic,  having  the  formula 

l^yttftM^ir  itfiioMk.---]faiiidta  and  1^ 
tbataralA  C*H'HK 

Hie  moot  ftiftrag  dlAMnoe  bohrem  tluoa  bo^Uca  is  to  bo  ftmid  in  thoir  digwit  of 

solubility  in  water— mannito  Leing  comparaf Ivcly  soluble,  moliimpyrill  OOmpOMtifdj 
inoohibkw   In  reactions  they  are^  so  &r  as  is  known,  very  similar. 

Tlien  Mem  to  bo  many  metamor*  hoth  of  gr^)e-sugar  and  of  eaiie-j^ug:ir,  but  littfe 
is  kno'WTi  with  rt-rtainty  r<  spoctIn^'  thoni. 

Examples  of  polynioristn  are  not  by  any  means  so  nnmerous  among  the  compounds 
of  carbon,  hydrugeu,  and  oxygen,  as  we  have  found  the  examples  of  metamerism  to  be. 

There  can  be  no  polymers  oitlier  of  the  xmic  ala^ioli  or  vinio  ethen. 

The  fatty  acids,  and  the  ethers  of  the  fatty  acids,  are  polymprie  with  more  complex 
acids,  or  with  compounds  of  the  8Ugiir-<^ii«s6 ;  but  even  among  thi  iu,  there  is  uothin^ 
approaching  to  the  oneUoss  metameriam  wbidi  has  been  xoftnod  to. 

Arctic  acid  offlm  OM  of  tho  boot  onmples  of  •  Mtj  «eid  polymfiio  with  aeml 
substances : 

2(CH«0)  »  C«H«0«  acetic  acid, 
ZiOEPO)  -  C«H»0».  lactic  acid, 

grape-sugar. 

By  doubling  the  formula  of  auy  aldehyde,  we  gel  the  fonauia  of  a  fatty  acid,  thus : 

(yE*0,  omimoD  aldt^hyde, 
C«B<0«»birtjik«ea 

By  tripling  tbo  ftnnnla  of  in  aldeliTd^  we  got  tba  ftnnida  of  u  add  of  tbo  kelie 

C^'O,   a)mmon  aldehyde, 
0«*H>*,kiiflioMtd. 

Qi^o>MgariB  polTinone with et^Uarbonio add:  OnvMagir  •  C*H^;  Si 

cules  of  ethyl-carbonic  add  -  2.C-H*  1 0»  -»  2C^H«0«  -  OT'«0«. 


liMMrt  eontMtig  (Mm,  ^rogen,  and  Nitrefftm, 
The  flalloiriivooiiipmiid  fasw  tlio  Ibnuda  CW:-^ 


Hexyhunins  .      .      .      ,      H       -  0«H»N 


C»H" 

Aajl-BMUvlaaiao       ,      .    CH*  l^N  « c*H»M 


H  . 

H  ) 

;h«  In  « 

H  J 


H  J 
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H  J 


OTP 

CH'J 

CH*  J 

A  Tery  neat  Taction  dif^tingaiBhes  the  diflfcrent  componnd  arorooniaa  from  one 
aaother:  on  treating  thum  with  nitrous  acid,  they  give  up  their  different  alcohol- 
ndidM  in  the  tarn  of  alcohols.  For  example,  tlM  mt  htm  on  our  list,  hexylaminc^ 
-when  so  treated,  would  yield  hexyl-uloohol ;  the  aeoondy  wanjX-tlheot/A  MMI  IMtl^l* 
ftkohol ;  the  third,  tetQ-l-alcuhul  and  ethyl-alcohoL  ^te, 

AeniSmg to  the fi»egoing,  triethyhuiuiie has  mat  diatbot  iMlittiMn :  but  Hernia 
hy  no  means  luillkfly,  t*aoh  one  of  the  throo  atoms  of  hydmgr  n  in  ni  Tjionia  has  » 
dilEereat  f^tioa,  then  the  matamna  of  trietl^ianune  will  become  vezy  numeiwia 


It  will  be  olrvicpai  tint  tlio  WAm  w  «>  the  ludfiar  tb»  molaeuLu'  wol^ht  of  a  biM 

— tibo  Mon  irameroos  an  die  possible  metamers.    Thus  tricetjriamiiM,  C*'H">K,  hu 

upward*  of  800  w«<iini>ii,  eMh  of  vbkh  Aonldgive  4  diflknnt  loralt  wiik  nitEOM 
acid. 

In  addition  to  this  kind  of  metamerism,  due  to  the  preeenflO  of  diflbfBttt  tkoihol- 
mdi'  les  in  tho  bMM^  thoM  SBB  othor  kind*  of  mffitimwiiiin  among  tin  oon|pouid 

ammonius. 

The™  i.  ib^^  p-OM^,^^ 

Pheojlamjne    >*    CHTi  JPicoline 
~~         '      m  <7H*tf  «  LuftidiiM. 


The  probable  cS|plADation  of  the  metamerism  in  this  ease  in  that  phenylamino  is 
ynUn  of  buani^  (0%%  wliilst  picoliae  m  derived  from  *  bj^iooacboo  fW*. 

Fh»»nvlamine  =  (C«H»)'?m« 
Picoline  =  {CHVf'S. 

JBut,  whatever  taay  be  the  natoxe  of  the  difierence  in  constitutioa  between  th^  two 
Inwm^  Uie  dillbcenoe  in  peagatim  u  rmj  linking : 


PieoliiMboiltiAlUP: 

most  pungent  and  bad 
very  ttoluble  in  water: 
specific  gravity  at  0^  m  0^18. 


VhmjiawmB  boOa  at 

very  sli^t  smell : 
almost  msoluble  in  water : 
specific  gravity  at  0^  »  1  0361 ; 
gives  rosaniline  or  maatoino,  &c.  on 
treatmei^  with  variona  fflridiiiag 
agents. 

and  the  eontmst  might  ba  eairiod  much  fhrther. 

.\  third  8eri«>.s  of  ba«0!^,  motameric  with  the  foregoing  has  brpn  diswiTPrrd.  Tlie 
best  inve^igated  term  of  tlxis  series  is  /9-iutiduie^  whieh  w  obtained  by  the  destructive 
&lination  of  efnehoirfiio.  It  is  leai  aofadda  in  water  than  oommon  tetidinai  boila 

fatbor  higher,  lias  a  differont  Bm^ll.  &c. 

It  is  jpoesible  ior  two  atoms  id  nitrogen  to  coalesce  and  form  a  group reouirijog  either 
two  flg  tmr  hydrogen  lopieatnlativaa  ht  ita  wtawrtign.  Thiaaor  ofaa  maraioma  «f 
aitrogen  also  ooalcaiMu  AoMnf  dia  baaia  aa  laanlrfBfl  thcaa  maat  ba  almoat  iaiaota 


(%,)  ^a^fwunm  mmug  Urn  amptmit  ^OmAtm,  i^iJwygn,  md  SUrogm, 


Cyanide  of  ethyl  and  o^aMtbiaa  a«a  pAjmt^  tlia  tenda  of  tha  lattw  bcuqg  difca 
tiflMB  thai  of  tba  fonaar; 

CH'N      —    Cyanide  of  ethyl. 
C»Hi*M*   -  (Jb^amthlna. 
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Tho  fonner  a  liquid,  the  latter  a  ^oTId  pc^tscssing  the  pNpntiM  of  *  VMk  Irot. 
it  is  probable  that  tho  xational  foramin  of  the  latter  iu  i 


It  vill  be  obvious  that  the  existence  of  compound  ammonias  containing  more  than 
Atom  of  nitrogen  in  the  molecule  opens  the  door  for  much  poljrmeri&m. 

The  metemiriemlietiieen^yeaitoofiimmnm  isoneef  flieoMeetkmwm; 


Cfywiste cf  eaunoniom  ^  CH*N*0' 


UwMi  


Although  cyanato  of  ammoriium  is  fniiiKforiniHl  spontaneously  into  urea,  yet  thoro  isarery 
great  difference  between  the  characten  of  the  two  a)mpoQnd».  One  striking  differenoo 
between  &  eolation  of  n  cyanate  and  a  eolntkin  of  nxcs  is  tbe  MmpnmtiTe  nUAaHHtj  of 
the  latter. 

Qljcocine  and  mtiite  of  ethyl  atre  metemerio : 


Nitrite  of 


Ethyl  -  C-H\\0» 


but  nr«<  iitforly  cliffiTcnt  in  propf>rtiei.  Qj^fooeiBo  (ai^EBV  of  gelatin)  Is  aoijitaUuM 

uoiid.    Isitrite  of  ethyl     a  Liquid. 

Anthnnflie  amd   CH'NO* 

Benzamic  acid   CTI»NH'0» 

Salieylamido   C'H»NHH>0 

Nitxotolueao   C'H'NO* 


Besidfs  those,  thoro  tiro  many  more  examples  of  metamerism  among  componnda  of 
earboD,  hydrogen,  nitrogei^  and  oxygen,  but  we  need  nut  particularise  them. 

Polymeriam  alao  ooeue  in  almdanee*  A  very  ft«^uently  cited  onmple  of  tfaia  ia 
aiflbcdadliy 

Cva  1    111  CHNO 

Cyanunc  acid  C"H»N»0« 

Fulminic  acid,  C'H'N'O',  is  also  polymeric  with  the  above,  but  it  is  only  known  in  the 
taasL  of  ita  aalta-^not  in  the  Hcee  atato. 

Orgame  Itmir*  eontaiitiilff  various  elements  in  addition  to  ik»  tthcoUed  Oiyamio 

Mement*. 

They  «re  very  abundant.  A  good  example  of  metameriam  between  cUoi^nated 

pounds  is  aff^jrut'd  by  dichloride  of  ethylene  and  chloride  of  monooUorethyl: 


Piehloride  of  ethylene^  (C»H«)"Cl«, 

boils  at  86° ; 

specific  gntTitj  at  199  «  l'd47; 
witli  alcoholic  solution  of  potaabf 
gives  CM'U  +  Ha; 
irtth  aodinm  in  pvaaenoa  of  eOiar 
<m*^  SKaCl; 


Chloride  of  monoolikBellgrlt  OV^Q; 
boikat  64^; 

apeeiAc  gravity  at  17*  1'1745 
M'iih  alcoholic  solution  of  potaah 
hardly  any  reaction ; 
with  potaaainm  gives  no  zeaction. 

A  Tcry  interestinp:  case,  from  the  extreme  simplicity  of  the  compounds,  is  to  be  found 
between  the  chlorine-deriTstiA-e  obtained  by  due<^  action  of  chlorine  on  marsh  gas,  and 
eommon  dikfide  of  methyl  Botfi  <^  these  eonpoimde  fasm  llie  empirical  molaonlar 
formula,  CH'Cl,  and  In^th  arc  ^atirouft  at  ordinary  tc-mft^EalUM  and  ppeanUM^  fctlfc 
tiMiy  poesesB  some  immibtakable  differences  in  properties. 

Then  are  eorrespondiDgbrominatedeomponnde — ^Bnnaen  obtained  agas  frombrom- 
hydrato  of  caooi  lylic  acid.  The  composition  of  tho  gas  is  the  same  as  that  of  bromide  of 
metl^l,  viz^  CII^Br;  but  whilst  bzomide  of  methyl  is  a  liqiud  boiling  at  11^,  Bnnaen'a 
brominated  gas  does  not  liquefy  below— 17°  C 

Many  mor*  case  <^  of  MODMEiau  anoBg  tlwae  aaani^Hganle  and  aemi-inoi^ganie  com- 
pounds might  be  cited. 
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homm  amo9i§  BuovgtmSc  8»ti$tancm» 

An  before  remarked,  tho  in^fances  of  inorganic  isomerism  are  usuallj  called  instancet 
of  allotropy  — iMDMcio  subsUoeet  and  allot»}[iie  nabataaoef  being  neadj  egatraiuit  «e- 
preaaiona. 

Tbm  •tenuntaiy  iaibalances  themselves  offer  manf  coaiuples  of  iionierism.  Thus 

oxTi?»*n  appears  to  be  ettpable  of  existing  in  two  allotropic  sttttos :  in  one  condition  it  in 
kuoWQ  as  urdiuiiry  oxygen,  iu  the  other  lu  ozuue.  Ozone  uud  oxyK|^n  are  isomeric 
bodies.  Formula  for  oxygen  »  0';  ftrantk  for  ozone  »  0^(?)  SspoiiBent  haa 
shown  that  the  molecol&r  formula  for  ozone  ia  higfaar  than  that  fyt  OMjgiiia;  Irak  how 
much  higher  remiuas  aa  open  qoestioB. 

Sulphur,  jhoaphanu,  carbon,  and  many  other  elonenta  pnaeot  tomtwhmi  shaOar 
txxa^lm  of  allotropj  or  isomerism. 

Inor^me  componnds,  snch  as  the  rarions  forms  of  silteie  ncid,  of  sosqinoxidn  of  iron, 
of  sesqnioxide  of  chromium,  of  ulumiua,  must  be  classed  among  sub^stauceii  allording 
of  isomerism. 

There  p*^m  to  }><•  two  allotropie  states  of  peroxidt-  of  nitrot^^n.  Tho  compound  NO* 
ia  a  deeply-coloured  gas  at  100°.  The  compound  N'-'O*  ia  a  liquid  boiling  a  little 
below  30°.  Its  vapouKfensitr  is  doable  that  of  the  former  body.  AUogatiMr,  in- 
organic isomerism  is  a  very  \vi(ii\  but  a?  yet  a  very  ill-explored  field. 

The  explanation  of  the  existence  of  isomerism  will  have  become  sufficiently  ch  :ir 
fton  the  eofona  nMeh  hat  heen  Ibilcnred  in  deeecibing  tho  dlArait  examples  of  it. 
*'It  is  uf  consequence  how  the  utoins  of  a  cominmnd  are  nrranged  as  well  as  what  kind 
of  atoms  they  are»"  and  hence  there  may  be  veiy  many  touUy  difierent  substances 
compoaed  of  Ae  same  ultxmato  atoms.  Ttu  ia  in  &et  the  whole  phiket^y  of  iao- 
uensm.  J.  A.  W. 

XSOMOKPB281C.    {hos,  equal,  and  fLop^,  form.)   Crj'stullineform  affords,  as  is 

Well  kuijwu,  oue  of  the  most  valuable  physical  distinctions  betweeu  different  subatances, 
inasmuch  as  each  elamant,  and  aaeh  cmnpouid,  crystallises  for  the  most  part  in  forma 
"which  are  rcduciblp  to  one  or  two  prinvirv  f^rms.    JIauy,  who  first  direeted  attention 
to  the  importance  of  this  character,  laid  it  down  as  a  general  law,  that  every  subetanee  hai>  a 
primary  cryaCnlline  form  peculiar  to  itaelC  and  tharafore  that  a  ffiflbrenoe  inthe  primary 
forms  of  two  erv  t, may  always  be  taken  as  eridonoc  of  diflFI'renoe  of  eompjsition. 
J5ut  tow^urdathe  end  of  the  last^  and  tho  beginning  of  the  present  centuxy-j  various 
obiarfstioDa  were  made  tending  to  diapvova  the  generality  of  tibia  hnr.  Tha  Mmflarity 
of  form  between  phospliate  of  caleium  (apatite)  and  phosphate  of  lead  (py^Jraorphite) 
was  noticed  bv  Werner.  Leblancia  1787,  showed  that  a  mixed  solution  of  ferrous 
and  cupric  sulphates  deposits  crystala  eootiining  both  copper  and  iron,  always  of  the 
same  Cram,  bst  with  oonaiderable  variations  in  the  proportions  of  tho  two  metals ;  also 
that  alnm  containing?  a  considerable  quantity  of  ferric  oxide  crystallises  exactly  in  the 
bame  form  us  pure  uluraiuo-potassic  sulphate.  Vauquelin,  in  1797,  showed  that  the 
same  form  is  exhibited  by  alvm,  when  it  contAins  a  considerable  (quantity  of  ammonia 
in  place  of  potash.  Berthier,  in  IHor,  p  iMfed  out  the  great  similirify  in  tho  f  irm  of 
cale-Bpur,  bitter  spar,  and  spat uua  -     resemblance  contirmed  by  the  more  exact 
measurements  of  Wotlaaton  ;  and  Gay-Lussac,  in  1816,  showed  that  a  crystal  of 
potasli-alum  immersed  in  a  solution  of  ammonia-alum  increa«;eH  in  bulk  without 
alteration  of  form.    Thme  and  other  isolated  observations  uf  similar  import  may  be 
aaid  to  have  prepared  the  way  for  the  establishment^  by  M  itscherlicb,  of  the  genieral 
law  of  ifiomorphism,  which  affirms  tluit  hodif$  harivf]  a  similar  chemical  onititution 
hamaiso  the  aatnecryBlalUnr  form^  as  determined  by  the  iMOSureimnt  of  their  angks,  or, 
in  other  worda,  llwt  tmtdogoits  dmemU  and  groups  of  elements  may  replace  one  mwther 
in  composition  vuthmit  fast  nt'ial  a(ti  ration  <\f  frijf^t(t!fiii<'  foriii.    Mitfselierllcli'rf  first 
observations,  presented  to  the  Beclin  Academy  of  Sciences  in  1819,  related  to  the  iao. 
morphiam  of  we  phospfaatea  and  axaenatea,  and  showed  that  tho  eotreaponding  salts  of 
phosphoric  and  arsenic  acids  containing  eiiinil  numbers  of  atoms  of  water  crystalliso  in 
the  same  forms.    Similar  observations  were  subseouentiy  made  upon  the  sidphates, 
•elenates,  manganates,  and  chromates;  the  protosalts  of  magnesium,  zinc,  cadminm, 
mangaaeeo,  inm,  nickel,  cobalt,  and  oc^per,  and  the  sesquiaalte  of  iron,  alumimum, 
chromium,  and  man<:!:nne<:e,  the  <vwwwiyMidiiig m»\\M  baiag  mppoaed  in  ■»  nana  to  fltmtain 
equal  numbers  of  atoma  of  water. 

Bodies  having  apparently  an  exactly  similw  aOMtitation  am  not  necessarily  iao* 
morphontt,  but  nre  rather  dl^-ifiible  into  two  or  more  groups,  of  which  the  respective 
members  are  i^M^murphous ;  on  the  other  hand,  the  poiwe&i-iun  of  an  equal  number 
of  atoms  is  not  essential  to  iaoauxrphiani,  for  two  atoma  of  one  element  not  nnfro- 
quenfly  i*<mori>hous  with  one  atom  of  anr.ther  element ;  and  sometimes  a  m'^lr'rnlnr 
group  ia  i^iomorphous  in  its  combinations  with  an  elementary  atom— J«H'  with  K,  for 
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example.  There  are  also  niimerou<<  pxanip1(>j)  of  bndif?  cr^'stuUiMig is  the  MilMlanB% 
but  without  exhibitiDg  any  bimihurity  of  cLLuiniciU  cousUtutiou. 

The  corresponding  angles  of  isoaoAirphoua  bodiw  ut  not  always  pniriiolj  eqval*  but 
may  differ  from  each  otht-r  l>y  one  or  two  degree.  Tliis  discrepancy,  however,  is 
rendered  utumpoortant  by  tiie  circumstance,  that  the  angles  of  different  ciystals  of  one 
and  the  saiM  enhrtaiUM  can  proasnt  liniilar  rtrntioni^  under  the  ioflttenoe  of  e«teia 
njodifyinii  can?f^. 

It  will  of  uoui^e  be  understood  that  the  similarity  of  form  in  iaumarpt^KU  bodies 
vdatfls  to  the  primary  ihrms  to  whidi  tbey  an  MdndUe;  two  oeyMlm  mar  be  vsally 

isomorphou.s,  aiul  yet  very  <1ifTI  n  iif  in  external  form,  in  oonscqucmcc  oniointr  difTereiitly 
modified ;  thus  calc-spar,  bitter  spar,  and  i^atbic  iron  bare  the  sameprimary  form ;  but 
eaeh  exhitnla  mnneroitB  modifleatioiia^  some  of  ivbiefa  prevail  eUdfy  in  one,  some  in 
anntlior.  of  tin  st>  compounds. 

The  foUowiog  table  exliil>its  the  most  important  and  be^t  established  examples  of 
iflomOt|iluna,  ananged  according  to  the  crystallographic  sybtems.  Bodies  czystallising 
in  the  same  forms  (t.  e.  reducible  to  the  same  primary  form)  are  arranged  in  grouper 
numbered  consrctitirely,  without  regard  to  the  system  to  which  the  several  forms 
belong ;  the  subdivisions  b,  <&c.,  include  those  also  which  correspond  in  atomic  cuu> 
ititntion.* 

Tablb  L 

MommuMe  or  BepUar  System. 

Oit>up  1.   (Ilolohcdral  ftraia.) 
A  Diamond, — Phosphorus, — Potas^mm.-  Sodinni — Titanium, — Cadmium,—  I^ad, 
— (Jopper, — jSilver, —  Gold,— Platinum, — Puiiudium, — Iridium,  —  Tin  (Fran- 
kenhetm),— Zine  (NiekUa). 

ZznS,—  Mmn.S.—  PpLS,—  PpbSe,—  A^S,—  NnIS.2FfeS  (S ch  e e r e  r),— MmgO 
(periclase,  according  to  Scaocbi), — ^NniO  (formed  in  »  metaUuigic  pcooeaa), — 
PpbO,— CcuOCtetmhedid),— UnO. 

e.  KCl,-NaCl,-  LiCl,-NH«CJ,-Aga,— aaCI,--KI,~KaI,--KBr,--NaB^,— 

Ki;- NaF,— KCy.NaCy,— NH^Cy  (G siy-LtiPsac). 

e'.  Zznl^— (;c»F»,— kAgC^'.-NniAS*  (arsenical  nickel),— (Coo;  Nni)Aa^  (oobali- 
•peiaa). 

d,  CcoAa*  (fnwMial  fijjntoi^  aoearding  to  WohUr  md  8oh  eovor). 

e.  Ccu*0, — ecu's  (red  copper  and  ooppop^^anoa). 

Hmg)  dCmft:  Ffev")  Mms) 

^-  ^>0«  (spinel),— ^     Itf      r*  (pleonaat).-^^**Co*  (chlorospinel),-. 

Zeu)  Zzn)  Ffe ) 

^|0^  (ff»bniu.),-^|on&»nldimte).-^|0«  (nagiMtie  imi  «aX-^ 

»  >(>*(dixoinainn  OM^  aflocwdiiutto  Abick). 

Ccr*)  f»  I 

A.  BbalWr-attBPO«,-PpbN»0«.  (Boraeline.) 

i  K^ta«-Knffca«.-K«OMa«— (NH«)•p?ta^-<^^^«)«^^^  (BeracUuj>.) 

Jk.  Alums:  (NII«)aTkSO*)^12H«0,--(NH«)C^(SO*)^12H^O,  —  (NH')Miin(SO*)«. 
12H«0,— (NH«)rf\X«0*)M2H«0.  -  KAli^S0«)«.12HK),  —  IvCcrlS0«)'.12H»0.  — 
KMmn(S0«)«.12H»0,  —  Kfi^S0*)M2H^,— NaAli(S0*)«.12H»0  (Mitscher- 
lich),— LLU1(S0*)».12H»0  (KzaloTnnakjX— A«Ali(80«)*.iaH*0  (OkuekX 
TU3ii8O*)\12E?0  (OrookesX 

SfM  ^\  Sl^x  ^\  flfPv 


jSp 


AS*)  lftl>J 

•  The  larRer  atomic  u cljihes  irecrtitlf  iu»lKnttl  to  the  k"  '  itr  r  r  i  :i,  r  of  the  metalt  (1.  IflM  HI,  »\ 


Digitized  by  Google 


I80M0BPHIS11  48d 


m,  K 


0«(I«idto).         n.  Na^O*^<wu]«iBi«}. 


8i«) 
Nal< 


61019  ^  (Hamihcdnil  Ibnns.) 

«.  CteAif*  Oi»8>  (oobalt'^biiMX—NiiiAiU^iiaS*  (mckel-glance),  —  NnlSli^JfiriS* 

(nickel-ant  imony-glaace)* 

IHnictric  S(/stem, 
Gnmp  3. 

C<aWw"0«  (tungstenX— W".Wir*0»  (•ched«linoX— i'pb"ilmo'*0*  (wvUeiia^; 

Lety),— Ppb-Ccr^'O*. 

OxDup  4* 

VttBOtTTO,— NinSeO«.7HH);-2n8eO*.7B!*0.  (HitaoktHieh.) 

KHW— Kfl»AaO*,-(NH')H=PO\-<NH«)H«AsO«.   (M i tseherlic h.) 

Groap  6. 


Group  8. 

a.  Mmo'C  (braonito).   (▼.  KobelL) 

h.  Ccu'SJ'fe^.  . 

GvoDp  9. 

ISO*  (fatibX-*finO*  (tiiMtoM). 

Hexagonal  Si/si€/». 
Group  10. 

Anenu^ — Autimon^-, —  lelluniun  (Breitbavpt),—  Osmium, —  Ixidiiun,— >  Palia- 

A  Ob>00»(cd<^),--]lii|gCIO»(aiagiiMit»X— (dolonftrX-liuOO* 

(diallogite  ),-^ZznCO«  (falainin«),~FfeCO*  (ipatUo  iron  OM). 
A.  KaMO*,— KHO*.  (f  rankanhein.) 

Oronp  12. 

Oronp  13, 

jagpo9tiipktt$f  :  anfiP0'.iHH),---Cei8*0*.ia*0,-P|>bS*0«.4H*Q.  (Haaran.) 

Gfoq^  14* 

CcaCP.SCca'P^  (apatitoX— ^Ka*.aF^tim)^  (pjioiiMipliiteX— f]pbC1*.IC^. 
AaH)*  (mimeteae). 

Trimetrie  Syitem* 

Stilpbur, — loUinti  (?). 
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Ciroup  17. 

o.  CcaCO*  (arragonito),— BbaCO»  ^witherite),— SsrCO*  (stioatianite),— PpbCO* 

c.  (Cca»a2P^)J8b«S«  (bournonite ;  G.  Rose). 

Group  18. 

a.  "BbaSO* (hoary  spar),— SsrSO*  (coelestin),— PpbSO*  (anglesite  ;  Mit8ch«/lich.) 
KCiO',— KMnmO',— 2iH«C10\— (NH*)MiiuiO«.  (Mitacherlicli.) 


a,  Na*SO«,-Na*SeO*,— Ag^SO*,— Ag^O*.  (Mi tttckerlich.) 
  (Uitffeherlii "  ' 


Group  19. 

£b  BlMMinnK»*.  (UiUelierlieh.) 

Group  20. 

0.  K«SO«— K'SeO«,— K»CcrO»,— K«MnmO'.  (Mitaclierlich.) 
^  (MH«)«0*JFO*  (Uitacli«7lieh.) 

Gruup  21. 

a.  MmgS0*.7H«O,— ZznS0».7H^0,— NaiS0*.7H»0,—  MmgSeO*.7H'0,--  ZaiSeO*. 
7H-0.  (Mitscherlich.) 

b.  Sb*S»  (V.  Kobeil)»— A««S». 

Group  I'l. 

NaFO«.2H*0,'-.ir«AsO*^H*0.  (Xit«eli«vUeb.) 

Granip  23« 

«.  Sdplniii      A.  XHSO«— KHSeO«.  (XiU«lierUcIi.) 

OvMip  Si.  ■ 

Cei80«  2H>0,— O»S60«.2H!K)  (Mituchwlieli),— EftS0«.2HK).  (Grahan.) 

Otonp  2$. 

MiBgS0*.7HH),— Z>mS0*.7HK),— Cqo80*.n!K),— KiiJ80*.7H»O,— 
l&8|3eO«7H«0»--Ood9eO«.7H!H).  (MittoherlielL) 

FfeSO'  r,H<0,.Coo80*.«H*0»>MiiiiiSO\eB*0,^  Ooo8»0».6H>0.  (Mitich«v. 
iieh.) 

Group  27. 

MmffK'S*0».6H*0,— Mmg(NH*)'S-0».6H»0,— aud  Hiniilar  double  salts  oomaiuiug 
eJdam,  nidttl,  oobalt,  iron,  nmngmioiei  ane^  mid  eopper. 

Group  28. 
Group  29. 

(NH^HPOS—CNHO'HAsO*.   (M  i  t  s  c  h  e  r  1  i  c h. 

Group  30. 

Jia»HP0M2HH).— Na«HAfiOM2H»0.  (Mitscherlicb.) 

Group  31. 

a.  Na'B^OMOHH)  (boxax>      b,  (Cca;  Mmg)  aiO*  («qgito.) 

Group  32. 

Hiiiii80«4H>0.--]IiDiMUHK)»— ZniSe(>«.4HK),^Ce^^  (Uiti«lt*r- 
lich). 

<lronp  33. 

CcuSO*.fiH*0,— CcuijeO*.oli'0,— MnmSeO*.oH*0.  (Mitscherlicb.) 
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Bodies  oeeomng  more  than  once  in  this  taLle  are  dimorphous  or  tmnorphouB. 

To  each  group  of  isoinorphuus  bodidw  in  the  dimt:>trie,  tri metric,  mnnn^lint^  and 
triclinic  Bystems,  there  corresponds  a  pftiealiir  pyramid  with  its  pnMMMid  il/mm, 
and  to  each  group  in  the  hexugonul  system,  a  particular  rh'  ml  rhclron. 

A  perfectly  exact  accordance  of  the  crystalline  forms  ot  twu  cliemicaUy  difi^rent 
liodies,  oeeom  perhaps  onlj  the  Buwwstaio  Bytbean.  Bodies  of  the  muim  group 
■which  crystallise  in  other  ^v>^f"\»  generally  exhllnt  ^raall  Uifft- renoes  in  the  correspond* 
ing  angles.  T1hM|  the  angles  of  the  terminal  edges  of  the  riiambohedrona  of  oalci^tt^ 
diaUogite,  tad  the  otlmlMnoapliow  ctriwwiit  of  group  ll,  codiiMt  the  ftUowbig 

U :  U  in 
tsnnin^l  edfM  , 

Calcspar      .      •      -      .         CciiCO*    .      ,      .    105'=>  6' 

Dolomite     .      .      .      ,  JMm^S  '  '  ' 

Diallogite     ....       MmnCO*  .  .  .  106'='  61' 

Sputhie  iron  .       .       .       .          FfeCO*  .  .  .  107°  (f 

MagMtita    ....        MrngCO»  .  .  .  107°  26' 

GalfttttM    ....       ZauCO*  .      .      .   m**  iff, 

Tn  arrjgonite  and  the  carbonates  isomorphous  therewith  (group  17.  <i),  the  angles 
eeP :  ooP  in  the  maonxUagcmal  principal  section,  and  I*qo  :  j^oc  in  the  basal  principal 
■actum,  haTs  the  ftltowfng  vahies  t— 

»V  :  »P  poo  •  P» 

Anagonitc  .  .  .  CcaCO«  63*  44'  71°  W 

Witherito  .  .  BbaCO*  9V>W  1V>  6' 

Stroutlanite  ,  .  SsrCO*  02^41'  71°  48' 

Cerosit*     .  .  .  PpbCO*  62=46'  71°  47'. 

Perfect  equality  in  the  corresponding  nngles  of  crystals  is  not  always  found,  even  in 
the  monometric  system.  The  simpler  forms  of  that  sy&teui,  namely,  the  cube,  octa- 
hedron,  and  rhombic  dodecahedron,  do  u<Ay  at  tonne,  admit  of  any  TariatioD  in  tiw 
angles;  but  the  remaining  forms,  which  are  expressed  by  fornmhe  cORtuiniiig  finite 
nmnerical  coefficients,  viz.  mOm,  mO,  mOao ,  and  mOn,  have  diifereut  angles,  according 
to  inim«rieil  Tilaes  of  tboae  ooeffldMrta;  and,  eomequently,  cr^ftau  of  two  di£ 
ferent  f?i;b'^t:;nees  crystallising  in  one  of  rhr'-f  forms  may  exhibit  hlight  differences  in 
their  augli»S|  as  well  as  isoHMMmhotta  crystals  belonging  to  other  anrstems.  With  r^»rd 
to  tito  three  ehi^ler  ftime  of  tno  moncmatrie  i^em,  it  masj  be  onerved  tiiat  all  bd^ee 
which  crystjillif^e  in  them  may  I  p  regarder!  is  rn  -r]  hous  in  a  certain  sense,  inasmuch 
as  all  tliese  £onn8  are  deri?able  one  horn  the  other;  nerartheless,  some  bodies  are 
Bore  dimoeed  to  eiTetalliee  in  one  fbnn  than  in  the  otiMr,  and  » tarAw  dieHiMtion  ia 
afforded  oy  the  cleavage  ;  thus,  zinc-blende,  ZzuS,  cleaves  parallel  to  the  faces  of  u 
rhombic  dodecahedron ;  galena,  PpbS^  parallel  to  the  faces  of  a  cube.  i:>uch  bodies,  in 
spite  of  their  nrniUrity  of  ftm  and  atande  oamtilutioii,  caaiMt  he  regarded  M  strictly 
isomorphous,  at  least  in  the  same  degree  as  Had  and  KGl,  whieh  agree  in  the  dnnctMm 
of  their  clearage  as  well  as  in  their  form. 

Fxom  the  sinularity  of  form  of  two  compounds,  the  iaomorphism  of  certain  of  their 
eoBititttenta  may  ofnm  be  inftned.  If  a  eonpoand,  a*b+o,  ia  ieomoiphooa  with 
another,  consisting  of  a  +  h  +  d,  it  may  lie  concluded  that  c  is  iaomorj^Iious  with  d.  For 
Mcample,  the  isomorphism  of  K^Fj^Ci*  and  K^IrrCP,  leads  to  the  conclusion  that 
plstiBiim  and  iridiam  aie  iaoaaorpbovak  In  thia  manner,  the  iaomorphism  of  the  fol- 
laming  gMiQa  of  atananta      ha  inftnad. 


IlAsvb  TI. 

Tmrnorphons  Elemen  ts. 

L  Monometric  Metals  and  Metalloids.  Carbon  (diamond),  phosphorus,  potassium, 
sodivm,  titanimn,  cadmiom,  lead,  iron,  aopper,  silver,  gold,  plannain,  palladium,  iridium, 
tin,  ^'nc  (Tablb  I,  group  1,  inaiigiiMiBa^  calduB, lithiam,  ammoniiim,  nickel,  oobah 
(1, 6,  and  1, «),— <»mium  (1,  i). 

S.  HtaMffomd  JKrIatk  Aiaenu^  antnnony,  teUanam,  oamiam,  iridiam,  paUadhm, 
Uamuth. 

3.  Snlphur,  selenium  (1, 6)^— chlorine,  iodine,  bromine,  fluorine,  cyanogen,  arsenic  (?) 
(1,  cX— oxygen  (1,  e). 

In  like  maitnar,t]ie  iaomoorphtam  of  eertain  groups  of  elements  may  be  infenrad  ftom 

that  of  compotinds  in  which  they  may  be  supposed  to  exist ;  thus,  from  the  i^oinnqi'ii<  !n 
of  the  correa^adingpho^hatea  and  arsenates,  regarded  as  compounds  of  metallic  ojudes, 
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with  P«0»  and  A««0*  e,g.  2Na«0.H»0.P'0»  +  24H«0  and  2Na»0.H«0. Al«0' +  24fl«0, 
the  isomorphism  of  phosphoric  and  arsenic  anhydrides  may  be  inferred. 

The  isomorphism  of  different  elements  and  gnmps  of  elements  is,  however,  most 
rompletely  8h«^^*-n  >»%'f}ieir  cupaMlity  of  replacing  onf  another  in  composition  in  rariona 
proportions,  aud  without  aiiy  uUprntion  (if  crystalliue  farm.  Tims,  in  the  alums,  whose 
g«0«raltemd«iaM1Btr(80*)P.12U^,  the  monatomie  radicle,  M,  niaj  be  composed  «f 
potassium,  sodium,  ammonium,  &c.,  and  the  triHtomic  nidiele,  R,  of  aluminium,  feiricum, 
mangtinicum,  chromicum,  &c ,  iu  the  most  vartuus  proportions,  the  form,  all  the  while^ 
muunine  the  same  as  that  of  common  potaah-alnm,  KA]](80«)'.12HK).  Namberlew 
Cdanuples  of  this  ii>omor()houH  replacement  are  found  amonp  natural  ininoriils;  indeed, 
itisVBt  mro^  that  any  mincml  is  found  in  which  the  principal  constituents  are  not 
loora  cr  leas  wpkoed  1^  isomaiphoDs  Mibati^^  fltriku^  MEtmplM  of  it  an  aAarded 
by  the  Hpinel.K  (group  1,  if.  Table  I,  p.  424),  and  by  the  garnets  (1,  t,  p.  424).* 

Compete  isomoiphiam  between  two  comjpoonds  imfliee  the  fulftlment  of  three  con* 

1.  Similar  atomic  constitution, 

2.  Similar  crystalline  form. 

S.  Equal  atomic  volumes  of  the  aereml  constituent  elemrata. 
By  the  volume  of  sa  atom,  we  understand,'  as  explained  in  the  article  Atomic 

VoT.tnrE  (i.  440),  the  spricp  occupied  by  the  .solid  atom  it.sclf,  togetlier  witii  a  portion 
of  the  space  which,  separates  it  from  the  Lut^^rvtiuiiig  atoms  :  that  it*  to  say,  the  size,  or 
rather  the  radius,  of  tlie  atom  (regarded  as  e|dieKml)is  supposed  to  include  half  the 
distance  whii'h  separates  it  from  the  contifrnnns  atoms,  Tlie  :Uomic  volume  of  a  sub- 
stance, according  to  this  definition,  is  proportional  to  its  atomic  weight  divided  by 

it"?  specif5c  gravity        It  is  clear  that  equal  numbers  of  atoms  uiiniliirly  di^jwsed  will 

ii 

not  tuecssarUy  produce  the  same  external  form,  unless  the  oorrei^ondaiig  atoms  in  the 
two  bodies  are  equal  or  at  least  proporfionii]  in  ▼olmnew 

Two  or  more  bodies  in  which  all  three  of  the  above  conditions  of  equality  sre  ful- 
filled, are  iBomorphous  in  the  stricter  sense.  The  fulfilment  or  non-fulfilment  of  all  or 
some  of  theiie  conditions  gives  rise  to  ei^ht  different  cases  of  similarity  or  dissimilarity 


of  eonatitntkm  ▼hich  maj  be 
djMUbM  Atowle 


sqiwl         eq»l  eqttl 


aafiidloiis: 


Isomorphous 
in  the  narrows 


b.  equal 
c  equal 
A  eqwl 
e.  imequal 
/.  unequal 
ff.  fmeqaat 
\  «ttejnal 


equal 

unequal 

UMqual 

equal 
equal 

oneqiMl 
mieqnal 


unequal 

equal 

unequal 

eqxial 
unequnl 

equl 
uneqwu 


Isotomout 

Homoeoo 
morphotti 


Isomorphous 
in  the  wider  sense 


Anisomorphous 
inthe  " 


Uctero- 
morphont 

Anisomor- 
phous in  the 
narrower  sense; 

Anisotomons 

The  following  uble  exhibits  the  lUomic  volumes  of  a  number  of  bodies  aznnged 
aeoording  to  aindhiritj  of  layatalliiie  finta  and  atoodQ  eonirtitntuni.  The  lint  odhnn 

of  figures  beaded     gi^  the  quotient  of  the  atomie  weight  divided  by  the  specifle 

gravity  (the  atomic  weights  beios  ihohQ  of  the  oxygen  Bcaie,  0  »  20o);  the  second 
givea  tiia  atomic  Tolnmea  nftnwl  to  that  of  eatboii  44,  aa  miity ;  tha  third,  liaaded 

'*theaintica],**ilioim  wlial  tiio  Tilna  of  |  mid  be  in  eodi  eaaa  if  It 

Biiiltiplaof  44, 

•  GosMMands  eonttf  nl 
poCssdi 

In  mMj  work*  toeb 


in  which  the 
ii  partly  replscsd 


lac  indsAnke  proportfoniof  IsenofphoiM  ekmienta  «r«  represented  In  thltiraifc 
le  rtoaorptHMM  el«B«ais  ere  sepmeJ  bf  iwniculoni :  e.g.  Alum,  in  whtch  tke 
Iscsd  lyss»MealMa,li««pWBiiitf  iliel8finttlai,(K;  MuvAU(S04}UstlPO. 

te  mniasBlsJ  tr  bMHil*  }An{«0«|illllMt  tm  Ibis 

Is  olii«etiaiMMeb  slaee,  sccordliig  to  ordiosiy  OMfs,  It  woau  IH^^ 
•r  pAUMloni  ss  vail  as  an  atom  of  amnMUdsa,  nlniiim  the  tcu  I 
^  lo  wmIi  qnsmUss  as  lefithsr  te  I 


is  that  tks 

or 
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Atonue  Volumes  of  Jgomoiyhous  Bodiet. 


1  CkxiNMi  (Diamond) 

(Iron 
Maoffftiiew  . 

1  Cobalt  . 
'Copper 
Tlatinnin  . 
Palladium  * 

Osminm 
3'^  Iridiutu  . 
Rhodiam  (?) 

Titanium 

4  Lead    .  . 
-<Gold    .  i 
Silver  . 

6  Fhosphont  . 

7  Sodium  . 
6  Poitatmnm  . 


9 

10 
11 


C 

Ffe 
Kmn 
Kni 

Ceo 
Ccu 
Ppt 
Ppd 

Irr 
Bffa 

Ti 

Ppb 
Aati 
Ag 
P 
Na 
K 


As 
8b 


Atomic  tolumf. 


12 


Bromine 

Chlorine  

Iodine  .  .  

IL  Proto-cblorido.s,  bromideg,  and  iodides. 
Montnartric. 


Br 
CI 
I 

Or 


Chloride  of  silver  . 
)  Chlorid«  of  socljiuii 

14  Bromulp  of  silver  . 

15  Chloride  of  ammonium 

16  GUofidbof  poUunuai 

17  Iodide  of  fiilvor 

18  J&KHDoida  of  potaasium 
10  Iodide  of  potaanmii 


Aga 

NaCl 
AcBr 
NH*C1  j  437 
KCl  1  481 

A«I  622 


KJBr 
KI 


III.  Protoxidea,  MmO. 


)  Cii  pric  oxide . 

j  Mangiinouacnido 

J /inc-oxi<!'* 
22  Cadnuum-oxide 
28  Lead-ozid9  « 
24  Sfmntia 
26  Baryta.      .  . 


I  27  fV,da  , 
28  Potash 


MmgO 
CcuO 
UmnO 

ZinO 
CcdO 
PpbO 

ShrO 
BbaO 

Na'-O 
KH) 


a 

1 


44 

90 
88 
88 

88 
88 
114 
114 
114 
114 
114 
112 
,  UG 
I  228 
128 
130 
222 
292 
683 


160 
840 
270 


826 
320 
320 
815 


320 
325 

.367 


608 
M7 


156 
156 
188 
180 
230 
306 

:m 

402 
352 

278 


44-1. 


1 

2 
2 
3 

2 
2 

% 
2 
2 
2 


2^ 

o 
3 
3 

i4 


7{ 
71 

7i 


l\ 

10 
11 
12 
14 
16 


Theo- 


44 

88 
88 
88 
88 
88 
110 
110 

no 

110 

no 
no 
no 

220 

132 
132 
220 

2 '^7 
594 


166 
242 
276 


330 
330 
330 
330 


330 
330 
383 
440 
484 
528 
616 
660 


154 
154 
176 
176 
220 
308 
330 
396 
352 
26  i 
440 
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Tabu  IIL 

Atomic  VolmMtt^homorfkomBoiim  eoliiwiea. 


17.  Proto-mlphidet  uid  Belaaid*!. 


29  Manganc—  Wend>   MmnS 

30  Zinc-blond r   ''^^^^ 

(Selenide  of  lead   PpbS© 

^IJOatoli*   ^'^^ 

%%  eam  gliiw  ^flr» 

V.  Dioxidai. 

„  5  Titanic  anhydride  

'«j8tuiii0aiil9^>d6  SnO' 

YI.  SesquioxidML 
a.  Mon&metrie. 

„.  (Antimonie  oxide  

3*}A2«eiii0M<»d»  

,-<AImnina      .  .....  A11'0» 

36  Chromic  oxide  Ccr*0» 

YIL  OMbonatet. 

37  Arragonite    ,       •       .       .      .•      .       •  CcaCO* 
.<8t«mtianite  t?'\'S2! 

M  WHJudta  

^^(Ziiio-spar  ZniCO' 

 ifagco; 

41  Spathic  iron  o»  ...... 

(Diallogita  MmnCO 

"ji"  |oS^{<^ 

VIII.  Nitratet. 

a.  Hexagonal. 

44  Nitrate  of  potassium   J??I 

M  HitntoorMdhui.  VaHO> 

<NitMteof  fltaoBliam  SniN'O* 

« N!Sr!f!!T^  :  .  .  .  .  wo; 

47  Nitrate  of  barium  BbaK'U' 

EE.  lUgBMiftm  0alph*t«%  ]fS0«.7HK). 

fSnlpliafo  of  nickel      ....  NniS0*.7lP0 

48  ^  Sulphate  of  «ino  .      ....  Zani>0«.7H»0 
(Sulpha  of MH^Miui  .  lIii^^0*.7H^ 


a 
M 

44  «1. 

ntkal. 

272 

6 

264 

296 

286 

406 

9 

396 

386 

9 

AAA 

396 

432 

10 

440 

260 

6 

264 

S70 

6 

264 

MS 

16 

AAA 

660 

664 

16 

AAA 

660 

362 

Si 

374 

372 

374 

3ft4 

9 

396 

426 

10 

440 

512 

lU 

606 

616 

Til 

11^ 

una 

£76 

13 

672 

3.52 

8 

3,02 

356 

8 

352 

878 

H 

374 

400 

9 

396 

402 

9 

396 

m 

462 

AAA 

601 

13J 

694 

484 

11 

484 

916 

21 

924 

942 

2H 

946 

1024 

23 

1012 

1724 

39 

1716 

1760 

40 

1760 

1786 

40* 

1782 
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X.  Doable  Magnosinn  Sulphates, 
M-ft(S0«)'.6H»0. 
Mnnotilimin, 

r(NH«)'Mmn(S0«)2.r,H-0  .... 
K^Z/.n(SO*)-.r,U-0  .... 
(NH«)'Nni(S0*)'.6H»0  .... 
K»Nni(80«)-.6H'0  .... 
(NHM'Mmg(S0<)».6lP0  .... 
K»Ccu(S0«)».6H'0  .... 
L  (NH«/0eii(80<>'.6H*0  .... 


XL  hXm,  if8(SO«)'.12H*0. 
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KCcr(S0«)«.l3lW> 
KA11(S0«)».12H'0 
(NH«)A11(S0*)M2H»0 
NH«Ffe(S0*)«.12HK) 


XII.  Variout  Uetallie  Salphidet  and  Arsenidei. 

a.  ifyiiMHtiHo* 

61  Iron-pjrit<^  

22  J  Cobalt-pyrites  

(Smaltiue 

63  Triarspnide  of  cobalt  


C4  \  Nickel-elance 


Cco«S» 
Ceo  As' 
CcoAfl« 
NiuAs*S> 


K 
56 


Aneoieil  pgrritw  EfcRAirt^ 


18  ]fbbodiaio(lbMd)ii4te 


Atomic  volvnA 


• 

7 

44>> 

1. 

ThM>- 
retical. 

67i 

•    1  2530 

68; 

2574 

3668 

68; 

2574 

68; 

■ 

2574 

60 

2640 

S604 

69 

3696 

SMC 

64i 

2838 

8880 

77 

8388 

3472 

79 

3476 

3472 

79 

3476 

3472 

79 

3476 

292 

286 

424 

9. 

418 

414 

418 

630 

12 

628 

668 

15 

660 

880 

15 

860 

806 

7 

308 

892 

16 

704 

186 

198 

801-8 

198 

A  comparison  of  the  numbers  in  tiiis  table  leads  to  the  following  general  oondusiona. 

1.  (Huj  tboM  bodiea  wbidi  an  brndceted  togeiher  in  th«  tatm  era  be  regaided  aa 
■facictly  i.somorphnu'i,  or  isotomous;  and  ptph  a:iii-in;j:  tlioso,  there  are  some  whosa 
iiolomj  is  doubtful,  c.ff.  nitrate  of  strontium  and  nitrate  of  lead  (44);  magneaio- 
anmonie  mlphato,  and  cnpiieo<«ittmoiite  ralphate  (49). 

2.  Many  substanc<  s  commonly  rc^nb  d  as  isomorphous  are  in  reality  only  homcBO- 
morphous,  inasmuch  as  thoir  atomic  volumes  differ  considerably.  Such  is  the  castt 
with  phosphorus  and  arsenic ;  magnesia  and  manganous  oxide ;  soda  and  silver-oxide ; 
lead«Oixide,  baryta,  and  strontia  ;  manganese-blende  and  zinO'bilende ;  nitrate  of  pottB" 
pi'iim  and  nitnito  of  sodium.  The  atomic  volumes  of  these  homceomorphous  bodies  are, 
however,  related  to  one  another  by  simple  proportions,  as  in  the  following  examples : — 


VAnenic  . 

}  Phosphorus 
(Soda  (anhydrous) 
t  Silver-oxide  . 


8 
4 

3 
4 


^Sodimn  •  •  •  1 

^Potai^sium  •  •  .2 

<  Arsenic   .  .  .  .  2 

^Antimony  .  .3 

S.  Bodios  wUdi  am  ffomorphou  in      free  state,  are  not  alirays  ao  fai  eombination. 

Copper  is  isoTiiorplious  with  iron,  manganese.  niek»d.  &c. ;  but  many  copper-salts  are 
not  isomorphous  with  the  corresponding  salts  of  the  other  metals  just  mentioned. 
ZinOf  titanium,  and  platinum  are  isomorphous  in  the  free  state,  but  by  no  means  in 
^Mir  aalta.  On  the  other  hand,  many  bodies  are  isomorphous  in  their  oompotoid^  bat 
homceomorphous,  or  even  heteromorphoufi,  in  the  free  state :  thus  phofjphorun  and 
arsenic  are  het^romorphous  in  the  free  stAte,  but  isomorphous  in  their  compounds ; 
and  manganese  and  zinc,  arm>nic  and  antimony,  iimpMMlia  and  manganow  oodde,  potaa- 
rinn  na  aodiBii^aoda  and  fil?«rKMDda^  am  hoMMmioiplMat  in  thaMpamto  ataM^ 
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but  isomorphouB  in  aatM  of  tlimr  eompoondfl.   This  i^rpavntly  paradoxieal  vdataon 

may  arise  oither  from  dimorphism  -tho  sul»sfanot^  in  question  crystal! tifing  in  the 
fr.f  state  in  a  form  different  from  that  which  they  assume  in  combination — or  from 
variatiun  of  atomic  volume.  In  fact,  the  atomic  volume  of  a  compound  is,  in  nearly 
4ill  eaaca,  Ima  than  the  mm  of  the  atomic  volumes  of  its  elements  in  the  free  state,  the 
condensation  being  preater  ns  tho  affinity  is  stronger.  Henco  it  may  hnpjM  ii  rluit 
elements  whose  atomic  volutues*  lu  the  free  state  are  unequal,  may  ajsiurue  equal 
volumes  in  combination,  and  therefoire  jield  itOBOcphous  compounds. 

4.  Bodies  of  different  atomic  volume  often  crystallise  in  the  same  form,  and  are 
capable  of  cxystalliaing  together.  Gold  and  silver,  whose  atomic  volumes  are  nearly 
as  1 :  S»  emtalUse  togethw  in  verv  variable  proportions;  so  Iflwwise  do  chloride  oi 
aodium,  chloride  of  ummonium,  and  iodide  of  potassium,  whose  atomic  vohimes  are  to 
one  another  as  3  :  4  :  6.  It  is  only,  however,  in  the  munometric  system  that  perfect 
•imikritf  of  cpfBtalline  farm  Is  eshilnted  by  sabstaaMS  of  diflktent  atomic  Tohnne;  in 
crystals  bol'tn^niig  to  other  systems,  diff»Tence  of  atomic  volume  in  bodi<  s  of  similar 
atomic  constitution,  is  always  accompanied  by  a  slight  difference  in  the  magnitude  of 
certain  angles,  as  may  bo  seen  by  comparing  the  angles  and  atomic  tohnnes  of  the 
several  members  of  the  nUcspar  and  arragomte  groups  (pp.  427,  430),  the  obtuse  ter- 
miiud  angles  in  the  former,  and  the  angles  f  oo :  Pao  in  the  latter  diminishing  as  the 
atomic  volume  increases.  This  rriation  between  atomic  volume  and  ctystalliue  form 
is  further  shown  b^  the  observation  of  Mitacherlich,  that  th<'  anj^le  of  a  rhombohedron 
of  cale-<;pnr  diminishes  when  the  cri  sta!  is  heated  :  for  the  speofio  gntnlj  is  ttunhj 
diminished,  and  consequently  the  atomic  volume  increased. 

6.  An  interesting  example  of  homaNjmorphistn  is  afforded  by  nitrate  of  potassium, 
which  is  ditinirphotis,  hannp;  a  rhombohtdral  form  sifnilar  to  that  of  calcsj>ar,  and  a 
trimetxic  form  Uko  that  of  arragonite.    Its  angles  in  the^e  two  forms  are  as  follows : 

Tanntiwlaa^ 
AtomHo  or  riioml*. 

voluawk  {Msrljr). 

HsngoMlNitwKllO*     ....  87  106°  .30' 

ooP  Pao 

MmtrisNitnKNO*.      .      .      .      .   S7       M  70<>4' 

In  lis  rhombohedral  form,  this  substance  agrees  very  nearly  with  dolomite  and  dial- 
logite,  the  teaunai  ans^  of  which  are  106o  16'  and  106^  61'  respeetiTely,  and  wboaa 
atomic  volumes  are  equal  to  9  ;  henre  it  appears  that  two  substances  whose  atomic 
volumes  are  as  1  :  3  may  cnstallise  nearly  in  the  same  form.  Similar  relations, 
tfaottgh  not  quite  so  close,  may  be  trsflsd  batifaeo  tha  aloada  Tohunea  aad  ojafealUM 
forms  of  rli'unlis."  nitre  and  aiTaf^onite. 

The  relations  between  the  atomic  volumes  and  crystalline  forms  of  different  sub- 
itaMSB  aM;  hmnmr,  hr  from  being  established  cm  a  perfectly  satis&ctcMy  bnis ; 
indeed  the  pen'-ml  eonrlusions  of  different  observers  relating  to  thi^  sul»ject  are  in 
some  instances  directly  contradictory  to  each  other:  the  discrepancies  doubtless  arise 
iamanyinstaaoesfromtheiwatof  eaaietdstarmiaationsof  cr^^  ftnn,  and  mora 
emecially  of  spodifle  gwvity. 

Schroder,  to  whose  observations,  together  with  those  of  Kopp,  the  results  detailed 
in  the  preceding  pages  aia  mainly  due,  has  recent^  made  fnrCher  exp<>riments  on  the 
relations  between  chemical  constitution  and  specific  gravity,  and  has  arrived  at  the 
following  conclusions  r^pecting  the  atomic  volumes  of  isomor^hous  bodies.  When 
two  different  elements  or  groups  of  elements,  A  and  JB,  unite  with  other  elements  or 
groups  of  elements,  C,  D,  E,  &c.,  forming  the  compounds  ^6' and  BC,  AD  and  BD, 
AE  and  BK,  Sec,  belonging  to  the  same  typ"  and  isomorphous  by  pairs,  the  differences 
of  the  atomic  volumes  of  AC  and  BC.  AD  and  BD,  AE  and  BE,  &c.,  are  always  equal ; 
bat  if  the  f^irs  of  compounds  thus  formed  are  not  isomorphons,  or  if  thsj  are  isoauir- 
phous.  but  belong  to  different  types,  then  the  differences  of  atoniie  volume  are  unequal, 
and  different  from  what  they  would  be  if  the  pairs  were  isomorphous  or  belonged  to 
tha  aasM  type.  If  bodies  of  eonal  atomic  volume  be  denominated  isosteric,  aad 
analoffous  pairs  of  oompounils  exnibitin;;*  equal  differences  of  atomic  value,  parallelo- 
steric,  the  preceding  law  may  be  more  bhortly  stated  as  follows : — Pairs  of  compoundt 
iMck  aw  ssswwyJbwi  mtd  analogous  are  lih  wue  paralUlctttrio.  This  lav  has  ba«a 
confirmed  by  Tschermak  (Wien.  Akad.  Ber.  xlv.  [2]  603). 

Schroder  farther  concludes  that  the  volome  of  auT  element,  which,  in  the  isomor- 
phoaa  wtntiL  AkiidM^  bgponidsa,  iodides  or  solphidea,  is  the  gvaater  of  tihe  two  oob- 
stituting  a  pan*,  iiaQlldnfi'~'d  in  the  isnmorplions  sulphates,  carbonntr^;,  silicates,  and 
alttnunate%  t»  A  aon^Bntively  greater  amouut,  so  as  often  to  become  the  lesser  of  the 
tmOk  Thns  tha  atoiue  tdnmea  of  ehloride,  bromide,  and  nitrate  of  potassium  (ealon- 
lated  on  the  hydrogen -■tr.ili  ')  of  atomic  weiglits,  are  ptvater  by  2  7  to  2  6  than  those  of 
the  cotrespontnng  ammonium  salt%  whereas  that  of  sulphate  of  ammonium  is  greatar 
by  a-gthaa  Aatcf  iB^hateafpetairtum. 
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With  rppfard  to  the  clfmonts,  Schroder  finds  thftt  isost.  ri^tn  is  accompanied  quite  as 
firequentiy,  if  not  more  so,  by  heteromorphism  aa  by  isomorpliism ;  but  that  elementa 
VMM  alnirir  volumes  an  to  one  another  aa  1 :  S  (Uka  warm  and  0ald)  are  often 
i<i<)nioq)hou8.  In  oxides  and  salt.s  ali«o,  Schroder  f}nd«  that  ilOltlltllli  fl  anofiattll  HTfll 
isumorphiBin  less  frequently  than  with  heteromoiphiam. 

Tt»  fritthiM  batveen  tlie  sfeonie  Toliniflt  ana  the  propnrtkiw  of  the  sm  (whiA 
det^^nninc  the  angles)  in  series  of  homoeomorphous  bodies,  are  also,  according  tO 
,  Sehroder'a  recent  obaervationa»  lees  conatant  tlun  was  formerly  suppoeed.  It  is  drva 
thai  die  BmlHiif  memlMnof  each  aevfeawilli  XMaid  to^  proportioiit  betveentha 
aoca^  are  also  the  limiting  members  with  regam  to  the  atomic  volumes;  but  the 
interaiediate  terms  do  not  generally  exhibit  the  regular  relation  between  axial  propor- 
tions and  the  atomic  rolnmes  which  haa  been  noticed  in  the  calcspar  and  arragonite  . 
oroape.  According  to  Tschermak,  on  the  contnuy  (Wien.  Akad.  jBtMLadr.  [2],  603  ; 
Jahrasber.  1862,  p.  9),  homoeomorphous  bodies  of  auahjgtms  composition  form  the 
same  aeries  with  regard  to  their  axial  relations,  as  with  respect  to  their  atomic  volumes. 

Valf  luui  la  iMOMVpltfaBk  TUatsm  is  applied  by  SehaavertoeipTCaBfliaftet 
that  1  at.  of  an  element  may  in  some  cases  be  replaced  by  two  or  more  atoms  of 
another^  or,  genemlly,  m  atoms  of  one  element  by  n  aUma  another,  or  by  a  group 
ofalimaf  cthOTclenentif;  iHUimrt  Inataiioiia 
of  this  kind  of  isomorpliism  are  aff  mled  by  the  (sulphides  of  lead  and  filvfr  (Ppb8 
and  Ag-S),  by  the  sulphide  and  chloride  <tf  silver  {Ae^S  and  AgK]!Pi  by  numeroaa 
laoinorphoas  oiloridea  and  cyanides,  in  irbkk  tba  single  atom  CT  and  the  goonp  CN 
dis^'harpr  fquivab nt  functions;  and  by  the  isomorphous  salts  of  potassium  andjimmo- 
nium,  in  which  HR*  ia  equivalent  to  K.  Numerous  other  examples  m^  be  found 
amonaat  organic  compounds :  thus  the  acetate  and  butyrate  of  copper,  C*H«O.Cu,  and 
C^H^O.Co,  are  isomorphous,  and  the  sulphates  of  many  organic  bases,  ethylamine^ 
methylamine,  conine,  unite  with  aiUphate  nt  aianuoiiiin,  timing  alums  iaoaunphooa 
with  common  potash-alum. 

Natural  minerals  likewise  afford  examples  of  thii  Uad  of  isomorphism,  to  which 
attention  has  l>een  particularly  directed  by  Scheerer.  Thus,  certain  varieties  of 
augito  and  homblendti  contain  alumina,  while  others,  which  are  free  from  alumina, 
contain  slafgar  pn^mrtion  of  silica,  the  substitution  taking  place,  accorctog  toSdwcwr, 
in  the  proportion  1  at  All'O*  to  1  at.  SiO'  for  3An(J'  to  l^iO*),  but,  aeertrding  to 
Hammelsbezig^  in  the  ratio  of  2A11'0'  to  3HiO^  (p.  169).  Another  instance  is  afi'orded 
bj  the  ninenls  eordiarite  (didwSileX  mmI  a^asioUte,  wUeh  ara  isomorphoas  and 
agree  in  comj>nsitinn.  rxcepting  that,  according  to  Scheerer,  1  at.  magnesia  in  the 
ftmer  is  replaced  by  3  at  water  in  the  latter.  According  to  the  formuln  given  by 
B>»aalabf   hawtmtt  (Mimnkkmu,  pp.  768,  834),  via., 

Oiadkrite,  6MingO.«(All;  Ffe)*0*.15SiO*. 
Aaguktt/bt^  4Mmg0.6<AU;  ¥fe)H)'.im0^.9JPO, 

it  appears  that  4  at.  water  in  the  latter  take  the  place  of  1  at.  magnesia  in  the  former. 
For  a  full  developmant  of  the  theory  of  polymeric  isomorphism  as  aoplied  to  minerals,  see 
Bebaarar  (Hradw.  d.  Chan.  ir.  170).  On  isoaorphism  in  genenu*  see  Hitaeharlieh 
(Aob.  Ch.  Phys.  I'll  xiv.  172;  xix.  360;  xxiv.  264  and  355).— Brei thaupt  J.  pr. 
CaMU.  iv.  249).— Persos,  Ann.  Ch.  Phys.  [2],  Ix.  119>— Brooke  (Phil.  Mag.  [3],  jdi. 
406).-^ohiistoii  {Aid.  siL  SM  and  490;  ziii  406).-«ehaffgot8eh  (Pogg.  Aaa. 
xlviiL  335).— H.  Kopp  {ihid.  liii.  41^).— Ilankel  {ihid.  Iv.  479).— Frankenheim 
(J.  nr.  Chem.  xxvi.  267  and  263).— Wallmark  {ibid.  xxxi.  169  .—Nickle's  (Compt 
zend.  xxrii.  611).— Pasteur  {ibid,  zxviii.  477). — G.  Boae  (Pogg.  Ann.  Izxvi.  7ft; 
ML  149). 

MiMli  I  ■iiM—io  AOIB.  SaatanoAflDK 

XSOPRAirs.    Styn.  with  FnAsnajBtTTM  (ii  707). 

ZSOPMEHIL  C^H*. — A  very  volatile  hydrocarbon,  polymeric  with  caontchin 
(i.  757),  obtained,  together  with  the  latter  and  other  lees  volatile  products,  by  the  dry 
oistillation  of  caout(£ouc  and  gutta  pweha.  After  repeate<I  reetitiraiion  over  sodioa^ 
St  boils  between  37°  and  38*^,  has  a  spadile  gravity  of  0  6K23  at  20<^,  and  yKponO' 

daiirty»a^(bjaakalitioaiarMoadsBaatioDto»Td^itk 

AAer  keeping  for  a  month,  it  became  thickened,  and  acquired  a  bleaching  action,  in 
0(UMequence  of  the  abaocption  of  ocone :  on  sabeequi-ntly  distilling  it,  the  osone  acted 
fklantty  on  tha  hjdioeAM^aiid  ti»  wridaa  aaddeuly  solidifladto  » irhita  aaMnikow 
Mia  Imiiag  tha  aompodtian  DV^O,  (Q^.  Williaai%  Bm^  Be^,  Soa,  s.  Hi,) 

MOyu»UmC  ACZI>,  Pic  Jifwafa  addL— C"H'N*0«  (lllnsiwotr.  Ann.  Ch. 
Tham.  ex.  289 ;  Jahreeber.  1860,  p.  455.  Bayer,  Bull.  Acad.  roy.  Belgique,  f  2J  viL 
Hok  >>— ^An  add,  iaomvie  irith purpuric  add,  bat|]ika  tha  lattciv  Mt  mimhimtm 

Yoi.  m.  jr  V 
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sUte.  The  potoadma-salt  is  ubuined  bj  the  action  of  cyanide  of  potassium  on  picric 
acid: 

CmiU'O'  +  8CNK  +  3H«0    -    C«H«KN*0«  +  C0»  +  NH»  +  2KH0. 

When  a  solution  of  2  pts.  cyanide  of  potassium  (prepared  by  Liebig's  procesa,  ii. 
215),  in  4  pta,  water,  warmed  to  about  60**,  is  mixed  with  a  solution  of  1  pt.  picric 
acid  in  9  pta.  water,  the  mixture  being  constantly  stirred,  a  strong  odour  of  ammnuia 
and  hydrocvfinic  sxcid  is  piven  off,  and  the  liqnid  snlidiflrf^  on  cx>ohng  to  a  snft  (  rjstal- 
Liue^ulp;  and  on  silraiiimg  this  mass  upon  liiu  n,  pr.\s5ing  it  between  bibulouii  paper, 
heatu^  and  triturating  the  red-brown  cr^'staUine  residue  with  a  amall  qiiantity  of 
wntpr,  then  throwing  it  on  a  filter,  Avavhin;^  it  with  culd  \mtrr.  again  pressing,  dis* 
aolvmg  it  in  a  large  quantity  of  boiling  water,  and  luaving  tiiu  hot-filtered  aolntiou  to 
crystaUisc,  isopurpwraU  of  potaathmm^ptinlt«Bt  as  a  metal-green  film,  and  in  brown-red 
crystalline  .'-.  ales,  exhibiting  a  groon  cnlonr  by  reflected  light.  It  dissolvos  sparingly 
in  culd,  more  easily  in  boiling  water,  iiii(>artinff  a  Teiy  deep  purple  colour,  and  is 
precipitated  flom  a  eoneentratecl  aolhition  by  ciirbonato  ct  ponniviii ;  wliidki  dfeoai- 

Stancv  may  b.-  taken  advaiitaLTO  of  in  t]i«-  prepanitlon  of  the  salt,  if,  in  consnjuenco  o." 
the  presence  of  impimtic%  it  does  not  separate  spontaneoiialjr  as  above  described.  The 
mk  dHmlTM  also  in  dQQte  afcoM.  whm  hMtA  to  alMtit  SIS*',  it  decompdaoi  vift 
fionn  what  strong  detonation,  slight  appcarancf  of  fire,  and  fornjation  of  u  ^ivy  (Hond: 
it  may  ali^o  bo  exploded  by  contact  with  sulphuric  amd.  Its  solution  is  precipitated 
by  salts  of  barium,  lead^  mercury,  and  olrer ;  not  by  thoae  of  oakinin,  stroatiwB, 
copper,  or  zinc.  Tlit>  solution  does  not  giw  tbis  ndinaiy  MMlioikg  cf  lynnngm  Tha 
salt  dried  at  10(P  contAin>  (  *n*KN»0« 

The  amntonitan-salty  C'iI\Mi*)y*0*  (at  lOO**),  separates  in  metallic-shining,  dark- 
grcen  crystals,  on  adding  a  solution  of  chloride  of  ammoiuum  to  a  r&ry  ooncentrated 
solution  of  till'  pntflssiura-wilt.  If  ii«  ♦■n.'-ily  rocri-^t;illised,  and  then  forms  smnll  wedge- 
shaped  cn'>r  il>,  l>rown-red  by  tmiitiniiit.  d  and  green  by  rejected  light.  It  is  Tcry 
di^tly  KoluMt'  in  cold  water,  more  easily  in  boiling  water,  fiomiiig  ftdacp-pmpU 
solution.    Wlu^n  heated  on  platinnni-foil,  it  d-'t1a^mto«i  like  jnmpowder. 

The  barium-salt,  C'H*BaN*0*  (at  IW-*),  st>pamte8  on  adding  chloride  of  barium  to 
a  solution  of  the  potaasium-ealt,  as  a  nearly  cinnabar-coloured  preci]Mtate,  sparingly 
soluble  in  cold  water,  ju  rfritly  sohdde  ■nitli  purpb.'  eolonr  in  b<.>t  water.  In  lb*'  dry 
State  it  has  a  li|^ht-greeu  nieudlic  lustre,  but  when  triturated  becomes  red  again,  and 
deflagratffl  with  •  ai&ling  green  light. 

On  niixin-i  thr  h'lt  coneentrated  solutions  of  cranide  of  barium  and  picrlr  fioid.  the 
liquid  acquire*  a  blood-red  colour,  and  depoaits  a  dork-coloured  piwet^tate  which  is 
xoaolTod  hy  hot  winter  into  a  nd-lmwn  poiifdevirith  g^oeii  histn^  aoloblo  in  wald',  itid 
a  substance  containing  a  lai^o  quantity  of  carbonate  of  barium,  insoluble  therein. 

The  calcium-salt,  2C*H*CaN*0*.3H*O,  separates,  after  24  hours,  from  a  mixture  of  a 
hot-saturated  solution  of  the  ammonium-salt  with  chloride  of  calcium,  in  green  metallic- 
sln'ning  needles,  which  give  off  their  water  at  140°. 

Lead-«rJ(,  ("•n^PhNH)* — Tho  solution  of  the  pota9sinm-.'<;dt  is  «^ompb  tely  precipi- 
tated by  ueulial  acetate  of  lead;  the  precipitate,  wliich  is  at  first  bruwn  red  and  very 
bulky,  soon  becomes  dark  violet-brown  and  pulverulent;  it  dissolves  with  purplo 
Ool'iur  in  boilinfj  wator,  :ind  tbo  n-il-ntion  deposits  ab'nder  inicrAscnpic  nf^dle«,  which, 
iifier  drj'ing,  aiv  lii^ht  brown-r'<l  with  greenish  iride.'jccncc,  and  detonate  very  ttharply 
when  heated.  It  i&  not  oomph  t<  Iy  dei-(>mpo»ed  by  sulphydric  acid,  and  on  boiling  the 
remaining  mass  with  water,  a  yel!uwi.s]i-red  solution  is  cfljtained,  which  depoiitA  thmirg 
brown  cryBtalline  tufts  haying  the  composition  ot  the  original  salt. 

The  jMHauium^t,  (OT*K1W,  •eoofding  toBlyer),  haabMii  abaadj 

described. 

The  silversaltt  C"H*AgK*0*  (at  100<=>),  separates  from  a  solution  of  the  potassinm- 
Bfllt,  on  addition  of  nitnite  of  ailtar,  a»  a  brown  precipitate,  whieh  dxiaa  «p  to  a  darfc- 
green  m^iss  ]>o<>T^sinij:  metallic'  lustre.  It  detonates  when  heated,  and  diaolTWl  vith 
purple  cobur  in  a  large  quantity  of  boiling  water. 

"Rm  mUtmsalt,  CH^NalTHr,  is  obtainad,  like  the  potasshnn-aalt,  by  the  aefcion  of 
cyanide  of  sodium  on  picric  acid.  It  is  dark-green  with  metallic  lustre,  dissolves  in 
water  much  more  eaailj  than  the  potaseimn-eut,  and  ia  more  diffieolt  to  oyeUdliae: 
the  solution  is  red. 

The  ttrontium^U  ia  obtained  by  adding  nitrate  of  sttontnun  to  a  solution  of  tlie 
potassinm-snlf,  ni*  n  prf^n\,  pnl\  .  rulent,  indistinotlj  CKpMUM  pwdpltat^  whidl 

deflagnitcs  with  a  red  tiame  when  lifuted. 

Hlasiwetz  reg.irds  isopurpuric  acid  as  dibasi<%  and  the  roononietnilic  ^^alts  above 
described  acid  salts.  Thf  iirntr.d  salts  bare  not  been  obtained  in  definite  form  ; 
but  the  sulutiua  uf  the  inonopata^ic  t»alt.  mixed  with  caustic  potosli,  aeqairvtjsa  dark- 
violet  colour,  and  yields  a  preeipitat*>  which  soon  decomposes  and  turns  brown.  A 
rinOar  diaage  of  eoknr,  fiilUnred  hj  fapid  deeoapoaitioo,  is  prodnced  <m  tntnratiiig 
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the  barium-salt  with  baryta-wut^er.  Ail  the  BiUts  are  veiy  much  like  the  cozrespoiuliiig 
porpnratot;  the  «mnioni«m-BaIt,  aoeording  to  Grsilioli's  dfltomdaatioUy  taat£tj  i»> 
B^mbU  .s  pazpitnito  of  ammgiiiiim  (mmreSid),  in  ilB  c^itaUiM  ibni  §ad  ofidod 

^perties. 

wmomSKM  (fiom  linf,  equal,  and  «fif^  ire,  beesuee  its  appeaniioB  whm  Ibeed  !» 

the  same  as  in  tho  natural  RfuN').  A  silicate  of  calcium,  aluminitim,  and  iron,  fouml 
flt  St.  Just,  near  Pcnzaoce,  in  Comwall,  in  a  qoartwee  gcanite,  with  tourmalin  and  tin 
on;  alK»  in  hfeeeta,  on  tibie  Caltoa  Hill,  Edinbmgh.  It  man  oongidenible  i!«8enil>lattoe 
to  obsiiiian,  having  a  cuncho'uUil  fracture,  no  clfavago,  a  jt^rtyiyh-Llaok  to  velvet-black 
eoloui^  and  vitreoua  luiitre.  Specific  er&vity,  2*912;  haxdneas,  6  to  6-5,  nearly  equal  to 
tiliat  of  ordioekMe.  Melts  beA^  tiie  blowpipe  to  a  blade  magnetic  globule.  Contains, 
aceunling  to  Turner's  analysis  (Ed.  N.  rinl,  J.  iii.  263^  47'69  siuca,  13*91  per  cent, 
alumina,  16*43  lime,  20*07  ferric  oxide^  and  1*94  cupnc  oxide  (loes  1*56  percent.),* 
agreeing  nearly  with  the  formula  Ca*0.  Al*0*.3SiO',  whieh  is  essentially  the  same  as 
that  of  labradorite ;  but  part  of  the  iron  in  the  mineral  appears  to  be  in  the  state  of 
^protoxide,  and  m  long  as  this  amount  lemaiof  nndelenuikM^  the  finmila  eauBot  be 
fixed  with  certainty. 

nOVASVABSO  AOZB  and  IMIV4UraKIMO  AOlgfc   See  Tamamo 

ACID.  Debivatives  Of. 

ISOTKZBROMHYDitnf.   Syn.  with  tribromide  of  allyl  (L  141). 

Z80TSKBB SlVTUSZf  E .    See  TcRTOTn-mB. 

iT^COXiUiazTB.  A  1  .ruinate<l  gninuUr  quortz-rock,  in  which  diamonds  are 
generally  found:  it  pn)!  al  ly  owes  it.'^  laniinatioa  to  talc  or  mica.  It  occus  in  the 
mines  of  Brazil  and  the  ifrul ;  aho  in  Geoq^  and  Meffth  OeioMliat  vbflM  a  W 
diamonds  haxe  been  found.   (Dana,  ii.  24.) 

ZTACOWZC  AOIJ>.  0*H"0*.  An  mod  obtained,  together  with  dtinconic  acid 
(L  992),  by  the  dry  distillation  of  citric  acid.  It  bears  a  close  resemblance  to  citraconic 
acid,  bat  dtifers  from  it  in  soltibility  and  in  its  reactions  with  nitric  acid  and  with 
bromine.  It  is  prepuxed  b^*  heatiug  citric  acid  in  a  retort  by  a  spicit-lamp,  care  being 
taken  tfaet  the  heat  is  applied  at  the  bottom,  and  not  on  the  sides,  as  in  the  latter  ease 
H  porti  on  would  be  converted  into  oUracontp  acid.  The  distillation  is  continued  until 
euu<yreumatic  vapours  appear.  The  oily  distillati-  is  then  dissolved  in  six  parts  of 
boiling  water,  and  evaporated  to  crystalli-^ation  ;  the  crystals  wiuch  axe  lint  fllRiiid 
consist  of  itaconic  add ;  citrjconic  acid,  which  is  always  formed  at  the  same  time, 
remains  dissolved  in  the  mother  liquur.  Frequently  the  distillate  golidtfies  on  cooling. 
In  this  ease  the  eiyetalsare  pressed  between  bibulous  papereii  aplato  at  lOO**,  and  then 
bet''.v  ''  n  paper  moistened  with  absolute  alcohol,  and  lastly  roay-staHised  from  water. 

Ilticomc  acid  is  inodorous,  and  has  a  strongly  add  tajste ;  whcu  tTyt-taUih<\l  iVmu 
naiar,  itbas  tiie  Ibrm  of  a  rhombic  oefeahe^n.  It  dissolves  in  17  pts.  of  water  at  20°, 
and  is  much  more  soluble  at  a  liighor  temperature.  It  is  ^^oluble  in  alcohol  and  in  ether. 
It  melts  at  161°  to  a  oolourleas  liquid  whieh  oystallises  on  cooling;  when  further 
heated,  it  decomposes  into  eitraeonie  anhydride  and  water.  Unlike  dtraoonic  add, 
it  cloen  not  yield  inesaconic  acid  when  treated  with  nitric  acid.  When  treated  with 
Immine  and  watex^  it  takes  up  2  at.  bromine  without  evolution  of ^  hjdrobromic  add, 
and  fbiRiie  an  add  havmg  the  eompositimi  fvf  dibFomo-pyrotartario  aeid,  OH*Bt*0^, 
(KelcuU-,  Ann.  Ch.  Pharm.  Supp.  i.  3.38  ;  ii.  Ill  ;  Cahours  Ann.  Ch.  Phy,^.  [3], 
Ixvii.  129),  and  called  itadibromopyrotartacic  add  bv  Kekul^  dibromitaounic  acid  bgr 
C  a  h  o  n  r  8  (see  PrBcycABTATHc  aod,  BmrATtrBS  o»).  Oftraeoikie  add  yields  tibe  aaas 
or  an  isomeric  acid  (Cahours).  Itaconic  add  tre<ited  wlih  aodiwm  Mmti^am  tsfcas up 
Sat.  hydrogen  and  forms  pyrotartaric  acid,  C'H'O'  (Kekuld). 

Itacouates.  Itaconic  add  is  dibasic,  i'ormiug  add  salts,  C'H'MO*,  and  ncutr^ 
salts,  C*H*M'0*.  The  neutral  itaconatee  of  the  alkali-metals  do  not  crystallise.  The 
acid  potaAgium'asA.t  is  vpry  soluble  in  water,  and  ci-j  stallises  in  lustrous  lamins.  It  is 
obtained  by  neutralising  the  acid  with  potash,  ii<l^ng  a  quantity  of  acid  equal  to  that 
already  taken,  and  evaporating  to  crystallisation.  Gnie  attaline  salts  are  Mlabb^  and 
giv-  -vfiite  precipitates  with  the  Soluble  salts  of  lead,  mercury,  and  m\x^r. 

Jkjaiidea  ofXtneoalo  m>1(L  The  amides  of  itaconic  add  are  not  known,  excepting 
pefbapa  UoMimme  tmd,  whieh  appears  to  be  formedby  heating  itaoonate  of  ammonium 
to  190^^,  wliereby  a  brownish  acid  nuiss  In  obtained  which  forms  a  very  soluble  salt 
with  anuBoniam.  Bnir  some  of  the  cocresponding  phenylamine-oompounds  have  \x^u 
inveetifipited  bj  0ottlieb(Antt.  Oh.  Fhanii.  Izzvu.  315),  to  whose  fesearehes  the 
leader  is  referred  for  further  details. 

Ph€nj/litac<mamide,0'^^1$*0\ '»  derived  ftom neutral dtraconate  of  j hunylamine  by 
the  loes  of  two  atoms  of  water :  ' 
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It  ia  obtained  beating  itaconic  acid  with  excess  of  phenjiamiae  in  a  retrat  at  a 
temiMnitvM  •  utd*  aoom  180^.  It  OTitelBiM  in  laig*  thin  pbtcs  villi  %  peatly 

lustre. 

^henjflitaconamic  tmdf  CH'^NO*,  ia  deriTedfrom  the  aciditaetoateof  phenylamina 

C«'H'«NO«  -  H»0    -  C«'H"NO« 

It  is  obtained  by  eraporatiniEr  phcTiylamine  to  dryness  with  an  excess  of  itaeonic  acid, 
and  heating  the  xeMdue  a  little  abovQ  100^.  It  fonna  laige  colourless  needle^  moon 
■olvlkb  is  deobol  thaii  in  mter.  Haatad  to  160*  it  ia  dBeoipuaad. 

Ztaconio  Btber.   C*II"0*  ^  C*TT*(C»n»)'0*.  Itaconic  jicid  is  mixed  wnfh  alcoliol 
aiui  hjdxQchlorie  acid,  and  the  mixture  distilled  until  about  a  third  of  the  lUoohol  has 
-paatMo^:  irateriailMnaddsdto  the  iwidii^iAiidi  It  Is  a 

colourless,  inodorous  oil  with  a  slight  avoMtie  odoov  and  Uttff  tlitit,  ItlKHl^  at  22^, 
but  bf^ns  to  dpcoraposp  at  this  fioint.  E.  A. 

ITTVSaZTS.   A  silicate  occurring  in  monometcie  ciystals,  with  dodecahedral 
•  deara^e,  also  granularly  niMTSv  in  the  dfktiefite  «f  Htm  KauentuH        IMbfCg;  ill 

T'asaltir  dolerite  at  Sa>lMch ;  in  pbonolitic  doltrite,  with  pyrites,  titanic  iron,  and  apa- 
tite, at  £!ndingen.  Hardness  a  6*6.  Specific  grantv  »  2*37  to  2*40.  Gaidar  dark- 
hMA  ear  ash  ffK>y,  or  smoky  grey.  Lwtre  nmnoiM.  Tranriiieeiit  TVwtore  impcfftetly 
rdiK-lioiMal.  When  heated  in  a  tube.  It  ^Ivcs  cff  a  lar^f  quantity  of  wator,  ami  before 
the  blowpipe  melts  easily  with  strong  intumescence  and  eTolutton  of  sulphorons  an> 
hydride,  forming  a  blebby  opaque  glass.  Forms  a  dear  glass  with  borax.  OelatinvNii 
easily  with  amds. 

The  composition  of  tlie  tuiiu  ral  is  nhown  by  the  fallowing  anajjaaa;  a  hyCL  Q-Bialill 

(Schw.  J.  xxxvi.  74),  b  hy  Wiiitney,  Pogg.  Ann.  Ixx.  442). 

Ki03      SO)      CI       AHO*    F«*0^   Ca*0     HtfiO     Km  uid  lota.* 
a  34  02   2-86    073    28*40   O-Cl    7*80   1S*1«    156    1076  -  98-85 
b  35-69    4-62    1*26   29*14    .   .    ff-M    12*<7    1*20     9*83  -    99  94 

Accortlinji  to  the  latter  analysis,  ittncritc  may  bf  rrgarded  as  a  mixture  of  hydrated 
Bodaiite  and  hauyne  (p^  16),  (Dana,  ii.  319  j  Hammelsbarg,  Hvwrtuclumtt 
pw712.) 

>lfJLABn&  A  black  mineral  from  IwaiM  in  VinUuid,  which  eiTstallises  in 

monoTnetric  forms,  melts  befuro  I  tie  blowpipe  to  a  black  glass,  and,  according  to 
Thoreld,  consist  of  silica,  titanic  acid,  lime,  and  feiric  oxide:  perhaps  identical  with 
■eboriamitflL  (RammaUbar^  HSMSMfetaji^  887.) 
moXiXTz:.   ATifMgr«f  tratilftolh)mKinitobndMa,aont^^ 

aUa  ^antities  of  manganese  and  tan. 

ncoUTE.  A  fossil  resin  found  in  a  bed  of  bituminous  coal  at  Oberiiart,  near 
Ologynitz.  1 1  i.s  amorphous,  with  a  ^ty  lustre  and  hyacinth-red  colour,  becoming 
yellowish  wli*  n  pulverised.  It  it  mteaiiBlacent  in  thin  fh^^ents.  Frui^tures  im- 
perfcetly  roin-hi/ulal  in  the  purer  varieties.  8perifie  f^ranty  =^  10(»8.  Hariliies«  1, 
SSufleutf  at  il^-^,  but  is  still  tenacious  at  100^.    (Uai dinger,  Pogg.  Ann.  Ivi.  346.) 


J 

8UUH1>  Sm  Kmnm  and  CUiminum 

9AJ»A9»  This  name  is  applied  to  tha  looli  and  tubers  of  certain  plants  of  the 
convolrulaceous  order,  which  yield  purgatire  resins.  The  true  or  officinal  jalap 
consists  of  the  tubers  of  Contotmlut  £kUi*fJunu*  (or  Etoymtia  pur^a,  according  to 
Pereira),  which  contain  a  aferaog^y  {NUgHtifa  lana  ealled  eo&TolTvIio,  C^E?'0^{iL 
15).  Kayscr's  rh<>ihi>ritin. 

Spurious,  woody  or  fusiform  jalap,  jalap-wood,  or palap-stalks  {Sti^tea 
Jalapm\  the  root  of  Cdn«olmdMs  tmzabentU,  is  sometimea  imzad  wftk  gfrndba  jalifw 
Its  characteristic  principle  is  jalapin,  C*H*H)'*  (Kayser's  pararhodeorctin,  p.  438),  a 
resin  homologous  with  conTolvulin,  and  identioal,  or  nearly  with  scammonin,  Uie 
aetiva  prineima  of  CbmwMK*  Oemmnnim  (p.  488).  The  experiments  <tf  W.  H  ay  er 
(Ann.  Ch.  Ph  irnt.  xcr,  161)  ae«aa  to  ahov  Oift  Uotil  eoBvolTvliB  aiid jakfia  anatift 

both  kiiid.'>  of  jalap. 

^AZbAJPXO  ACX9u  C'H*^"?  Scammoiiic  or  Scammoninic  acid  ("W.  Mayer, 
Ann.  Ch.  Pharm.  xdL  116;  xcr.  129.  Spirgatis,  HUL  Ofi  289).  An  acid  produced, 
*i1h  animilatiiM  rf  wilw,  bj diMobing  jalifin ia aqiMOW loli^^  tliaalkiliatft 

» 
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alknlino  rarths.  Jalapln  ia  henfcd  with  baryta-wator  to  tho  Itoiling  point,  xmfll  the 
whole  is  dissolved,  ana  acids  no  longer  form  a  precipitate  iu  the  solution  ;  the  baiyta 
b  then  removed  hy  sulphorio  add ;  tiie  excess  of  this  add  hj  hydrate  of  lead ;  and  tha 
dHSolred  lead,  by  sulpbydric  acid.  The  filtrate  boiled  to  remove  the  sulphydric  add^ 
•ad  evaporat^,  deposits  jalapic  acid,  whieli,  in  ease  it  has  become  coloured,  may  be  do< 
eotoRsed  by  treatment  with  animal  charcoal,  or  by  boiling  it  with  a  little  hydrate  of 
lead,  aad  snbse^veDtly  passing  snlphydrie  acid  tiuooj^  the  liquid. 

Jthfiie  add  is  a  tmnalucent,  amorphous,  shining,  yLllowish,  brittle  mass,  which 
does  not  soften  below  100°,  and  at  about  120°  melts  to  a  turbid,  very  hygroscopic  syrup. 
It  has  no  smell,  but  an  irritating  sweetish  taste  (Majer),  or  a  sourish  irritating  taste^ 
with  bit t«^r  after- taste  (Spirgat is).  It  has  a  stwnfj  acid  reaction;  dissolves  very 
easily  in  waier,  easily  abo  iu  alcohol,  less  easily  in  etker.  It  contains,  according  to 
the  mean  of  Mayer's  analyses,  54  4  per  ocnl  earbon  and  8*3  hydrogen ;  according  to 
Spirgatis,  51-6  carbon  ami  8-2  nydropen :  hence  Mayer  deduces  the  formula 
C^i^O**,  requiring  54*6  carbon  and  7 '9  hydrogen ;  the  formula  above  given,  whick 
lemnrcs  54-0  earbon  and  8*0  hjdmgen,  is  periiapt  mom  pfobeble. 

jHliipic  acid  decompo«»s  at  alwut  130°;  when  heated  nn  platiinim  foil,  it  burns  with 
a  bright  sooty  flame.  When  a  concentrated  aqueous  solution  is  stirred  for  a  long  time 
vith  Ibming  AydhMUbriv  aeid,  it  splits  up  into  jalapiiiol  and  ^neoae  (Mayer) : 

2C^-0'«   ♦   two  «  + 

The  jalapic  acid  obtaintxl  from  scammony  forms  jalapinolic  acid,  instead  of  jalapinol 
fSpirgatis ;  see  p.  440).  The  same  decomposition  appears  to  be  caused  bv  enmldn 
(Mayer).  Majer  obtaaed  alphajahipie  add  by  boiling  jalapic  uSA  wUk  dflule  adUbi 
By  nitric  arid  jalapic  acid  is  converted  into  ipomaeic  and  oxalic  acids.  When  melted 
with  hjfdrate     sodium,  it  gives  off  1^'drogen,  and  forms  jalapinolie  and  oxalic  adds. 

JsUpaten    Jalnia  idd  wdtefl  wiCli  1mm,  ftrming  8 
hydrogen  are  replaoao  by  the  same  number  of  atoms  of  metal:  mixtures  of  these 
different  salts  are,  homvar,  to  ionn.  It  dirolaoea  carbonic  add  fsom  the  oar> 

loinfaa  oftitadu&MidalltiBiie  MtUiik  Bftn  wW  aaalidiaed  villi  aa  alkali,  ifc 
gives  no  precipitate  inUtaajmalallie  Milt  «siB8pt1wBieaflelita(^  Tbajalapatat 
are  amorphous. 

JSMiNN-satts.  The  mom^nfrytie  talt^  C^H'BaO'*,  is  obtained  by  mixing  aqueous 
jalapic  add  with  a  slight  eaoew  of  baryta-water,  removing  the  e-xcess  of  baryta  with 
carbonic  acid,  then  warming  and  evaporating  the  filtntte.  It  n  sembles  the  triba- 
rytic  salt,  and  contains,  according  to  Mayer's  analysis,  497  per  cent.  C,  7*6  U,  and 
8  6  Ba;  the  above  formula  requiring  49  4  C,  7*1  H,  and  8  3  Ba. 

The  tribarytic  salt,  C'*H*"Ba*0",  is  prepared  by  boiliiip  jalapin  for  4  to  6  hours, 
with  2  pts.  hydrate  of  barium  and  4  pts.  watvr  (or  nuiirig  it  with  an  equal  weight  of 
ftjdnlaof  tMoinm,  melted  for  half  an  hour  in  an  air-bath,  and  then  heat«>d  with  water), 
and  passing  carbonic  acid  through  the  boiling  Kolution,  which  is  then  filtered  and 
evaporated  down,  and  the  residue  dried  at  lOO*'  in  a  correut  of  air.  It  is  an  amorphous, 
Beabal,  d^tly-eokNirad  mass,  hanog  a  alightly  imftatiiig,  bittw-sweet  taste.  It  melts 
at  100°,  ana  decompo<?es  with  intumescence  when  strongly  heated.  It  is  soluble  in 
water  and  alcohol,  and  is  not  decomposed  by  caibonio  ada  (Mayer,  ;Spirgatis).  It 
wwitahta,  aoeorduig  to  Mayer,  48*1  per  eeat  OL  6*0  anl  31*6  Ba»  the  jweeeding 
temula  requiring  43  2  C,  6  0  H,  and  81*8  Ba.  DCayez^a  lioniila»  C^^Sa»o^ 
Mqttiree  42  4  C,  6  9  U,  and  2 13  Ba  ]  * 

A  ailt  of  intenM^Kate  composition,  perhaps  the  tHbaryHe  »alt,  appean  abo  to  be 
ibrmed  ujider  certain  circumstances  (Mayer). 

Jalapate  of  lead. — Beoently-precipitated  hydrate  of  lead  dissolves  in  boilii^aqneotui 
iafaipic  add,  forming  an  amorphous,  easily  adnble  aalt  When  the  aqneoaa  aeid  ia 
boiled  fur  a  long  time  with  excess  of  hydntte  of  lead,  a  gummy,  tumefied,  Imsic  salt  is 
fimned,  which  is  insoluble  in  water,  and  very  spannslv  soluble  in  alcohol  The  aqueooa 
acid  gives  no  predpitate  with  neutral  acetate  of  leac^  out  copious  white  flakes  with  the 
basic  acetate  (Mayer,  Spirgati »).  Ammoniaeal  acetate  of  lead,  or  the  basic  acetate 
throws  down,  from  the  aqueous  acid,  a  floceulent  precipitate,  which  may  be  purifled  by 
repeated  solution  in  acetic  acid,  precipitation  with  ammonia,  and  washing.  After  bdng 
dried  over  oil  of  vitriol,  it  does  not  loae  weight  at  130°  (Keller).  It  contains,  ac- 
cording to  Keller's  analysis,  31-1  per  cent.  Tead  ;  the  formula  C^H^PbH)'* xeqairea 
29"1  per  cent,    Keller's  salt  probably  containtd  exce^'w  of  base. 

AlplMuJUaple  Mid.  C-*II«0'».  (W.  Mayer,  Ann.  Ch.  Pharm.  xcv.  165.)-- 
When  dilute  aqueous  jalapic  acid  is  boiled  for  not  too  long  a  time  with  hydrochloric 
or  dilute  sulphuric  acid,  one  part  of  the  iaiapio  add  is  corapletelv  converted  into 
|Bfa|rfilol  aaid  sugar,  another  smaUer  part  rato  a^h^jala|iie  acid,  nidi,  on  cooling,, 
aanamtes  out,  with  the  jalapinol,  as  a  soft,  brown,  srmi-cnr'stalline  mass.  By  boiling 
tma  mass  with  baryta- water,  removing  the  jalapinoiate  of  barium  which  separates  on. 
eooliBi^  aad  wwiffiiiiUHiig  Um  mothar-U^iwr,  ivUla  aOlgr  naadlaa  «f  alphi^alapio  acid 
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are  obtaJned,  while  jalapinntc  of  bariiim  rcmahllfal  aoludon.  Tho  needles  are  puri- 
fied by  reoiTrtalliflation  from  water ;  tbou  diaaolred  in  boiling  water,  and  decomposed 
by  acetic  add ;  and  the  alphajaLnpic  acid,  which  orfrstalliaea  Oiit  on  eooUnff,  isooUeeled 
and  ^nrified  by  washing,  r*  <  rystullising  from  water,  acidnkAioa  vift  Meal  Mid,  eote- 

tion  m  alcohol,  and  precipitation  with  hot  water. 

Alphajalapic  acid  forms  white,  flexible  needles,  exhibiting  a  silky  lustre  under 
frater,  melting  bdow  80°  to  a  pale  ydlow  thin  oil,  and  fbrming  a  crystalline  solid  on 
cooling.  It  has  no  f;tncll,  but  nn  irritating  taste,  with  sweetish  after-taste,  and  is 
fef-bly  acid.  It  dissolvt's  sparingly  iu  cold,  more  freely  in  boiling  water,  easily  in 
alcohol  and  in  ether. 

When  the  barium-salt  (or  the  acid  itself)  is  hcatal,  it  is  decomposed,  with  frtifhin?. 
and  givea  off  a  brown  acid  oil,  which  solidifies  on  cooling,  partly  in  the  crystalline 
Ibnn.  When  tNvM  vitk  iUmie  eeMn,  or  boBed  -with  nttrie  aotd,  or  melted  wUk 
karate  of  potassium,  it  exhibits  the  same  reactions  as  jalapic  acid.  In  the  decnmpo- 
ntion  with  dilute  acids,  however,  only  i  at.  sugar  are  formed  to^l  at.  jalafinol,  whereas 
jalapic  acid  (p.  437)  yields  •  at  nffv: 

Alph\jalapaie  of  barium,  pMMred  as  above,  forms  white,  glittering,  brittle,  crystal- 
line needles,  having  a  sweetum  irritating  taste,  and  melting  easily,  without  lo^s  of 
water,  to  a  thin  oil,  soluble  in  water  and  in  alcohol.  It  contains  1 0  5  per  cent,  barium, 
flomopondiiig  with  the  iKanila  CFH^BeO**,  wUdi  xeqnbei  10*4  per  onit  berinn. 

C««H"0'«  (J.  JohaitOQ,  Phil.  Trans.  1840,  p.  342;  PhiL  Mef . 
rS],  xviL  183.— A.  Kayser,  Ann.  Ch.  Ffaarm.  li.  101. — W.  Mayer,  ibid,  xcv,  129. — 
OnJalapinfrom-Kammony-rtnn:  Johnston,  PhiL  Trans.  1840,  p.  340. — Fr.  Keller, 
Ann.  Ch.  Phaxn.  dr.  OS ;  futher,  with  altend  data»  (hid,  dz.  SOO.— 8pirgAti%tatf. 

cxvi.  289.) 

This  substance  (Kayser's  Pamrhodeorctin) occxxrs  in  the  root-stock  of  Convolimbli 
(or  Ipomcea)  orisahensis,  the  jali^stalks  or  Jalap-wood  of  commerce,  uid  forms  the 
principal  portion  (fioluble  in  ether)  of  the  jalapMUl  {Ki^aied  thnefitOBOU  On  tho 
resiu  of  tuberose  jalap-root,  see  ii.  15. 

The  resin  of  jalap-stalks  has  been  examined  ahM>  \rr  HInle  (Bmot.  zlniL  MS\ 
and  Planche  (J.  Phami.  xxiv.  169).  According  to  "Woppen  (N.  Br.  Arch.  Ixxxrii. 
153),  it  reaembles  the  rosin  of  Convolvulus  arvensis,  which,  like  jalapin,  assumes  a  fine 
purple-red  oolonr,  with  solphnrie  Mid,  and  is  aolnble  in  ether  (oontnzx  to  Hie  atacte- 
mt  iit  of  Planche.  T.  Pharm.  xiii.  165,  who  found  it  in.«!oluble  in  ether).  The  f.ime 
resin  has  b«>en  examined  b^-  Chevallier  (J.Pharm.  ix.  306).  Xhereeinof  CoHVoivuita 
SeldmeUa  appears,  according  to  Flandie,  to  be  freely  solaue  bk  ednr  wad  ileohoi,  ae 
also  the  portion  of  the  tubt-roso  jalap*xoat  wfaitih  »  aalnUa  in  ether:  both  laeae 
resins  are  therefore,  perhaps,  ^'alapin. 

Oommerdal  scammony  resin,  from  Omvdmlus  Scammonia,  was  deeeribed  some 
ears  ago  by  Bouillon-Lagrange  and  Vogel;  ul.'io  l»y  Plancho  (J.  Pharm.  xiii» 
65;  xviii.  183J.    CI.  Marquart  (N.  Br,  Arch.  vii.  248  ;  x.  139)  described  the  resin 
obtained  from  the  root,  and  believed  he  Lad  wpa rated  from  it  a  vegetable  base(cy7aw/- 
mtiine).    Johnston  recognised  tho  similarity  between  scammony- resin  and  the 
resin  of  the  Jalap-stalks  ;  Spirgatis  .showed  that  scammovin,  tho  chief  constituent  of 
,  •  the  former,  is  cither  identical  with  jalapin,  or  differs  from  it  only  in  so  far  that,  when 

deoompoeed  by  acids,  it  at  once  yields  scanunooolieQelapinolic)  add;  whereas  jalapin, 
according  to  May.  r,  when  treated  in  a  similar  manner,  yields  at  first  jalapinol  (p.  439). 
These  stateincnt.<j  are,  perhaps,  better  founded  than  the  contrary  statements  of  Keller 
and  Kosmann  (p.  440). 

According  to  Planche,  the  resin  of  Convohiilns  septum,  and  aceonlinp  toBoutron 
and  Charlard,  that  of  Conv.  TurDttkum  (J.  Phann.  viiL  131)^  aio  not  soluble  in 
ether,  and  nay  thus  be  dietingvUhea  ftwn  jalapin. 

In  what  follows,  the  statements  of  Kaysor  and  ^Vfayor  relate  tO  jdap&l  ftonjel^^ 
stalks ;  those  of  Keller  and  Spiigatis,  to  that  from  scammonr. 

Preparatkm. — «.  "Fttm  eomnierdal  Retina  Jalappa  sttpU&nu.  To  a  eolnfiott  of 
the  resin  in  a  large  quantity  of  alcohol,  water  is  added,  until  it  becomes  sb'ghtly  turbid; 
the  whole  is  repeatedly  boiled  with  animal  charcoal,  and  the  still-coloui^  filtrate  is 
precipitated  by  neutral  acetate  of  lead  and  a  little  ammonia,  which  produces  a  small 
greenish-brown  precipitate.  The  liquid  is  filtered,  and  the  filtrate  freed  from  lead 
by  passing  sulphydric  acid  through  it,  then  heatingiui.l  filtering ;  the  alcohol  is  again  dis- 
tuled  off,  and  tho  resinous  residue  repeatedly  kneaded  in  boiling  water,  then  aissolred 
in  ether,  from  which  it  may  be  recovered  by  evaporation  (Mayer).  Or  the  alcohoMc 
resin,  after  treatment  with  animal  charcoal,  is  boih  d  for  a  long  time  with  freshly-pre- 
dpitated  hydrated  oxide  of  lead ;  the  lead  is  separated  from  the  filtrate  by  sulphvdrie 
add;  lukl  the  reeiakifhiee  times  aepaiated  by  water  ftim  the  aloiAeU^ 
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▼ell  boiled  in  wafer  and  dissolred  in  ether  (Mayer).  Kaygor  cxhamts  tho  root  with 
alcohol ;  eraporotea  the  tiucture ;  waabes  the  resinous  residue  with  hot  water,  diasolTea 
it  in  alcohol,  and  treats  th«  aoHitiaB  with  animl  diKrootl ;  ^BflQi  off  tbe  aleoibol ; 
IkjiIs  tho  rosidu^  again  wifh  writer ;  and  dric»s  it  over  a  wator-l>at!».  Jolinj^ton  ex- 
amined a  reain  that  was  obtained  cither  by  dissolving  the  oommerdal  resin  in  ether 
and  efspomtiag  tiia  aoliitiofi ;  or  hj  odunuting  tho  groond  root  of  with  hot 

alcciliol,  ev;ip->raf ing  the  brown  tincture,  and  extracting  the  n"-i(luo  wifli  (  flivr;  or  l>y 
extracting  dups  of  the  root  with  oold  alcohol,  evaporating,  boiling  the  residue  in 
water,  divalvu^  tin  naineiae  zeaidae  in  eUier,  aod  evaporating  the  solution. 

b.  From  Sesmmam^. — Coar8cl\r*powdcrod  scammony  is  (^haustod  with  cold  al'^hol 
(boiling,  according  to  Keller) ;  the  tinctriro  is  diluted  with  water  till  it  b.  comes  turbid, 
decolorised  by  animal  charcual,  and  filtered ;  the  greater  part  of  the  alcohol  is  dis- 
tilled off ;  and  the  residue  mixed  with  water  is  heated  in  a  water-littmi,  till  the  whole 
of  the  alooliol  is  driven  off,  af><T  •^^liich  the  rpfin  is  tn  ated  for  a  long  time  in  n  •water- 
bath,  with  £requentljr»rpnewed  hot  water,  and  at  k^t  dried  u^p.  The  xeaidtte  maj  be 
diMoHisd  in  «uer  aad  feoovend  by  eraporatieB.  (Spirgatis.) 

The  jnl  ip'n  (obtained  according  to  (/  or  h)  still  contains  a  small  quantity  of  a  volatile 
acid  (valuriuuic  acid,  according  t<>  Keller),  which  cannot  be  completely  removed  «?ea 
by  very  long  washing.  It  betrays  itself  by  Ae  em^  wMdl  the  jalapin  eniite  wImb  It 
is  converted  by  l»ases  into  jalapie  acid,  and  the  resulting  solution  supersatuitited  with 
a  mineral  acid.  Keller  regards  this  acid,  the  bulk  of  which  passes  off  in  tho  water 
used  in  washing  the  jalapin,  as  an  essential  product  of  the  decomposition  of  scammony ; 
wliercas  Mayer  and  Spirgatis  regard  it  a«  ft  men  OOBtemiiMtion. 

Prcp-  rtieji. — Jalapin  is  a  colourles<<,  amnrpho'n**  rr^^n,  tmnsliicent  wlion  in  tliin 
plates ;  at  100°  it  becomes  brittle,  aud  may  Le  rubbed  down  to  a  wliit^  powder,  it 
•olleB  at  IM^,  and  melts  at  160<'  to  a  transparent,  colooxleei^  or  pele>yeiIow  syrup.  It 
is  tasteless  and  inodorous  ;  in  alcoholic  solution  it  gives  a  pcnrcnfv  pprceptible  acid  re- 
Mtkm  (Mayer,  Spirgatis).  It  is  but  slightly  soluble  in  tco^er,  but  diasolvea  verr 
cmDj  Md  withoot  dMompoeltioii  in  dhok^  wood^^pirit,  «Uker,  and  dUDngf^mt.  tt 
diattolros  also  in  hmtenc,  oil  of  turprntine,  and  pdrnlrvm. 

The  composition  of  jalapin  dried  at  100^,  or  in  a  vacuum  at  oonunon  tcmperatnzes, 
if  idhovn  l>y  thelbOowing  aiulyeen 


CalcuIaitoH.  I^avtcr.  Mayer.  Kitl*T.  SplrgaliV 
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 found  in  the  resin  obtained  from  jalap-stalks,  65-76  to  66-65  per  cent.,  in 

scammony-rfsin  54-06  to  66-32  per  cent.  car1>on.    Keller  gives  the  formula  C^/^^O". 

Decomjxmtiom. —  1.  Jalapin  lu:^Ud  above  127**  gives  off  carbou  and  hvilrogen  in 
the  form  of  a  volatile  compound,  which  contains  less  oajgen  than  the  r>  si  duel  resin 
(Johnston).  Jalapin  which  melts  at  1500.  bfwraes  brown  when  futther  Iu\it.  il,  and 
acquires  a  pungent  empyreumatic  odoiir  (Spirgatis). — 2.  When  hcat«<i  on  platinum- 
tiu,  it  tdcee  iln,  bma  with  •         aoolrf  flatte  ana  cnpywoiuatae  odour,  koA  leavea 

charcoal.— 3.  It  b-  ilves  elowly  in  cold  strong  sulphuru-  ariJ,  the  m^IuHdii,  in  five  OT 
tea  minntea,  aoauihng  a  beautiful  puiple  or  maroon-red  colour,  then  becoming  Iwown, 
wad  ilnaDy  himk.  On  ^tmXmg,  or  after  dihrtion,  a  Inown  rariii  or  a  brown  tallowy 
body  separates  from  the  liquid,  while  sugar  remains  dissolveil.  (Kayser,  IMayer, 
Spirgatis). — 4.  By  heating  with  dilute  minfrat  acids,  jalapin  (even  that  which  has 
been  dissolved  in  aUcalis  ana  thereby  converted  into  jalapic  acta)  is  decomposed  into 
jilap&M>l  and  nigar  (Mayer).  When  ialapin  from  scammony  is  treated  in  the  same 
w»y.  jttlnpiaolle  add  ii  dbtaaed  iA  piiMe  o<  jabpinol  (Spirgatia).  fotmation  nt 
jalapinol : 


If  pure  jalapin  (or  pure  jalapio  acid)  has  been  used,  no  other  bodies  are  produced  than 
those  just  mentioned  (Mayer,  Spirgatis).  Acconling  to  K<ller.  when  a  solntion 
(alkaline  or  alcoholic?)  of  scammonin  is  treated  with  strong  ituiphuric  acid  or  with 
hydrochlorie  add  gas,  and  tb.en  left  to  itself,  three  decompontkn-pNducts  result,  and 


the  formation  of  n  fourth  (^formic  acid  or  fonnic  aldehyde)  nppenrs  probable  from  the 
lormnlte.  The  products  of  this  decomposition  are— a.  A  neutral  body,  C^H^O*,  also 
acpavUa  hj  aDodia  into  tewimoooHc  add  (jalapaatte  add),  and  an  akwdV  O^EW,^ 
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b.  Antjflic  aldehjfdet  which  pasties  over  m  valeriamc  add  when  scammouy-resin  is  bollad 
with  potiiifa.4qr,  tnd  tlMD  with  dilntft  tulphoric  acid. — c.  A  carbo-hydrate^  C**H*€^» 
Mhich,  however,  ia  converted  into  augw  bgr  nmpU  boliiag  mtfi  ditato  wi^to  uadm 

ICeiler  giv^  the  equation : 

But,  according  to  Spii^tis,  the  neutral  body  a  must  be  ivgaidcd  as  ethylHMBuno- 
Dolitt  etktr:  moreover,  the  valerianic  acid  is  obtained  only  from  impure  scammonin. 

(J.  Pliarm.  [3],  xxxriii.  83),  by  boiling  scammonv-resin  with  dilute  snl- 
phurio  acid,  oLUiiua  suj^iur  and  his  tcamtnoneol,  as  a  mtt,  yellowish'wbite  substance, 
Bftving  a  silky  lustre  and  add  reaction,  uad  separating  from  tlw  bot  alkaline  aolvtioii 
on  cooling.  He  calculates,  acwriiing  to  Johnston's  analysis  of  scammony-rwin,  th» 
formula  C"H"0"  for  soammouin,  and  so  arrives  at  the  equation  of  deaunposition : 

C«H»»0"  -I-  6H^0    a  aCH'^O*  +  C»«H»0*. 
— ^.  "Whm  jalapin  ifl  ditaohrd  in  aqoMMU  aolntioM  of  ommtw 

baryta'tcatt  r,  or  in  boiling  alkaline  cnrhonatrs,  water  is  assimilated^ 
■ohiUe in wfttor, is iormed  (Mayer,  Spirgatis),  probably  thus; 

Even  the  purest  jftlaplii  yields  also  traces  of  jalapinolic  acid  and  a  volatile  acid,  but  no 
sttffiir  (Mayer).  When  jalapiu  \b  melted  with  hydrate  of  sodium^  hydrogen  is  given 
and  jalupinolic  and  oxalic  acids  are  formed  (Mnjer).  Keller,  by  boiling  scam- 
monin  with  alcoholie  potash,  obtained  dark  flakes  (on  aeconnt  of  impurities  in  the 
•cammonin,  according  to  Spirgatis) ;  and  on  subsequently  adding  water  to  the  .solution, 
compound,  C'*H'*0,  was  precipitated  in  white  t!  ik  -,  \v  hi6 derate  of  potassium 
Tfm  liniHl  in  solution.  The  body,  C'*II"0,  reg:inle<l  by  Kellrr  as  an  alcohol,  is  likewise 
formed,  on  boiling  commercial  jalapin  (obtained  from  the  resin  of  jalapHstalks)  or 
■euraion^  with  buyta-water,  or  solution  o€  potaah ;  it  evspontee  vith  the  mter,  cod 
separates  in  gelatinous  flak.  ^  from  the  distillate.  At  40**  it  melts  to  an  oil,  crystnlH«:e3 
on  cooling,  and  contains,  on  the  averase,  78  per  cent.  C,  14*12  H,  and  7'88  0.  Kell» 
tvgnrdt  uoM  hodj  ae  a  prodnet  of  the  decompsition  of  eeamnooin  (or  nofo  cobmIIj 
of  the  neutral  body,  C^IP^O*  or  C'*H'*0'  ;  Spiralis  regards  it  as  a  mix-^nre  of  ro.sim^ 
einoe  the  greater  jportion  of  it  is  obtained  on  distilling  tlie  tmpiue  resin  with  water. 

6.  "Bf  nUrio  tutd^  jalapiu  is  at  first  deeoai|K>eed  into  jalapinet  and  sugar,  and  tiMM 
products,  when  fitrther  .subjected  to  the  action  of  the  nitric  acid,  are  converted  into 
ipomeeic  and  oxalic  adds  (Ma;^er).  A  small  qoantit^r  of  nitric  acid  does  not  colour 
jalapin ;  but,  in  presence  of  guaiac-resiu,  a  green  colour  is  produced  (Ball,  Spirgatis). 
—7.  When  tulfhurout  anhydride  is  parsed  through  an  ammooiaoal  alcoholic  solution 
of  seammoTir  resin,  silrery-shiningplatf"?  t\vf  sppsirated,  •^nlmining yfffhi^ tn  wMHljr^ft 
in  combination  with  aeid  sulphite  of  ajiiiuuiuum.  (Keller.) 

JAXikPZirOXta  C«H«0'.  (W.  Mayer,  Ann.  Ch.  Pharm.  xcv.  145.)— Jalapin 
and  jalapic  acid  are  resolved,  by  contact  with  niiueral  acids,  slowly  at  ordinary,  morn 
quickly  at  elevated  teniperrttur*»R,  into  jalapinol  and  sugtir  (pp.  4o7.  n9),  Jalapinol 
.  and  Bugar  wer^^  ako  ^jroduced,  in  one  instaiice,  when  aqueous  jalapic  acid  was  left  for 
34  hours  in  contact  with  emulsion  of  almonda  ai  to  98^ ;  wlianaa,  in  a  second  eoqie- 
riment.  pure  emulsin  did  not  ellbci  the  doeompoaition,  pediapa  beoanae  the  aolntien ' — 

too  strongly  ht-at<'d. 


To  prepare  iala[Hnol,  a  moderately  concentrated  aqueous  aolntaon  of  jalM»ie  aeid  is 
mixed  with  half  its  bulk  of  fuming  hydrochloric  acid,  and  left  to  itself  for  days,  or  till 
the  clear  mixture  has  solidihed  to  a  thick  crystalline  pulp ;  and  the  product,  after 
lieing  washed  on  n  filter  with  otdd  water,  is  repeatedly  melted  under  warn  water,  uul 
purified  by  recrystallisation  from  alcohol,  with  help  of  aninuil  charcoal. 
Jalapinol  forms  white^  wuMower-like  crjetals^  which  melt  at  62°  or  62  5^,  and 


•oHdiff  at  S/ir^  to  *  heed,  brittle,  crystaiDuie  maae.  It  aafcee  gaaae  apota  on  paper ; 
is  inodorous ;  baa  an  iiritating  taate^  and  weak  add  zeaetun.  m  ii  iolMto  in  tUookU 

and  in  ether. 

In  contact  with  cotfvHv  alkalis,  aqueous  ammmiOf  or  baryta,  it  is  oonyerted,  with 
ciiminatiim  of  vnter,  into  n  lalt  of  jMnpinolici  add: 

CFBW  +  XBaHO   «  9C*^B>*BaO*  -I-  SH*0. 

JA&A»nroZiZC  AOIB.  0*n^,  Anaddmodneed— l.  lEktmitinf  jalapind 

with  caustic  alkalis,  or  with  baryta  (Mayer).— 2.  By  the  action  of  meltiiigliydrate  of 
Dotassium  on  jalapin  or  ialapic  acid  (Mayer).  Jalapin  and  jalapic  acid,  prepared 
flon  aeanunony,  axe  zeaolvea  bj  mineml  adds  into  jaUpinolic  add  and  sugar.  (Sp ir- 
gatis.) 

Pr^nUiou.    L  Jalapin  is  added  graduaU^j'  and      small  poxtioBa  to  Igrdnte  of 
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sodium  melted  with  ^ih  pt  of  vator  (the  muss  then  firothin^  vm  yiolently,  giving  off 
hydrogen  and  turning  brown);  the  mixture  is  heated  and  stirred  as  long  as  nydrogen 
continues  to  escape;  the  crumbling  lieht-yellow  mass  is  dissolved  in  water  after  cool- 
ing ;  ami  the  grefttfr  part  of  thn  alkali  is  neutralised  with  add.    TIio  jalapinolat«>  of 
sodium^  which  Sfparatt's  aftor  tome  hours,  is  culiected,  washtd,  and  decoDipcistHl  by 
tatStta  with  hot  acidulated  wator  ;  the  scparaK  d  add  is  again  repeatedly  atSled  with  1 
pure  wat» T,  tli<>n  dissolvfd  in  alnjhol  and  ?"i  rxtrnl  with  ani'Ti^l  rharcoal ;  the  compwhat 
concentrated  tlltruto  is  mixfti  with  a  Ihk*-  quaiitity  of  warm  water;  and  the  ttoiid  acid 
tHdch  separates  on  cooling  is  coUiMtoa  ( M  a y  o  r).   Fvom  th*  nothes^fiquor  fihered 
from  the  jalapinolatf  of  ^otlium,  excess  of  acid  stiJl  separatps  n  Fmall  quantity  of  im- 
pure jaiapiuoUc  acid  (Mayer)ir— 2.  The  hot  aqu«ouii  iM>lutiua  uf  jakpic  acid  {from 
•aimmony)i8  digMtea  in  tha  wvler^lMtli  for  a  fortnight  with  dilute  suIphnrieMid; 
and  the  tallowj'  mass  which  separates  on  cooling,  i-*  fri't.'*!  fnnn  sulphuric  acid  hy 
washing  with  hot  water,  and  ciystallised  from  ether  with  help  of  animal  charcoal 
(Spirgatis).— 3.  Jalapin  from  scammony  is  added  to  boflinff  bujtarwater*  ih* 
liquid  is  hoat^ni  till  tlie  whole  is  dissolved,  and  a  Mmplc  of  the  futrutc  is  not  r    lr  i>  1 
turbid,  either  by  water  or  by  hydrochloric  acid ;  and  the  solution,  after  tiltratiou,  ia 
wixsd  wiHi  <Hie4libd  of  ill  VoIdim  of  llunnig  hydrodiloiw  aeid.  The  liquid  bseones 

turbid  in  al»out  20  hours,  and  solidifies  in  the  course  of  10  days  to  u  thick  pulp,  which 
is  collected,  washed  with  ould  water,  remeltcd  with  hot  water,  and  reoystidllsed  ionx 
or  five  timet  Ikom  tqueoM  akolMil. 

Properties.  Jalapluolie  acid  forms  white  tufts  of  neodles,  appearing  under  a  magni- 
fying power  of  300,  as  thin  4-8ided  prisms.  It  melts  at  64^  or  64-6^  (60^  to  61^, 
according  to  Keller,)  and  solidifies  at  61-5°  or  62"  (Maver),  at  60^  (Spirgatis), 
to  a  white  radio-cry staJline,  hard  and  brittle  ma^K.  It  makes-grease  spots  OB  Mpar } 
is  lighter  than  water;  inodorous,  but  has  an  irritating  taste  and  acid  reaction  (Mi^jfoi^ 
Spirgatis).    It  is  insoluhle  in  waieVf  but  soluble  in  alcohol  and  in  ctfier.  [ 

VThen  heated  above  its  melting  point,  it  decomposes  with  intumescence,  emitting  a 
pungent  odour  which  attacks  the  eyes  and  tbtoiaL-^lSHtne  4uid  fff^^^ftt  it  to  *ininiim> 
aeid  and  oxalic  auid  (Mayer,  Spirgatis). 

Jalapinolatefti  The  acMii  roonob—ie,  tho  goaawi fBimiU of  iti  aentwlwHi 
being  C'«H»3I0». 

jMapinoUte  of  Amtmnium,  C"H*(NH*)0*.C'*H'"0'.  By  di^h-ing  ialapinol  or 
jalapinolic  acid  in  aqnemis  ammonia,  an  crescent  liqaid  is  obtauMd  iniiob  gives  off 
ammonia  when  evaporated,  solidifies  to  a  crystalline  mass  when  concentrated  to  S 
certain  point,  but  if  completely  evaporated,  leaves  an  amorphous  neutral  jelly  soluble 
in  wster.  Tlie  crystals  »re  grouped  Uke  eaQliflowa^>lw•di^  sod  wImh  strongly  magni- 
flsd,  appew  as  lon^j  oolourless  needles.  (Mayer.) 

JcUmmoUUe  Jiarium,  C"lI"£aO',  is  obtained  by  precipitating  jalaptnolate  of 
sumMMnuB  wtth  eUoride  of  iMiionk,  or  by  boiling  jafapuiol  o»  sleoholic  jalapinolio 
acid  with  baryta,  and  rrytt  illiacs  out  on  cooling,  in  microscopic,  thin,  white,  lui^treltisa 
needles,  mdtuut  to  a  colouileis  liquid  when  heated.  It  is  nearly  insoluble  in  cold, 
spaxiugly  solidds  in  boilisg  water,  more  easily  in  boiling  aqueova  aleohoL  (May  ez^  j 
Bpirgatis.)  ' 

JaUpinolate  of  ammonium  precipitates  aqueous  ehh>riilc  of  calcium. 

Jalapinolatf  of  Cupper,  a.  Bane, — When  a  slightly  alkaline  a<^neous  solution  of 
the  ammonium -Halt  is  precipitated  with  cupric  achate,  and  the  precipitate  is  washed 
and  dried  at  lOO**,  a  dark  blue-green,  amorphous,  very  loose  mas^s  is  obtained,  which 
iuelt9,  without  loss  of  water,  to  a  dark  green  liqnid,  and  soIidiBea  to  a  translucent 
brittle  mass.  It  is  insolnUe  in  water,  nearly  soluble  in  alcohol,  contains  at  100°, 
18  75  p.  r  cent,  cuprio  oxide^  Slid  IS  th«efoa  :iC"ii^O'.OiiHO  (calo.  18-24  per  cent. 
CuH>).  (Mayer.) 

K  JII!wlra<L'G*4P*CuO*.   A  hot  s^moos  sobitiMi  of  jslapiDolate  of  sodium  forms 

with  hot  aqncoTi?5  cnpric  sulphate,  a  grccn-bhie  precipitate,  which  dries  up  to  a  li^ht 
blue-green  amorphous  powder,  melting  to  a  dark  green  liquid  when  heated.  (Spirgatis.) 
It  gave  by  analysis  1S'S4  pear  cent.  Cu*0,  the  formul*  laqaxiing  18*88  par  cent 

Jalapinolate  of  ammonium  pr^'ipitates  iron-^oltf. 

Jaiaoinoiate  of  Lead,  C'H'PbO*,  is  obtained  by  precipitating  alcoholic  jalapinolic 
Mid  aoiW  with  •  little  asBDiowa,  with  naotral  aofftate  of  lead,  tad  «B^^ 

amorphous  precipitate  with  dilute  alcohol  and  water.    It  i  i 1 1 1 1 if s  ttmnthcs  <0  ail  opsiiua 
Biass  at  120*'.   It  is  sparingly  soluble  in  water  and  alcoboL 
JtiofiMlUfh  a/  MmsIms  ia  obtttEned  by  diasohing  jalapinol  in  boiling  aqueous 

potash.    The  solution  on  cooling  »oHdifieH  to  a  crystalline  pulp,  which,  after  washing, 
and  veciystallisation  from  water  or  alcohol,  forms  slender«  white,  silky  needier  melting 
vitlKNit  daeonposUion  when  bealed.  R  is  neulnl,  ftnns  sn  ontbaoent  stduLiott  witn  * 
water,  even  when  free  alkali  is  pro.«(ent,  and  is  soluble  in  alcohol. 
Jalapinolat*  qf  Siimr,  G^'fi^AfO*.  The  akohoUc  solution  of  the  aad  neutralised 
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with.ammonia  is  precipitated  by  a  warm  solution  of  nitrate  of  mtrVf  in  flakes  which 
haYo  a  letreely  p<  n^rpt  ibie  aystalKM  dteaelsr.  er.) 

J<d<tjiin<'late  of  -S  '  ; ,  C'*H'*NaO',  cn-pfalli'sos  in  slender  dazzlinp-\rhlte  tufts 
ci  needles,  which  form  a  turbid  solution  with  a  anall  quantity  of  hot  water,  a  ^lear 
asirtaJ aohitioit with alM-ger quantity, aad afaHheiwi— iciiwa in aleohoi.  (Spirgatis.) 

7alaiilMlla  Bther,  C»H»|0»  -  C'«H«'^C»H»)0\  Seammmolic  ether.— Ifh^n 
hydroclilorie  ncid  gas  is  pa«s«Hl  into  a  solution  of  jalnpinolie  ncid  in  absolute  alcohol^ 
and  tlic  rcsulfiiig  liqiiid  is  mixed  with  water,  a  ytllow  oil  sejiarates,  which  must  be 
washed,  after  solidification,  with  ooldalM^ol,  dissolved  in  boiluig  alcohol,  mixed  with 
carbonate  of  soditun,  and  .after  it  haw  B<>|T(rf>ted  out  on  cooling,  repeatedly  preeipitat<*d 
from  the  i^holic  soli^on  by  water.  1l  mav  also  be  obtained  from  scammony  resin, 
hjpMriBgfajdioeUorieadAgM  Into  tfa»  doom  (Spirg^tit.) 

TAXiPArrB,  A  cupriferous  silver-g^iDee  fsom.  Jalpa  in  Mexico.  It  has  a 
Wai  kisli  lead-grey  colour,  is  malleable  like  ordinary  alver-glance,  and  has  a  fspecific 
gravity  of  6*877  to  6'S90.  According  to  an  analysis  by  B.  Bichter,  it  contains 
14*M  per  cent,  sulphury  71*61  nhw,  18'li  eofpcr,  m.  0*79  inwi,  igneNqg  naulj  witii 

thetasula  |^^|*a  (Br«itha«pl^  JaliNte.  iai«»pb  68S). 

VAKAJEOrvB.  An  alkaloid  said  to  be  eontained  in  the  htrit  of  Gmffroya  inermut, 
a IflgomiiMras  tree  growing  in  Jamaica  and  in  Surinam.  (Hiitteusch midt^  Qmg^B 
Jfatr  Pbarm.  Sept.  1824.— Wiuckler,  Phann.  Centr.  1S40,  p.  120.) 

J  AMUSOyXCT;  A  su^hantimonile  of  lead  oasnning  Jn  trimetric  (sryatala. 
odP  :  a»P  •«  lOl"  tO*,  and  W  40'.   Ohatrnd  plantfl  a»P,  oaP«».   deavago  banl, 

wry  diatinet ;  parallel  to  ocP  and  a¥*oc  less  (!i?tinet.  Som*'f  imes  eapil!  i :  .  :  ilso  ma.vsivo 
with  columnar  stracture ;  particles  delicate,  straight  and  narallel  or  divergent.  Hard- 
neaa  »  2  to  9*6.  Speeme  gravity  »  6*6  to  <*8  (Hftidinger).  Ijutn  netallic. 
Golonr  and  streak  8te<H-grey.    Opaque.  Scotile. 

When  heated  in  an  open  tube,  it  gives  off  dense  white  fnm^  of  antimonious  oxide  ; 
on  charcoal  before  the  blowpipe  it  decrepitates,  fuses  readily,  and  passes  off  almost 
irtioUy  is  ihmes. 

Anaftfgrs. — a.  from  Cornwall,  m^an  of  three  analyses  by  H.  Rose  (Pogg.  Ann.  viii. 
99). — 6.  from  Estremadnra,  by  Schafgotsch  {ibid,  xxxviii.  403). — o.  from  Tuscany, 
by  Bee  hi  (Sill.  Am.  J.  m  athr.  60V-hL  ten  Anaj,  UkM,  hjLSwe  (Odibum^M 
BmekU,  i.  62). 

S  Sb  Bf         Ph  Pe        On  Zn  A« 

a,  22-34       34  29       .    .     89  94       2  G4     0*18      trace      .   .  »  99  39 

b.  21-78       32-62       1-06     39-97       n  G.3      .    .       0-42      .    .  -  99  47 

0.  20-53       32-16       .   .     43-38       0-94     125       174      .    .  » 100-00 
d   18*69      88*10      e-SS    40-88      S-88    WO      0*86     148  - 

These  analyses  lead  to  the  conclusion  that  7aaMMiiite  i«  ts  iioaiorphous  mixtnn  «f 

sulpbantimoniteof  lead  2ri)*S.Sb'^S',  with  the  corresponding  compounds  ..  f  ir«»n  (copper, 
zine,  and  silver).   Such  a  mixture  of  one  molecule  of  the  iron-salt  and  three  molucules 

of  the  lead-salt,  via.  2Fe»S.Sb*S»,3(2Pb'aSli»S«)  or  (rePb«Sb')«S»  would  contain  21-64 
p«r  cent  B,  88*66  Bh,  48*08  Fb,  and  870  Fa. 

Jamf'sonitc  occurs  prineipally  in  Cornwall,  a^Mx^iatod  with  quartz  and  minute  rr^sfala 
of  boumonite  ;  occasionally  also  in  Sibenat  Hungaij,  Spain,  and  Brazil.  (Dana,  ii.  76 ; 
Bnatmeltberg,  p.  68). 

AtWHi  U"^H>*0*.  An  acid  produced  by  exposing  to  th<>  air  a  wtAstc 
tion  of  cateehin  in  cuuKtie  potash.  Tlie  liiiuid  slowly  Itlaekens,  ana  on  addinp  hydro- 
chloac  acid,  a  black  |^xecipitate  of  japonio  acid  is  produced.  The  acid  is  solublo  in 
walar,  but  insofaibia  n  aioobol.  tt  Ibanui  vitli  potaah,  »  blaek  talk  wfaieh  podoew 

bla<k  preeipit  L-r^  '^^nth  metallie  solutions.    (Svanborj^  Ann.  C9l  Pharm.  xxiv.  215.) 

A  vaoe^  of  galcn«|Ci7rtaUiaedin  oefadttdvooi.  %eoiflo  gisfil^ 

6932. 

^^^■#SS    ^^Mn^^m  ^■^•^^B^^R^W* 

L  A  native  ferroso-potassie  sulphate  from  Bmaeo  Jaroso  near  Kmr 
Amagrera  in  Spain.  CkjgfeiUiMS  in  jeUovirii  riwanbolwdwina  with  famL  d<wngi^ 

(Dana,  ii  389.) 

VAflMS*   A  flvdMipccjas  of  (jtiarta  of  which  tho  ftiHowini^  TiirioliN  m  mnmo. 

ntcd  by  Janie.son. 

1.  ijsfP^ian  Jasper,  which  is  red  or  brown.  The  first  is  flesh-red.  Wood-red,  yellow 
and  bgwvn,  in  ring-shap^  delineations,  in  itrnndii^  pieces,  dull,  with  conchoidal  frac- 
ture ;  f;  f  bly  transTucrnt  on  t!ie  edixes ;  hard,  easily  frangible.  SpeebSc  gravity,  8*08. 
It  is  «cmnd  imbedded  in  red  day-ironstone  at  Baden,  and  ia  «iit  into  omaaianta* 
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•  Tlic  hrowii  variety  has  it."^  various  shailos  of  colour  fli^posod  in  concentric  Stripes, 
alteimatiiig  with  black  stripes.  It  occurs  in  the  sands  of  Egypt,  in  spheroidal  masses, 
with  glimmering  lustre.  Fracture  oonchoidal.  FeeMy  toanuoeWit  on  the  edges.  As 
hard  as  horn-stone.   Specific  gnmty  2*6.   Infusible.    It  is  cut  into  omoMiite. 

2.  Striprff  jasprr.  Colonrw  pT**T.  srreen,  yellow,  red,  arranged  in  strtpf^.  in  flnmed 
or  spotted  deiineatiuas.  jklaBsive,  in  whole  b^ds.  DalL  Fracture  coDchoitkiL  Upaque. 
"him  hnd  thas  Blgyulklt  jaapar;  ratlior  easily  frangible.  Specific  gravity  2*5.  It 
ooens  in  f^ccondnrr  clny-potphjiy  in  th«  Pentlud  hilLi  «Bd  near  f^ibvq;  in  SaaMBj. 
It  feceivus  a  tiiie  polii>h. 

Porcelain  jasper.  Colours  grey,  blue,  yellow.  i^rnefiHy  of  ona  colour,  or  wMi 
clondfHl  delineations.  Massive,  and  cracked  in  all  ilirectioris.  Lnstrf' jrlisteniiig.  Fr.!*^ 
tore  conchoidaL  Opaque.  Easily  frangible,  and  not  very  hard.  Specific  gravity,  2*6, 
fcaea  inlo  a  wUta  w  grey  glass.  It  is  alwaya  ftmd  along  witii  burnt  clay  and  earth 
slags.  According  to  Werner,  it  is  slate-clay  conTertcd  into  a  kind  of  p<jrcf  Lun,  hv  fhe 
keat  of  a  pseudo-Tolcaao  froia  beds  of  burning  coaL  It  is  fooad  on  the  coast  of  Fife- 
ahin^  in  Shmpiian,  and  Wanridkshin^  and  aoma  paiCa  «f  GmMuj,  where 

heds  of  coal  appear. 

i.  Omnmonjamer,  Coloun  2«dand  brown.  Massive.  Lustre,  from  shining  to  dull. 
T^aetoia  conchoToaL  Opaque.  BaxA  in  a  low  degree ;  rathMr  easily  frangible.  Specific 
gravity  2*0.  Infusible  before  the  blowpipe,  becoming  at  last  white.  It  occurs  princi- 
pally in  veins  as  a  constituent  of  agate.  It  is  found  in  tha  Pentlaud  Jiill%  aiMl  in  tn^ 
oud  transition  rocks  in  Ayrshire  and  Dtimfriesalure. 

6.  Agate ja-vrr.  OoSoueb  yellowish-  and  nddkdi-vhita.  Miwive,  dull.  Fractaia 
flat,  conchoidaL  OpaqnOb  Bather  hard.  It  ooeara  m  h|j«n  in  ayt^Hhalto  in  many 
plaees.  U. 

The  iatfti  of  tho  aadent^  whenee  oat  wcrd  jaqwr  If  derived,  spears  to  have  la* 
eluded  tha  gum  <M  Um  ^wicCgTi  tegcth«r  with  aoiiM  other  iloiiei  not  of  the  jaiper 
kind. 


A  genus  of  enphorbitu-'eous  j>lant3,  aoma  of  which  cont-iiin  in- 
tensely poisonous  juices  :  the  seeds  of  several  apecua  yield  fixed  oil. 

The  kernels  of  the  seeds  of  Jatrcpha  Chtrcas  were  found  In-  A  rn  n  ti  1 ,-  ]i  and  Ub  al- 
ditti  (Cimento,  viL  431)  to  coataia  7  2  per  cent,  water,  37  o  oil,  o.rii  sugar,  starch, 
albvnun,  caeein  and  inorganic  matters.  The  kmiels  yielded  44  per  cent,  aah^  and 
4*2  per  cent,  nitrogen ;  the  kernels  and  husks  together,  6  per  pent,  ash  mi  1  '2-0  per  cent, 
nitrogen.  The  oil  jielded  by  saponification,  gweoria,  and  an  add  which,  aa  well  as 
Um  nnaapooiied  oO,  piodaeea  o^Be  aloohol  07  diitQlalioB  wtth  l^diate  of  potaa- 
alum. 

The  oil  of  the  fruit  of  Jatnfiaglauca  and  of  J.  giandulom  ia  yellow,  has  a  spedfie 
gravity  of  0*908  and  edidlflea  at  0^.   (J.  Lepine,  J.  Fharm.  [3]  xl.  16.) 

The  root  oi  Jatra^iha  Mttin'l"f  contains  a  large  quantity  of  .starch,  which  when  freed 
from  the  poisonous  juice  of  the  plant  by  washing  and  torreiaction,  (»nstitataa  aczow- 
toot  (i  359.) 

WmmmMMnwm.  a  darfc-gi«Nin,  eryataUiM^  Iblialed  wtietf  of  aqgito,  aoo- 
taining  djM^  from  Mine  Hitl,  iwJdin,  Nev  JoHij.  Spaoifle  gmntj  S'B*  FoamU 

(Ca  ;  Fe;  3fg;  Zu)«SiO«. 

JBIAWTCXB*  An  altered  form  of  garnet,  said  to  occur  in  rhombio  prisms  with 
aa^ea  of  M^,  ti»  aapplement  of  which,  120<',  is  theangle  of  the  ritomUedodeeahedron. 
f?peciEc  frni'^'itT  «■  3741.  Hardness  ahove  7.  Occurs  as  a  yellowish,  slight'  ,  n-  ui^h 
incrostation,  and  ia  compact  in  its  texture.  Compoeitioo,  accoiding  to  Wright 
(J.  e«Ql.  Soe.  DohliiL  lUX  88-09  SO*.  88'41  Fe^  28^1  €k*0  -  (lOO-llX  which 
if  a  mall  part  of  tha  irai     ngMdad  M  piiotosidi^  g^vea  tha  Iboninila  of  guiMt. 

(Da  n  A.  ii  104). 

or  J  JB  W  HBIV O WX'I'IL  A  variotT  of  TCftuvian  from 
Tfadand,  oontaining,  according  to  Ivanhof^  87*41  K0*»  84*29  0»«0»  90-00  Al^,  4-60 
Fe'O,  1 IG  K'O,  and  1  70  Na  o  (    09^}.  U  it nKla^J' j«]Mib-hMnni|  but  loino- 


time.i  col"iirlr>?*;.    (Dana,  ii.  5U6. t 

JSW&ZKSXTB.    Syn.  with  IlYnROFHiTE  (p.  212). 

JSXVZJV8.  An  alkaJoid  discovered  by  E.  Simon  (Pogg.  Ann.  xli.  5G9),  in  tho 
root  of  white  hellebore  ( Veratrum  album)  in  which  it  exists,  together  with  veratrine. 
It  i.s  extracted  by  mixing  the  alcoholic  extract  of  the  root  witli  dilute  liydrfx-hloric 
acid  and  precipitating  with  carbonate  of  sodium.  The  precipitate  is  dissolved  in 
alcohol,  tM  aohition  cMOoloSaedvith  diarcoal,  and  the  aloohol  xemond  hj  distiUatioit 
The  greater  pnrt  of  the  rejndiie  thfn  Kolidifie«  In  a  crystalline  ron^s,  from  which  the 
Ti«aliine(  b^ng  ttncxyBtaUisable,  may  be  almoet  entirely  removed  Xtj  submitting  it  to 

,th*  MfoltiiiB  eakairith  elpdhol,  and  pmsing  agidn.  In  tld« 
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mttnoer  jervine  is  obtained  nearly  pure.  A  farther  qnantity  mr\j  he  nhfnhwl,  in  tlio 
form  of  sulphate,  by  eraporatlB^  to  dryaem  the  expr^aed  liquid,  which  contains  botk 
jezrine  ana  Tvratrine,  aiiid  treating  the  residue  with  dilate  MUphiicio  mM,  tHddt  talkm 
up  sulphate  of  voratrine,  and  lenves  sulphate  of  jervine. 

Jerrine  is  oolourleas  Mid  eiystalline;  gi?«s  off  6*9  per  cent,  ▼ater  of  crjrstaUisatioa 
(2  at)  at  IM^,  and  mOtt  ■*  «  Ug^  temperafcVB  to  m  tttkm^m  dl,  mA  dMUft* 

fKi.scs  whi-n  heated  -2f!n^     U  ig  iMolnbk  Itt  WllMV  totvUt  U  alooliol,  VWJT 

sparingly  soluble  in  ammoniii. 
Aeooi^duig  to  Will'e  unlysis  (Abb.  Oil.  Hum.  zncr.        it  «OBfaAw  74'91 — 

74*56  percent.  carlM)n,  Q".*)? — 9"74  hydro|r(m,  and  5-38  nitr  tu^- n.  whence  Will  L  '.n  I 
the  fonnuhi  C»//".V-0»  for  which  Gi^rhardt  substituted  C'^it^JPO*  or  C"!!**^!^^* 
(calcuhition  74  7  per  cent.  C,  9  5  H,  57  N,  and  10- 1 
Jerri nt'  gives  off  ammonia  when  fused  with/w^cwA 

Acdate  uf  jtrt'ine  is  Holuble  in  water.  Tlie  /tidphaU,  nitratt,  and  hydroekhrat^  aro 
Tery  8]>arin^ly  soluble  in  water  and  in  niinerul  aeidfti  The  chlonmlatinaie  foriuit  light 
yellow  ?!:<k'  ^  which  give  by  analysis  14*55 — li'SS  far  MOt.  pbtfBBB^  the  flmMUB 

C^H^'N  oMICi.PtCP  r.'<iuiriiig  14-3  per  cent. 

YBT*  A  variety  of  bitaminoii<<  coal,  resembling  cannel  coal,  but  blaeJcer,  and  with 
a  stronger  lustre.  Spedflc  gravity  1*3.  It  occurs,  together  with  lignite,  in  beds,  in 
floet2,  trap,  and  limestone  rocks,  and  in  bituminous  shale.    It  is  fotmd  on  the  coa^  d 

tbr,  m  Yorkshire,  in  the  Isles  of  Skyi 


Whitby,  m  Yorkshire,  in  the  Isles  of  Skye  and  Faroe,  in  Heflsin,  Bnraria, 
and  Stjria.    It  i.^  used  fur  fuel  and  fur  making  v^arious  ornamental  articlnis. 

It  is  the  GagaUt  of  Dioecorides  and  Plinv,  a  BtOM  dflimd  from  tlM  limr  GagM^  in 

Syri  i,  r-  nr  'l'  '  ttt^ti'Ii      which  it  was  foun(i.  U# 

jri:WIZ,i:iXf  OWZTB.    Syn.  with  JEFKEiNornTK. 
JOBANTOTrx:.    Native  uranuus  sulphatfOu   See  Usajuuk. 
JORirxxiS.    8yn.  with  Tuuquois. 

JTJO&AVSXlf.  A  substance  contained  in  the  juice  expressed  from  tiic  green  shell 
of  the  walnut  {Jv^^mim  ftgU^  The  firesh  iuico  is  nearly  limpid,  has  a  rough  bitter 
t&ste,  turns  brown  rapidly  in  eontact  with  the  air,  and  then  loses  itw  strong  taste.  By 
prolonged  contact  with  the  air,  it  dep")«it8  brown  tasteless  flocka,  iusoluUe  iu  water 
and  alcohol,  th<  juice  at  the  same  time  losing  it.s  bitterness.  The  fresh  juice  reducM 
iron-sf\lts  ;  the  browned  juice,  when  mixed  with  {xjta-sh,  jiredpitates  ferruus  sidphate, 
losing  its  colour  at  the  same  time.  With  nitrate  of  silver  it  forms  a  precipitate 
wlneB  bhdcaBM  npidty,  aad  eootoins  metalUe  silver. 

Til  "  extract  of  green  walnut  shells  consists  of  impnr-  ju^^landln.  Tt  is  used  as  a 
remedy  in  cutaneous  and  lerophttkHU  discaseei  also  iot  d^  euig  the  hair  black.  LGerk, 

JUMliPAB*  Tlw  berries  of  tli«  juaipMr  {Jmiptrns  cnmmunu\  whidi  u«  ussd  tir 

flavonriiig  gin.  and  in  the  for^i  "f  nqu  n^s  decoction,  also  in  medicine  m  a  diuretic, 
<^n^Ai"t  according  to  Tromm&Uurll,  1  U  p«r  cent  essential  oil  of  Jumper,  4*0  wax,  lO'O 
iMiii,  88*8  aagnr,  together  widi  MCteto  and  niiltte  of  fialooBi,  T'O  gun  and  vegetaldtt 
•alts,  35  0  wornly  fibre,  and  12*9  wstter. 

The  euentteU  oil  of  juniper^  obtained  by  distilling  the  berries  with  water,  has  the 
eMnpodliui  ud  vapoiv-deui^  of  oil  of  tanpentiBO  (Oi*H|*);  boib  at  160»;  tnras  tiia 

1)lane  of  polarisation  to  the  left,  but  lees  strongly  than  oil  of  turpentine.  It  is  very 
ittla  soluble  in  alcohol  of  ordinary  atxetnth.  It  does  not  form  a  solid  camphor  with 
bydroeUone  add ;  but  after  dia  eompMia  abaorptkm  of  the  gas,  a  liquid  is  formed 
which  appears  to  contain  3C'«H'«.2Ha. 

The  old  and  moist  essence  deposits  crystals  which  appear  tobe  ideatioal  wkh  hydrate 
of  turpentine.   It  is  acid  and  contains  formic  acid. 


By  distilling  unripe  juniper-berries  with  salt-water,  BhoelMt  obtained  another  oil, 
which  boiled  at  2().v^  but  appealed  to  hftTa  tha  aanie  compoaitiop aa  thatloatdtaoribad 

(GerA.  7Vn//,',  iil  037). 

I.  Spathic  iron  ore. 

E 

aLKMSxxAiiiixTS.  A  va  ritity  of  pjioadsrita  <*9«tfafiifng  •  noMidwWo  ilj 

of  chromium.    (See  pYKOSCLSiUTK.) 

XJHWaHM.  A  aobteee  flonlaiaad  in  tha  root  of  Kamoferia  Galangn. 
Ifcaay  lia  QBtraetafl  br  athaB>  toyttar  mth  n  liaa— ^  — Mj^tu  —f^nfn^  yf^pf, 
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naj  be  lemored  bj  dissolying  the  product  icTeral  times  in  alcohol,  the  brown  tab- 
Maaee  MMnln^  link  vlMm  & 

Ksempieride  crystallises  in  jellowiah  nacrooua  lannnse,  wthout  taj<te  or  smell.  It 
meltfi  at  a  temperatiixe  abow  IW,  diasolTes  in  25  ftM.  of  ether  at  15°,  ia  le»s 
0oihil>l«  in  aleoliol,  aad  neaxif  tBnlnU«  in  waftec  It  diMolyw  in  mm  aoetia  acid, 
and  the  solution  yields  with  amnionia  a  precipitate  soluble  in  excess  of  that  reagent. 
Sulphuric  acid  imparts  to  it  a  fine  bluiah^green  colour.  (^Miatio  fotaah  dinolvai  it 
with  yellow  colour ;  carbonate  of  potaMhim  with  eflbrreaeenoa. 


65  3      cent.  C,  4  3  H  and  30  4  0.    (Brandes,  Ann.  Ch.  Phurm.  xxaai,  tlS.) 

Ji^UXSACCBAmzc  JLOIIK    Byn.  with  Glvcic  Acid  (ii.  848.) 

XJL&TFXiOTZTB.  A  name  dven  by  Shepard  (Sill.  Am.  J.  [2],  xii.  210)  to 
MBie  small  Uadc-bfown  OTilali  Rom  TuMun,  Oonnertlc«t>  mgaxiwl  by  him  m  • 
new  mineraL   Dana,  howevar,  npuds  tlMBi  as  gnmcts. 

XAM  AX.  A«  A  substant^e  outlined  flnm  the  fimit  of  lUtUitria  UnetoriOf  and  mod 

as  an  uuibcimiutic  (see  Rot'ixsuia). 

MMMWXSWm  Amaieal  Mnnginoiif.  (See  MAmumB.) 
XMBOr.  The  Chfawe  nmm  §tfondm  day  (1 1024). 

XJKMRVBi   A  variety  of  calamine  containing  more  than  15  per  cent,  of  ftnoM 

oxide    T^u  nn-'     f  the  rbombohedron  R  :  R  is  107^  7  (Hreithaupt). 


silver,  in  the  Sawodinslc  mine  in  the  Altai*.  It  forms  crude  lumps,  having  a  metallio 
•sped,  a  (h^cidedly  crystalline  fracture  with  prevailing  cleavage  in  one  direction,  etxang 

Tut  'allic  lustre  on  the  fnioturetl  surface,  and  lead-grt-y  colour.  Hardnt-sH  —  2  ;  specific 
gruvity  =  6"60.  Oa  treating  the  pulverinetl  mineral  with  hyiirucliloric  acid,  a  small 
quantity  of  admixed  bismutite  (i  697)  dissiJves  andpON  karclinite  remaine  undissolved. 
Tl  r  1  ittCT  heated  in  a  test-tuho  pivf^s  off  sulphurons  nnhydride,  but  no  free 
audlorms  a  grey  slaft  from  whieh  globule.'^  uf  metallic  liiHtnuth  uoze  out;  heated  in  an 
opm  tube,  it  alio  pves  ofi'  Hulphorous  anhydride,  and  leavi  s  amdallio  regulus  sur- 
rounded  Ly  a  brown  easily  •fusible  oxide.  Nitric  aeid  ea.sily  dwimposos  the  mineral, 
with  separation  of  sulphur.  The  mineral  ^ves  bv  analysis  91*26  per  cent%  bismuth, 
TOfphwr,  and  5*21  oxygen,  agreeing  vilb  WO  ftnuifat  Bi^B€*  Or  BilfiLBPO*. 
(K.  Hermann,  J.  pr.  Chem.  hSTi  448.) 

KilUPHOXim:.    .*^»^'^  Oahphot.ite  (I.  806). 

K^UPHOSrssXXTB.    See  Cahphusidebite  (i.  807)l 

KAarSTSKXTS.   Syn.  with  Anhydbitb  (i.  296). 

atAWA  ■»0*.  Ifut  voot  of  Piprr  methysHeim  (Portter).  VHtm  dried  Im- 

tween  110^  and  120'"',  it  leaves  a  residue  amounting  to  85  per  cent. :  after  i  xhaustion 
with  alcohol  and  with  water,  it  leaves  7d  p«  tmL  o£  lasidae  oontaining  26  pts.  woody 
fibre  and  49  starch.  By  exhamtiiig  the  not  with  akolial  of  tO  pm  oant  n  istneft 
baTing  a  peculiar  smell  and  taste  is  obtained,  the  solution  of  'wmek  tB  VUm  flkolMl 
d< fosits  needle-shaped  crystals,  while  a  rvsin  remains  dissolved. 

The  cxystalUne  substance  called  methysticin,  forms,  when  ptirified  by  repeated 
iqritllliwtlnil,  muU  white  silky  nc-edlea,  destitute  of  taste  and  smell.  It  is  insoluble 
in  water,  sparingly  soluble  in  cold  alcohol  and  ethert  reacts  neutral;  melts  at  130*^,  and 
decomposes  at  a  stronp'er  heat;  is  dis^lved  by  nitric  aeid  with  oraiige-yelluw  colour, 
by  pure  sulphuric  acid  with  violit  oolov*  It  jUldi  ^iMljrii  69itt  pm  cent  ckAoo, 
6*10  hydrogt  n,  and  1  12  nitrogen. 

The  resin  kawin,  contained,  together  with  mvristicin,  in  the  alcoholic  extract  of 
€b0  fo^  ii  ft  ooft  greeaiih»jilloir  aobeteaee,  whicn  has  a  strong  ifoaulio  taste  and 
cdonr,  melts  at  60°,  dccompoftes  at  a  Btpfsrtr-^r  heat,  and  produreH  a  deep  red  wlour 
with  sulphuric  add.  100  pts.  of  Icawa-root  contain  15  pts.  water,  26  woody  fibn^ 
40  starch,  1  meChyotida,  S  oarfd  aromatic  resin,  3  extractive  and  gammy  matter, 
1  chloride  of  potassium,  and  3  mngncsia,  Hilica,  alumina,  and  foiiooatiiM^  (Oobloj, 
J.  Fharm  [31,  xxxvii.  19.— O'Rorke,  Compt.  r<"nd.  L 

aL&WAXH.   A  crystallisable  non-aaotised  substance,  from  kawn-root;  it  contain  . 
05*86  pw  eeni.  onfaon  nd  M4  hyJwgoB.  (Oiisoyt»  Oowpt  wmL  1 4M ;  liL  SM.) 
aUkWIW*        ndhi  «f  ftsvMNMt  (See  atone,) 
XBBSZA  nUUMTBIS."  Barbadoes  tar.   (Sea  BmiMlli;) 
XanSAtrXTS.    Syn.  with  Yttrotitanite. 
XS]LP.    Incinerated  sea-weed  (See  Sea -t^-rpo.) 

M  Ml  A  MOH  AlilT>«  A  hydzated  sulphate  of  alnminam  from  near  K6nigsbei)g 


together  with  tellurio 
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in  Hangaxy,  haviBg  the  same  ooinpotttioa  slh  alunogou  (L  161).  It  ooeun  in  ci^stal- 
Hne  enuto,  Mid  tiz-rided  taUet  cf  tha  BonodiBie  mUn,  irikh  two  ■■glw  <tf  93^  aad 

four  of  134°.  .S{)Arific  pjavity  =  1-6  to  17.  Contains  14  30  per  cent,  alumina, 
S'ld  ferrous  oxide,  Hulphuric  onhydiidfl^  44*60  water,  and  2  01  '"ffffHMi*  mattar 
(•  99*81),  agrvuiiig  upproximateljr  witlltbA  lbCBnilft^\S0Y.18HW. 

Ajya.  vitk  (ksnffsiir  (L  804). 

orflbnMffMr.  Nativ«  chloride  of  iUtw  (See  8a«)b 

Cerasine,  or  £bm  jwrf.   A  Mtlf»  «onpo«id  of  cUorid*  and 

carbonate  of  leai    (See  Lead.) 

KX:SA,Ti:.    Syn.  with  Ivjeuaboybitb. 

(Coccus  i/im,  LLu.)  is  an  insect  found  in  manjr  porta  of  Asia,  aikl  the 
•oath  of  Europe.  Ob  aooonnt  of  their  figure,  these  inaeoli  irvo  %  \xmg  tune  tikeft  fir 
the  seeds  of  the  tn-c  on  which  th«\y  live  :  •ghoiiOO  thy  IKOO  ttUtd  fftdnt  ^  iwrnt. 
They  also  bore  the  name  of  venuillion. 

1\>  dje  spim  wonted  vitii  fconiea,  ft  io  11^ 
then  two  honrs  in  !i  fit'sh  bath  with  one-fifth  of  Roman  alum  and  one-tenth  of  tartar, 
to  which  »our  water  is  commonly  added;  after  which  it  is  taken  oat,  tied  up  in  a  linen 
hog;  oad  o«rM  to  s  oool  t^e,  where  it  is  left  oone  dityo.  To  obtain  a  ftill  colour, 
as  much  kermes  as  equals  throe-fourtlis,  orcvon  the  whole  of  the  weight  of  the  irocJ,  is 

Sut  into  a  warm  bath,  and  the  wool  is  put  in  at  the  first  boiling.    As  cloth  is  more 
ense  than  wool,  either  spun  or  in  tiie  fleece,  it  reqtiires  one-fourth  less  of  the  salts  in 
the  boiling,  and  of  kerraes  in  the  bath. 

The  c<ilour  that  kormfs  im]i:irts  to  wool  has  much  less  bloom  than  the  soarb  t  made 
with  cochineal ;  whence  the  hitter  has  generally  been  preferred,  since  the  art  of  height- 
eningitBoolovlijmfloneofaoltttioikoftinhaebeenxii^^  U. 

wmiTwnw,  Miw»ai»  Angrphooi  triwiphide of  aatuBMiiy.  (SeeAimiioinr, 

Sulphides  of,  i.  330.') 

SBBMSSXTB  or  MMMMMBOMM,  Med  Antimony.  Antimof^f-hUmle.  l^yran- 
Um»mit$.  ^froit8ba$.  Botkfpirss^Ummnr.  ▲  Mtm  oxpulphide  of  aathaonj,  oe- 

curring  in  monoclinic  crj'stals,  olfaving  parallel  to  the  base;  usually  in  tufts  of  capillary 
crystal,  consisting  of  elongated,  slender,  six>aided  pnsms.  Hardnsna  at  1  to  1*5. 
Specific  gravity  —  4*6  to  4*6.  iMtn^  idiimitieo^  ineUning  to  ttottDie.  CUonr, 
cherry-red.  Streak,  brownish-red-  F«M}bly  translucent.  Sectile.  Thin  leaves  slightly 
flexible.  Contains  74*45 — 75*66  antimony,  6*29 — i'27  oiygen,  and  20*49  sufphor 
(IL  Rose,  Pogg.  Ann.  iii.  453),  answering  to  the  £anna]A  Sb^OS*  or  Sb*0'.2Sb*S'. 
Beftite  the  blow-|i^  on  charcoal,  it  fuses  readily,  and  io  at  lait  entirely  TnletiHiied.  Li 
nitric  acid  it  bccf)raes  covered  with  a  white  coatinpr. 

This  mineral,  which  results  from  tlie  alioniliun  of  native  sulphide  of  antimony,  occurs 
in  veins  in  quartz,  accompanying  grey  and  white  aHtimoDT,  at  Malaekza  near  Posing^ 
in  Hungary,  at  l^rannodoflr  near  Ereibois  ia  aaaoqj*  aad  at  AJIenoat  in  J>aiiphii^. 

(i)ana,  ii.  141.) 

See  CaaouTB  (i.  836). 
See  Aoaroms  (u  31). 

aaiATA.  The  berk  <ii  the  Oi^B-o$in  (JDb^  mntjfatmuh  or  SmUiema  smfgal- 

ensiit),  Uh*'d  in  i^enepil  as  a  remedy  against  fever,  contains  a  bitter  princijile,  cail- 
cedrin,  together  with  green  fat,  red  and  yellow  colouring  matter,  gum,  atarch,  a  waoij 
aabetaaoe,  woody  flbie,  sulphate  aad  phosphate  of  oakiBaB,  and  eUmde  of  potaannai. 

Cail-c  drin,  which  may  111'  extra  '!- d  from  fl.-   concentrated  aqueous  extract  of  the 
bark  by  chlotoform,  is  a  resinous  mass  containing  64*9  per  cent,  carbon,  7*6  l\]rdxcigen, 
>and  27-6  oj^gen.  (CaTontoi.  J.  Fhacm.  [3]  xH.  afff;  zzziii  123.) 

XISMfi^MAM  oir  AmfoiHout  St9H  orfc  A  ^variety  of  tttaaiUnroM  {fob,  oe* 

cnrring  sometimes  in  crystals,  but  usually  massive,  or  in  thin  plates  or  laminsp.  R  :  R 
-  86°  19'.  Hardness  -  6  to  6-6.  BpeaAc graTity  ->  4*661  (Mohs) ;  4723  to  4*736. 
(Bxeithanig^) 

8oe  SCuilMJHAVK. 

_  Aaaaioaiililiedby  Beichardt  (Arch.  Pham.  [2],  dii.  846)  to 

n  «nl|»liate  of  magnesium,  occurring  in  the  shaft  of  the  Sta.ssfnrth  salt-mine  npaf 
JVIagdeburu,  and  coiitaining,  according  to  his  analysis,  21-66  per  cent.  Mg'O,  43  06 
SO',  and  .'UoO  water  (-i  99*27),  agreeing  appvozimately  with  the  fii>nnuln 
2M;j'SO'.3H'0. — Siewert  (Z«Mtschr.  f  d.  ges.  Natnrw.  xvii.  I'J)  found  in  a  much 
harder  opaque  specimen  (mean)  28*56  Mg'O.  58  !> »  S( and  13*47  H'O),  together  with 
from  0*26  to  0*(U)  of  matter  iaiolnble  in  nitric  acidi  answering  to  the  fonnoU 
%Mt^MH}.  SiBiilaB  make  wiMobtaiB^kgr& Leopold  <atf.^  MX  iriMabo 
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tiut  the  Bait  cont&inoil  from  O'ft  to  1'2  per  cent  of  an  ioiolable  bonto  (im 

CrmtATKM> ;  nihn  prr  vioTisly  by  Hammolsberg  (Mineralchemie^  p.  264). 

WTffiWRTCJmgiTa.  QcocgQoito  from  KilferiAwi,  Ckw  Ooun^,  Ixdaad,  (Sia 
Oeocbokit^  iL  831.) 

Hm  Oomiah  aiMnr  nama  Ibm  ^bj-§kH». 

A  mineral  having  the  appearance  of  sttodtOMMM^  ftmild  at  Kil- 
liney  l?;iy.  near  Dublin.  According'  to  Malli-t.  it  afln-nlH  l.y  doavage  a  prism  of 
which  is  very  upurly  tlio  angle  b«-tvre«n  the  diagonal  and  i^ribmatic  clcavngeH  of  .s[>o- 
ihHBfltf,  both  of  Nvhich  an  ptrfect  Waiihiw  m»  4;  specific  gravity  =  2*56.  LuHtr«>. 
▼itreons,  weak.  Colour,  gTeenish-^»y,  brownish,  or  yHlowish.  It  Iia.s  Ijocn  rinalyst  d 
by  Lahunt,  Bljthe,  Mallet)  and  Galhraith  (Dana,  ii  170;  Bammelsberg's 
MimrMmiit  p.  SS7.) 

SiOt       Al<0>      VtftO      Ca«0     Mg<0  lfn>0    K'O  LPO  WO 
49*08     30*60     i-27     0*08     1-06     ^     0<72  —   10^90      100*48  Lehunt 
U-M    SH    0-72    O-M  l  i§    •<06  —  10«>       9M0  Blythe. 
m9     3S-M     S<S7     1*46      '     —    4-04  0  46    3*07  -    99-93  MiiU«t. 

Na>0 

59'46    ms    8*M  l<09    —    4'ei  0  95    7*d8  -   98'04  Chilbnith. 

XJ«0 

5011     29-87     2-28     0*84     1<08    —    8-71  0-80    8-08  -   98*48  „ 

According  to  Rammelflberg,  thia  miiMnilt  and  likewise  pinite,  giowddte;  gigan- 
tolitr.  iberito,  aad  liebeneritc,  which  are  of  somewhat  similar  constitution,  are  not 
definite  compounda,  but  prodacts  of  decomposition  intermediate  between  an  CM%i&al 
ui&aEtl  and  nici,  ^lieh  oflaa  adfa«m  toud  partly  peoalMtei  tliair  wMii 

fljjm*  villi  Qunno  Aonk. 

This  name  ia  applied  to  four  difiTerent  dniga,  bearii^  eaiirifl<wM>  lenm- 

blanci-  to  oativhu,  and  consisting  of  dry  brown  lumps  or  grains,  having  a  mor<»  or  le« 
astringent  taste.  Th<'ir  aqueous  extracts  form  green  precipitates  with  fenic  salts. 
The  four  varieties  of  kino  tM  AllriwiB  Idno,  also  called  Gummi  gambima$t  or 
G.  Ga/jJri(i,  fmni  tho  PtrrOf*fT7^ns  t^'narrns  (ha.m.) ;  Asiatic  kino,  from  P/<  rocarp-tg 
Marsupium ;  New  IloU&nd  kino,  from  Eumlt^ptm  rtsini/tra  (whiU;) ;  aud  Amurican 
Idno,  from  Coccoloba  uvifera  (L). ' 

According  to  Yauqnelin,  African  kino  consists  of  78  ptai  taunin  and  paenlitt 
tractive  matter,  24  pta.  red  gum,  and  1  pt.  fibrin. 

Kino  is  nssd  fat  suididiis  as  as  aalsuigsBi  Uka  aataoiin  (Haadv.  d.  GGbaM.  ir,  888). 

XZirOVOtJS  A.CXD,  C'Ul^O'  (?).  An  acid  obtained  together  with  several 
other  products,  from  the  needles  of  Pintis  svlvfstn'j^.  (For  the  mode  of  prtpai'ation,  see 
PixB-nanfa.)  It  is  a  white  or  slightly  ydlow  brittle  mass,  eoDTarted  by  trituration 
into  a  strongly  electric  {wnvder.  Tlic  8i!vor-«?n]f  contains  74'1  percent,  oxide  of  .silver 
agreeing  nearly  with  the  formuhi  6Ag^0.C^li*0*.  (Karwalier,  Wien.  Akad.  Bar. 
».847.) 

BnmaXTB.  a  name  applied  hv  H.  Fiaoher  to  the  mixture  of  tad  garnet,  mict^ 

and  a  trieluilc  felspar  (oligoclase),  which  occurs  in  veins  in  primitive  gneiss  rocks, 
e.  (/.  at  Witiicht-u  in  the  KiiuiKthal,  Scharzwaldj  at  Auerbach  m  the  Beigbtrasae,  and 
oth(  r  localities,  and  is  regaidoa  by  bim  SB  an  otigiaol  ftsiaatloo.  (Jabrb.  Mln.,  1880^ 
p.  7%;  18C1,  p.  Gil.) 

KXR«  A  fossil  resin,  found,  with  others,  on  the  island  of  Tacbelekan,  in  the  Caspiaa 
8a%  and  m  otbar  no^boanng  tocalitien 

XZKWAVXTB.  A  hydrated  silicate  of  aluminium,  calcium,  and  iron,  occurring  in 
basalt  on  the  Moume  Mountain  on  the  north-east  coast  of  Ireland,  in  opaque,  oUve- 
green  radiatine  fibres,  having  a  specific  gravity  »  2*941  and  hardness  <=  2.  According 
to  an  ana^jnna  Dj  B.  D.  Thomson,  it  contains  40*5  per  cent,  silica,  23-91  ferrous  oxide^ 
10  78  lime,  1111  alumina,  and  4*36  water  (  =  99  95),  whence  R^tmrnelsberg  deduces 
the  foriuida:  2[:KCa-().Fe'0).2SiO»l.Al*0'.2SiO«  2IP0 ;  it  i.*  possible,  however,  that 
pact  of  the  iron  may  be  in  the  ststoof  ferric  oxide. 

The  mineral  blacken.s  und  Ams  paitiallj  bofivB  tbs  WoW'ji]^  and  forma  «  brawB 

glai»d  with  &oda  or  borax. 

.  Syii.  with  LasouTs. 

A  miaera!  of  m^uam  loaality,  closely  related  in  composition  to 

olivin,but  difTeringfromitoonsidrrablyin  its  pmportics.  According  toDobereiner's 
juialyaia  (8chw.  J.  xxL  49),  it  contains  about  32  5  per  cent,  silica,  32  0  ferrous  oxide, 
and  88*0  maaganoas  tma,  i^etng  ssarij  nitk  tba  imuik  (Mn;  Fa)^0*,  or 
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i{UM ;  Fa^)  .8iO*  — It  b  anam^  with  m  xmnm  mai  mMm  maim  wdHf 

hanl.    ??pL'cifio  grarity,  3-711.    T^rjttl«s  wilh  impcrfci-tly  cuuchoidu!  frtfltwei.  OoHW^ 

whito  to  LTtn't*^^h-frre<'n,  or  bruwn-red  and  brown.    Lustre  glistening. 

jKoa£2«ZiZTZ.  A  miueral  fauud  in  the  cobalt  mine  of  Hrena  ini.  SwedfO.  It 
oomnats,  according  to  Setterberg's  analysis  (Bergelius,  Jakrt*h».  xx.  318%  ot  17*M 

eulphnr,  0-24  iintimony,  27-05  bisrauth,  10  12  lead.  "i  'JG  iron,  0  80  copper,  and  1-45 
matrix  numbers  which  may  i>i?  approximately  representee!  by  the  formnla: 

^[sb^l  '  ^[fir  ^*]'  (^'^^''^l^'i^i')"^'*,  ^  b«ing  P«^ly  replar.d  by  iron 
and  copper.  It  reflemblce  grey  antimooy*  but  haa  a  bs^g^iter  lustre  nuiiated  strue- 
ture.  Specific  gravitj,  6*29 -6'9S.  Soft;  of  Uaddth  laad-grej  to  ilMl-grey  colour, 
with  black  stre^.  DissolTes  in  strong  hydrochloric  acid,  with^nLotd/Amwu^rfdtkt 
acid.  (Dana,  ii.  82;  Ram  m  els  berg,  Mmerakhemie,  p.  lOQb) 

XOSVXOZnS.    Pyn.  with  Urochantite  (i.  G64). 

XOBliXcZTXl.  A  fossil  resin  reficinblin^  Bcbeererite,  found  iu  brown  coal  at 
Uauidi,  at  Redwitz  in  Bavaria,  and  in  tbe  FiditelgaUiga.  h,  eontaina,  aeondii^  t» 
Schrotter's  analysis  (Pogg.  Ann  lix  37),  92-43  per  eont.  C,  and  7  71  H,  ajnreing 
with  the  lormola  i»CH.  It  oocan  in  t>oft  white  crystalline  folia  and  grains,  of  spedfie 
gravity  0-88;  laeltB at  il4^ (K>»«i,P>gg.  Ann,  xliii.  141)^  at  107*5*^  (Tvommadorf^ 
Ann.  Ch.  Pharm.  xxi.  126).   Tacydip^F  Bolnbla  in  oold  aleiM  mM«  «>  in  bot 

alcohol,  sfill  mori'  in  ether. 

JKOBsrXiZirSTE.  A  fossil  rui»iu  from  the  brown  coal  of  Passa,  in  the  £ger  Valler. 
It  occurs  in  thin  plates,  consisting  of  an  aggregate  of  crystalline  scalei^  perfectljj 

polubl*'  in  alcohol  and  oth<-r,  also  iu  strong  sulpiuiric  acid;  partly  soluble  in  amnKNUn 
and  iu  oil  of  turj^  ntine.   (Kenngott,  j^imraloyi^cha  llntersiuhung(n,  ii.  111.) 

SOSTTICUTfi.   Native  arsenate  of  zinc.  ABZn0^4llH>,  or  Zn-0As-0\8lIK>^ 
containing  alio  nidKl  and  eobalti  with  a  tsaca  of  linub 

A8«0*  Zn'O  Co«0  FPO  H«0 

37  17  30-52  6*91  2-00  2340    «  100 

according  to  Naumann,  and  isomorphous  with  cobalt-bloom.  Massive  or  in  crusts,  with 
ajBtalline  surface  and  fibrous  structure.  Cleavage  perfect  in  one  direction.  .Spt  cifie 
gravity  =  3-1.  Hardness  =  15  —  3.  Lustre  of  fracture-surface,  silky.  Colour,  light 
cannine-red  and  peiu^h-blosiiom  red,  of  ditlervut  shades.  8trfaik,  rt^dish-white. 
Translucent  to  subtraaapaHBt^  (Kdtti^  J.  pr.  Gheoksdi^  IM;  Naojnann,  UM, 

2r,n  _I>;,n:T  ii  nS.) 

W  5Mff  ff  1^ W  A  H1My  IT»,  A  oystaUiJie  mineral  occurring  with  olLnunarine^  and 
aoMtiniaa  intaqptown  with  ft   It  axIuImIb  tao  Twy  djatinet  difeetiona  of  enrage, 

inclined  at  an  angle  of  124°.  Uardmss  =  5  to  5  5.  It  Is  wonietinjej*  oolourlesH,  vith 
a  strong  lustre,  sometimni  brown  and  lesa  lustrous.  When  heated,  it  becomes  darker 
in  colour,  and  easily  mdts  to  a  whito  aamitianBDoreat  glass  (Nordcnskiold - 
Jahresber.  1857,  p.  681^ — A  specimen  from  the  Sliidiinka  valley,  near  Lake  Baikal, 
was  found  by  R  Hermann (Jabresbcr.  1862,  p.  726)  to  contain  45-99  per  cent,  sili*^, 
18*20  alumina,  2  40  ferrotis  oxide,  12*78  lime,  16*45  magnesia,  1*06  potash,  1-53  soda, 
wid<^eo  matter  loat  by  ignition  («WOi).  Speotte  ^^fitgr  •  m. 
See  PAJJkOOHiTB. 

A  vinoUH  liquid,  which  the  Tartars  ■malre  by  fermenting  Viaia'a  milk* 
A  somewhat  similar  beverage  is  prepared  in  Orkney  and  i:^hetland* 

Syn.  widi  Pfenmn. 
Qjn.  vitliBMnifn  (i  iWy, 

LOIBf  An  acid  said  by  Peschicr  (J.  Pharm.  vi.  34 ;  x  848)  to 
exist  in  rhatany  root  {Kranuria  triandra).  It  is  crystalline,  has  a  sour  and  astringent 
taste,  and  is  not  volatile.  Its  alkaline  salts  are  crystallisable,  and  their  solutions 
form  a  white  precipitate  with  lead-suits,  yellow  with  ferric  sahs.  TIm  ttarhnn  imhia 
said  not  to  be  df-c»nrrA«fd  bv  Bul|)hurie  add  or  soluble  sulphates. 

Other  cbeiuista  who  iuive  iookeil  for  this  acid  iu  rhat4Uiy  root  liave  not  been  able  to 
findiL 

A  faxialj  dt  sctinilia  ftom  tha  lignita  of  T<attaf^  uaar  TitsaStnt^  • 


(See  RetimtkV 

Syn.  with  Dufkbnith. 

9yvu  Willi  Owjuum 

Ruby-coloured  octohedral  chloride  of  potas.'iium,  from  VesuriuB. 
Ctmtains  55*15  per  cent,  cmon'no,  16-^9  ir  n.  12  07  potaashun,  0*1$  aodiUB^  Ift'M 
'  and  water.    (Kremers,  Pogg.  Ann.  Ixxxiv.  79.) 
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Brochantitt>,  from  Krisuvig  in  Ic^nd. 
Syn.  with  Cbocoxsitb  (ii  109.) 
Bju,  with  TmssBt 

fliyn.  indi  CnkMmn  189). 

or  Cyanite.  A  silicato  of  alnminiam,  Al'O'.SiO^  occomng  in  tridiiiie 
faneros  oP.  ooPoo'.  ocl^ao  .  •  T  .  ocF,.2Pao.  Crystals  usually  bla(l<Mi.  Ariiilp!?  nP:  os'Pa) 
->  93°  16';  ooP  :  ooI>ao  -  100°  60';  oP  :  od/P  -  98°  on' ;  oP  :  ocp'     Ut;  42' ;  xPao : 
ocT'oo  =  106O  1«';  00  T  :        =  97®  4';  ob1^«  :  oo  P  «  U6°  41';  ooPoo  :  ooF  «= 
1310  23';  <»i>ae>  :  2l'»  =  lo9°  15'.    ClwiTags  perf  rf  ;  -irallel  to  the  f^mootluT  lateral 
pbuie;  imperfect  paridlol  to  the  \im».    Twins,  of  two  kinds,  with  ine^  of  compoeition 
odPoo  ,  and  planes  ooPoo ,  mMtiiig  «t  an  aiifl^;  in  one  kind  the  plann  oP  are  eoia- 
ciflent,  in  the  other  they  form  a  re-(*nterin^  angle.    Also  cofirae-bladed,  rnlumTiar ; 
abo  fihroua.  Hardness  «  6  to  7-2o.    Specific  gravity  -  3*669;  of  white  kyanite 
3-«7f;  of  bine  tniiipaient  kyanite  from  the  Tyrol  8*961  (Srdmanii).  Loslitt 
ritrpnns  f<^  pr-nrTy.    r^lonr  gMierally  pali^  Mne,  often  <!< »  prr  alonp  the  middle  of  the 
raisms ;  tKimeiinies  white  or  blue,  with  white  nuuigina ;  also  flgrey,  gneo,  and  black, 
mak  tuMolMNdl  l^whiwiit  aafl  aoaiitiaMa  twaywiiti  Th*  e^Mi  mw  oOm 
^  ensily  MMtdiad  «B  lb*  Itttwil  wifcat,  iHnl*  hmj  an  vti^  hnd  ai  ui»  «• 
tzemitieflii 

Vfuito  MDMM  wfawd  wfcwt  iiiag^f  harted  Mm  tb»  Uovpipe;  mslte  to  %, 
transparent^  eoloMiliM  f^am  inAk  boras  *m        •  deep        oolovr  viUt  oobiit' 

odntion. 

PiDe  kyantto  vmdd  eoBtoia  87*5  per  OMiL  dKoo,  and  62*<  alumina.  The  fbUowing 
Ma^^  ahofv  diai  it  dow  not  datiato  1 

^IwS^  Hew  Teilu 

Pili'-a        .       .       3G-1       3n-9  t7-0S 
Alunina  .      .      63*8  64*7) 

Pmieoilda  { 

Oupricoadda  

Water           .      .    .       .  .  0  86 

100-2     "lOTI  99  78 

Kyantte  occurs  priucipaliy  in  gneiss  and  mica-skte.  Trausparent  ciystals  are  found 
at  t%  Gothsni  in  Swih»rl*i>d ;  at  Qreiner  and  Pfit«ch,  in  the  Tyrol :  also  in  Styria, 
rurinthia,  and  Bohemia;  at  Pontivy.  in  France;  and  at  Villa  liioa,  in  Souflj  Annrica. 
it  occurs  also  in  manj  localities  in  the  United  St«tes ;  the  specimens  anailysed  faj 
fihnitii  and  'BnA  mta  from  1Cb«ro  Cboaty,  New  Yosk. 

Bamlite  (i.  100).  from  Bamie,  in  Nonvay,  and  xenolife  (q.  c.^  hare  nearly  (lie  same 
oonqpooation  as  kyanite.  Woerthite,  from  near  HIL  Pctersbui^g,  containing  40*6  pec 
coBt  aiO*  68*50  AlK)*,  1-00  Mg*0  aad  i'M  water,  and  Thoiii«m*s  hydnbtieiioliite 
Cpn..rably  from  Sanlinia).  which  contains  ll-SS  SiO-,  49  o3  A1'0»,  185  water  and  3-12 
gypeum,  are  probably  hydrous  kyaaitee.  Kjranite  haa  also  been  obserred  altezod  to  tale 
and  steatite.   (Dansi  ii.  266.) 

ItWMMV^  Sjjro.  wtthtaHnaiiio. 

WKAiRVa  Syiia  wMi  BonHLiawPB. 

nJkPSmrzxra  or  OTAPBSmri:.  (C-'H'*)"Ti«.  A  compound  polymeric 
Tnth  q'flnide  of  phenyl  (lirn/.onitrile),  C^Q*N,  obtained  tj  heating  yalTOPaed  cyanata 

uf  potamtium  wilh  diluridc  uf  bt'uzoyl : 

8eHH)Ca  +  8CNK0   «   C»H»*N«  +  «K01  +  3C0». 

Itv  a1iaidneiihFi!iiArtaBefi^  aatfaflyiting  n  erystalHsa  fraefOM;  niUaat  M^,  and 

distils  \vithout  alteration  at  or  a  little  al>ovo  350'^  ;  is  soliihle  in  water,  sh^htly  soluhle 
in  alcohol  and  ether.  When  heated  with  eanatic  potash,  it  decomposes,  with  copious 
avolvtloD  of  aauDonia.  Sdplrarfo  aeU  dkaolTM  it,  Ibfimnir  *b  am 

is  soluble  in  water.  Strong  hydro(>hloric  acid  does  not  dissolve  it  even  at  the  hoiltng 
heat  Nitric  acid  of  ordinary  strength  is  also  without  action  upon  it;  but  fuming 
nitric  add  diiaoWcs  it,  with  great  rise  of  temperature,  bat  withont  OTolnlion  of  gas ; 
and  by  evaporating  the  solution  or  mixing  it  with  water,  nearly  the  whole  of  the 
cysphenine  is  precipitated  in  tha  Ibna  of  a  nilnHMflopoiukdy  C*'E'\KO*)*N',  wUah 
ciytitallises  in  needles. 
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«0  XTNUBBKIC  ACID— LABBADOBITB.' 

M.YM U ASVZG  ACIDb  (Lie big,  Ann.  Ch.  Pharm.  Jxxxvi  12d;  cviii.  354.) — 
An  add  aomttiinea  dflponted  ftom  die  vriiM  of  dogt.  Fkom  tht  takm  of  a  dag  whieh 

h:id  l>een  fe<l  on  fat  alone,  or  on  fat  mixed  with  a  small  portion  of  mfal.LicMg  obtained 
it  by  evaporating,  adding  bydroclilorie  acid  &ad  leaving  the  liquid  to  stand  for  some 
time ;  the  urine  of  dogs  fed  exclusively  w  letm  meat  yielded  only  traeea.  Th»  dfl|KMRt 
dissolves  in  lime-water,  and  on  diluting  tbe  aolotion  witli  water,  and  adding  hydro-> 
chlnric  ncid,  kyntirc-nic  a.  id  is  deposited  in  imij  d«adar,  colottrlaM  iiMdlet;  £om  toof 
tSiiMriited  solutions,  im  a  powder. 

Kynurenic  acid  reddens  litmus;  wh«>n  h)>atodilia  glasa  IbIm^  it  SMlti  to  a  brown 
liqnid,  wliioli  thm  suMimos  complfti^ly,  forming  a  white  silky  crrstaUine  sublimate, 
aud  leaving  a  trace  of  olmrcoal.  The  precipitated  acid  is  insoluble  in  alcohol  and  in 
ether;  the  sublimed  acid  dissolves  in  alcohol  It  dissolves  easily  in  boilinp;  hydro- 
chloric arid  (whereby  it  '\n  distinguished  from  uric  acid),  and  in  liliTto  aulpliurio  and 
nitric  acids  (in  the  latter  without  perceptible  alteration,  even  ou  boiling).  Cold  con- 
centrated stilpliiirfe  aeid  diseolTeB  it  'wiuoat  alteration;  Imt  Ott  heeting  tbe  lolnlioii,  it 
turn^  brown,  and,  >  n  rddition  of  wntor.  deposits  a  loBoa-yeUoir,  muKfhum  pcwipl- 
tate,  often  mixed  with  crystals  of  the  unaltered  acid. 

Kjnnivttie  aeid  n  • -very  weak  end.  It  diMolvai  eMlly  in  OMUftie  alkaKs,  and,  wiA  * 
aid  of  heat,  in  alkaline  carbonates,  lime- water  and  baryta-wat^r,  neutralisini?  the  bases 
■»od  forming  crystallisable  suits.    The  hnriumr^tM  forms  plumose  groups  of  naereous 
inedlee:  tlw  oakinm-milt,  stellate  groups  of  dntt  Iwd  needlee.  Bodi  edti  are  spar- 
inglv  soluble  in  water. 

The  add  is  precipitated  from  the  solution  of  the  barium-salt  by  carbonic  acid.  It 
gave  by  analysis  61*6  to  61*9  per  c^.  carbon,  4'7  to  4^  hvdrM^en,  and  8*7  to  9  4 
nitrogen.  When  iMnted  a]oB0  «v  with  linu^  it  jieUi  n  ^didw  ou,  hniag  Um  odmv 

4S  lienzonitrlle. 

ILTFBOXiZTII.    S\  ii  'v.'ith  8krfb?ctinib. 

xnMWSTlk   While  iron  pjrites  ^m  the  mine  Briccins,  near  Aonabecg. 


or  XiAPAWUM.   A  resin  which  exudes  in  drops  from  theleares 
and  branches  of  the  Oi^hu  enHetm  nid  C.  cyprietu,  shrubs  growing  in  OvM«e  and 

Turkey.  It  is  penerally  black,  Kolid.  tenacious,  and  somewhat  moint ;  softens  between 
the  fingers,  and  exhales  an  odour  like  that  of  ambergris.  A  sample  analysed  bv 
Guibourt  {IBtiMr$  dn  Prof/ucs,  iii.  (501)  contained  86 per  cent,  resin  and  volatile oi^ 
7  wax,  I  aqueous  extract,  and  6  earthy  matter  and  hairs.  Commt  rcial  labdamUB  ie 
offpn  lar>_'ely  adtilterat««d  with  black  sand.  According  to  Johnston,  labdanura-reftin 
coDtain.s  73"2  per  cent,  carbon  and  lO'O  hydrogi-n  ;  a  composiliou  which  may  buappruxi- 
mately  represent*  d  by  the  formula  €^H*0«  (calc  76  6  C,  9-4  H,  aud  16-1  O). 

I^nbdaiium  in  sticks  is  prepared  in  Portugal.  Spain,  Slid  the  Boftikot  EttMMthf 
boiling  the  leaves  and  branches  of  Ci^tus  ladaui/irui. 

AABmAJKMUTa.  Jjobntdor  FeJspar.  AnKydrout  ScoUciU.  MauUiU,  Bli- 
9U»*  Sookamm.  A  aunsnl  epecii  s  belonging  to  the  ftleper  grcuqp^  and  tepteeMrted 


0'*,  where  M  denotes  calstnm  and  sodium, 


(Si*)«" 

bj  the  formula  :SI*O.Al'0'.3SiO«,  or  (Aj|^" 

nnd  rvrn^ionally  also  fnnfrnesniTn  nnfl  potassiunff 

Labradorite  occurs  in  triclinic  crystals,  in  which  oP  :  oofoo  «  86®  82';  oP  :  »'P 
->  1U»48';  »f»«  :  »P  «  119°  16'.  It  forms  twins  like  those  of  alWte  (ii 
riravncrc  perfect  parallel  to  oP  ;  distinct  parallel  to  ooPoo ,  in  which  direction  also  the 
faces  are  usuallv  striated ;  iii distinct  parallel  to  oaP'^,  Also  massive,  with  distinct 
dsmge.  Harcbess  —  6.  Specific  gravity  —  S<67  to  9*70.  Lustre  of  oP  pearly, 
passinti;  into  vitreous;  elsewhere  vitn^ous  or  subresinou5.  lour  usually  grey,  of 
various  shades;  also  greenish,  r«  ddish,  <a  jsUowish.  Borne  varieties,  especially  that 
fton  LaliffMiov,  estUfalt  n  beaattful  play  of  eolonsi  vhon  viewed  in  certain  direetione: 
this  eff'et  i.«  l>ost  seen  in  cut  and  poli.«<hed  specimens.  Streak  un coloured.  Fracture 
gUsteningi  Tranalueent  m  a  low  dtgree.  Xmi  eeailj  fis^gibLe  than  eonunoa 
mspar. 

J3ef  ire  the  bl<iwpipe  on  charcoal  it  fu.ies,  with  less  difficulty  than  orthodase^  tO  ft 
colourless  ^4S8»  With  oxide  of  nickel  and  borax  it  form.^  a  blue  bead.  When  pnl- 
Teriotd,  it  Ifl  entinlj  diasolTed  by  hydrochloric  acid,  which  doee  not  attack  eithm; 
OKthodMB  or  alUte^ 
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.    ULBUBNiC  ACID-LAC.  • 

Analftm:  a.         Ounpal* fa 8ootlMi4 ^iHiem  it oemm in  potpky tilis gw<iM>t<m» 

(Le?i  11  :it,  EVl.  N.  Phil.  J.  1832,  p.  86).  6.  From  Etna,  where  it  occurs  as  a  ooostituent 
of  lava  (r.  Waltershanaeo,  FulctmuJk  Guteim,  1853,  p.  24)l  «.  Fxom  Faroe, 
f Porelinftmm«r,  J.  pr.  Olwni.  nx  SW).  li.  Fram  Lalntdor  fv.  WelterttiftiiMn 
«><:.  cit.).  e.  From  Efr'Tmind,  in  Norway  ;  violet-grej  with  brilliant  ])1ay  of  culoure 
^ersten,  Fogg.  Ann.  Jxiii.  123).  /.  From  the  bjrp«ratiuad>ruck  ol  '^eorode,  ia 
flOm;  M«d)-grey  (r.  Bath,  Pogg.  ijsn.  xev.  688).  ff.  Piwm  the  gaUno  of  the  «mis 

locality;  bluish-wlu'to  (v.  Hath,  ihul.).  h.  From  tJie  intlapliyre  between  Bot'ii  md 
CoUmai^  in  ttie  Tyrol ;  l%ht  oreyiah  peeo.  (Deleate,  J.  pr.  Cheai.  xliii.  447  ;  xIt. 
tl9).  i  Vtma  t£e  tzM^rdalmte  of  «hMdaloiip»  (Beirille^  Smmelsh^t  iHiufm^ 

chcmk,  p.  598).   k.  Scohxtrosr,  from  Pargan,  Flnlaml  (Nordenski   1  1,  Schw.  J.  OKU* 
417).   ^.  -Sf/fW/f,  from  Antrim,  Ireland.    (Thomson,  V\n\.  Mag.  1843,  p.  417.) 
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U  the  number  of  mdecnles  of  lime  be  aappoeed  to  bo  three*  timen  a«  gre&t  as  that  of 

the  soda,  the  abore  formula,  -which  then  bpcomai  |^^Jo.Al*0'.3aiO»,  girea  63-1  per 

cent.  8iO»  30  1  Al'O*.  12-3  Ga-0,  and  4-5  Na'O. 

Labradorite  ia  murd  bubject  to  altemtiou  than  otlier  felspars ;  perhaps  becanae  it 
eotttaane  both  potaah  and  aoda.  Partial  daaovqpoaition  is  shown,  either  by  the  dimi- 
hished  qnantity  of  these  bases,  or  by  the  conseqnently  incroasfd  proportion  of  silica. 
The  best  exaroplet  of  unaJtered  l^^bradorite  iu  the  pn  ctding  tal»lo  arc  pt-rhaps  e,/,  g, 
k,  attdf  ,*  k total,  if  the  analyses  are  correct,  afford  decided  indications  of  decomposi- 
tion. For  nnmerons  nnalysrs  of  labradoostc^  and  oi  Iblapaai  allied  to  it»  aee  MmnmtlM 
bery's  Mincrakhemk,  pp.  697 — G03. 

Labradorite  is  a  constituent  of  some  laras,  aa  those  of  Etna  and  Vesnvins ;  of  many 
porphyries,  as  the  orii'utal  verd  antique  of  Orepce;  of  dolorito;  of  ocrtain  hornblende- 
rocks,  granites,  and  syeoites  ;  of  some  porphyriliu  greviiiituJieii,  as  at  Campsie  iu  Scot- 
land ;  of  meUphyres,  as  in  the  TyroL  On  the  coast  of  Labflidoi^  wiuBee  it  wa« 
originally  brought,  it  is  aawwiated  with  homUeDdek  hipmrthan^  maqfutia  ison 
ore.    (L)ana,  ii,  238.) 

JmAMUISLKXC  ACXI>.  An  acid  said  to  be  contained,  together  with  qrtisine  (ii.  31 1 ) 
and  two  neutral  bitter  principles,  in  the  set-ds,  bark,  and  other  paita  of  Ojftttua 
Lt^tnmnu    (T.  Scott  Gray,  Arch,  Pharm.  [3]  xlii.  ICn.) 

liJLO  is  a  substance  well  known  in  Eorope  under  the  dilEerant  appellations  of  adck- 
iae,  shall-lac,  and  seed-Uc.  The  first  is  the  lac  in  its  aatual  itaie,  enerortii^  amall 
branches  or  twiga.  8eed-lac  is  the  stick-lac  separated  from  the  twigs,  appearing  in  a 
muiulat«d  form,  and  probably  deprived  of  part  of  its  coburing  matter  by  boilin|^ 
%ell-Iac  is  the  snbetance  which  has  undez^^ne  a  simple  puriflaUion,  as  mcotiooea 
below.  Beside  these  we  sometimes  oieat  Vltii  a  terth,  oaUed  kunp^lai^  whifik  ia  the 
teed>lao  melted  and  fornu'd  into  cakes. 

Lac  is  the  poduct  of  tlie  C'lc^-j«  Icuxa^  which  deposits  its  eggs  on  the  brandief  of  a 
tree  ealkd  Bihar,  in  Assam,  and  other  tMWta  of  India.  It  appears  designed  to  answer 
the  imrpose  of  defendini;  t)ie«  eggs  from  injury,  and  affording  food  for  the  maggot  in  a 
more  advanced  etuto.  It  is  formed  into  c«IK  fiuished  with  as  much  art  and  regularity 
as  a  honeycomb,  but  diflnaatfj  aaaaced ;  uA  the  inhabitants  collect  it  twice  a  preac, 
in  the  momfn  of  Februnry  and  A«fni!*t.  For  ptjrifie  ition,  it  is  broken  into  small  pieces, 
and  put  into  a  cauva.s  bag  uf  about  four  .feet  long,  and  not  aljovo  six  inches  in  circum- 
ference. Two  of  these  b^  are  in  constant  uee^  each  of  them  being  held  by  two  men. 
The  bag  is  pbiced  over  a  fire,  and  frequently  turned,  till  the  lac  is  li<piid  enough  to 
uass  tlirough  its  pores;  then  taken  off  the  tire,  twisted  in  diftl-rtnt  dinx-tiony,  and  at 
tha  mae  time  dragged  lUong  the  con  rex  part  of  a  plantain  tree  prepared  for  this  pur- 
poM;  and  vliaa  vm  ia  berag  dme^  the  other  bog  is  beiiig  heated,  to  be  afiervacda 

•  tt  2 
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LAC-DYE — LACTAMETHANE, 

treated  in  tho  =^arae  way.  The  Tnucilaginous  and  smootTi  snrface  of  the  plantAin  ti^« 
preveuU  it  from  adhering;  -and  the  degree  of  precsnie  regulatai  the  thicknaw  of  the 
eoftting  of  lac,  ai  the  «yn«  tane  llnfe  m  tmrntm  of  fh«  bag  deCenuiiwf  ite  elBtf  wi 

and  transparenc}'. 

8tidt<lao  oontains  in  100  porta,  xeon  68,  oolouzisg  extract  10^  wax  6,  fidnten  6A 
cstmieoDB  sabataaMa  6*6;  aeed<Jao  eontanii  88*0^  folomrmg  asCrMt  8*6,  vax  4*5^ 
gkten  2 ;  sholl-luc  eontilM  imn  90-8,  coiowriag«iWBtO'8biWK  4»wlMi>Mif  mtter 

2-8.  (HatcTiett) 

In  India,  lac  is  fashioned  into  rings,  beads,  and  other  trinkets;  sealing* wax,  vKf 
niskeft,  and  lakes  for  painters,  are  made  from  it ;  it  is  much  used  as  a  red  mre,  and  the 
resinous  part,  melted  and  mixed  with  about  thrice  its  weight  of  ftneIy-i>owdered  sand, 
forms  pohsbing  stones.   Lapidariee  mix  powder  of  corundum  with  it  in  a  similar  manner. 

The  colouring  matter  ia  aolnfala  in  water;  but  1  pt  of  borax  to  5  of  lac  r^t^iers  the 
whole  soluhlr  hy  dip;estion  in  wntrr,  nearly  at  a  iMiling  Leaf,  Thia  solution  is  ftjual, 
for  many  pui-poscs,  to  spirit  varuisli,  aiul  is  au  exei;lleL.t  vehicle  for  water-colours,  a% 
when  once  dried,  wator  has  no  effect  upon  it.  Aeneous  potash,  sodii,  and  carbonate  of 
soda,  likewise  diaat^w  it;  M  doea  aittio  acid,  it  digeated  vitk  it  in  mfficieat  quantitgr 
for  48  hours. 

The  eolonring  matter  of  lac  loses  much  of  its  beaatj  hj  keeping ;  but  wh«i  fraaUy 
extracti^d,  and  pre oipitat(>d  as  a  lake,  it  is  less  liable  to  iiynrj'.  Mr.  Stephemi,  a  sur- 
geon in  Bengal,  scut  hume  a  large  qnoatity  precipitated  in  this  way  with  aluju ;  it 
afforded  a  good  scarlet  to  cloth  preriooalj  jrellowed  wiUi  qnenMiron. 

Luc  18  the  liiisis  of  tho  Ix-st  8f-:iling-wax.  A  g<x>d  compoeition  for  rpd  sealing-wax  ia 
48  pts.  of  sheUac,  12  oil  of  turpentino,  1  Peru  balsam,  and  36  venniUion.  U. 

'tMJO'^WWM,  A  proAaet  obtaiiMd  ftoaa  lae,  and  naed  ftr  protheiiii^  •  red  d^e,  espe- 
cially on  wool.  To  obtain  it,  stick-lao  frtvd  fironi  roniains  of  stalk<  y  ulTeiieed  and 
exlumsted  with  warm  water;  or  the  eoloniing  matter  left  on  eTaporating  the  aolution 
ia  made  into  square  cakes,  and  aent  lato  tiia  nudeet  aa  Iso-dye.  Tba  naadaa  yielda 
per  d-lac  {Lnc  in  gram's),  wliu-h  is  •vvorlccd  up  into  shell-lue.  Tlie  proximate  consti- 
tution of  lao-dye  is  not  exactly  known ;  it  containa,  however,  a  considerable  quantity 
of  wain,  and  simdcntontng  natter,  darifadlkttlhaiMM^  may 

lie  partly  oxtnK-tM  by  water,  more  completely  by  acids,  espi  cially  sulpluiric  or  liydr«>* 
chlwic  add.  ^The  following  processes  are  adopted  for  renderii^  the  dye  (it  for  use : 

1.  A  mixture  of  4  pte.  lae  witb  strong  sulphuric  acid  is  allow^  to  stand  for  24  houra 
in  summer  and  48  in  winter ;  then  diluted  and  stirred  with  3^  pts.  of  water,  and  again 
left  to  clarify.  The  dear  liquid  is  poured  into  an  iron  pot,  and  mixed  with  the  wash- 
water  of  the  previous  residue ;  the  solution  is  mixed  with  a  quantity  of  lime  suffident 
to  n<  iitralise  ^  of  the  snlphtmc  add,  and  the  predpitate  of  gypsum  is  removed:  the 
liquid  is  than  nadj  fat  vaau  Una  ia  the  mode  of  pnpacatiga  chiefly  adopted  in  this 
country. 

3.  Tliii(7>4«o  pliL  of  lac-<lyo  luw  fritorated  with  10  to  18  pta.  of  sulphuric  add  of 

specific  gravity  1*85,  or  hydnx^hloric  ncid  of  >^peoific  pTnvitr  1*13,  each  diluted  with 
three  times  it»  wdgLt  of  w:iter.  The  mixture  in  Ui\  to  iudf  ifor  18  h<»urB  in  wint^,  or 
24  in  Hummer,  and  then  mixed  with  the  requisite  quantity  uf  river-water. 

3.  Thirty-two  pts,  of  lac-dye  are  trifnmted  with  12  pts,  of  liydr  ichloric  add  of 
spedfic  gnivity  1"148,  diluted  with  an  equal  weight  of  water;  the  mixture  is  left  for 
24  hours  and  frequently  stirred,  and  tin  n  dilut<  d  with  wator. 

T':  rlyo  \*"itli  tho  colour  thus  prepared,  each  pound  is  mixe<l  with  throe-qunrters  of  a 
pini  of  so-cnll.  d  Lie-spirit,  a  solution  of  stannous  chloride  prepared  by  diseolring  one 
pound  of  tin  in  20  poooda  of  fbndng  hydrochloric  acid,  tba  miKtwe  beiBg  kft  tO  itHif 
ht  nx  bam  bsAno  naei  (Handw.  d.  ClMm.  it.  748.) 

Ann.  Ch.  Phys.  [3]  lix.  176.  V— This  compound  is  formed  when  diethy lie  lactate  is  treated 
witii  aqneoiia  ammonia^  «nd  the  mixtw*  ia  left  to  atnnd  ftr  coo  or  two  days ;  ctwhm 

an  uhv>hol!c  solution  of  the  ether  iturated  with  amTnonia  and  heat<'<l  in  a  d  =;e 
Toseel.  The  former  process  is,  according  to  Wurts,  to  be  prefemd.  Alter  expelling 
the  exeeas  of  ammonts  and  water  by  eraporatfan  in  tiio  water-b«tb,  the  laet—irthaiia 
remains  as  a  h'quid,  which  eolidifics  on  cooling  to  a  beautiful  crj-stalline  mati^,  formed 
of  broad,  brilliant  plates,  elipditly  grea«ty  to  t]b«  tonch.  Theae  o^staLs  are  soluble  in 
water,  afeoliol,  and  other;  th. y  melt  at  6y» or 98<> to  «  eolovHeaa  liquid,  nd  bdl  d 
219°  under  a  barometric  pressure  of  7G1  mm.,  distilling  without  alteratian. 
The  formation  of  lactametUane  may  be  repn^nted  by  the  eqoation 

IMitltytte  lactate.  LwtaniGihiinc.  Alrobol. 
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^^MUtavith  potash,  ftlidMOUpOMdittto  ammonia  and ftlyMMtottflf  potlil  ■ 

Jo  Jo 
(C'H^O)"       +  KHO  -  (C'U*0)";^  +  BE*.  ^%hl 
H«     }N  K     }0  Z^^--:::^ 


XiACTAMXO  AOZI>.   Syn.  with  Alaxikb  (i.  63).   It  i»  also  prodnced^^^ 
action  of  v&ry  strong  solution  of  ammonia  «•  dUoEOflOfionato  of  aUffl  aft 
(Kolbe,  Ann.  Ch.  PEann.  cxiii.  220.) 

LofUMUtg  0/  ammonium  (to  aaUadX  GV«KPO«  •  [^|!^!4a.-^<nBBfla  hf 

the  action  of  ammonin-^s  on  lactic  anhydride  (Pilactic  acid,  p.  461)  (Pelouze); 
or  by  satuxHtitig  a  liulutioa  of  l^ictic  anhyaride  in  absolute  alcohol  with  dry  ammoniis 
■nd  eTaporatinff  the  solution.  Tabular  crystals,  reiy  easily  soluble  in  water  and 
alcohol.  On  adding  dichloridf  of  platinum  to  the  solution,  frcfd  hy  boilinp  from  excess 
of  aauaouia,  only  jpart  of  the  nitr^en  is  precipitated  as  chioroplaiinate  of  ammonium ; 
Imt  aftof  boOing  toa  flltmta  fbr  aobour,  it  givea  a  ftirtlier  precipitata  ivitii  dichloride 
of  platinum— a  proof  that  part  only  of  the  nitrcgin  oditfl  u  toe  fiooaof  ammoninm<> 
fait.   (Laurent,  (;ompt.  chim.  IMQ^  p.  161.)  O.  C«  F. 

  H  lo 

AMSSMBMi  C*H>KO*  -  {Cm*Oy\   .  (boneria  vitli  ftU&ino  «r  laa- 

H*  }N 

laya  acU  (L  n\  fmVC^  I.  (CFH«or  [  .M>1)taiiiad-1.  %  ih/t  aetton  of  am- 

H  }0 

monia  gas  on  lactlde  (Pelouze;  Wurtz  and  Friedel,  Ann.  CLPhrs.  [3]  bdii  108). 

By  tha  artion  of  an  alonholic  solution  of  ammoma  OB  laotida  (Wnrla  and  Fria- 
del,  loc.  cit.),—3.  By  ^ituniting  monothylic  7a  ^lt«^  \rith  and  leaviqg  tho 

liottid  to  stfl^   (JUruniuA  Ann.  Ch,  Pbarm.  dr.  197.) 
It  fanoM  iman  pcimiia,  wkidi  diiulva  aa«ly  in  wUtr  and  oMat,  twA  do  not  oon^ 

bine  either  \ntli  uctds  or  baseSL    It  W  daoM^Oaa^  ligt  botling  Vitil  ■M^****  OX  aodi^ 

into  .immonia  and  lactic  acid. 

The  above  formula  represents  lactamide  as  derived  £rom  the  double  mold<mle  -^^y^  > 

by  the  substitution  of  the  radicle  CIT*0  for  11-.  Tlic  substances  described  under  tlw 
names  lactamethane  (p. 452),  aud  luctc  thy  lamide  {vid.  ii\fX  are  ethylised  dwri* 
yatires  of  luctamido ;  the  former  by  the  substitution  of  C'H*  for  tne  hydrogen-atom  of 
the  water-residue  contained  in  lactaniidc.  the  latt<T  by  the  snbstitution  of  C^H*  for  one 
of  the  hydrogen  atoms  of  tlie  ammouia-reoidue.  These  rulatious  are  expressed  in  the 
ndonal  formula  by  which  ^»^««"^haii%lTifltTtln'?iiin*d«,  iMtaim^*  aia  mpeetitiefy 
^aftthapiaoaazafiBaadta.  a.aF. 

OmXfP  -  (C'H'O)";    .  boMia  villi  lactaMa- 

c*h».h)n 

thano  (Wurtz  and  Friedel,  Ann.  Ch.  Phys.  [3]  Ixiii.  110).  Formed  by^tfae  action 
of  et  hylamine  on  lactide.  Whaa  flisia  two  aalwtanoia  are  tmi^ht  together,  the  ethyl- 
amine  immediaf*  ly  ln'j^ins  to  boiL  If  the  operation  is  porformed  in  a  close  vessel,  and 
with  anhydrous  materials^  tlw  whole  solidifiea  to  a  czystalUne  mass.  This  prodad, 
whm  ponBadbf  ana  ctTsCallisotion  from  aleobol,  malls  at  48*',  and  may  be  oooladto 
4(t'^  witliont  freezing;  but  a«  soon  m  crystallisation  has  commenct-d,  the  thermometer 
rises  to  46'6^.  LaOethylamida  distiia  wiUumt  aUeiatioa  at  260^.  Its  fozmatioa  is 
Nff  MMlttd  Ij  ttw  afoatkn 

Lnctidc.         Ethyliunine.  LactetlijIamldSk 

Alkalis  decompose  it  into  atlijlamine  and  aUudine  lactata. 

LactetbTUunid*.  Lactate  of  iiotastium.  Etbytamin*. 

a  c.  F. 

MOmAMBb  JMdMhif^OW)*-^^'^^^  |0>.    (Gm.  si.  i73)^TUa 

add  was  di.ecovercd  by  f^cheele  in  sour  milk,  and  first  recognised  as  a  peculiar  arid 
Berzelius.   Braconnot  found  in  the  wash-liquor  of  the  preparation  of  wheat- 
Hm^ in  tin  ftmeirtad  jdoa of  maagoldpwaisd,  and  ollier  tenentea-ffat*^^ «stnMt% 
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rtti  idd  yM<^  he  derfgoated  mmetb  aeU,  \mt  whieh  wu  aftflrvEfdi  diowii  to  l>e  identt* 

cal  with  the  acid  of  sour  milk.  Berzelitu  demonstrated  the  presence  of  the  same  or  an 
isomeric  acid  in  the  juice  of  the  flesh  of  animabi  recently  killed — a  result  which  was 
confirmed  by  Li  ebig  in  his  classical  investigation  of  flesh -juice  (see  Sa.bcoulotic  Acn>, 
p.  467).  More  recently,  the  chemical  r^latious  of  l.vctic  acid  have  ht^n  iuvestigated  by 
Strecker  (Ann.  Ch.  Pliarni.  Lxxxi.  '2-{7 ;  xd.  362),  Wurtz  (Ann.  Ch,  Phys.  [3]  lix. 
161),  Wurtz  and  rricdel  (ihid.  Ixiii.  101),  and  Kolbe  (Chom,  .St>c.  Qix.  J.  xii.  16)  ; 
and  the  lactates  have  been  chiefly  studied  by  I'oh  uEe  (Ann.  Ch.  Phys.  [8]  xiiL  Wf), 
and  by  Engelhardt  and  Mnddrol!  (Ann.  Ch.  Pharm.  Ixii.  83;  Ixx.  241). 

Formation.  — I.  IW  a  peculiar  fermentation,  the  lactic  acid  ferttuatatMu  of  variotu 
kinds  of  uuiTiir,  and  of  dextrin:  this {isnnantation  precedes tha  ba^rric  acid  teoMate- 
tion.  As  all  tlio  substanrri  of  the  siignr  tribe  have  thp  same  proportional  composition 
as  lactic  acid,  with  a  few  atoms  of  water  more  or  les^  tlte  tran^onnation  i»  ettsiij 

C'«ff»0"    +   SHK)      m  4C*H«0« 

UUk-»ufar.  Lactic  acUl. 

The  UcUc  fermentation  requires  a  tom^rature  between  20"  and  40"  CL,  and  the  pir»> 
Moee  of  water  mA  of  certain  ftRnenta,  viz.,  altrnminoldal mbrtaocM  ip  a ]  ** — ' 

of  decomposition,  such  as  casein,  gluten,  ur  animal  merabnilMli 
of  the  stomach  of  the  calf  (rennet),  or  dog,  and  bladder. 


S,  Tri^klyool,  in  preMoee  of  platuiVB^blMlc»  is  converted  into  li^  acid  by  tha 
OTgen  of  4a  cfar(Wiivta): 

c»H»o»  +  o»    -     c»n«o»  +  IPO 

TrItyiKljcol.  L-ictic  acid. 

3.  Chlaco|mpionic  acid  yields  chloride  of  silver  and  lactic  acid,  when  it  is  heated 
vith  water  and  oodde  of  njVar*  (Wnrti^  AmkCh.  Phja.  [S]  lis.  IM): 

C«H«ClAgO«    +    HH>      «      C«H*0^    +  AgQ 
ClilMefin»Hoasce«r  LsodeMM. 
•Ovtt. 

Sbidlailj,  broraoproptonie  aflid  jkldf  lactic  add  and  bromide  of  nhw,  when  treatafl 

with  oxide  of  silver  in  prpppncc  of  water  (Friedel  and  3Iaob'nca,  Ann.  Ch.  Pharm. 
cxx.  286).  lodopropiouie  acid  (furmad  bj  the  action  of  iodide  of  phosphorus  on 
glyearie  aeid)  appears  to  yield  a  peccJiar  modiietton  of  ladio  aoid  wnen  treated  at 

abovp.    (1?  0 1 1 K  t  e  i  n,  il'h!.  p.  284. ) 

4.  Bj  the  action  of  nitrous  acid  upon  alanine ;  as  when  the  vaponm  evolved  from  a 
niztnre  of  atawh  and  nitific  add,  after  teing  paioed  Ihroni^  a  oold  Twal  wMA  itOM 
any  undo  composed  nitric  acid,  aro  conducted  into  aqVMOi  ala&ttia;  ^tlw  aOlvn  li 
attended  with  copious  evolution  of  nitrogen: 


6.  Pvxwie  (pyroracemic)  add,  trest^^d  in  aqueous  wnintion  with  eodium-amalgaa 

(Wi?«licennH,  Ann.  Ch.  Pharm.  cxxvi.  227),  or  with  zinc  in  pr.-ficnce  of  dilutaaoetltt 
acid  (jDe  bus,  Chem.  Soc.  J.  xvi.  260),  is  converted  into  a  suit  oi  luetic  acid : 

fyatleaBli.  L.-u:tiead4. 

e.  Wtm  ]i7dzoa9cgraikid0  of  othjbiM^  (C>H')  |  CN  ^^i,!;^^  |^  hjitoxjd^ 

ride  of  ethylene  by  double  deoompodtion  with  t^anide  of  potassium),  is  boiled  wiA 
aqueous  alkalis,  it  is  resolved  into  ■mniniiia  and  (aafoo-)  lamo  aeid.  (Witlieanu^ 
Ann.  Ch.  Pharm.  cxxviii.  0) : 

CH^NO    +    2H'0       -      C'H«0«    +  BW 
HydroxycTunide  IiSCtkesHk 
of  ethyl«u«. 

fCH^V )  CN 

Etii J loxy cyanide  of  ctliylidene,  (^jjs   [  q    (obtained  by  digesting  ethyloxychlo- 

ride  of  ethylidene  [iL  600]  with  qranide  of  potassium  in  a  sealed  tube^  jielda  ordinan' 
laotieaeM,  •]ida8RiaUqnaatil7of«tli7l4aBlieada,  whendinn^  (Wislf- 

cenus,  op.  cii.  p.  14.) 

7.  Oxyohloride  of  carbon  combines  directly  with  ethylene,  forming  of  lao^l : 

ooa'  +  c«H«  =  c«HK)a« 

whenee  laette  add  can  he  ohtafaied  hy  wdl-fmown  prowsu.   (Lippmann,  Ann.  Ch. 

Pharm.  cxxix.  81  ;  Ann.  Ch.  Phys.  [4]  i.  485.) 

Pri-paratton. — a.  From  various  ktndt  of  Sugar. — 1.  An  aqupous  solution  nf  ion  |^>tK. 
of  grape-sugar  (cane-  or  milk-angar),  exhibiting  the  density  of  »°  to  10°  Bxo.,  is  mUed 
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vitb  8  or  10  vU.  of  fresh  sour  cheese,  as  purchased  in  the  mJiriceC,  or  100  pte.  of  sugd. 
wm  disfolTed  TB  100  to  160  pta.  of  milk,  and  such  a  qatintity  of  water  that  the  liquid 
exhibits  a  density  of  10°  Bm. ;  and  either  of  these  mixtares  is  (daced.  to^r  ther  with  50 
pts.  of  chalk,  in  an  open  vessel,  and  exposed  to  the  stin  forserpral  weeks,  with  fretjuiTit 
agitation,  till  the  resulting  lactate  of  calciniu  begins  to  cluuige  into  butjrdt*  ^I'elouse 
and  Gelit).  As  lactate  of  calcium ii  Buch  lees  soluble  than  batjrate,  the  eooTinkni  «f 
the  former  into  the  hitt<*r  may  be  rewj^ised,  when  strong  solutions  of  siig^r  nni  ii«»ed, 
by  the  diminution  of  the  orystalline  masft  produced  at  If  the  ptoceim  Im  tov  sooa 
interrupted,  a  large  qwnli^  of  mgar  remahw  maltend. 

*2.  8ix  pounds  of  cane-sugar  and  half  an  onnco.  of  tartaric  acid  (which  serves  to 
cuDTert  the  cane-sugar  into  clucose)  are  disMilved  in  26  pounds  of  boiling  water} 
3  potmds  of  l«fvig«ted  <iutXk  iddf>d  HfU<T  two  days,  together  with  4  ounece  of  ttanking 
hand-oheesp,  fraspt-nfleil  in  8  pounds  of  sour  milk  ^decayirif?  clires**  favrtirs  tlie  proiltin- 
taon  of  lactic  acid  and  retards  its  ecmTersiou  into  butyric  add) ;  the  mixture  set  aside 
•t  ft  temperatnxv  betWMD  90^  and  M^,  and  well  simsd  every  day  till,  fai  the  eomrse  of 
BIT  or  PTgnt  days,  it  is  ronvert*  r!  'nl-o  a  stiff  piist^  of  lactate  of  oak-iinn  ;  this  pa-^te  is  boiled 
for  an  hour  with  half  an  ounce  of  quicklime  and  20  pounds  af  watejr ;  the  solutioir 
■lniB«d  throogb  •  dodi  Alter  and  oyaporated  to>a  syrup ;  tiie  eryatullim  mats  vhidi 
Jbrms  in  four  <lay.s,  prpftH*^!,  first  'l>y  itself,  then  thret*  or  four  tinus,  afttr  havinir  been- 
«ad»  time  stixred  up,  with  ^  pt.  of  cold  wat«r;  aod  the  lactate  of  calcium  thus  purified- 
is  disaolvvd  f»  twiea  Its  weight  of  boiling  •mitrr.  ^  "tiie  miMkn  of  every  9i  pla.  of 
the  calcium-salt  there  is  then  n<lde<l  a  mixture  of  7  pts.  oil  of  vitriol  and  7  pt.«i.  water; 
the  lactic  acid,  while  still  hot,  is  strained  through  linen  to  separate  it  from  sulphate  of 
lime ;  Uie  filtrate  obtained  from  7  pts.  of  oil  (XT  Titriol  is  boiled  with  If  pta.  eaxbooate  of 
zinc  for  a  quarter  of  an  hour  (by  longer  boiling  a  rery  sparingly  soluble  ba^e  salt  is 
formed) ;  the  liquid  is  filtered  boiling  hot;  the  coloiiriees  crystalline  grains  of  lactate  of 
cine  which  separate  on  c-*>oling.  are  freed  from  sulphuric  add  by  washing  with  cold  water ; 
Md  additional  quantities  of  erystailine  graina  are  obtained  b^  evaporating  the  mother^ 
liquor,  almost  to  thf  end.  Lastly,  1  pt.  of  the  zinc-ralt  is  dmsolvi  d  in  7^  }>t«.  of  boil- 
ing water;  sulphuretted  hydrogen  passed  through  the  solution  aa  long  m  sulphide  of 
mC  k  piaeipiCated ;  and  the  filtrate  boiled  and  eraporated  on  the  water-bath  to  a 
Wjnxp,  whcmipon  8  pts.  of  the  zinc-salt  yield  5  ptsr.  of  syrupy  lactic  acid  (Bensch, 
Ann.  Ch.  Pharm.  Ixi.  174).  By  this  process,  100  ptK.  of  eaije-sufmr  yield  117  pts.  of 
laetate  of  calciimi,  wUdi,  if  the  sugar  was  white,  is  colourleso,  and  do* »  not  require  to 
T'r  purifir  1  by  preswre.  If  the  carl)onate  of  zinc  contains  lime  and  magnesi.i,  thesp 
ha»eB  paiMi  over  to  the  la<^  aidd,  which,  after  bein£  eraporated  to  a  ^rup,  must  be 
^haolfcd  Id  edber,  and  icfMimted  from  tiM  laetetea  ofeakram  and  magnealiim  tltnt^ 
tdon  and  evaporation.  The  calcium-salt  may,  howrver,  without  first  jir»  }>Hring  tho 
line-salt  firom  it,  be  freed  by  repeated  crystallisation  from  a  nitrogenouM  suijtstanc© 
wfaidi  olMfebiately  adherea  to  it ;  ita  iotutloa  in  tlie  amalleat  peetiUa  quantity  of  water, 
mixed  with  a  quantity  of  pure  s*ulplmrio  acid  not  quite  suffici.-nt  to  deoomposo  it  ;  the 
mixture  heated  with  alcohol  till  the  sulphate  of  oiicium  is  completely  separated ;  U)» 
iltiate  crvaporatfld  to  a  symp ;  the  f>yrup  diaaolvid-{B-  eHiflfr^  and  ^0  olhereal  aohitioii* 
Altered  and  evaporated.    (Engelhardt  and  Ma<ldrell.) 

Lautemann  (Ann.  Ch.  Pbarm.  exiii.  242)  recommends  the  following  modification 
of  B  e  n  8  e  h's  proecf>8  of  preparation : — Betai  ning  the  pr(^>ortiam  of  sugar,  tartaric  acid» 
niUc,  and  c]it  <  se  indiealed  b^  the  latter,  he  takes  une-third  more  water,  usm  1,200 
gmn^.  oxide  of  zinc  (commercial  rinc-white)  instead  of  levigated  chalk,  and  keeps  the 
temperature  as  constantly  as  possible  between  4(P  and  45*^  during  the  fermentation. 
After  eight  or  ten  days,  t  he  insfde  of  the  vessel  is  lined  with  wktte  aystals  of  lactato  of 
rinc,  which  can  be  obtained  ptire  }>y  one  or  tM-o  crj'stallisation?  from  Tailing  water. 
The  lactic  acid  pre^red  from  tJie  zine-salt  generally  ooutuios  mannito,  whii  h  doee  not 
aompleK^ly  crystallise  out  from  the  concentrated  acid.  To  separate  tliis,  the  aqueous 
add  is  shaken  up  with  other,  and  fchMtba  athareal  Jajrw  iapipktedoff  aad  0fBp(nated:< 
it  leaves  pure  lactic  add. 

S.  The  aolntioD  cf  800  graa  of  aiilk-sngar  in  4  litres  of  milk  is  placed  in  the  open  sip 
at  a  temperature  of  25°  to  30",  and  ncntndised  -vith  add  carbonate  of  smlium  as  often 
as  it  becomes  sour,  periiaps  every  two  davs ;  boiled  when  it  no  longer  turns  acid  ;  fil- 
tand  ftom  Hit  end ;  earaAtlly  evaputattd  to  a  syrup ;  and  the  syrup  dissolved  in  aioda* 
rat<<ly  warm  alcohol  of  38*^  Bm.  By  trrating  thi^  filtered  ulcolmlic  soluliuu  uf  lactate 
of  sodium  with  sulphuric  add  to  predpitate  the  sodium,  and  saturating  lite  filtered 
kelio  add  widi  chalk,  ciystalHMd  laalate  of  eakiiin  Is  obtaisfd,  and  may  be  puriied 
lljrlhrther  treatment.    (Bontron  and  Frimy,  J-  Pharm.  xxvii.  341.) 

h.  From  tiuUtwkkh Ami  titrnedsow.—'l.  Schede  evaporate  sour  whey  to  |;  filters 
tta  tiiiind  fton  Hie  onrd ;  precipitataa  tiw  phosphorio  acid  ftooi  it  with  lima;  filtan; 
dilutes  with  8  pts.  water ;  precipitates  t  lie  lime  by  careful  addition  of  oxalic  acid; 
iltwaj  erapoiatca  to  thfi oooaiataiMe  of  booeyi  ex'tzaoU  the  lactic  add  with  alcohol j 
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Alters ;  dilutes  with  water,  aud  eraporates.  Berzelius  digests  the  acid  thus  ol4auu»d 
witli  carbooato  of  Imd ;  filters ;  precipitates  the  dtssolvealead  with  sulphydrio  MiA, 
flkers,  and  evaporates. — 2.The  filtered  solution  of  sour  whey  evaporated  nearly  to  drj  - 
ness,  in  strong  alcohol,  is  mixed  with  nlcohoHc  tartaric  acid,  as  long  as  any  precipitate 
of  tartrate  of  potassium,  sodium,  and  calcium  is  formed ;  the  liquid  decantM  alter  M 
lumrB,  and  evaporated ;  the  residue  dissolved  in  water;  the  solution  digested  with  cai^ 
bonate  of  lead,  till  lend  dissolves  in  it;  the  filtrate  evaporated,  neutraliHed  with  Ciirbo- 
nate  of  barium,  again  filtered,  and  diluted  with  wattT ;  the  whole  of  the  barium 
IMKci  pi  tilted  with  sulphate  of  ziuc ;  and  the  filtrate  evworated  till  lactate  of  zine 
crystallises  out  (Eorzelius,  Lohrb.  Amg.  5.  v.  241.  For  the  earlier  methods  of 
Barzeiiuj^  see  i*Pgg.  Ann.  xix.  26).  W.  Engelhardt  (Zeitschr.  Ghem.  riiai-m.  1681, 
p.  643)  gives  the  flawing  proasas  Inrths  pcepanitbn  of  lactete  of  zinc,  from  which  he 
then  obtains  lactic  acid  liy  aecompof-ing  the  hot  solution  of  the  zinc-salt  with  '-i  il;  ii}-.1ric 
acid,  filtering  and  evaporating,  fiour  whey,  to  which  ^  of  ito  weight  of  powdt'red 
n^-fli^ar  hiui  bssn  «dasd»  is  mpimA  to  the  proper  teraperstan  far  tiw  iBctoiis  ft^ 
mentation,  and  every  one  or  two  days  tlie  free  acid  is  neutralised  with  crushed  carbonate 
sf  sodium  taken  froiu  a  jpMvioosly  weighed  quantity.  When  at  last  the  acid  reaction 
does  pot  MMpsor  after  two  or  Hives  days,  the  liquid  is  hotted  to  bdliiig;  sad  solplnirie 
acid  is  added,  drop  by  drop,  so  as  to  produce  a  distinct  acid  reaction.  A  «|uantity  of 
sulphate  of  zinc  equal  in  weight  to  the  carbonate  of  sodium  used  is  thou  dissolved  in 
twice  ite  own  weight  of  water,  and  mixed  with  the  other  boiliug  liquid ;  the  dieei^ 
(K)rti(>ns  which  immediately  separate  at  the  sutObum  are  removed  by  filtration  through 
flannel-bug  and  the  clear  li<]iiid  i.s  Bet  aside  to  crystalh'se.  After  n  day  or  two,  the 
uystalline  deposit  of  iaeluta  of  zinc  may  be  removed  and  washed  with  cold  water. 
TasqasBtity  remaining  in  the  mother-Uqnoris  in  signifteaat.  (For  Gap  and  Oi  Bear  j's 
proc^,  see  J.  Pharm,  xxv.  138  ;  also  Aim.  Ch.  Phamt.  xxx.  lOG.) 

FroptrUea. — Lactic  acid  is  a  colourlesa  liquid  of  syrupy  cousisteace,  and  spocific 
gravity  1'315  at  20  5  C.  It  is  inodorous,  but  has  an  intamMlY  sour  taste.  It  absorlia 
moisture  from  the  air;  dissolves  in  all  proportions  in  mdasr  and  aloobol,  SOBIOWiiat  IsW 
fireeiy  in  ether.    It  does  not  solidi^  at  —  24"  C. 

J)ee(mpoiitim9.—\.  Dry  diliSBtMoiii.  TlisaeicI,  viMUTSiy  gEadaoI]jhsatod,becoaMs 
less  viscid;  gives  off  at  130°,  slowly  and  without  evolution  of  gas,  colourless  water,  toge- 
tiiar  wiUi  a  small  quantity  of  lactic  acid,  and  leaves  a  palu  yellow^  eolid,  easily  fiosible^ 
sxtfomdy  Utter  issidns  of  UuHo  Mk^dHdt  (dilselio  acid).  C«HmO>-&C»B!H)>>  H«0. 
This  rtsidue  remains  unaltered  up  to  250^,  but  from  2uO°  to  oOO^,  at  which  tempera- 
ture the  deoonupoaltiiun  ia  oompLete^  gives  off  carbonic  oxide  gas,  mixed  at  first  with 
4  or  A,  and  at  last  with  60  per  eenit.  of  ite  volnrae  of  carbonic  anhydride  (altogether  a 

auantity  of  gas  amounting  to  33*1  per  cent,  of  the  hictic  anhydride),  and  yields  a 
istillate  amounting  to  90  per  cent,  of  the  anhydride,  and  consisting  of  laciide, 
<?H'0*=2C?»H«0»-2H'0  (p.  464),  which  oystellises  out  on  cooling  and  likewise 
■nUimes,  of  lactons  (p  464),  with  small  quantities  of  acetone,  and  an  odoriteoas  oil 
insoluble  in  water,  whilst  a  quantitv  of  difficultly  combustible!  charcoal  remains, 
amouuting  to  0  9  per  cunt  of  tiie  anhydrido  (Pelouze).  The  anhydride,  which 
nanains  undeeom]>osed  after  heating  to  240°,  gives  off,  when  kspt  ror  some  time 
between  2o(P  and  260°,  carbonic  oxide  mixe<l  with  3  or  1  ]>er  c-^nt  of  balk  of 
carbonic  anhydride  (without  aiiv  carburetted  hydrogen);  yields  a  yeiiowish  distillate, 
which  dsposito  oystals  of  lactioe,  and  contaios,  in  addition  to  the  lactide  (amounting 
to  14*9  per  cent,  of  the  anhydride),  nothing  but  ordinary  lactic  acid,  citraconic  aci<C 
aldehyde  (amounting  to  12*2  per  ceait.  of  the  anlgrdride)^  but  neither  acetone  nor 
lactone ;  and  leaves  1  or  2  psr  tent  of  sUaiagv  sasily  floathastSils  dunoosL  Ths 
aldehvdo  and  tho  citraconic  acid  [?]  are  perhaps  merely  products  of  decomj 
tion  of  the  kctide,  C*H«0«  a  2CH*U  +  2C0.  The  ozdinaxv  lactic  acid  is  formed  ir<m 
a  pntioi  of  tho  anhydride  by  addition  of  the  water  sst  Hreo  by  the  ooutwion  of  th«r»> 
niainder  into  lactide.  If  the  anhydride  be  distilled  at  300^  instead  of  260*^,  lege  lactic 
acid  and  lactide  arc  obtained,  and  more  aldehyde  (Engelhardt).  Lactic  acid,  when 
hiSi^ed,  gives  off  pungent  vapoumwfaich  excite  couching,  and  yields  a  brown  empyreumatic 
oil,  together  with  an  acid  liquid,  the  acid  of  which  is  neitharfautioaor  aceuc  acid,  but 
forms  a  viscid  uncrystallisable  salt  with  oxideof  zinc  (Braeonnot,  Ann.  Ch.  Phys.l.  375). 
It  yields  a  watery  distillate  continualiy  becoming  more  acid,  the  fixst  portion  of  which, 
however,  assumes  a  svrupy  consistence  when  evaporated  in  vacuo,  and  if  then  gently 
heated  in  contact  with  the  air,  deposits  ctystals  of  lactide;  it  afferw^irds  yields  an  oil 
and  then  a  buttery  mass,  which  solidifies  in  the  neck  of  the  retort,  and  when  exhausted 
with  cold  other,  leaves  scales  and  ult  imately  rhombie  l^nninW'a  Lastly,  there  remains  ft 
shining,  tumefied  charcoaL  The  acid  which  remains  after  partial  distillation  likewi.se 
oonteins  a  certain  quantity  of  lactide ;  and  on  boiling  this  acid  with  ether  and  cooling 
the  liquid,  the  hictide  o^rstaUiBes  ovt  (CorHoI).  Byeontinaod  boating  to  betWM 
180°  and  200°,  the  acid  is  much  more  quickly  converted  into  the  anhydride,  and  yields 
much  more  copious  distillate  of  the  unaltered  acid,  than  between  130°  and  140°; 
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Mid  if  &  plfttinmii  wire  be  immersed  in  the  liquid,  the  lactic  add  may  be  ^\atnhJ\  gtye^ 
qnitovButsMd,  aiidtrith  mettlar  rirallkion  (En  If  the  lutie  Mid  eo>* 

t&ius  a  small  quantity  of  imphuric  ncid,  it  ykUs  only  carboiiio  oxide  no  carbonic 
anhydride  (Pelouse).  If  ii  ountaina  the  smalleet  quantity  of  impurity,  «^K«inim  fyg 
example,  it  does  not  yield  any  anbUmate  of  ktftide  (Gay-L«aa»«  unl  Peloiia«X 
Lactic  acid,  heatfd  slowly  in  contact  with  tho  air,  boils  gently,  emiffing  a  niflhlWlting 
odotir,  sweUa  up,  bladcena,  and  i<»Te8  a  spongy  charfloaL  (Berseliua.) 

2.  Lactic  acid  (or  fstxoaa  laetateX  mixed  vitii  ft  aixftld  qvantity  <it  e&of  fritriol, 
■ad  gently  heated,  froths  up  briskly,  acquires  a  dark-brown  colour ;  gives  off  about  4 
of  its  weight  of  pure  carbonic  oxide  gas ;  and  at  a  hightf  kmpemfeOK^  jiaUt  about  ^  <n 
its  w^'iglit  of  a  liu{uuj»-like  substance.  (Pelouze.) 

3.  Boiling  niiHe  mid  flonnrti  laetie  into  tnSac  acid.  (Juloo  Q%j^m%t  aad 

pelouze.) 

4.  Lactic  acid  and  its  salts,  distilled  with  small  quantities  of  common  salt,  j^roxide 
1^ manganese,  sulphuric  acid,  and  water,  yield  chiefly  aldehyde;  wiA  laiyrqil— titilH> 
jrincipally  chlonTl.    (S  t  ii  di^l  c  r,  Ann.  Ch.  Fharm.  Ixlx.  332.) 

6.  With  aqueous  alkaline  hypochivhtes,  or  chiorvua  add,  lactic  acid  is  converted,  first 
iato  fip»iSi»i>i«i,  than,  with  efferreaoanaii^iBtD  «M<»onift anfajdnde.  (Gap  and  Hear y.) 

6.  When  treated  witli  pfroMe  ^ barium  mctlmd,  it  it  oomrwlia  ckmHj  into  asm 
acid.  (Cap  and  Henry.) 

7.  Bifliuad  iHA  iOmU  mdpkmit  tuid  and  peroxid§  t^numfftmmatfmrmide  ofUad, 
it  yields  a  large  quantity  of  iudir!iy<b',  togithtT  with  carbonic  anhydride.    (Lie big.) 

8.  Lactate  of  calffium  distilled  with  peatacAlond*     ^Ao*pkoruSf  yidda  flhlnrida  of 
lactyl  {CR*oy.CP: 

^g*,^|o«  +  pci»  -  OT«oci«  +  pan)  +  ipo 

9.  Hydriodic  add,  or  a  mixture  of  di-iodide  of  phosphorus  wiUi  a  small  quantity  of 
watti^  ndnoM  laetie  aeid  to  propkMue  aoid: 

c»n«o»  +  SH*  -  c»n«o'  +  to, 

LacUc  acid.  Propkmie 

(L  an  to  man  n,  Ann.  Ch.  Pharm.  cxiii.  217.) 

10.  The  action  of/umtH^  sulphuric  aoid  upon  lactic  aeid  or  lactate  of  calcium  pro- 
dneee  di-onlphoniatiKdie  acid.  (Straoker,  Ann.  Oh.  fbana.  esviia.  S91.) 

Sarcolactic  or  Faralaotlc  Acid.  In  1806,  Berzi  liun  discovered  an  acid  ia 
mnacniar  flesh  which  he  believed  to  be  identical  with  the  Inctlc  acid  prepared  ficom 
ttilk.  In  1847,  Liebig  (Ann.  Oil.  Phani.  IxH.  S78  and  836)  showed  that  this  add, 
though  similar  to  the  aoia  of  8our  milk  in  composition  and  ia  many  other  respwts, 
nevertheless  exhibited  distinct  diflrrenees  from  it  in  some  of  its  salts.  He  therefore 
distingiiudied  it  by  the  name  Sarcolactic  acid  (f^eisekmilchsSure),  in  place  of 
whicli  P  a  r  alaetic  acid  was  prop  osed  by  Hein  t  z  (Fogg.  Ann.  honr.  S91).  In  1868,  it 
was  found  by  Strecker  (Ann.  Uh.  Pharm.  cv.  313)  that,  by  hf*atinp:p;(riibi''ticacid  fnr  s 
lous  time  to  IZ(P  or  140**  and  dissolviug  tlie  rcfeulting  lactic  auhydride  in  water,  this 
aeid  way  be  transformed  into  ordinary  lactic  add. 

Prrparnt/'on. — Clinpp*  d  flo.^h  h  exhausted  v'.th  rild  water  or  dilute  alcohol ;  the  in- 
fusion is  mixed  with  batyta-water;  thi3  albumin  ih  coagulated  by  boiling,  and  removed 
by  filtration ;  and  tiie  daer  fiqpud  ie  concentrated  by  evaporation.  Solpharis  aeid  ie 
adde<l  to  the  syTnj<j  residue^  aod  il  ie  ahekaa  «ith  etheav  vlueb  thai  leawtipualac- 
tie  acid  when  evaporated. 

The  dilfrfwiee  betwe^^n  miM^mi^  mmA  tmMn»ij  l*^^*'****^  jffipoetdMltiMfl^BWlfcH 
in  their  calcium-  and  zino-salt.H (see  below,  Lactate  of  ealolttn  nd  Laotata of 
sine) :  the  adds  themselves  are  hardlv  to  be  distinguished. 

SMMMlla  mM»  Thiele  ■notatr  nMtdifleatxMi  o#  laetie  aeid  iband  by  T.  aad 
H.  Smith  of  Fxlinburph  in  the  mothor-liquors  of  tho  preparation  of  morphine.  S<jme 
of  its  salts  are  said  to  di^  in  certain  reapecta  from  onMoaiy  Jaetae  aeia  (see  Xksbo- 
iMmc  aero). 

teetataa.  The  bast  known  salts  of  lactic  acid  are  of  the  fbrm  C'H*HO' :  theiv 

are  abw  acid  salts  containinp  C'^»MO».CH•0^  and  double  salt-*,  C»n»MO'.C»]iniv>», 
^e  existence  of  these  add  and  double  aalts  led  Oerhardi  and  other  chemists  to 
doaUe  the  fora^  of  laetie  Mid,  makbpr  it  0^H"0*,  aad  regarding  Hm  naotnl  adte  as 
0*H"M'0",  and  the  acidsalts  as  C*TT"MO».  'But  the  ruhitionH  b.  twei  n  W'tlc  and  pro- 
ptonie  acids  liave  induoad  cbeatista  in  general  to  return  to  the  lower  Ibmnhi  of  lactio 
acid,  and  to  wptrd  the  aeid  ketatee  aa  etmaliijted  like  die  aeid  aoetate  of  potaaeitm 

(i.  17).  Moreover.  Wurt^S  discovery  of  tlie  diet  hylic  lactate  would  reader  it  necessary 
to  regard  the  add  with  the  Ingher  formula  as  tetraboaic,  fo^  which  there  is  no  warrant. 

The  crystalline  leetatie  do  not  efSoresce  on  cxposnm  to  the  air,  but  give  off  water 
la  mteuo,  and  the  whole  <^  it  at  100*^,  exce]>tinit;  the  acid  nickel-ci  ilt  which  retains  it  tilt 
heitad  to  Ilnj  eoelaitt  a  hcal  of  160o  to  170O  without  deeomporition ;  tiie 
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zinc-salt  mny  be  heated  pven  to  200°.    They  are  for  the  most  part  eparingly  soloble  iu 
cold  water,  aud  oiUuresce  rapidlv  from  their  solutluos :  they  uxo  all  iusolublo  in  ether. 

Lactatb  of  Axvoxivm. — Obttittcd  by  neutralising  the  acid  vithcBimonta.  FotM 
prismatic  crystals  which  do'liqwsco  ant!  give  off  ammonia  wIr  u  oxposfd  to  ihe  air. 

LacTATB  or  AjmatoNT. — Oxide  of  antimony  dissolves  in  Wue  acid  or  in  acid 
lietato  of  poitMrimi,  Iral  4o«l  aot  form  a  rrystalltne  mlt 

Lactatk  of  B\nn-M. — Th<*  nrtttral  salt  is  iiticryptailisable  and  rery  soltil)l<»  in 
trater.  The  acid  salt,  C'ii*IkO'.C'H*0',  is  obtaisod  by  adding  to  a  solution  of  the 
aevtanl  salt  a  quantity  of  lactic  add  eqoal  to  tliat  which  it  already  contains.  It  it 
th<''n  di'posited  in  cry«talti  -vi-liipli  may  be  purified  by  wa«>hinf^  with  alov>hol.  It  is  not 
altered  by  exposure  to  the  air  or  in  vacuo.  It  dissolves  easilj  in  water.  Gives  ofi'an 
mtataalAfi  odoor  at  100*. 

Lactatb  op  HiswfTH. — Only  two  l)a*iic  salt-s  are  IcnowTi :  a.  2C*ir»biO'.bi*0[bi  « 
f  Bil.  This  salt  is  obtained  in  needle*  by  troaliug  hydra  to  or  carbonate  of  bismnth. 
witK  laolie  mU,  •fapoMttng.  A  be^er  mode  of  preparing  it  is  to  ous  ths  oon- 
centratod  solutions  of  nitrate  of  bismuth  and  lactate  of  sckIIuiu — the  latter  in  slij^ht 
excess^  whez«bj  a  crystalline  rtulp  is  precipitated  consisting  of  lactate  of  bismuth  mixed 
whfasitra.  On  xvdnnlvii^^  lav  in  a  mall  q 
at  rest,  the  lactate  of  bismuth  is  deposited  in  rryrt  .'.linr.  cnist;?. 

fi.  C*U^biO'.2bi'0. — By  prooeedinc  in  the  manner  just  described,  bat  with  boilinfl 
•ohituNis,  or  by  adding  nitnte  of  bwoMrth  dnp  by  drop  to  a  aolnlion of  laeMaw 
sodium,  the  salt  )3  is  ;  r  i  pitated  as  a  powdflT  wtltecaUa III  boOiqg  wtar.  J^agpan 
also  to  be  pradooed  by  the  sdutioa  of  «. 

Lactate  of  CAMtniMf  OWOdO*,— ObCiiBad  is  maD  naadlca  \ff  diaMlving  carbo- 
nate of  cadmium  in  tho  Mid.  Wlm  dsyaailidflwa  a  aolatiaq,  it »  aal^jdma. 
Insoluble  in  alcohol.       

Lactatbs  op  CAixaw.— The  ntv^  tmMt,  0*H>OsO*.9H*0  aiidO^*CaO*.}H'0.  is 
Obtainsd  by  saturating  a  boiling  solution  of  lactic  acid  with  carbonate  of  calcium,  and 
eraporating  tho  filter^  liquid.  It  is  also  produced  abundantly  when  a  solution  of 
sugar  mixed  with  cheese  and  carbonate  of  calcium  is  left  to  itself  for  some  weeks  at  a 
temperatnreof  20°to  30^  C.  According  to  Corriol,  the  same  salt  is  deposited  from  aa 
infusion  of  nv.v  vomica  which  has  fermented  for  a  few  days.  It  is  d«>i>osIted  from 
an  aqueous  or  alcoholic  solution  in  small,  very  white,  mammellated  crystaln.  It 
dissolves  in  all  proportions  in  watv  and  in  aloobol  at  tho  bailing  heat*  bat  eold  vatw 
dissolves  onh'  traces  of  it. 

The  characters  of  tliiH  .'>alt  differ  somewhat  according  as  it  has  been  prepared  with 
laadc  acid  a  extracted  from  muscolav  iaab  (flHmlaetia  aeidX  or  fnon  toom  aoid  fi^ 
produced  by  the  fermentation  of  sngar. 

The  salt  of  the  acid  a,  deposited  from  an  aqueous  solution,  coutaius  2  at.  water ;  that 
of  die  acid  fi  orystallised  in  the  same  way  contains  U  at.  (2C*H*CaO'.5H'0>. 
The  lactate  «  retains  water  of  crystallisation  at  lOO**  longer  than  the  salt  0 
Lastlvy  the  salt  a  requires  12*4  pts.  oi'  water  to  dissolve  it;  whereas  the  fi  dissolves 
In  •*#  pts.  Twee  laoteta  «f  ealcium,  dried  at  100^,  and  ^^n^^ing  C^K>iO^,  leaea 
water  at  280°,  and  is  converted  into  dioaleio  dilMtats^  CH'Ob^O*  {DuMmo  un, 
p.  461).   (Wurts  and  Friedel.) 

jMd  UetaU  of  eaUimt,  CH*CaO*.CH*0*.fH'0,  obtained  If  mixing  a  aolitiMi 
of  ihr  ri.  n'r  il  lactate  with  as  much  laoHf  :'."id  as  it  alreadv  contains,  forms  crj'sfulh'ne 
masses  r«»embling  wavellit<).  It  disttolvea  iu  ab^lnte  alcohol,  gives  its  water  of 
CTystalHsation  at  BO',  anS  rapidly  tuns  brown  at  a  hi^^  tenipenit«*e. 

lAu  tate  of  calrih'm  /rn  /  r  tassium. — Obtained  hj  taecwipletely  jsreciplfating  a  solu- 
tion of  lactate  of  calcium  with  carbonate  of  potasstum.      fotau  hard  ciTStala  oolablo 

Lactalp  with  chloride  nf  caMunu  C*H*CaO».Can.8H«0.— Obtained  in  prisms 
mixing  the  solutions  of  the  two  salts,  and  conccnUating  the  ligaid  oonaiderably. 
L&cTATi  py  OttnoiKnni  ia  an  nnoftthiHiialile  aalt. 

Lactatb  op  Cobalt,  C'IT^CoO'.SH'O. — Peaeh-blossom-eolonred  needles,  nearly  in- 
soluble in  cold  water,  moderate^  sotaUe  in  boilii^  water,  insolttbie  ia  aJoohoL  Ita 
solution  has  a  slight  acid  reaetien. 

I.ACTATB  OF  CoppEK,  CH'CuO'.IIPO  and  IPO,  is  obtained  by  precipitating  sol- 
phate  of  copper  with  lactate  of  banum,  or  by  boiling  curbonate  of  copper  with  lacti<» 
acid.  By  tlie  hitter  method  a  basic  salt  is  lUso  prodaoed,  fW>m  which  the  product 
must  be  purified  by  recrystallisation  or  by  addition  of  luetic  acid. 

Lactate  of  copper  a  (Muroolactute)  crystallises  in  sky-blue  nodules  containing  1^  at. 
water,  which  it  does  not  give  up  at  100^  till  after  a  considerable  time ;  whereas  ^  forma 
larger  crystals,  of  a  green  or  very  dark  blue  colour,  and  containing  1  at.  vatci;  vUoh 
they  give  off  Ijy  simple  desiccation  over  sulphuric  acid.  Tho  «lt  o  pxpo«««l  to  a 
gradually  increasing  heat  doc*  not  exhibit  any  change  below  210° ;  but  at  that  t«m- 
paintnnittalMfltaaBdb«Kn^,laafii«anmhwafMaCa]lit«o|it^  jibaatadinlfta 
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manner  decomposes  at  1  tO**,  If^aving  a  residue  of  cuprous  oxido.  Lastly,  o  dissolveg 
in  1*96  pt.  cold  water,  in  1*24  pL  boiling  -water,  and  in  a  small  proportion  of  alcohol; 
wImmm  0  requivwi^fMlvtica  6  vte.  or oidd  «al«r,  S9  pti.  bolUngwater,  115  pto.eold 
•Icobol,  and  26  pt«.  boiling  aleoliol. 

Lactatbs  of  Iron. — Ferrous  lactate,  2C*H*FeO*.8H'0,  may  be  prepared  by 
decomposing  the  caldum-aalt  with  ferrous  sulphate,  or  by  mixine  lactate  of  auimouium 
vitii  fcnoBs  chloride  in  preasnee  of  alcohol ;  also  by  boiHng  Oihite  lactic  add  with 
iron-filings.  It  forms  ?mall  crytitiils  having  a  slight  greenish  tiut ;  their  solution 
oxidised  but  slowly  on  expiiAore  to  the  air.  Tim  sait  is  somdtimes  us^  medieiually 
in  the  treatment  of  chlomia.  ' 

Ferrie  lacfate  is  a  brown  amorphous  massi,  deUquescent,  and  rpry  solublo  in  water. 

Lactatb  of  Lsad. — By  treating  carbonate  of  lead  with  boiling  lactic  acid,  a  neutral 
Jiqmd  it  obtained,  whi«&  vImi  fipo— ltd  depotils  •  mm  of  MBudl  poUielsib  «bA 
acquires  an  :iriJ  r^./'iirtion. 

Laotatb  of  ilkUajiJisiinf,  C'H*MgO'.2U'0  and  |  H'O.— Obtained  bv  dissolnag 
vufDOMa  in  laotie  oeid.  Q7«ta]Iuee  in  prisms  permaaagut  in  the  i^,  loliiHe  in  wilsr, 
insoIuMo  in  alcohol.  The  bait  a  (sarcoiactate)  contains  2  at.  water;  the  ealfe/t  MM* 
tains  I  at.   The  salt  a  is  also  much  mora  solable  in  wator  and  aloohol  than 

Laox4Xi  (V  MmPMii,  9CWMhO*.SH*O^Lurge,  brfSiiB^  ia«lhystH»loiued 
crystals,  modflcitdy  soltthla  in  eold  vatar,  v«ej  aolnUe  in  hot  vaier;  w6m»  also  in 
alcohol. 

JUctaixs  OP  Mbroust. — Mereurou$  UtdtUe^  C*H*HhgO'.HH).  Bose>colonred  or 
qiAwmmtm  cfjstals,  obtaUMd  bjjT  the  ln^ftaig  fohttifm  off  luftnitfr  of  inwliHii  and 

mercnrous  nitrate. 

Mercuric  lactate. — The  neutral  salt  is  not  known.  A  basic  saltj  2C*II*IIgOMIgK), 
tee  C*H**Hl^(0'.HhgO,  is  obtained  by  boiling  matediie  onid*  vith  dikte  lactic  add  till 
the  liquid  is  saturated.  The  solution  yields  by  evaporation  a  yellow  salt,  insoluble  in 
water,  and  a  colourless  salt  which  is  very  soluble.  The  latter,  which  has  the  compo- 
litioai  above  gircai,  crystallises  in  shining  prinM  wfaieh  alBoNBoe  rapidly  in  the  ifr,  uad 
are  verj' nr-i'gly  soluble  in  alcohol. 

Lactatb  of  I!«icjuu,  2Cll*KiO'.3JB[H). — Aral^-green  needles,  rery  soluble  in 
eeld  ivator,  man  oolnUe  in  hot  water,  ineohiUe  in  aleohoL  The  eQihition  hee  a 
acid  reaction.    According  to  Engelhurdt,  the  sidt  a  gives  off  the  vhole  flf  ill  mU9 
at  100°,  bat  fi  does  not  part  with  the  third  atom  before  130°. 

LuatMTB  or  PoMeennc — Ytiij  eotnhle,  and  cryrtilKisg  with  diflleiilty. 

Lactatb  of  Silver. — C'IT*AgO'.H-0.  Obtained  by  boiling  carbonate  of  sUtw 
with  lactic  acid,  it  forms  silky  needles  grouped  in  nodules,  neutral  to  test-papery 
blaekeninff  quickly  by  exposure  to  light,  very  soluble  in  warm  aJcohol^  nearly  insoluble 
in  col  l  alcohoL  The  aqueous  solution,  when  boiled  for  some  time,  acquires  a  fine 
bluf  colour,  and  der"*«its  brown  flakes.  It  niajl'e  heated  to  80°  witliuut  decomposing, 
but  blackeus  and  g^ves  oii'gas  at  lOQ-',  The  air-dried  salt  contains  2  at.  water,  whicli 
h  ^veo  off  in  vaem, 

La'-tates  of  8or>iT"«.r. — Monngndic  lactate,  CH'NaO'.  An  amorphous,  deliquescent 
ZDiuw,  veiy  soluble  in  water  aud  absolute  alcohol ;  ether  precipitate^  it  from  its  aicoholio 
eolntion.   Dried  at  140^,  it  possesses  the  above  composition.  (Wislicenus.) 

JOisodic  lactate. — Monosodic  lactate  heated  to  130°  is  acted  on  by  sodium,  hydrogen 
being  liberated  and  a  aodiom-salt  formed,  which,  together  with  unaltered  muuosodie 
ketate,  oontaiBo  dieodie  hMslate.  The  prodnet  drai  obtuned  io  a  bright  yellow,  yery 
hard  and  brittle  mass.  It  deliquesces  quickly  in  the  air.  When  covered  with  water, 
it  is  decomposed,  with  venr  perceptible  development  of  heat,  into  monosodic  lactate 
and  hydrate  of  sodium.  The  deihqneeoed  ielt  aheoilMi  Otthonio  anhydride  from  the 
air ;  so  that  when  it  has  been  long  exposed,  absolute  alcohol  dissolves  out  monosodk 
lactate,  leaving  a  residue  of  carbonate  of  sodium.  Bisodic  lactate  appears  to  dissolve 
wit huut  alteration  in  perfectly  anhydrous  alcohol  With  iodide  of  methrl,  ityielda 
iodide  of  eodium  aadf  BMttagnUlMtate  of  lodiiBn.  (Wiellcenney  ilnn.  Ch»  Jwil 
cxxv.  49.) 

Lactate  of  STBOxrnJit,  2C'H*SrO*.3H-0. — ^Neutral  and  very  soluble. 

LicTATB  OF  Tin.  Stannous  UieUiU,  eH>«SnO«.SnO.  This  basio  salt  is  drained 
by  mixing  an  acid  "^"hition  of  stannous  chorido  with  lactate  of  sodium.  It  is  a  white 
crystalline  powder,  in^ioiuble  in  cold  water,  veiy  soluble  in  hydrochloric  add;  soluble 
else  in  teetw  acid  alter  prolonged  ebidBtiott. 

Stannic  chloride  mixed  ^.vith  ];ictato  of  eodivn  doOi  DOt  jield  eqfftal^ Of  « |Bec^ 
tate  eren  after  concentration  to  a  qrrup,  _ 

Lacran  ov  Unaimni.— Unurie  huStwibB,  O^TT*0)0*,  is  obbdned  in  jdlow  efyrtel- 
Kne  crusts  by  evaporating:  i  solution  of  uranic  oxide  in  lactic  acid. 

UcTATB  OF  Zmc,  C*ll*ZnO».|H'0  and  H»0.— Prepared  by  boiling  carbonate  of 
jdnc  with  lactic  acid.  The  «dt  a  (saroolMtate)  is  deu>sitod,  ae  the  aMoAm  ooob^  in 
TBqrdflwtniieedle%iBWg«fa»^giwiped;  optonmingtke  yMeel^theiegiwy  s^antfe^ 
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and  the  whole  of  the  liquid  solidifies  to  a  pulp.  The  mit  0  fbrma  sometimes  shining 
«rast«,  sometimes  kzge  needles  irreguUrly  grouped. 

The  salt  o  contains  1  at.,  the  salt  $  |  at.  water,  which  it  gives  oflF  qaickly  nt  Iao''  ; 
vhercas  a  requires  boating  fur  several  auurs  to  dehydrate  it  completely.  may  be 
iMtsd  without  alteration  to  910%  wtwuig  alMgiiw  to  gin  df  empTMNUMtie yafom 
between  I'KfO  and  150° 

The  two  saltfl  also  differ  gr^lly  in  solubility,  a  diasoIrM  in  2  8S  pts.  of  boiling  and 
6*7  pts.  of  eold  water;  in  2-23  pts.  of  cold  alcohol,  and  in  about  tbt  mum qm^itj 
with  boiling  heat.  The  Milt  $  requires  for  solution  ptlk  of  boUiBg  IPllfll^  §^  plk  « 
oold  water,  and  is  nearly  insoluble  in  alcohol. 

Aeeeidiiigto  Liabif^  tlMMntnl  sail  pKpaiW«itfilfl«lieaddfPBmi^^ 
op,  when  its  solution  is  raixcJ  witli  alcohol,  into  a  basic  and  an  acid  salt.  Engelhardt 
did  not  observe  this  deooroposition  of  the  aiasrsah  pvepaced  with  lactic  acid  obtained 
b J  tha  ftauntatua  of  fqgpr. 

iMitH  mM  0>HIK)«-<C*H«or[   .  (WitlU«B«%  Ann.  Gh.  Shum, 

H  }0 

OBT.  60.)— Obtdaed  ftom  aeetolactate  of  stl^l  {ncL  trf.)  Ij  heating  it  with  watar  to 

160**  for  two  or  three  hours.  It  is  a  thick,  i^mpy  liquid  ;  very  easily  .soluble  in  water; 
and  has  an  agreeabie,  porely  acid  taste,  without  any  initatins  after-taste.  It  is  not 
Toiatfla  without  deeoniposittoii,  but  Is  eanied  over  to  a  coniichMUa  axtait  bf  waletw 

T.^ftour;  even  then,  however,  it  is  partially  clecomjxi.sed  into  acetic  and  lactic  acids. 
Under  all  oircumstanees,  indeed,  both  the  acid  and  its  si^  readily  uadeigo  decompo* 
iiliaB  brto  tbaoe  two  aeids. 

Aeetolactate  of  barium,  C'H^aO*.2H*0.— Aoslolactic  add  disoolTes  carbenatt 

of  1  n  iura,  with  evolution  of  carbonic  anhydride.  The  solution  is  wnrraed  for  a  veiy 
short  tiiue  with  excess  of  the  carbonate,  iu  ordi^r  to  complete  the  neutralisation  (longer 
heating  would  oavss  deeomposition  into  lactate  and  earbonate);  then  tttared.  Mid 
evaporated  to  a  Fyrup  on  the  water-hath.  This  sjnap  l)ecomes  a  tough  mas^  on  cooling, 
and  drier;  up  over  sulphuric  add  in  vacuo  to  a  brittle  and  pulverisable  substance 
wambling  gum.  It  then  stQl  letafna  8  mclaeolea  of  water,  one  of  wfaidi  is  giren  off  sit 
100*',  the  .second  only  ut  140°  Acetoluctato  of  bartnm  ia  very  soluble  in  water,  and 
dissolves  also  in  absolute  aloohoL  Ether  produces  iu  the  alcoholic  solution  a  flocoulent 
predpitate,  wUdi  soon  fDoates  into  a  tough,  sticky  man. 

Aotielaetate  of  copper. — Obtained  as  a  bhie-gseen,  amorphous,  gummy  mass,  1^ 
dppnmppsing  the  harium-salt  with  snlphate  of  copper,  and  evaporating.  It  dissnlvM 
easily  in  water  and  alcohol,  and  becomes  moist  when  exposed  to  the  air. 

Aettolaetate  of  t^ne,  CEfZnO*. — A  eoMsolation  of  aeetohwtate  of  barium  is 
decomp<j?<  (1  with  an  exactly  equivalent  quantify  of  sulphate  of  zinc,  and  the  liquid  is 
evaporated  over  sulphuric  add  without  the  aid  of  neat.  The  gummy  mass  thus 
obtwned  ooiitaiDS  imbedded  oystals  of  hetate  and  aoetatc  of  shio;  jTo  sepewte  diese, 
the  act  folactnte  of  zinc  is  di.ssolved  out  hy  a  small  quantity  of  ah.soliite  alivhol.  By 
evaporating  the  solution  in  vacuo,  the  aalt  is  left  as  a  gummy  mass,  which,  when 
tib^ughly  dried  over  suli^ar&s  add,  is  not  deoomposed  atllO^.  Its  aolntioiui^  botii 
aqueoTis  and  alcoholic,  become  quickly  add,  owing  to  the  extraordinary  ease  with  iHtfcll 
the  salt  dooomposes  into  acetate  and  lactate  of  zinc,  and  aoetio  and  lactic  aoida. 

OT»0  lo 

A9*toUeiaU  of  ethyl,  CV"0«-i(0>H«0)"^      tanedby  fin  action  cfcfalorido 

C'H*  }0 

of  acetyl  on  monethjlic  lactate  (p.  i63).  This  reaction,  which  was  first  mentioned  by 
Perkin  (Zeitsehr.  Chem.  Fham.  1861,  p.  166X  has  been  ftarther  investigatod  by 

Wislicenus  {h>(\  tif.  p.  5B). 

Acetolactate  of  eth^l  is  a  oolourleM,  mobile  liquid,  of  an  agreeable^  aromatic  smell, 
recalling  that  of  CalviUe-appIee.  It  is  nevtnd,  and  insoluble  in  water,  but  is  gradually 
decomposed  by  it  into  alcohol  and  acetolactic  add  (see  above).  It  dissolves  in  alcohol 
and  ether  in  all  proportions,  and  is  precipitated  by  water  from  its  alcoholic  solutions. 
Boiling  point  177°,  under  733  mm.  pressure.  Specific  Rravity,  1*0468  at  17^,  water  at 
thaiainatenpentOM  bsiqg  taken  as  vaH;^;  Tapou^denwlj,  mmd  tf'TOi  oakidaAadfi-M. 

■BMMlartla  — li.  O^ffH)*.  (Bse  vol.  L  p.  661.) 

Btttyrolaotio  aoia.    C'H«*0«  =  (C»H<Or;  .   (See  vol  i.  p.  697  To  the  de- 

H  }0 

Moiptioa  thcca  giTtn  of  hiitjiotastato  of  athjl,  we  add  tha  loUowiag  paxtiealaB.) 
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BoOing  Doiat,  208^.  VapouI^dexLU^,  found  673,  calcul«ted  6  61.  Heated  with  caostio 
potMh  &i  a  sealed  tnlw,  it  ia  deeompoeed  into  aleohol,  and  lactate  and  bvtyrate  of 
|)ota^ium.  ("Wurtz,  Ann.  Ch.  Thys.  [3]  lix.  177.— Thin  mode  of  decompomtion  is 
importaDt,  since,  were  Kolbe's  view  of  the  constitntion  of  butyrolactic  acid  correct,  it 
ovg^t  to  jield  proptonataand  Imtgdaetate  (oxjbutjrato)  of  potaasinm  when  deeompoeed 
'^MfanAuu  Oh.  Pham.  adii  234,  23«,  aiio  toL  fi.  p,  ?0X  of  thk  mtk,) 
Add.    Ank^df&¥»  Itmtio  eoid  (PdoiMl  AoU§  Ua^Hgm  OAviaBtl 

0"HMO»       (CH^Or^O*  Thii  Mibalaaoa  femdna  aa  a  pab-Tellow,  amotplMQa, 

eaaiij  fusible  maa&f  when  lactic  acid  is  exposed  fur  some  time  to  a  tempeEatore 
beCwMB  ISO"  and  MOP.  It  is  eonfoted  into  laeHe  afikl,  slowly  hj  atralKtimi  witli 
water,  quickly  bj  the  aofeiOB  of  aqut-ous  alkalis.  By  dry  distLUatiou,  it  in  converted 
into  lactide  Q>.  464).  With  gaseous  ammonia  it  jialds  the  compound  C*H'^NH>^, 
OQiBBaoalf  eaUeahrtatnate  of  ttniiiMiium,  but  nova  aomottydSketrlaiiiata  of  ammonium 
Cpb  463). 

Dilaetatt  of  ealeium,  C*H'Ca*0*. — Obtained  by  heating  lactate  *of  calcium, 
preTionslj  dried  at  100**,  to  280*'.  It  is  much  len  solubk  in  absolute  alcohol  than  lactate 
«fcildiim,  (WmvtsandPHadaL) 

LiluoUUofgihfU  ]Iaoet]9]iediladrt^CT?K)*-[^^^'!o',  ii 

Oft  Jailato  of  potaMOB: 


tho  «gti«  of  dibniMpioMlo  of  eth^ 


C*fl»  Jo  *     HK         "  c^»jaj^ 

Clitoroprf»pf«aal»ef     lMM»«f  MonrtbTfle 

cth)l.  potxsiium.  dllactntc. 


It  k  a  colourless,  oily  li^d,  of  specific  grayity  1*134  at  CP ;  boiling  point  about  23d°. 
It  \n  deeompoeed,  when  Mated  with  w«ter  m  oealed  tobeo;  into  awohol  and  lactio 

add.    (Wurtz  aiil  Pri.  Irl,  Ar.i,  Ch.  Phys.  [3]  Ixiii.  112.) 

MoKoeirLPHooxLACTio  Ads,  C^ii^*0*B.  (Schacht,  Ann.  Ch.  Pharm.  cxzix.  4.)— 
This  acid  was  olitaliiad  aa  tho  inodnet  of  as  opeeatum  eondacted  with  a  view  to  the 
preparation  of  eulpholactie  add  (p.  462).  Instead  of  neutralising  the  squeous  solu- 
tion of  the  crude  product  containing  rolpholactate  «f  potassium  (sec  p.  462)  with 
hvdrochloric  add,  it  was  neutralised  with  dilute  sulphuric  add,  and  a  further  quauUtj 
m  salphnric  add  was  then  added,  sufficient  to  decompose  tho  sulpholactate  only.  Mono* 
piilpbodiliictie  add  then  separated  at  the  suifaee  of  the  concentntfed  gnlinc  solutfaOy 
uud  was  obtained  pure  b^  solution  in  ether  and  eraporatton  under  thi*  air-pump. 

Honosulphodilactic  acid  is  soluble  in  water,  alcohol,  and  ether,  but  dooi  not  ^'9*' 
talliite.  It  contains  the  eloiaanta  of  two  ■mJosidaa of  aalpholaotio  acid mimw ono  aoia* 
cule  of  sulphydric  acid : 

By  oaddation  with  dilute  nitric  add,  it  yields  dilactjlsulphurous  aeid,  C^H'^SD' 
(DfjrrnpimisehvrfrMure,  Scbacht)^  tbo  boriam-oaU  of  whufa  io  a  vUto  amofphooa 

powder  contaiuiug  C'lI^Ba'SO*. 

anyMMttoMUL  fleoLaofioBmBBO*.  46S>. 

&aotyiaaipirar<ma  aold.  Sulphopropionie  acid,  CH^SO*. — This  add  is  formed  by 
the  action  of  fuming  sulphuric  acid  on  cyanide  of  ethyl,  or  on  propionamide,  in  tho 
pcoc^  for  preparing  dismphetholic  add  (Buckton  and  Hofmani^  Oaimi..  Sua  Qu.  J. 
£l  Ml) ;  obo  vhoii  odlphdaoHo  aoad  b  oiidiaed  with  dilute  nitrio  add.  (Sohaohi) 

LactylsuJphit*  of  Aminoninm  is  fxceodinply  soluble  in  water.  Olid  'VMKjMl^ 
lisable.    Absolute  alcohol  throws  it  down  as  a  thick  tready  muM^. 

Lacij/ltulphite  of  Barium,  CH*Ba%0*,  arstallises  from  a  saturated  boiling 
solution  in  too  iiM^  <ii jilaK  aaM>tid  in  ■ghorioJ  gwopo.  It  oiogr  bo  driod  at  170^ 

without  decomposition. 

DiLACTTi.sin.piicjtous  Acu).   See  above. 

Lactyl-  and  dilaolgrloa^bnooi  aoido  WKW  bo  Mf»ded  as  containing  the  xadides  of 
lncti(>  and  flolftanooi  ooidib  oad  mqr  do  wnioewiUid  faj  tho  fi»U»wing  cational 

formulie: 

(C'H'O)' 


'H'O)")  (C'ir*0)"\ 

(80)"  io*  (C'H'O)" 
H«)  (80)" 


(80^ 

T^irtfbnlpburoiu  add.  DUnrtyhufp 
BCetliyl-laette  wtMu  Sae  Lactic  Ethkbs  (p.  464). 

Iho  <»ly  knowB  wyngBtatfTCo  of  these  substances  an 


Digitized  by  Google 


0\  ig  a  lifoid  botUqg  betvMn  aad 


401       LACTIC  ANHYI>RID£_  LACTIC  £TH£SS. 

dktliTliBMbaluteto,  OUH*^,  and  dMnlis  wmadaodSlMfM^  C«H»0".  Di « t kylie 

(C'H*0»)") 

^uwino  la9Ut$,  (CH«0)  "  0«,  ia  aa  oallj  liqud.  aiMolaUA  in  vrntac^  boOing  at  280^ 

(C«H»)«J 

and  of  •pedfle  gmrity  1'119  st  0^,  formed  by  the  action  of  chIoropropii>nie  ether  on 
Buccinafr  of  ethyl  and  pi>t;is8ium  in  presence  of  uliv.hol.  It  is  decompose(^  whaa  lieatcd 
with  barytu-water,  Uito  ulcohol  and  sacciuate  and  lactate  of  barium. 

C«H«0'  ] 

DUtkvlU  •ucciwodilacUte^  (C<H«0)' 

(C»H»)'  ) 

Vl^fi,  modietd  by  the  action  of  dilapftpropioaaU  of  afliyi  wpon  WBfllniU  cfpohwriM. 
(Wuvts  ud  Vvi«deL) 

M^MMlto  MM.  Cnsm  -  (^'^!^>''[^.   (8c1i««ht»  km.  Oh.  FbanL 

<ffnriXr  1.) — The  potassium-salt  ti  this  acid  is  formed  when  va.  intimate  mixture  of 
rliloropropionatc  of  potasainm  and  aolphjdiate  of  potiariwin  ia  heated  for  ibiir  or  flva 

huun  U)  a  little  above  100° : 

C»H«KC10'  +  liKS    »    C«H»KO'S  + 
Obloroproplonata  SulplioUcUte  t 

of  potaiiiuDi.  of  {K>t4Mluin. 

To  jirraare  the  acid,  the  mixtiire  of  chloride,  phosphate,  and  chlororaopionatei 

of  lactate  uf  calcium  with  pentachloride  of  phosphorus,  is  niixoJ  with  t-ulpliydrute  of 
ttotassium  (I  molecule  of  the  latter  fw  each  moleculo  of  lactate  used^  and  the  solution 
u  evaporated  and  the  realdae  heated  aa  abova.  Tha  pvodoet  of  this  operation  ia  dia- 

aolyed  in  water,  saturated  with  hydrochloric  acid,  warmed  to  expel  salphjdrie  acid, 
largely  diluted,  made  slightly  alkaline  with  ammonia,  and  precipitated  with  acetate  of 
lead.  The  lead-precipitate  is  thoroughly  washed  with  ctdd  water,  then  decomposed 
with  anlphydric  acid^  and  the  filter^  liquid  repeatedly  evaporated  to  a  syrup  to 
remove  the  hydrochloric  acid.  Tlip  residue  is  dissolved  in  water  and  neutralised  at 
the  boiling  heat  with  carbonate  of  barium,  which  causes  a  precipitate  of  phosphate  of 
barium,  while  sulpholactate  of  barium  remains  in  the  solution.  Kcom  this  solution 
the  acid  is  again  thrown  down  as  lead-salt ;  the  precipitato  is  decomposed  by  f^iilpliydric 
acid;  and  the  resulting  solution  of  the  free  acid  is  conceutratijU  by  evaporation  on  the 
valisr-baai. 

Sulpholactic  acid  crystallises  in  broad  needles,  grouped  totr  th or  in  bundles  or 
bnuhaa;  it  melts  without  decomposition  below  100°,  and  solidities  in  the  crystalline 
inn.  It  diaaohaa  in  watar,  akobol,  aad  atihar,  and  may  b«  boQad  ui  dikila  aohrtioii 
without  decomposing.  Nitric  acid,  not  in  excess,  oxidises  it  to  lactylsulphuroM 
acid,  C'H^SO* («M/pAopropi(m»0  odd^  Buckton  and  Hofmann).  {jML^uff.) 

8ulphoiaetut§  of  h^rium,  CH^BaO^— Onstalliaea  In  omdilloiiraMlliaMd 
masses ;  diaMbw  aaiuij  m  wbIh^  inaoInUa  in  alodhd;  it  ia  not  altacad  wbm  dnad 
at  100°. 

Sulpholactate  of  lead. — Amorphous,  and  becomes  brown  on  keeping. 

Sulpholactate  of  pota»$ium  is  obtained  by  double  decomposition  fiorn 
anlphoTactate  of  barium  and  sulphate  of  potassium.   The  solntkm  afiqMmtad  an  MOKO 

to  a  syrup  deposits  broad  plates  which  are  very  deliquescent. 

Sulpholactate  of  silver,  C'H^AgO'S. — A.  white,  amorphous  j^redpitateobtaiDod 
by  admag  nitwta  of  tStnr  to  a  aolntion     anlphohiahita  of  batfmn.  It  ii  Mliihla  in 

nitric  acid,  and  decomposes  below  100°. 

Trilactic  add.  lha  diatl^lio  ether  aonaiponding  to  this  acid  is  known.  (Sea 
Lactic  Eiheuh.)  ^  H.  W.  and  G.  C.  F. 

UiOnO  AJIMIJWUMk  DQaetie  aaid  (pu  #(tl)  waa  IbraM^  oalled  anbydroua 
lactic  acid,  or  lactic  anhydride.  Tha  tna  kdia  anhydride  ia  Liyoimn  (p.  464). 

ILACTXC  BXBERB.  Owing  to  its  peculiar  constitution  as  ft  mono-basic  diatomic 
acid,  lactic  acid  is  capable  of  forming  three  different  ethers  containing  tlie  same  monsr 
tonde  aloohol-radide.  Thoa  thaia  aM  thfaa  laala*M  af  atih|j^  mtiUk  nu^  ba  nijaaawlaJ 


Iqf  tlM  Mewing  foinnla 


(C»H*0)"/ 

IX     lo          II  '  o  cm»  }^ 

(C*H«0)  "                 Ethvl  lactic  acid.  (C*H'0)"{X 
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Of  these  eoanpotuds  it  will  bo  seen  tbat  two — namely,  ethyl-lactic  acid  and  monethylic 
kelKto— «n  iaomerie,  e«eh  bemg  represented  by  the  emiimflal  ftmrala  €^H'*0'.  The 

nature  of  the  differoneo  lit  twin-n  thcsf  bodies  will  become  apparent  fivjm  the  following 
CODsideratiuDs: — Luetic  acid  cuntaiits  one  atom  of  hydrogen,  which  ia  readily  replaceable 
bj  {(■  equivalent  of  an  electro-positive  metal  by  the  orcuiuufy  (ffooeam  of  doable 
deeonposition,  the  result  of  this  rtplaceraent  being  an  ordinary  metallic  lactate: 
■iMilarlY,  this  atom  of  hydrogen  can  be  replaced  by  its  e^nivalent  of  an  alcohol 
n^Bde  1^  ihe  ardinary  proceaset  ot  elherifleation,  the  verah  being  a  aeatia]  ether, 
which,  like  compound  etliera  in  general,  can  l)o  deomposod  into  alcohol  and  alkaline 
lactate  by  the  action  of  alkalis.  Bat  lactic  acid  contains  also  another  atom  of 
hydrogen,  which,  by  Tarione  ptDecesea,  can  he  remored,  together  irith  an  atomi  of 
oaq^n,  the  two  being  replaced  by  CI,  TT  'X,  or  other  similar  residues,  and  is  therefore 
spoken  of  in  the  language  of  the  theory  of  types  as  existing  outside  the  radicle  of  the 
acid,  although  it  cannot  be  replaced  by  metals  or  alcohol  radicles  in  the  same  manner 
as  t&e  aaline  hydrogen- atom  jii8t  referred  to.  The  replacement  of  thia  aaoond  atom  of 
hydrogen  can,  however,  be  eiffected  by  other  means  than  those  usually  employed  for 
the  production  of  normal  salts  or  «tht  rs ;  and  when  this  is  done,  the  resulting  products 
differ  essentially  from  those  obtained  by  effecting  a  mmlar  substitution  in  the  casi)  off 
the  saline  atom  of  hydrogen.  Thus,  monethylic  lactate  resnltn  frtmi  the  substitution 
of  the  radicle  C-H*  for  the  saline  hydrogen-atom  of  lactic  acid,  and  ethyl-lactic  acid 
ham  the  snbstitution  of  the  same  radicle  for  the  second  of  the  two  hydrc^m-atoms 
aosting  outside  tlie  radicle  of  the  acid.  The  degree  of  difference  in  the  properties  of 
Hms  two  compounds,  resulting  ficom  the  mode  of  combination  of  the  alcohol-  and 
nM-waidiai  a  eaish,  vill  m  aeaii  bv  tha  nedal  deaenptioii  of  thflm  wfa&eh 
fellowBi  (8aa  aba  Qsmaaso  Sdbul  fi.  014-916.) 

(Strecker,  Ann.  Ch.  Pharm.  xcL  352. — Wurtz  and  Friedel,  Ann.  Ch. 'Phys.  [3] 
cdii  102.)  Preparaium. — 1.  One  part  of  lactate  of  calcium  and  potassium  (p.  468)  is 
distilled  with  1*4  pt.  ethyl-sulphate  of  potassium;  the  thin,  fiuntly-smelling  distUlate, 
which  passes  over  between  150°  and  180°,  is  saturated  with  chloride  of  calcium,  and 
the  syrupy  solution  is  cooled.  Crystals  are  then  obtained  consisting  oi  CaCL2(C*H*'0*) ; 
and  these  by  distillation  yield  tolerably  pure  lactic  ether  (Strecker).--!.  Bjnuj 
lactic  acid,  heated  to  170°  mth  abaoliita  alcohol,  yialda  nonethylic  lactate  ymjttmW^, 
(Wurts  and  Friedel.) 

lypjwrfc'ia^ — ^A  colourless  liquid  of  specific  giBTity  1*0642  at  0^,  a&d  1*04S  at  1S^« 
It  ha.s  a  faint  smell,  and  boils  at  166°  under  a  barometric  pressure  of  753  mm.  Vapour- 
density  found,  4'14  (W  ur t2  and  Friede  1) ;  calculated,  4  07.  Soluble  in  all  proportiona 
fa  wrtjf,  atoohol,  aan  ether. 

J)tOOnipositions. — 1.  Lactic  other  soon  becomes  acid  by  contact  with  iKtftr,  fipom  the 
fcraation  of  alcohol  and  lactic  acids.  Mkaii*,  alkaliiu  earths^  and  oxid$  iffsinc  decom- 
pose it  in  th«  aoDe  maniMr  M  tratanr-S.  PoUmhm  diaadlTaa  in  lactto  agwr  with 
•TDlutiun  of  hgrdiogan,  and  fom§  potaaaio-Uetata  of  ethjl,  O^H^KO*  « 

(C^*0)";  ,  isomeric  with  ethyl-kctate  of  potaasimn  (tid.  infr.).  This  aabetanea 

forms  a  viscid  mass :  treated  with  iodide  of  ethyl,  it  yields  iodide  of  potassium  and  di- 
ethylic  iactatu  (p.  464). — 3.  Lactic  etiier,  mixed  with  alcoholic  ammonia^  and  erapo- 
atsd,  Jidda  cmtab  of  laetamida  (p.  46t)i 

Ethtx-ulctic  ACID.     Vahrolactic  acid,  C»H'»0»  =  (C»H«0)  V^.   (Wurtz,  Ann. 

H  }0 

Ch.  Phys.  [31  lix.  171.— B  utlerow,  Ann.  Ch.  Pharm.  cxiv.  206  ;  cxriii.  325  ;  Bull. 
Boo.  Chim.  Paris,  1861,  p.  9.)  The  potassium-  and  calcium-salts  of  this  acid  are  ob« 
taiaed  as  products  of  ths  deeomposition  of  diethylic  lactate  with  potash  and  milk  of  hme. 
The  acid  is  also  produced  (togrther  with  iodide  ofmethyleiie  Md  MqriieMid)  hj  tha 
aatkm  of  ethylate  of  sodium  on  iodoform. 

BlhyMwHeaeidiB  a  oolovlflaa,  aomewhatTiaeid  liquid,  of  a  pnxdy  aoor  taate.  II 
boils  between  195°  and  198°,  undergoing  partial  decomposition  at  the  same  time. 
Water,  alcohol,  SAd  ether  diasiolTe  it  in  all  proportions ;  but  on  addition  of  chloride  of 
calcium  or  sulphate  of  aodimn  to  the  aqneooa  oolntiaii,  it  eemnitaa  as  an  oiL  It  be> 
comes  more  viscid,  but  does  not  solidify,  in  a  mixture  of  salt  and  snow.  Ethyl-lactic 
acid  decomposes  the  carbonates  with  effervescence.  It  cannot  be  reaolred  into  lactio 
add  and  alcohol  by  the  action  of  alkalis ;  but  when  heated  with  oonrentnted  bjdriodio 
acid,  it  yields  lacttc  add  and  iodide  of  ethyL 

Zha  ethjl-lactatoa  an     the  aoit  pact  Ttigr  aolahlik  and  diffieiilt  to  obtain  in  tha 


Digitized  by  Goo^' 


464  LACTIDB  ^  LACTUCARIUM. 

crystalUne  form.  The  cakimn-salt,  C^H^CaO',  crjsUJiiiMfi  by  blow  eTapomtiou  of  it» 
aqueous  solution  in  coIoude«a,  priraialle  aejBtalB,  uottad  into  stelkte  gntps.  Alooliat 
diseolTcs  it  less  reudily  than  water,  and  deposits  it  in  ■wart- shaped  masses.  The  si7ver^ 
*altf  C*H*AgO\  OTftaUisee  from  hot  water  in  bnnches  of  n^dles  of  a  silk/  lustra : 
ti«rt«d  irith  iodide  Of  fthjp^  H  jriclfa  di«aq^  His  driot  «p  to  » 


C«H»  Jo 

Dbhrxio  Tikfftk'n,  ia%l4aetelf  of  «eks/ir-4yE^  -  {tmoyi   •  (Wurts, 

C»H»     i " 

Ann.  Ch. Phys.  £31  lix.  169.— Wurta  and  JFriedel,  ibitl.  iadii.  103.— Butlero w,  Ann. 
Ch.  Pham.  <smB.  S88).  This  ntwlniee,  wtiSA  may  be  regarded  as  dw  tttSka  of  ^ 

add  last  described,  is  produced : — 1.  By  the  action  of  ethylate  of  sodium  onchloropro' 
pionate  of  ethyl  (^ither  chlorolactiaue,  Wurtt). — 2.  By  the  action  of  iodide  of  ethjl  on 
etbyMactate  of  silver. — 3.  By  the  action  of  iodide  of  ethjl  on  potassio-l^tate  of 

T>!f^thylic  lactate  is  a  transparent,  niol  ;!.  L  ivuM.  of  an  agreeable  ethereal  r.^n-ir  It 
boil-s  at  156  under  a  pressure  of  7o7  nun.  Ita  specific  gravity  at  0°  id  U  D203 ; 
vapour-density,  found,  6"062  (calculated,  6-066). 

It  is  inFrlTiy  if  in  Tvatrr,  1  Tit  s^lTible  in  alcohol  and  ether.  By  ebullition  with  alkalis, 
it  is  trantjformed  uito  alcohol  and  an  eti^l-lactate  {vid.  si^,) ;  treatmeat  with  am- 
monia conTertelt  into ketanwdiaaw  (p^  4^);  ft  vnitM  dtnetij  wiUi  Mid^  fttnii^ 
diethyl  fc  tri  lactate. 

Cm<<iKOLACTZc  £thbb^  &her  chiorolaetigm,   Syn.  with  Chl(Mroi^rojpioiuUe  o/  etkj^ 
(tto  T^Mwnnno  BnuHt)* 
DiKiAOTAn  ov  Qmi..  flMDilftetic  aciil  (p.  461)^ 

Dnmuo  TEiLi0Msi^  0»m*  -  ^  eoloinipn  liqdd. 

boiling  about  270^,  formed  by  heating  diethylic  lactate  to  170**  for  several  days  with 
lactide.    Potash  decomposes  it  into  alcohol  and  lactic  acid.    A  substance  which  ap» 

pears  to  be  mo  ne  thy  lie  trilactate^  C"H'"0'  —  ^^n'^*(^*'  obtained  as  a 
imeniidaiy  product  in  the  prapwrtaoa  of  dirthylie  ttikctate*  (Wnrtz  andFriodol). 

fciif  m    WtHyl.  ]l>fni>uimo  AcD,C*HK)'*<C*H<0)'':    ,  is  tiie  onlf 

H  }0 

OfMDBipound  belonging  to  thiH  class  that  has  hitherto  been  described.  It  is  obtained  by 
betting  disodie  W&to  (p.  469)  to  110<>  or  120O  with  iodide  of  medijl  Met,hyl-lao' 
tate  of  silver,  C*H'AgO*,  remains  as  a  brittle,  amorphous,  gummy  moss,  when  its 
aqueous  solution  is  evaporated  in  vacuo.  Bfrfht/f -lactate  of  zinc  is  very  soluble 
in  water,  and  uucrystallisable;  it  dissolves  ako  in  absolute  aloohoL  (Wislicenus^ 
Ann.  Ch.  Pharm.  eiz?.  6S.  G.  C.  F. 

&ACTXSB.  (True)  Lactic  anhydride,  C»H*0«  ■=  C*H'0.0.  (J.  Hay-Lussuc 
andPelouze,  Ann.  Ch.  Pham.  tiL  43;  Pelouze,  ibid.  liii.  116;  Bngelhardt^ 
tMT.  Ixx.  S4S ;  Wnrtt  a&d  Friedet  Ann.  Ch.  Phys.  [3]  Ixiii  101.)  Prodneed  by 
the  dry  distillation  of  lactic  uelJ.  To  {irojuire  it,  the  pn^luct  t>lif;une>l  ly  slowly  dis- 
tilling lactto  add  is  evaporated  at  100^,  and  the  residue  wahed  with  cold  alcohol,  and 
SfystaUised  ftob  boiling  alcohoL  Laetide  etyrtallises  in  AoailMiida]  plates  of  diuoling 
whiti  noss.  It  is  inodorous ;  melts  at  107°,  and  begins  to  boil  at  260°,  giving  oflf  white, 
irritating  vapoiurs,  which  sublime  without  alteration,  and  condense  in  crystals  on  cold 
bodies.  It  IS  only  slightly  soluble  in  hot  water,  but  is  gradually  converted  into  lactic 
•eid  by  elwUttiiMai  with  water,  and  quickly  Ify  tb«  action  of  bases. 

AmtnonifA  eoTirf  rts  it  into  lactamide  (p.  463) ;  ethylnmine,  \v.u>  iM-^totliylumido 
(p.  453).    it  uiiite.-5  with  diethylic  lactate^  fbinning  diethylic  tnkictaic  {^vtd.  suyr.). 

O.  CF. 

XiACTZSXC  ACZS.    L aur     * 's  name  for  Dii-ACtic  Aod  (p.  441). 
XiACTZlf'  and  liACTOSB.    Syn.  M-itl)  Sugar  of  Mujl 

IiuA.CToiril,  C^H^Ol — A  liquid  possessing  an  aromatic  smell,  and  boiling  at  about 
M^,  produced,  together  with  lafltads^  1^  tho  dijdistillotioBof  kwlie  add.  (Poloius^ 

Ann.  rii.  T'livs.  [:r  xiiL  252.) 

XtACTtrCA  SATXVA.  The  common  lettuce.  This  plant  yields,  aecording  to 
T.  Bichardson  ^Jahresber.  1847-48,  .No.  134,  Table  to  p.  1074),  0-67  per  cent,  asl^ 

K>0      NaSO     Ca'O     Mjj'O     SO^       SiO^      r:0'    p£2j^  NaCl 
46*01     5-29     6-05     2-17     3*89     20  23     8  62      trace     T'fla  m  M*98 

A  brownish  Tisctd  substaneo  obttiiwd  bj  ofupentiqg 
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LACTUCEEIN  — LACTYL^  CULOBIDE  OF.  4B6 


Ji.h'o  wliich  eTiid(.«,  by  incision,  from  the  leareB  and  stems  of  certain  species  <rf  Lactuca, 
eepedolly  Laetuca  mrota.  It  has  a  p«c<iiiw  odour  re>86mbliiiff  that  of  opium,  an  l  lu'tn 
M  •  Mvoatie.  Ckrman  laehMwnnii  wntuiM;  ucDrdinf  toLitdvig  (Arch,  i'liuna. 
[2],  7,  129;  Juhrc-b.r.  1S17-R,  p.  8211  from  44-4  to  53-6  percent.  Inctucone ;  a  soft 
reiua  i  about  4  per  cent,  of  aa  eaa^  fuaible  waigr  bod|jr ;  lactacdn,  the  chief  active  prin- 
cipla  of  tlM  oobslaiiw ;  lactude acid ;  about  I  pfT  oent  of  oxalie  acid ;  a  non- volatile 
not  T)itt<T  aci  1.  w  hicli  f  diiri  s  nxulo  of  silvtT  ;  and  a  volatilr-  acid  smelling  like  raleri- 
,  anie  add,  both  in  small  qoantitjjr  0%  i  about  7  per  oeat.  4^  albumin ;  at  least 
3  fwr  erat  naonito;  •  imul  qnantitf  of  a  matral,  not  litttr,  nnftprmentable  sub- 
stJiiK'*'.  crvsfa!li«ing  in  rhoniMt'  pyrnmuls  ;  am!  from  3  to  6  per  (•••nf.  tu^  iumt^wii^ 
pfjtaxli,  >.kJ;i,  manganic  oxid*^,  tVrrio  oxiil'',        a  small  quantity  of  lime. 

ItACTVCWMIMm    A  substance,  inioloble  ia  watoi^  contained  in  JaiOtiiaarim. 
jnitMfy  identical  vift  Inotownni 

SAOyrozO  JMCOII.    TMs  sobstance  is  obtained  by  tritorating  lactncarium  with 

nn  ^^ci^ht  of  dilute  f^nlphm-ic  acid,  mlding  6  pts.  of  alcohol  of  84  per  aeot,, 

filtering,  shaking  up  the  filtnU^  with  slaked  Uma,  decolorising  with  animal  chanxml, 
eraporating,  heating  the  reaidm  tobofliog  with  a  large  qnantity  of*  water,  and  evapo< 
rating  t!ie  aqut-oun  >^oliition,  after  <1(  coloriyin^  it  witii  anini;d  charooaL  A  mixture  of 
ketveic  add  and  lartudn  then  lomaius,  and  on  dissolving  this  in  boiling  water,  the 
laetnein  dTStaUismi  oat  on  eooling;  and  the  Mnaining  liquid  yields,  by  evaporation, 
i    i     ■  ■  la-rtUL'ic  acid. 

Lactuoio  acid  thiu  obtained  ia  a  li^t  jellowmaM,  amo^phooa  at  fizat^  but  becoming 
ayfltaUuM  after  a  irinle itm  ooloorieM  aqneoma  solntion  it  eolonred  vhiOHred  by  alkalis, 

and  wht  n  lKn"li  »l  with  cuprio  Nulpliatf  and  excess  of  M.xla,  reduces  the  cupric  to  cuprous 
oowk.  (Lttdwigi  Jahxesber.  1847-48, p.  8^)  Accordiaa  to  Wal8(ll.  Jnhrb.  Phaxn. 

AJkOWOSV*  A.  snlwtanct  containsd  in  laotueariuiu,  and  supposed  to  be  its  active 

prinripli'.  It  .>l«faiut'd  \>y  troatiTi;:;  tlie  fxtrart  with  ali'rilidl  containing  2  percent,  of 
strong  vinegar,  diluting  the  solution  with  water,  rapedxtitatioK  with  basic  acetate  of 
lead,  remoi^ng  fho  «xeesa  of  lesd  Dram  tho  ffltnte  03^  snlplijdilo  «id,  evaporating  at  a 
gentle  lie;it,  'li;„^>fin<r  t!ie  -.'sidue  in  ether,  and  leaving  tn<'  cth.  real  solution  to  evapo* 
zatti.  Ludwig  and  Kromayer  (AicL  Phann.  [2J  cxL  1)  prepare  it  by  macerating 
Isetnearinm  in  1.^  pt  hot  water  Ibrfinar  days,  then  wesdng  tiis  mass,  again  ti«ating  it 
with  a  liifl.'  cold  wat.r,  Tioiline:  it  five  timen  witn  freali  piirtions  of  alcohol  (wliu-li 
leaves  lactucone  undissolved^  and  evaporating  the  extracts  to  half  the  bulk  ot  the 
natertal  used.  Tbo  fDodnet  is  liien  precipitated  with  basic  aeelata  of  Ind,  and  r^'crys-' 
tailised  fr'>in  alcohol  as  above. 

I^tudn  is  yellowish,  fiisible^  bitter,  soluble  in  80  parts  of  cold  water,  moflemtely 
sohfale  in  akobol  and  in  aeetie  add,  leas  aolnble  in  ether,  wUeh  deposits  it  by  cvapc 
ration  in  the  fTj-fjtallinr-  f^ute.  Aecorrlini»  to  Kromayer  (Areh.  Pharm.  [21  cv.  3),  it 
eryfitaliises  in  nacreous  scales  or  rhoinltic  tal  lcs,  probably  containing  C*fl?»0'  ok 
C*^H"0».  A4W»din^  to  Wall  (H.  Jahrh.  I  'harm.  XV.  118),  it  is  C«hW>»  Nilri« 

no'].].  <,f  'ipccific  praTity  l•^f^,  conrcTts  it  into  .1  resinous  body  qnif4^  devoid  of  taste. 
Nii-oiig  Milphuric  neid  tunm  lactndn  brown.  Lactucin  heated  with  potash  gives  off 
ammoniacal  products  (?).  Its  sohntions  amnotpndinlaled  hjaayretgent.  (Bnehaar, 
Bigg.  Phaim.  xliiL  1,  Om.  xvi.  276.) 

IbAOnrOOVB.  C**H*^»(?).—  a  crystalline  substnnce  extrncttvl  from  laotucarimn  . 
by  lx>iling  akohoL  It  forms  maramillated  crystals,  which,  ailer  {Hirifu  atiuo  by  recrys* 
talliaation  nA  treatment  with  animal  charcoal,  are  colonriehs,  insipid,  melt  bstwoea 
}r>()^  and  160°,  are  insoluble  in  writer,  Imt  dissoh,-  rcry  easily  in  aleobol.  ether,  and 
oils,  both  lixed  and  volatile.  It  yieldt^  acetic  acid  in  largu  quuiitity  by  di^liilation.  It 
may,  however,  be  partly  volatiliBed  without  dooimipositioa  in  a  s^«am  of  earbonio  add 
gas.  It  yields  by  analysis  SO  5(5  —  8 1  '2')  per  cent,  carbon,  and  1 0-91  — 1 1  -33  }5y<lrogon, 
numbers  which  agrue  n^sirly  with  the  funiiula  C**H"0'.  It  is  tm  indillrrcnt  substance, 
and  is  not  affeetod  by  potash  or  by  chlorine.  Its  alcoholic  solution  does  not  prse^pfitata 
metallic  salts  dis6o]vr<f  in  aleohoL   (Lenoir,  Ann.  Ch.  Fharm.  lix.  83.) 

Z.ACTT7COPZCKZ17.    An  uncrystallisable  substance,  which  remains  in  the  mo- 

t]j*3r-liquor8  of  the  preparation  of  lactucin  by  Ludwig  and  Kromayer's  process 
(vid.  *up.),  after  the  gn  ater  part  of  tliat  su' stance  has  been  precipitated  by  basic 
acetate  of  lead.  When  fTefKl  from  admixed  lactudn  and  lactucone  by  ether,  it  forms 
a  brown,  amorphous,  very  bitter  moss,  having  a  faint  acid  rmction,  solnbla  in  water 
and  alcohol  It  contains  52*6  per  cent  carbon,  6  8  hydrogen,  and  36  6  oxyc^en,  atxroriun 
nearly  with  the  formula  C**I1**0'*-*,  and  is  therefore  produced  from  lactucin  1  y  assumption 
of  water  and  oxygen,  (Kromayer,  Di*  BUUrttofff, fiiangen,  1 86 1 ,  p.  7 ) 
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466  LACTYL,  CHL0R11>E  OF. 

UCm,  CBIOKZBB  Ol*.  Chloridfofrhl„ropropv>nyl  mT'OCT C*IT«C10.C1. 
(Wurtz,  Ann.  Ch.Phys.  [3]  lix.  163.— Ulrich.  Chem.Soc.  Qu.  J.xii.  a3.>— Obtained, 
togvthnr  with  oxyc1ilond«  m  phosphoras,  by  gently  heating  a  miztore  of  well-dried 
lactate  of  calcium  ^rith  twirt>  its  w.  ight  of  pcntaclilondo  of  phosphoru.H.  It  is  difficult 
to  wparat<«  the  whole  of  the  ozTj^^iioride  of  phosphorus,  bat  the  chloride  of  kctyl  may 
be  obtained  nearly  pure  by  ditofHng  the  liquid,  which  paaiet  orer  during  the  reaction 
in  small  quantities  at  a  time,  anil  oollecting  separately  the  portion  which  distils  ahore 
140^.  Chloride  of  lactyl  i.s  also  formed  %  (be  dix«et  oombiiiation  of  ethylene  and 
oxTchloride  of  carbon.  (Lippmann.) 

When  freshly  pn  pur.  d,  tliluride  of  lactyl  is  a  colourlees  liquid,  but  it  soon  becomes 
dark  coloured,  giving  off  hydrachknc  aeid.  Its  boiling  point  seema  to  be  above  HC, 
but  it  is  partiafiy  decompoeed  when  dntilled.  the  thermometer  rising  to  180®  or  190^. 

It  links  to  the  bottom  of  u-ati  r  and  gradually  dissolves,  forming  hydrochloric  and 
cUonmopionic  acids  (Pbopiomic  acid,  DsarvATrvEs  of)  (Ulrich).  With  absolute 
dMM,  It  reacts  very  energetically,  forming  hydrochloric  acid,  chloride  of  ethyl,  and 
chloropropionate  of  ethyl.    (Wurtz  s  f/A/r  cA^rotscMigtM.)  O.  C.  F. 

XiACIOirXTS.  A  ferric  borate,  F>  <nMi-o^:Ul*o.  oceanb^  M  SB  iMmtetioB  in 
the  Tuscau  lagoons.    (Bee hi.  Sill.  Am.  J.  [2j  xvii.  129.) 

MB&  Tliit  tem  !•  «Md  to  dsnoto  a  neiries  of  pij^ 

colonring  mat  tent  with  some  earth  or  w***»nL  Oodda  Tu*  ft<llfiptl  IM  mkm  tM  tiM 
Carmine^  Florence,  and  Madder  laket. 

For  the  pMpaivtMB  ef  eftrmiDe-lake,  fear  owaen  of  finely  polfmhDd  ttMsUneal 
are  pmired  into  4  or  6  quarts  of  rain  or  distilled  water  (which  rias  been  previously 
boiled  in  a  pewter  kettle),  and  boiled  with  it  for  six  minutes  longer  (it  is  sometimes 
noommcnded  to  add,  daring  tlie  boiHi^  tvpo  dtmhiiii  of  poivariMd  enom  of  tartar). 
Eight  scmplos  of  Toman  nlam  in  powder  are  then  addetl,  and  fh-^  v.holo  is  kept  upftn 
th*  fire  for  one  miuute  longer.  As  soon  as  the  ooaxae  oowder  has  subsided,  and  the 
dwoetioB  haa  beoona  daar,  ttia  laHir  it  oonMIj  dMuted  into  large  ey  Uadiioal  iwMb, 
aorered  over  and  kept  undisturbed,  till  a  fine  p<^wdor  settles  to  the  bottoODU  From  the 
daeanted  liquor,  which  is  still  much  coloured,  the  rest  of  tha  ooloariag  matter  may  be 
aeparatad  by  BMaaa  of  tja-aohtion;  it  than  yielda  a  eanniiie-liJce  bntlitUa  inferior  to 

the  other. 

For  the  preparation  of  Florontina  lake,  the  sediment  of  cochineal  remainiog  on 
tha  kettle  after  the  preparation  just  deaeribed  may  be  boiled  wMi  the  requisite  quantity 
of  water,  the  red  liquor  which  remains  after  the  prepanition  of  the  carmine  likewise 
auxed  with  it,  and  the  whole  preci^tated  with  the  solution  of  tin.  The  red  predpi- 
tita  uoat  be  frequently  washed  with  water.  BbBflfainTely  of  this,  two  ooneeo  of  fnA 
cochini  al,  and  one  of  cn,-stals  of  tartar,  are  to  be  boiled  with  a  sufficient  quantity  of 
water,  poured  off  cleari  and  predptated  with  the  sidution  of  tin,  and  the  precipitate 
iradked.  AttiiasMMtfaiM^  twoooaadoof  dam  arealaotob«dia^ 
cipitated  by  caustic  potash,  and  the  white  earth  repe,\t(  dly  washed  with  boiling  water. 
Finally,  both  precipitates  are  to  be  mixed  together  in  the  liquid  state,  put  npon  a  filter, 
and  dried.  For  tne  prepaiadon  of  a  chjapar  tort,  one  pound  of  Braail  wood  may  be 
employed  in  the  preceding  manner,  insfesadof  OOchinenl. 

For  the  following  process  for  making  a  laia  fiwn  madder^  the  Society  of  Arts  voted 
their  gold  medal  to  sb  H.  0.  EnglefieQ.  Endoae  two  ooneea  troy  of  tine  finest  Botdi 
crop  madder  in  a  bag  of  fine  and  strong  calico.  laru'.-  enough  to  hold  three  or  fovr 
tfasies  as  much.  Put  it  into  a  large  marble  or  porcelain  mortar,  and  pour  on  it  a  nint 
of  dMvooft  water,  ookL  FM  Uia  bag  in  effoy  direetion,  and  poimd  aad  nb  it  alboat 

with  a  pestle,  as  much  as  can  be  done  without  tearinp  it.  and  wfit  n  the  wafer  is  loaded 
with  colour,  pour  it  off.  Bepeat  this  process  till  the  water  comes  off  but  slightly 
tinged,  fer  wMdi  abont  five  pinta  win  ba  aollleiaBt  Heat  aO  tha  liqaor  in  aa  eaithea 
or  silver  vpssol,  till  it  is  near  boiling,  and  then  p^nr  it  into  a  large  basin,  into  which  a 
troy  ounce  of  alum  dissolved  in  a  pint  of  boiling  soil  wat4>r  baa  been  previously  put. 
Stir  tiw  mixture  toother,  and  wbila  atining,  pour  in  gently  aboot  an  oonea  wd  bdf 
of  a  saturated  solution  of  carbonate  of  potassium.  Let  it  stand  till  ctdil  to  settle  ;  f>our 
off  the  clear  yellow  liouor ;  add  to  the  precipitate  a  qoari  of  boiling  soft  water,  stirring 
it  wbD  ;  aad  ^iriiea  oeiid,  aspamta  by  filtiaoon  the  ]a]E^  whidli  monlA  weigh  half  aa 

OOBCC.  If  loss  alnni  be  eniploytd,  the  colour  will  be  somewhat  deeper;  with  less  than 
three-fuurths  of  an  ounce,  the  whole  of  the  colouring  matter  will  not  unite  with  the 
atomiaa  TVesh  madder  root  is  equal,  if  not  nMriorf  to  fbo 

Almost  nil  vegetable  colouring  matters  may  M  ptooipitoted  uto  Itki^  flMM  OT ISM 
beautifol,  by  means  of  alum  or  oxide  of  tin.  IT* 

Yallow  lakea  are  prepared  ohiefiy  with  deeoeHona  of  tha  bsniai  of  farlooa 
ipaeies  of  Jil-fumrs,  al.so  of  fustic,  wefd,  quercitron,  &c;  tha  decoctions,  mixed  with 
aariwnate  of  potatwium  in  greater  or  smaller  quantity  as  tha  ooloar  is  to  be  lighter  or 
darinr,  beug  pooved  iato  a  hot  oohitioB  of  alam  ^to  ftoa  feoai  kmu   Tho  aoloar 
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may  be  heightened  by  treating  the  gtfll  moist  precipitate  with  tin-solution. — As  mnny 
of  the  preceding  solutions  contain  a  large  quantity  of  tannin,  it  is  usual,  in  order  to 
obtain  a  fine  ycllow-lako  from  them,  to  mix  them,  in  the  flnt  with  • 

■iderable  quantity  of  sour  milk,  which  precipitates  the  tannin. 

Aji  orange-yellow  lake  is  obtained  in  like  manner  by  precipitating  turmeric  or 
annatto,  dissolved  in  potash  with  alum.  A  common  kind  of  yellow-lake  is  obtained  by 
nixing  yellow-lake,  prepared  as  abore^  with  daj,  marl,  or  chalk  ;  better,  howercr,  bj 
boQing  6  pts.  of  crushed  yellow  berries  with  26  to  SO  pts.  water  containing  1  pt.  of 
altim,  i>mirinp  tlio  cUiur  liquid  on  8  or  4  pts.  of  pounded  chalk,  and  leaving  it  for 
several  days,  stirring  frequently,  then  decanting  the  liquid,  and  washing  and  diYji^ 
the  precipitate.  If  ft  greimish  tint  is  desired,  a  small  quantity  of  btumt  or  slaked  line 
may  be  add*  <1. 

Blue  lakes  ace  but  seldom  prepared,  sinco  I^oaaian-blue,  nltramaiine,  cobalt-blue, 
and  Titdige-eaniiine  atiswvr  every  iair])<)^e  for  wUdi  they-  eould  Ito  required.  If 

indigo-carmim'  be  jirepan-d  by  saturating  the  solufion  of  sulphinditrutir  acid  with 
au^fneeia  or  its  carbooatfl^  instead  of  ptasiif  it  is  obtaioed  of  a  still  finer  colour. 
SometiiiMa  ai  ffilnte  letatioa  of  sulphindigotie  add  !•  nixed  wiSx  ahm-eehiHoD,  end 
the  mixture  is  precipitated  with  earl-onate  of  i>ota.«siam,  whereby  a  p'  <  u!i  rblue  lake 
is  obtained.  A  solution  of  logwood  mixed  witA  alum  yields  a  violet,  and,  on  addition 
ef  aalphate  of  eofftr,  a  bhMake^  if  tlie  loliitiinia  are  precipitated  in  eoH  wiA 
carlionate  of  potassium. 

ifreen  lakes  are  usually  prepared  by  mixing  blue  and  veUow  lakes.  A  yerj  good 
green  lake  is  obtained  diivctly  by  eThanrting  1  lEL  of  ttrmeed  eQtt»>beiri8B  wiA  lOIba. 
c>f  water,  and  dissolving  in  the  liquid  from  2J  to  P>  H"?.  of  sulphate  of  copp«~r.  The 
clear  Uquid  is  precipitated  with  caustic  potash,  the  coffee-extract  being  kept  in  excess 
to  i»reTent  the  precipitatioD  of  ftee  e^me  eodde.  The  preeipitats^  trUeh  weighs  about 
^  much  as  the  coffi-e-berries  us<x1,  is  moistened  with  a  small  qnantity  of  liBflgM^  and 
left  for  some  time  ea^oeed  to  the  air,  whereby  its  colour  is  heightened. 

aAMMSnBi  fil^vithWan. 

&AMV«BIACX.  Finely-divided  carbon,  obtained  hj  collecting  tbe  mokaof  M 
oU-lamp,  or  that  of  burniug-pitch  or  resin.   (See  Caxbott,  i  760.) 

&JkWA  FBZ&OSOVBZOA.  An  old  name  for  the  snowy  flakes  of  white  oxide 
iHiieh  liee  and  float  in  the  air  when  zinc  is  burned.  :  so>)'  ] 

Pb«  ) 

oecuiting  sometimes  in  monodinic  crystals,  deavable  in  two  directions,  sometime! 
ma.«?cire  or  in  fl«  xi!>Ir  laminro.  at  Leadliills,  Scotland,  in  Siberia,  at  Tann^  in  the 
MmtU,  and  at  Bibennier,  TyroL  Uarduess  —  2  to  2  0.  Specific  gravity  =  6*8  to  7. 
Lnatars  of  desffa9B-&ce«,  pearly ;  of  others,  adamantine,  inclining  to  resinous.  Streak 
white.  Colour,  frreenish-white,  pale-yellow,  or  grey.  Transparent  or  translucent 
Coiitaiti.s,  dccurding  to  Brooke's  analysis  (Ed.  Phil.  J.  iii.  17X  63'6  per  cent  sidphate, 
and  46-85  carbonate  of  lead,  which  is  very  near  the  calculated  composition,  ^fore 
the  blow^'ipa  it  melts  to  a  globule,  which  becomes  white  on  oooUog.  ^iaiohei  in  niferia 
add  without  perceptible  e&rvesocnce. 

&AM<QAMMHnnk  AttinMll  ooneisling of  a  mixture  of  brucite  and  hydNBigi- 
Hcslte,  r  in  1  T;  :r  T  x-x.i,  Lancaster  Cntintr,  Penn«-\lvaiiiH  (Dana.  ii.  457). 

JUkXTAXXrstlO  AffllK  iLanialic  acid,  Laurent.)  A  product,  according  to 
Sehii eper  (Ann.  Oh.  Pharm.  hn.  916%  of  th^ootidadoB  or  vrie acid,  bv  a  miztoxe of 
ferricvanlde  of  potassium  .md  potash.  The  result  of  the  process,  whieli  is  <«omewh8Ct 
complicated,  is  impure  lantanurate  of  potaanom,  which  is  dissolved  in  water,  mixed 
trith  aoetate  of  lead,  and  tittfad  ftom  tlie  pwetpitated  oxalate  of  lead :  th<  lantan«nt» 
of  lead  th*  n  precipitated  from  the  flltmte  by  ammonia,  wnshcd,  suspend<  d  in  water, 
and  decomposed  by  sulphuretted  hydrogen.  The  flltmte,  on  evaporation,  yields  lanta- 
intfe  add  as  a  gummy  maai,  mtStf  aohible  in  water,  insolnUe  io  eleohol :  its  solution 
reddens  litmus.  It  appears  to  be  n  dibasli^  acid.  It  forms  n  normal-  nnd  an  acid 
potaBHon-salt,  the  former  of  which  is  syrupy,  tlio  ktier  crystailLiable.  The  solutioa 
of  tAlMr  of  these  saiti  gives,  with  ammoniacal  acetate  of  leodi  a  white  precipitate^ 
in^  iiul)le  in  oold  water  and  alcohol,  soluble  in  acetic  acid  or  ba-^ic  ncetate  of  b  a'l  — 
With  ammoniacal  nitrate  of  silver,  the  acid  i>otahsium-saU  gives  a  white  preeipitate, 
ceotsimng  A8'9t  per  oent.  siher. 

J^hlieper  states  the  formula  of  the  lead-salt  to  boCH-Pl'^"^,  whence  that  of  the 
addia  0»H«N«O«.  Laurent  proposes  to  double  the  formula.  According  to  Gerhardt 
{TVm,  i.  nSXkBtenwifiMfi^itpNlMlityidMrtieiltri^  F.  T  C. 

X,AirrBAMlTB.  Xaflve  earlwnato  of  lanthanum  (and  didymium)  (La^  Di') 
CCSII-O,  £MinfTi^  called  carbonate  of  cerium.   (15ee  Caebokates,  i.  786.) 
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lOLXTMAMUMl*  Atomic  toeiahi,  46-4 ;  SjfmM,  La :  or,  Atomic  weight,  92  8 : 
1ml,  lilo.  This  metal  ai^Mmn  to  be  oonBtantly  associated  with  e<>rinin  and  didyniiiim. 
Mosaindor  showed  in  1839  (Pogg.  Ann.  xlvi.  648;  xlvii.  207)  that  the  nxl-brown 
oxide  obtained  from  cerite  in  the  manner  deeocibed  under  Quirov  (a.  891),  «nd  onginaUj 
rt'giirded  as  the  oxide  of  a  tin^e  metal,  eonhuned  the  oxide  of  another  m«td  which 
he  called  I  ;i  ii  t  li  :i  n  u  m  (fn;in  Aoti^ai'fif,  Itccausc  it  hiul  j-rrvion^ly  li<  rn  (X)ncoal(>d  in 
the  oxide  of  <  rium);  and  subsequently^,  in  1841  (Pogg.  Ann.  ivL  601),  he  discovered 
that  fhis  i>nsed  oxfde  of  a  single  metal,  lan^a&um,  wna  realfy  a  mixtore  of  the 
oxides  of  t\vt,>  ili-tii^'t  lU'  tals,  for  ohl-  i/f  wliii^h  the  naoM  lAMthammi ms  letiiBed,  while 
the  other  was  called  didjmium  ^8t8u^  rwina). 

The  aepaxation  of  hmtaanmii  ana  didyminm  mm  eeifuB  may  be  effeeted  eilher  of 
the  methods  descril'cd  undor  cerium  (pp.  831,  S32).  Tin- .•^cconil  and  TMrd  arr  caMorand 
more  expeditions  than  tlio  first.  If  the  solution  obtained  by  treating  thu  crude  red- 
brown  oxide  with  dilnte  nitiie  add  be  evaponted'to  diTnees,  and  the  midne  treated 
with  nifric  add  diluted  with  at  least  200  jits.  nf  water,  a  solution  will  ln'  ulifiilr.rd  qiKf,) 
ireu  from  cerium  (Marignac).  JBoiling  the  red-brown  oi^idc  with  chloride  of  ammo- 
ninm  also  yidda  a  solntioii  of  lantfianwn  and  didTmimn  free  Dram  eenum.  In  both 
cases,  lionovrr,  it  is  best  to  teat  a  portion  of  tl.-'  solutiini  fur  c<  rinrn  hy  precipitating 
with  excess  of  caostic  potash,  and  passing  chlorine  through  the  solution.  The  pre<ieace 
of  eerinm,  eren  in  s  Tery  small  quantity,  wiH  be  indicated  bjthe  Ibmatioii  of  a  jeUow 
precipitnte,  af^or  the  Itfud,  siqpenatantod vith eUociney  has  been  left  in  «  dose  feaael 
fur  seTeral  hotirs. 

Holamann,  (J.  pr,  Chem.  Ixxr.  821;  RSp.  Chim.  pure,  i.  241),  prepares  pure  lan- 

thimiiiii-s.dts  from  the  liquid  which  remains  after  the  precipitation  of  1  asii'  eerie 
sulphate  iu  Bimsen's  process  for  the  separation  of  cerium  (i.  832).  This  liquid,  which 
contains  both  hmthanum  and  didyminm,  is  evRpnrat<-d  (during  which  process  a  large 
additi  nal  quantity  of  cerium  separates  as  basic  sulphate)  and  heatrd  till  ili.  lt.  at- r 
purt  of  the  free  acid  is  expelled.  The  sulphates  of  lanthanum  and  didyinium,  which 
then  sepanite  out,  are  diasolTed  in  water  containing  a  little  nitric  acid,  and  the  sdlvtion, 
ti<ji;tth(T  with  tin-  ■rnn*'-.f>r-liquor,  is  pifcipitated  with  oxalic  ai  iil :  tlic  )>rprij>it3te, 
mixfd  with  sn  i  quai  weight  of  mat^ih  siu  alba,  is  heuUd  for  .^ome  tinm  to  luw  red- 
ness ;  the  I  I  suit  ing  dalk  biowil  oxi^e  is  digef«ted  with  small  quantitieaof  dilute  nitric 
acid,  which  di8aolrc«!  prn.rrrly  anytliinL:  1-ut  the  dxid-  s  of  lanthanum,  didymium  and 
magnesium;  and  the  Hltrutt  jjs  Loiled  for  .some  tiiiu-  witli  in/ignesia  to  separate  the  last 
traces  of  ceriumL  The  liquid  is  then  again  precipitat<  d  with  oxalic  acid ;  the  dried  and 
ignited  precipitate  dissolr*  d  in  dilute  nitrio  a>  id;  the  .solnti'tii  prt  -Mpitafed  by  sulphate 
of  potassium  j  the  precipitated  lanthano-  and  didymiu-Dotassic  sulphates  digested  with 
dihitc  carbonate  of  sodium,  and  the  resulting  carbonates  nissolTsd  in  uiluto  sulpluuie  .icid. 

A  eolation  fro<^  fmm  rrrinni  baring  been  obtained,  the  i»epnration  of  the  lanthanum 
and  didyminm  is  cffijctid  Ly  the  different  solubilities  of  tki  ir  fculpljates.  To  contcrt 
them,  into  sulphates,  if  not  already  in  that  form,  the  solution  is  treated  wth  excess  of 
n  rn««tif^  alkali,  and  tlir>  washed  preeipitrito  dissolved  in  dilute  snlpliurlc^  arid.  The 
mode  of  proce«diut;  varies  ;u;cordiiig  a^t  liie  lanthanum  or  the  didymium  xa  in  cxcesi^. 

1.  Wlien  the  lanthanum  is  in  excess,  in  which  case  the  solution  has  but  a  faint 
amotliyst  tin<^c,  the  liquid  is  evaporated  to  dryness,  and  the  residno  li.»at.  d  in  a  platinum 
dish  to  a  teujptTuturi' just  below  redness,  to  drive  off  the  excess  of  acid,  and  riud- r  tho 
Mlj^hatea  psnectly  aniiydrous.  The  residue  in  thm  disHilvi  d  in  rather  leas  than  six 
times  its  weight  of  water,  at  about  2^  or  3«>  C.  (36°  F.),  the  salt  being  reduced  to 

E'  ?r  and  added  in  successive  small  portions,  and  the  vessel  containing  tho  liquid 
immersed  in  icocold  water.  Without  these  precautions,  the  temperature  of  the 
nuiy  be  raised  sevwal  d^prees,  in  consequence  of  the  heat  evolved  by  the  combi- 
nation of  the  anh3rdrons  sulphates  with  water;  and,  in  that  case,  crystallisation  will 
commence,  and  rabidly  extend  through  tho  wholo  mass  of  liquid,  as  these  sulpli  itc-.  aro 
much  less  Soluble  in  warm  than  in  oold^water ;  but  if  the  liquid  be  properly  cooled,  the 
whole  dissolves  completely.  Tha  aolution  is  n«xl  to  he  heated  in  the  water-bath  to 
about  40''C.  (104°  T*.)  ;  the  sulphate  of  lanthanum  tln-n  crystallis- .s  out,  accompanied 
by  o^y  a  small  quantity  of  solphata  of  di^rmium.  To  purify  it  completely,  it  is  again 
rendered  anhydrous,  re-dlsMlved  hi  toa-eold  iMiter.,  <^  '\,  and  the  «iitire  process  repeated 
ten  or  twelve  times.  TIk'  t.\st  of  purity  is  perfect  whitt-m  the  smallest  quantity  of 
didymium  imparting  an  amethyst  tinge  (Mo  sander).  This  prooeas  sueoeeds  best 
when  a  eonriderahle  qiiaatity  of  the  »aiand  mlphates  is  operated  on. 

2.  TSlu-n  tho  did  vmiuni-salt  is  in  excess,  in  which  case  tlic  li^piidhas  a  decided  rose- 
colour,  scDaration  inay  be  effected  by  leaving  Uie  solution  containing  excess  of  add,  in 
a  warm  phee  fbr  a  day  or  two.  The  aolphate  of  didymimn  then  separates  in  large 
rhondiolii  dral  rrystaln  modified  with  nnmrrons  .scC'  ndarv  faces  ;  nr;d.:tt  the  same  time, 
slender,  needle-shaped,  violet-coloured  czystals  are  formcKl,  containiug  the  two  ndphates 
mixed.  The  rhombohedral  erjrstals,  which  are  nearly  frea  from  bnthanum,  are 
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rcmorf>ii.  nnf!  the  n<' '><!!•>;.  togi'fhor  wifli  ihi^Tnoth(*r-liqpiid|tsntad  Mxn  tlw'flrift'titliod, 
to  obtain  sulitliatc  of  lautliauum.  (MusuuJ^r.) 

In  both  cases,  tlic  sepamtion  mtj  bd  greatly  facilltat<>d  by  first  dissolnog  the  miaed 
oxidf*  of  the  tA"''>  mi'tals  in  a  large  excess  of  nit  ric  acid,  aiiT  ['r.'i-ip;f;ifinj;  in  vnrrr^ive 
portions  by  oxji I io  ucid  ;  tile  flrst  precipitate*  thus  furuicd  liuve  a  much  dei{^.ir  rose- 
colour,  and  are  much  richer  in  didymitiiu  tli;iM  ttie  latter.  The  aepttiation  thua  effected 
is  very  imperfect  in  itself,  but  it  pri  atly  f.K-ilitat-  s  tho  •subsequent  separation  of  the 
imlpliateii,  which  is  much  more  rapid  wheu  one  of  the  sulphates  is  in  great  excess  vith 
reguA  to  thft  otbw.  (HArigiistt,) 

Mft-alltc  lenflmniui  is  obtainrcl  liy  (.b-coni]7'>sin£r  th*'  iinhydrous  cliloi-i.le  sodium, 
aad  dissolTing  out  the  chloride  of  sodium  with  ukohol  of  specific  gravity  0*833.  It  k 
a  dulc  iMid-grey  powdmr,  soft  to  the  tooeh,  cod  mdhering  when  pressed. 

Lauthaiaira  app.  ar-j  fo  form  only  one  series  of  compoun  lu,  in  which  it  is  rnono-  or 
diatomic,  accorduig  to  tho  atomio  wd^^  tdo^ed,  &jjr.  the  chhndt  LaCl  or  IJ«Cl'i 
the  protoxtd§  La*0  or  UaO. 

lAlTTBAinrM,  ttMMMWiBM  OW,  l^Cl,  is  obtatmd  ill  iht>  aJihydrous  state 

by  ipiiitii)::  llu-  uxide  in  a  current  of  hydro>'IiI(.)ric  arid  pRs  (Mnsaiidt-r),  <ir  by  dis- 
flolviug  the  oxide  in  hydrochloric  acid,  ivapor.itiiiir  llu-  solution,  mUfd  with  sal- 
anuDoniac,  to  drynesa,  and  heating  the  iv«>idu<  till  the  s.il-aminouiiic  is  expelKnl.  It 
th^n  remnin*'  a«  a  radin-crr><tallino  niaM,  which  dt  li(jUi  .hi  <  s  in  moist  aiir»  and  diflMitfW 
easily  in  alcjliol.    (li.  llt-rmann,  J.  pr.  Chem.  Ixxxti.  3So.) 

A  htfdraitd  chloride^  LaCLSHH),  ia  obtained  as  a  radio-t  rvf-tallinr  moss,  by  evaporat- 
ing a  solution  of  the  oxide  to  a  syrup,  an  !  leavinL'  it  over  'ul  of  vitrii  l.  WLi  n  la  atcd 
in  moist  air,  it  gives  off  water  and  hydrtJcLloric  ucid,  luuviug  u  mixture  of  chloride  of 
lanthanum  rad  an  ozycUoride  ocmtaining  3La^0.2LaCL 

Chloromfrcuratc  of  Lanthamnn,  LaCL3nf^C1.4lI*0,  is  olifaiiit  d  Ly  rraporatinrr  a 
solution  of  the  component  chlorides,  Ui  colourhiss  cubes,  easily  soluble  in  water,  but 
not  daliqueaoeot  (Marignai^  iknn.  JiDa.  [6]  zv;  273.) 

XAJTTBJkjnrBKf  BBTaOTZOV  and  OF.     1.  Stactiona. 

Pure  lanthannm-eompounds  fused  with  borax  before  the  blowpipe,  form  a  perfectly 
colourli  bs  bead ;  the  slightest  tinge  of  amethyst  is  an  indicatiua  of  the  presence  of 
didymium. 

Lanthanum -salts  in  solution  are  colourIes5=,  and  have  an  astrinfrent  tn^tc  With 
cun)4tic  potash  or  eoda^  the^  yield  a  white  bulky  gelatinous  precipitate  of  thu  livdi-ated 
Qxide^  which  is  insohabla  in  auum  of  the  alkali,  but  dissolTse  camTotattllj  in  chlorine- 
water,  without  forming  any  yellow  dofvisif.  Ammonia  throw*  down  a  basic  salt 
Oxalic  acid  or  oxalate  of  ammunium  forms  a  white  flocculeul  prfcipilate,  which  does 
not  become  eiTstallino.  In  oth*.r  respects  the  hulntiow  nwmble  those  of  oONKUiaalta 
(i.  833),  ofiperially  in  forniin;^  with  Hu!]<hate  of  potaarinm  A  wldto  ogrstoUilia  pncqpi- 
tttlt?  ouite  insoluble  in  excess  of  the  nag.  at. 

2.  EBiimaiioH  and  BeparaMon. — Lanthanum  is  best  pr^pitatod  from  itBSolntionfl  by 
oxalate  of  nmmonium.  The  prrcijiif  atrd  oxaLite,  ignited  in  a  eovcriNi  j'latimiTn  cnicll'lc, 
is  converted  iuto  the  aniiydroti.s  uxide,  La'O,  containing  '6b  \  per  cciit.  of  ihe  luctuL 

The  methods  of  separating  Lmt  lianum  from  most  other  metals  are  the  nBM  as  those 
adopted  f"r  <  erium  and  didymium.  Tlie  hrparatinn  of  lanthanum  from  (H>rium  itself 
may  be  effectetl  by  precipitation  with  an  ulkaliui.'  bypucklorite,  or  by  boiling  the  mixed 
omdea  in  a  solution  of  .■^al-aTumoaiae  (i.  882).  No  method  of  separating  Ian- 
tbannm  from  didjimiiBi|  MfficieBt^  eamt  tat  qnantitative  aiM]gr>^  ^  7^  hvm 
discovered. 

8.  Atomic  Wiiaht  of  Lanthanum. — Mosander,  by  the  anal^'sis  of  sulphatfl  of  Ian- 
thanum,  estimated  tlie  atomic  wi  iLfht  of  the  metal  (monatoniic)  at  46*4.  Marignac 
(Ann.  Ch.  Phys.  [3]  xxvii.  2u9),  by  a  similar  method,  obtained  a  somewhat  higher 
mubber,  vi2.  47*04.  Holzmann  (J.  pr.  Chem.  Ixxv.  321),  from  the  menu  of  Ul 
analyse?;  of  the  sulphat(»  nnd  of  the  iodate,  obtained  the  ntimber  16*1 ;  and  TJ.  TT  ..■  rm  n n  n 
(tW.  Ixxxii.  386),  from  his  analyses  of  the  carbonate,  sulplmte,  and  chloride,  obtained 
'  4<l'44b  MoMiiderf  detswiriimlann       th«MfiNK^  b«  legurdbd  w  ftiUy  oontened. 

&AVTBAW1IC,  SnbTTO&XSE  OV*  Sulphate  of  hmthanum  fomiH,  with  fiuoride 
of  sodium,  a  wbito  floeottleot  fiecipUate^  apaxifigljr  soluble  in  h^'drochlono  acid. 
(Hermann.) 

KAXTBAXirBCf  OZISB8  OF.  Lanthanum  forms  two  oxides,  viz.  a  jmANTM^ 
La*0  '  r  LlaO.aada^ffoc^  UMcompoutumof  wfaioh  hMnot  peatliApa  been  enetly 

ascertained. 

mia protoxide  is  obtained  by  igniting  the  hydntl^  eMbOBate,  or  oxalate,  first  in 
eontni  t  wifh  the  air,  afterwards  in  rontact  with  the  reducing  gases  of  tli.  flame.  It  then 
fpmfi  white  lumpa  having  the  some  texture  as  the  peroxide,  and  a  ^citlc  gmvity 
off^  WbeaeipQiedtotheair,  fttokiBvpinitorandeiirboinflMidfUdiiieoi^^ 
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with  water  is  conrerted  into  the  hydratei,  LaHO,  which  ia  a  soil  white  powder 
resembling  slaked  lime.  By  precipitating  a  salt  of  lanthamim  with  potash  or  toda,  Hm 
hjdrate  is  obtained  us  u  biilky,  tninsluoent  precipitate,  which  rapidly  absorbs  car- 
bonie  aeid.  Both  the  hjdrate  and  Um  aahjdnNii  protozids  doMaolv  mtily  in  add% 
witboQt  evolution  of  ^is. 

The  peroxide,  said  to  have  the  composition  La'^**  or  64La*0.0,  is  obtained  by 
ignttiiig  the  carbonate,  oxalate,  or  nitmt^  in  contact  with  the  air.  It  is  a  light  brown 
or  browmsh-grey  8ubetance>  which  di«oiT«i  in  anlphmu^  nitric^  or  aeetio  noid,  with 
•foibitaion  ct  a^gan,  and  in  hjdndilGina  ndd  vxth  Molntiini  of 

XAirrBAnM,  OZTCBZiOSXBB  OT,  T>;i»n*0'  or  Lla*Cl'0»  =  LlaCl'.3rilaO, 
lemaijas  on  heating  the  hydcated  chloride  (p.  469),  and  aft«r  washing  with  water,  fanos 
n  iridte  powder,  tiwdpble  in  vator,  bat  dufolTing  slowly  in  hydxoeiuorio  or  nitrionoid. 

&AJrTBAJnntt  MTOBW-M&TB  of.   The  eolations  obtained  dinelT- 

ing  cither  of  tlie  oxides  of  lanfhannm  in  acids,  are  colonrloss  ;ind  have  an  Hfltrinprpnt 
taste.  Mubt  salts  of  lautlmaum  are  oolable  in  water;  but  tlio  carbonate,  borate,  aad 
phonphate  are  iuolnble.  Lanthaaiun  has  a  great  tendency  to  form  basic  salts,  by  pre- 
cipitation with  ammonia  for  pxample.  Many-of  these-  .salt.«,  the  basic  nitrate  and 
cbloridts  (oxvchloride)  for  instance,  run  through  the  filter  as  milky  liquids  duriug 
washing.  If  the  precipitate  bo  b<Mled,  the  whole  runs  immedintely  thronpi  the  filter ; 
but  if  It  be  b'ft  in  the-  muist  etate  for  a  few  days,  it  is  converted  into  a  neutral  salt, 
which  dit»ik>lves  in  watt^r,  while  carbouale  uf  lanthanum  remains  on  the  filter.  Sulphate 
of  lanthanum  resembles  the  oofresponding  solti  of  cerivm  and  didymium,  in  inrming 
with  sulphate  of  potas.<;him  a  CT}-Htalliue  double  salt,  sparin^^ly  soloblo in poro  wnto^ 
and  quite  insoluble  in  wat^r  jjuturatod  with  sulphate  of  potas.siam. 

XhAJTTKAVnBK,  SVXVHZSB  OW,  La-S,  is  o1>taine(l  bv  igniting  the  metal 
in  vapour  of  sulphide  of  carbon,  as  a  yellow  powdor,  which  is  decomposed  by  watec^ 
with  evolution  of  sulphydric  acid,  and  formBtion  of  the  whit«  hydrate  of  lanthanum. 
The  sulphide  may  also  be  obtained  by  iflpiiliug  the  oxidu  iu  vapour  of  sulphide  of 
carbon,  or  by  fusing  it  \rithscdphideof  sounm;  but  it  is  then  of  nlUi^  ydlnreolonr, 
and  when  examined  bjr  the  miaoaoope^  k  eon  to  be  made  i;^  of  fine  eqmtila, 
(Mosander.) 

&AMkVBar«  Tbe  name  gi^en  hj  Bneliner  and  Herber^er  (Bep.  Fhann. 

xxxriii.  337),  to  a  substance  which  they  obtained  in  a  very  impure  state  from  the  root 
of  Rumex  obtu^folim  (the  officin&L  JSadix  lapathi  aoiUi) :  it  has  since  been  shown  to 
bo  identiflBl  with  ehrysophanie  add  (L  9i8)w 

U9t8  XiAZTTSAi    Ultramanm,  XaniMMii.->A  aiUcate  of  aodinm,  calcium, 

and  aluminium  mixed  with  a  sulphtir^mponnd  of  sodium.  It  occurs  sometimes  in 
rhombic  dodecahediH>uti,  with  impedect  dodecahedral  cleavage  bat  more  commonly 
maanTo  and  compact  Hardneit  •  6*6.  ft>ecifio  gmvitj  8'88  to  Laetoa 
ritreous.  O  Vur  rich  Betiin  or  nzure  blue.  Translucent  to  opaque.  Fracture  uneven. 
Before  the  blowpipe  it  fUses  to  a  white  fl^ass,  and  if  calcin^  and  reduced  to  powder, 
loaea  its  colour,  and  gelatiaiaea  in  hT^bdilorio  add.  With  henxi  it  afftrreBoai  and 
forms  a  colourless  glass. 

Anai^M*:—!.  From  the  East:  a.  Elaproth  (Beitrage,  i.  189);  b,  L.  Gmolin 
(Schw.lr.anT.  329);  <•.  Vatrentrapp  (Pogg.  Ann.  xlix.  616);  d,  Kohler  (Ratn- 
meMm^sMmentU  h^  mic,  1^.7 10);  e.  Schulta(tAtVi.).— 2.  From  Vesuvius:  L.  Gmolin 
(too.  dLy-i,  Erom  the  Andaa:  a.  field  (Ohem.  8oe>  Qn.  J.  iv.  881);  Sohulta 
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Th«ae  aaa^jaca  ahow  that  lapia  lasoU  i*  not  a  miaeEal  of  deflnita  eonatitatMn,  bnt 
a  miztoff,  a  varalt  wfaidi  ia  eOBiobontad  by  iti  appaftraaea  and  phTBcal  atnctnve.  It 
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k,  therefore,  useless  to  attempt  the  calculation  of  a  formula  fbom  the  analyaee.  On 
•samining  thin  slices  of  the  mineral  under  the  microscope,  the  blue  colouring  matter  ia 
MB  to  be  distributed  amidst  a  white  ground.  The  composition  of  artificial  ultr»- 
■nrine  renders  it  probable  that  the  colouring  matter  of  the  natural  mineral  in  either 
A  polvsnlphide  of  sodium,  or  a  compound  of  the  protosulphide  with  a  pt>lythionate 
of  sodiiim. 

Lapis  lazuli  is  usually  found  in  granite  or  in  crystalline  lime-stones.  It  is  brought 
chiefly  from  China,  >^ib€ria,  and  Buoliariu  :  the  specimens  often  contain  scales  of  mica 
■od  pyrites.   On  the  bank.x  of  the  Iiulu.<4,  it  occurs  disseminated  in  a  gnjilh  W—^nw^ 

The  richly  (\>lour«'d  varieties  are  liiphly  e.steemed  for  making  costly  vnafn  and  orna- 
mental furniture  ;  it  is  also  emoloyed  in  the  manufacture  of  mosaics,  and  when  pow- 
dind  flontitntM  tHe  ncli  and  annUe  pigmait  called  altramftriae  (^.tn) 

iteatite. 

Xi^ItCH.     S.  .•T,m::x. 

IiAai>T;REX>l»iTB.  A  borate  of  ammooiaiu  occurring  at  the  lagoons  of  Tuscany, 
as  a  white  efflorescence  composed  of  microMi^ie  OjvtalB.  It  contains,  according  to 
Bechi  (Sill.  Am.  J.  [2]  xvii.  130),  08  55  per  cent,  boric  anhydride,  11-73  oxide  of 
amnioiiiiini.  and  18'32  water,  agreeing  nearly  with  the  formula  (NIl*)-Q.-iJi'^Q*. 411^0. 
It  i»  solul  le  in  wtitKt  and  tb»  hot  oolalioii  yields  ■nothcr  m]|»  eompoMd  of  OSR^yO, 
«BK>».yll=0. 


A  rariety  at talo        ;  alao  syn.  with  AoMJfATOLrrB. 

BA  or  PittM  Larix.  The  Larcli  tree.  The  young  branches  of 
fbis  tree  exude  a  kind  of  manna,  from  which  Berthelot  has  obtained  a  fermentable 
sugar  called  m  e  Usitoto  (§m)  TIm  \mA  eoateiiio  •  peaaliev  add,  to  be  deaeribed  in 

the  next  article. 


&A&IXZMSO  AOXD.  C"H'*0*.  (Stenhottsfl^  PhiL  Tnna^  1863,  p.  68;  FZoc. 
Boj.  Boo.  xi  405.)— A  volatile  aTOtelBiable  acid  eonleined  in  the  besit  of  the  faupdi- 

tree,  most  abundantly  in  that  of  lli.  smallt  r  branches  of  trees  from  20  to  30  yars 
okL  It  is  obtoined  by  exhaastiug  the  bark  with  water  at  80°,  evaporating  the  extract 
to  0  ayrup  and  dutilling  in  Teewle  of  gkss,  porcelain,  or  rilver.  The  add  which  yuwei 
over  cryHtalli-es,  partly  on  the  inner  surface  of  the  receirw,  but  the  greater  part  is  ol^ 
taiaed  ia  the  oyetalline  form  on  evaporatinjp;  the  diHtillate,  The  biown-jelknr  eryitale 
time  oMtbed  sn  pnrifled  by  recrystallnetiOB  and  rablimation. 

.Sublimed  larixinic  acid  form.H  cr}'8tal8  resembling  those  of  benzoic  acid,  often 
•n  inch  longi  end  hoTing  a  brilliant  ailveiy  Inatre ;  they  are  monoclinio  and  oaoalbr 
oeenr  ia  twine,  fffie  OTSlab  depoeited  ftom  water  are  also  monoclinie.  The  add 
sublimes  at  93^,  melts  at  153°,  often  TOlatilises  with  vapour  of  water,  has  a  slightly 
bitter  aetrinffent  taste,  and  smells  like  camphor  or  naphthalene.  The  ogretals  catch  fire 
readily,  and  tram  with  a  bright  flame,  leaving  no  reeidne.  The  add  reddene  Ktmw 
slightly,  dissolves  in  87*9  pts.  water  at  GO^,  more  easily  in  boiling  water  and  in  alcohol, 
•paringly  in  $ther.  Nitrio  acid  converts  it  into  oxalic  acid.  When  treated  with 
ll^roekurrie  acid  and  ehlorate  of  potassium  it  does  not  yield  chloranil. 

The  aqueous  solution  of  larixinic  acid  is  precipitated  by  baryta-watfr,  forming  an 
easily  decomposible  predpitate  which  contains  34  9  per  cent,  baryta.  The  add  ia  not 
precipitated  oy  lime-water  or  sugar4ime,  or  by  had-,  or  tUvev'saUt;  neither  does  it 
zednce  the  metal  firom  the  latter  on  boiling.  Ffm'c  salts  pcodoflfl^  emiia  dilato  lobl- 
tion  of  larixinic  acid,  a  characteristic  purpe-red  ooloor. 

larixinaie  of  potassium  forms  flat  red-brown  crystals  whidk  become  darker  on  re- 
smtaUiaation,  and  are  decomposed,  even  by  carbonic  acid. 

Xarixinic  acid  is  not  lm\A  m  the  bark  of  Abm  sgoMor,  or  Fimu  iglttsirii. 

XASZOWZTB.    Syn.  with  Wavellitb. 

XiASmtZTB.    Blue  carbonate  of  copper  (i.  783). 

JULBYiaO  ACZ]>.  C'H«0».  An  aci<l  whose  phenyl-ether,  C'»H»0»-C;H»(C«H»^0», 
is  prodoosdy  together  with  hydrochloric  acid,  1  y  the  aetioii  of  oo^ehkride  of  phos- 
phonis  in  excess  on  salicylate  of  >««xlium.  \Vhen  the  temperature  rises  high,  a  viscid 
uqnid  peases  over,  which,  on  standing,  deposits  tabular  crystab  of  the  phunyl-ether, 
Issring  a  mot  her- liqaor  which  smelhi  ofhiydMto  of  phenjL  (KolbeaadLftute* 
laann,  Ann.  Ch.  Pharm.  cxv.  lf>7.) 

XklLTBRZTB  (from  latt  r,  a  I  rick)  is  a  name  applied  by  Indian  geologists  to  a 
formation  common  in  Ceylon  and  India,  and  consisting  of  reddish  clay,  more  or  less 
hardened,  and  endosing  nodules  of  quartz :  tlie  Cingalt  ^  (  ,11  it  cabook.  True  hitoritc 
is  •  hud,  denies  almost  jaitpcT'like^  veddiab  or  brick-rud  rock,  oonaiatiqg  of  hardened 
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cIhj  enclosing  qnartz-crystab.  A  second  Tarictj,  which  is  most  oommon  in  CotIoo,  is 
0oft(<r,  may  be  eot  with  tho  kttifi,  Imt  hndtiu  on  on^^  AthifdUadh 
sedimentary  or  b^e<'^■ia-^ik<•,  coii.sisf  In^'  of  qiiartz-iuxfalfs  looijtly  embciMt'tl  hi  olay,  and 
has  been  produced  by  disintegmtion  of  tmo  iatchte,  which  iwpean  to  be  itaelf  a  product 
ut  tlw dMonpoatHm  of  gnaitoor  «oalunai«  ImUMdA.  (Jahveibcr.  IMS, 
p.  892.) 

A  jiiicv  -wlnoli  (Mri  iilnri^';  throupli  plants  hy  menns  of  a  sot  of  vessels 
called  the  Itttioif*  ruu.s  tissual  or  ciueuchyum,  and  coagulatt'^^  iud)  a  gelatiiiuua  fcubstanoe 
called  cambium,  whieh  pvee6<ks  til«  formation  of  celk.  The  descending  juice  It; 
according  to  Fr 6 my,  a  mixture  of  •'**v'Trtl  Mqnid?,  ^mo  ni'  wliieh  contain  vegetable 
secretions,  while  others  serve  fur  tlit-  dt  vi  Lopmeut  of  vegetAble  organs.  la 
those  parts  of  the  vi>gotablo  organism  which  an?  in  process  of  development^  then 
exists  a  kind  of  juice  called  by  FrAmv,  th-  alhuuiiuiferom  hfis,  wliii'h  elosoly  re- 
sembles the  young  organs  in  chemical  compobitiou,  nud  furmtt  the  maU'riul  fur  the 
inodootion  of  the  cambium.  Under  farouimbila  eircumstAnoet,  this  jnict  may  1m 
obtained  tolerably  pure  by  making  a  slight  incision  into  the  growinp  tisiues  just  below 
tlie  epidermis.  This  juice— which  is  obtained  with  essentially  the  ^unw  properties  finom 
the  leaf-stalks  of  Colocasia  odora,  and  the  banana  tree,  the  stems  of  Sttphanotis  and 
Tanghinia,  the  roots  of  the  arum,  and  the  parenchyma  of  the  gourd — coagulates  com- 
pletely when  heated,  or  on  addition  of  a  trace  of  nitric  or  tannic  acid.  It  usually 
cnhibits  the  alkalinity  of  scrum  or  of  egg-albumin ;  leaves,  when  dried  np,  a  residue 
consisting  almost  wholly  of  albumin  (in  fact  it  is  as  rich  in  albumin  as  bluod-serum  or 
milk),  and  yields  a^  con»sting  mainly  of  alkaline  chlorides  and  carbonate  (Fr6my, 
OcMDpt  mid.  li  M7>) 

IaATU  V  JtUtt  AirOVSTlFOUUS*  In  the  .sc  rd  of  this  plant,  Beinseh  found  an 
uncrystallisable  bitter  subetauc^  vegeUhie  fibre,  starch,  kgnmii^  vegetable  «>lKttmin^ 
gum,  salti^aflxidoil,  araiiiouBMdairaj^Mbitaiieek 

LnmmiUt  Lomomtt,  I^0l<m«cing  zeolite. — A  fajdxaied  silicate 

of  caloitim  and  aluminium,  occurring  in  monoclinic  crysUus,  in  w  Tiielithe  principal  axis, 
orthodiagonal  and  clinodiagonal  are  to  one  another  as  0*5 IG  :  1  :  0*8727,  and  the 
inelined  axes  make  an  angle  of  eS**  40'.  Angle  odP  :  <rV  =  86°  16';  oP .  ^Po)  " 
161°  9'.  Observed  planes  oP  .  oeP  .  (  odPoo  ) .  +P  .  -P  .  -2Poe>.  Cleavage  per- 
fect pamllel  to  ooPao ,  also  to  »P.  The  mineral  occurs  also  in  columnar,  radiating,  or 
divergent  forms.  Hardness  =  3-6  to  4.  Specific  gravity  ~  2  29  to  2-36.  Lustre 
vitr  iia«!,  inclining  to  pearly  on  the  deavage-iaces.  Colour  white,  passing  into  yellow 
or  gri  y,  sometimes  red.  Streak  nncolonred.  Transparent  or  translucent ;  becomes 
bptique,  and  usually  pulverulent  on  exposuro.  Fr.ioture  scarcely  observable,  uneven, 
hot  very  brittle,  jBefora  the  Uowpipe  it  intumesces  uid  melts  to  a  frothy  mass; 
forms  a  transparent  bead  with  borax.  It  gelat&iisei  with  nitric  or  hydrochloric  acid, 
but  is  not  aff  f'ti  tl  liy  Hnl|i!inrio  uei'l. 

^ffo/vses:  a.  From  i'bii^but^,  State  of  Maine  (Dufrinoj,  Aim.  M:n.  [3]  viii. 
WS.— *.  Yvm  Coniroayeur,  Savoy  (Duf^Snoy,  if>id.).—9.  Tirom  Skye  (Conn el, 
Edinb  J.  of  lH2ii.  y.  •.'.•j2).— rf.  From  Hti.  lnr,.et,  Brctagne  (Malaguti  and 
Pttrooher,  Ann.  iiin.  Uj  ix.  ^Z6),—  e.  Red  variotj  Itom  Upsala  (Berlin,  Pogg. 
Ann.  bxfiu.  415).-/.  ftoin  Port  Oeoiige,  Nom  Sootln  (How,  SOL  Am.  J.  [2]  xxvi. 
30> 

HO*  M*0^  F««0*  CiM)  H»0 

e.   01-98         Sl-18         .  .         ll-Tl         Iff-Oft    -  99*86 

b.    60  38  21-43  .    .  11  14  16  16    -      99  10 

«.   62-04         2114         .   .         10*62         14*82    —  98*72 

d.  63*47         23  86         .   .  9-41         U'66    «.  100 

e.  61-61  19-06  12  53  1402  «  100*18 
/.    6043          21*84          .    .          12  07          16-26    »  100*40 

These  analyses  lead  to  the  formuk  C»»0.Al'O».4fit0*-»-4H»0(«?quiring  61*63  SiO», 
21-61  Al^O",  1 1*78  Ca*0, 16-08  H«0),  arOa(Al*)'rBiK)«.3H»0,  which  is  reducible  to  that 
of  a  hydmtod  metasllu  ii  .  R"r^iO\H»0 

Jjanmontite  oocors  in  t  he  cavities  of  amygdaloid,  also  in  poiphyry  and  syenite,  and 
oaemskmslfy  with  calcsivir,  in  rtitm  tiwrsrsing  clay-slate.  Its  prindiml  localities  arc 
in  the  Faroe  Islands,  at  Dinko  in  CJr- 1  nl;ind,  at  Eule  in  Rohemin,  in  clay-slate  on  the 
8t  Gothani  und  in  large  niassas  in  the  Fassa  valley :  atHartfleld  Moss  in  BflDfrennshire^ 
■oeompanyin^  analeime ;  in  the  amygilaloSd  todu  of  the mpatrick Hilts  nnrr  Oln^^ow ; 
and  in  Ft-verul  trip-ro<-kK  of  the  Hebrides  and  the  north  of  I^'land.  Fine  npecimens 
are  found  at  Poor's  Pointy  Nora  Scotia :  it  is  also  abundant  in  many  plaoes  in  the 
eoppei^Tnns  of  Luke  Superior,  and  in  iereisl  other  kenHties  of  North  '  —  - 
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Lmnnontite  ia  remarkaM"  for  the  facility  with  which  it  givi.s  up  its  eom!>Inod 
water,  in  consequence  of  whicli  it  in  oHen  fouuil  opaque  and  Iriabie.  This  change 
MAV  b*  fMnnted  in  cabinet  specimens  by  dipping  tbeini  in  a  thin  ■dfaituni  cf  gun- 
ar?iDi(*.  Afwntitnp  to  Malrifjuti  and  Dun^rfu  r,  it  lost  s  2'2fi  pm*  ccr.f.  "Wrttfr  when  kept 
Ibr  a  month  in  a  vacuum,  md  in  the  exsiccator  over  sulphuric  add.  In  daiap 
•ar  it  does  not  efloNiee ;  and  the  effloreMed  nfaMMi,  when  o^MMiad  to  ondi  an  atmo- 
sphere, rcporcrs  tho  wntrr  wliich  it  has  lost. 

iSometimue  the  alferatiou  of  laumontite  by  natural  processes  goes  a  step  fixrther, 
and  carbonate  of  ealdum  is  formed.  A  laumontite  from  ObendMd,  Mar  l)UkNBiMn& 
tiras  altated,  oontaina  (driad  at  lOO^X  aiOMidii«  to  Wildoaatein  (Jalnaaber.  1860^ 

■OS  AW         fMKI»  CM>  B>0  C0> 

39-12         n*4»  «^         18*4S    -  100 

or,  deduct  tng  carbonate  of  Cildlun : 

66-33  19-34  3*73  11*64  8-96  .    .     »  100 

It  boa  therefore  been  converted  into  a  mixture  of  laumontito  containinp;  on!y  half 
ct  the  original  quantity  of  water,  with  carbonate  of  calcium  aiid  u  smaU  tiuuutity  of 
firce  silica. 

Laumontite  likewise  occnrs  more  or  nltorcd  to  ortTioi'la*.-  (C.  Bischof)  Bam- 
meUhtrg^a  Miruralchwtie,  p.  6iil ;  Lewinstt  iu,  Md.  p.  ^dl ;  JakrcisWr.  1860, 
p.  771). 

Caporeianite  (5.  741)  is  porhaps  an  uUcred  lamuontito — f^chnr^^l-  r:*--^  n  zi  .ilitc  from 
the  gabbro  of  Tui»Cdny,  and  rvuit^iiuiug,  according  to  Bcchi  (^Siji.  Am.  J.  [21  xiv. 
04),  4779  pa  eent  nmr,  10  98  alumina>  16-76  lime,  1104  magnesia,  1-62  alkali,  and 
8-41  water,  is,  srcording  to  Urcitlumpt,  a  d."-oni!M~)st'd  l;iuni<uitit«».  Berlin  reganU 
ede^forsite  (ii.  361),  and  bimilar  miuerab  Ixuci  i  auiuii  aud  Martenbeig  in  Sweden,  as 
deoompoaed  lamnootitea. 

IiAIT&E&ZO  ACny.  An  ncid  obtained,  according  to  Grofouvdi  (JabMabar* 
1861,  p.  662)^  from  the  berries  of  Laurus  nobiUs  (p,,  477). 

(Marsson,  Ann.  CTi.  rinirni.  xli.  -  Sthamer,  ihid.  Hii.  39?},— Gorgey.  HIJ.  Ixvi. 
803.— Heintz,  Pogg.  Ann.  xciL  429  and  683;  J.pr.  Chem.  Ixvi  L>-A  0.  Oude- 
nana,  Jan.,  J.  prrCheot.  fatzzi.  8M.— €hn.  xr.  48.)— >Tlila  aald,  belonging  to  tbo 
Ki-rios  On^O',  occurs  in  tlie  f;it  of  the  bay-tree,  Laurns  iU'}nli.t  (Marsson) ;  In  tin-  fat 
of  pichurim-beans  (Sthamer);  alio  in  the  volatile  oil  of  these  beans  (A  Miillcr, 
J.  |ir.  CSum.  IviiL  469) ;  in  small  quantity,  togstiMr  with  manj  otiier  a«ida,  in  aperma- 
Citi  (IT.  intz);  in  croton-oil  (Schlippe,  Ann.  Ch.  Pharm,  cv.  Ml;  in  the  fruit  of 
Cj/Uiooda^nt  aiJ^fera  (Qorkom,  I^dsdinlt  af  >'ecrL  Indie,  ixxxL  410^;  in  tho 
oo-odM  l>i]n  bvrad,  1b«  frvit  of  Mmg^flBfti  pabommtU,  tt^etber  wMk  mytiatb  aeid, 
liut  nnacconipiinifd  by  any  other  ucidn  (0  udo  m  an  si ;  in  tli  i/'  or  axin  of  the 
Mexicans,  a  salve-like  fat  obtained  from  Coccu*  Ana  (iloppe,  J.  pr.  Chem.  Ixxx.  1 02) ; 
and  in  eoeoa-irat  oil  (09rgey  and  Ondonaaf).   It  nay  be  maiod  aitifieially  by 

h' iitiiii^  ot}iaI  fct'tylic  ah-ohob)  with  pofa-sh-lirao  to  275'' — 280^  (Heintz,  Scharliug). 
According  to  Ueintz,  ii  ia  jpcodooed  onlj  from  mixed  (crude)  eUial,  iaaamttch  aa  thia 
anbatanoe  oontaina  kthal: 

0NB!"O  4-  XHO   ->   CWH"JtO*  4-  SIB*. 

Bvt,  according  to  fldmriing,  it  is  obtainni  from  the  otibal  itself;  C^HW,  wldeh,  accord- 
ing to  hitn,  is  dpcomposod  by  hfatinc  vrith  ]x>tash-Hme,  in  sm^h  a  manner  aa  to  yield 
ateArie,  palmitic,  myristic,  lauric,  and  butyric  acids.  (Sc  bar  ling,  Ann.  Ch.  Phann. 
Wfi  886;  Hainta,  Ann.  Ch.  Fhaon.  mi.  871.) 

Brtparation. — 1.  From  Bay-fat.  Lanrostearin  from  commercial  oil  of  bay  (p.  476) 
is  saponified  with  potash-ley ;  the  soap  is  separated  by  common  salt,  and  its  hot  aqueoua 
solution  is  deoompofled  with  tartaric  acid.  The  lauric  acid  then  rises  to  tlia  mtrfiMia  in 
tbe  loorm  of  an  oil  which  solidities  on  eoo]iii<r,  aad  ia  frasd  from  adhering  tvtarie  aioid 
by  repeated  fusion  with  water.  (Marsson.) 

2.  From  Pkhurim  beans, — LauroKtearin  from  Faha  pichurim  m(\j.  is  saponified 
with  pot^h-ley  till  a  clear  fioap-jellj  h  formed ;  common  salt  is  added,  and  tho  white^ 
brittle  soda-soap  thn^  pniduced  is  dissolved  in  boiling  water,  and  supersaturated  at 
the  boiling  heat  with  hydrochloric  acid ;  lauric  ucid  then  rises  to  the  surface  as  a 
colourless  oil,  which  on  ff>p*fT>g  ii^difies  to  a  white  crystalline  mass.  It  is  freed  from 
liyilroobl'.ric  a  id  by  rcpeutfv!  wr^uhing  with  water,  aaid  piarifiad  by  Mfieated  cqrstalU- 
aatiou  from  weuk  alcuhoL  (Sthamer.) 

8,  JV«a»  OocQtHvU  otf.— Tho  oil  ia  sapoBiflftKl  with  weak  potashoby;  the  aoap 
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deetanpoeed  dilate  sulphuric  aciJ,  and  ilw  muture  distilled  as  long  as  fatty  acids 
pMi  ofm,  the  water  being  repeatedlj  poured  bade  Tha  dirtfllata  nentmUaad  iHtli 

jX)tiu>h,  Hullilifit'H  uo  i  vaponition  to  a  ^♦■latinou.s  soap,  which  i»  Bcparjitod  \<\  fomtnou 
•alt,  repeatedl^f  dissolved  in  potaali  and  again  separated  vith  ealtj  to  Siee  it  £rom  the 
ftttr  anil  whieh  eaa  be  thtaa  mnofadl,  aad  agaio  deootupoeed  with  dilnte  adl^Anm 

ocio.  It  is  f lion  nt'Ulralii'i'd  with  animunla;  thr  solution  pr>eipitatcil  clilorulc  of 
bariam ;  the  Ikioid  stxaiaed  oSi  and  th«-  barium'Salts  which  remain  repeatedly  l«iii<xd 
with  water.  Tob  Teadt&if  iolaliims,  as  tlx  v  ma  ftom  the  flumel»  hnmediatelf  depoeit 
loose  flocks  of  launitc  of  Lariuin,  anil  the  li(jui(i,  as  it  cools  down,  becomea  turbid  and 
depoaite  puirerulent  caprate  of  banom.    (tioraeir ;  see  also  6.) 

4.  FV&m  SpcrmiertC — The  aaponiHiianoii  or  tois  aabetance  j^ma,  besidM  ettal, 
considrniblf  quantitioa  of  Kt<'arif,  palmitic,  and  niyrl.Htic  anil.s,  ami  smaller  quantities 
of  laurio  acid. — The  solution  of  10  Iba.  of  purified  spermaceti  in  30  lb«L  alcohol  is 
boiled  for  aome  time  with  4|  lbs.  eavstie  potash  pieyionsly  disaolTed  in  alcohol ;  the 
solution  precipitated  with  aqu- ous  cliloriac  of  bariurn,  and  strained  while  hot;  the 
•till  wann  xeaidae  pressed  m  stroogiy  as  poasiblB  in  a  wanned  press,  then  weU. 
BKMtened  widi  alodiol  and  again  pressed ;  the  aloohel  diatiHed  offfmn  the  solution*: 
the  residue  froed  from  the  vrhulv  of  the  soluble  matter  by  repeated  treatment  with  elli-  r  ; 
and  the  portion  insoluble  in  ether  added  to  the  barium-salts  preriottsly  obtained.  In 
thisnuumer  ue  obtained,  on  tiie  one  hnd, erode ethal ;  onthe  othttv  tM  barimn-sate 
of  the  fiitty  acids  of  spermacetL 

The  b^iun-salts  suspended  in  water  are  boiled  with  very  dilute  h^drochlode 
add,  till  the  supernatant  oily  layer  appears  perfectly  clear ;  the  Iktty  adds  thm 
obtained  are  dissolved  in  alcohol;  the  solution  i.s  left  to  cool;  and  the  crystalsi  wliich 
separate  are  pressed,  first  alone,  then  several  times  after  being  moistened  with 
alcohol;  whereby  a  mixture  of  palmitio  and  stearic  adds  is  separated,  while  a 
portion  of  theee  two  add%  and  tfie  whole  of  the  njn$AM  and  lanrio  addi^  tnatiat,  in 
solution. 

The  whole  of  the  mixed  tdooholic  solutions  are  heated;  a  concentrated  aqueotis 
solution  of  acetate  of  magnesium  is  added,  so  as  to  precipitate  about  ^  of  the  quantity 
of  fatty  acids  present ;  the  precipitate  wilich  forms  on  cooling  is  separated  by  filtra- 
tion ;  acetate  of  magnesium  added  to  the  filtrate  in  about  the  same  quantity  as  before, 
and  Uie  same  treatment  repeated  (the  liberated  acetic  acid  being  ncutraliaed  towards 
the  end  with  ammonia),  till  acetate  of  magnesium  no  longer  forms  any  precipi- 
tate even  in  presence  of  excess  of  ammonia.  In  this  manner  a  number  of  ma^e- 
■ram-eaita  (19)  are  obtained,  from  whieh  stearic,  palmitic,  and  myristic  acids 
mny  be  stpswted  bj  pnoflcssus  to  be  hmmibu  desoeibed  in  ooaneetioii  with  these 
acids. 

The  slflflhifUl^  aobition,  from  whieh  everything  predpitable  by  Msetate  of  magnesium 
in  presence  of  exeesi  of  ammonia  has  been  thus  removed,  still  retains  knric  acid, 
together  with  myristic  and  oleic  adds.  It  is  precipitated  with  acetate  of  lead ;  the 
precipitate  is  washed  with  dilute  iloohid,  dried,  and  freed  from  a  small  quantity  cf  oleats 
of  lend,  by  treatment  with  ether;  and  the  undisw<lwd  portion  ih  decoTnTv»'..--d  by 
proloni^  and  repeated  boiling  witli  very  dilute  liyJiwhlonc  acid,  wherein  a  mixture 
of  acids  melting  at  39*7"  is  separated.  By  repeatedly  crystallising  this  nuxture  from 
alcohol,  as  long  as  the  sepamted  acid  exhibits  a  wise  of  melting  point,  lauric  acid  is 
ultimately  obtained,  melting  at  43  b  ,  and  not  capable  of  furtiier  decomposition  by 
partial  preci{ntBtlon  with  aoetato  of  bariam,  whUe  mjnistie  aoid  semslns  hi  solvtion. 
(Heintz.) 

6.  From  spt^rmaceti  or  other  fats  ooutaimng  hiuric  acid,  provided  they  are  free 
from  oleic  acid,  or  this  add  has  been  removed  by  the  process  to  be  described  below.— 
Tbe  fat  is  saponified  with  alcoholic  potash  ;  tlu-  fiittj  acids  are  nfpnnited  fipom  the 
ethal  or  the  prlyoerin,  as  above  described,  and  dissolved  in  10  ptB.  of  hot  ;il<»hol;  the 
solution  is  left  to  ct>ol  slowly  in  a  eeDar;  and  the  fatty  acids  which  ctystallise  oot  are 
separated  by  filtration  and  pressure.  The  motherdiquor  is  diluted  ■with  an  pqnal 
qtiantity  of  Ixjiling  alcohol  and  supersaturated  with  utumouia ;  acetate  of  magnesium 
is  added  iu  exce.ss  to  remove  a  certain  portion  of  the  fatty  acids ;  the  alcohol  distilled 
off  from  thofihrate;  the  remaining  salts  decompiosed  by  boilinp:  with  dilute  hydno- 
ehloric  acid;  the  beparuted  acids  re-<lisi-olved  in  a  quantity  of  hut  alcoliol  Mitlii-ient  to 
retain  them  in  solution  after  cooling;  and  a  concentrated  solution  of  acetata  of 
barium  equal  to  alxjut  -j^  of  the  weight  of  the  fatty  acid.s,  is  rej.entf  dly  add*  d,  a.'^  luii? 
as  a  precipitate  in  thereby  formed  on  cooling.  The  precipitHten  liu»t  obtained,  which 
contain  chiefly  lauric  acid,  are  separately  decomposea  by  boiling  dilute  hydroehlorie 
acid,  and  each  portion  of  aoid  thereby  lil).  rated,  whose  melting  point  lii  .s  iil^jve  43  0. 
is  separately  aiul  repeatedly  ciystaliised  from  dilute  alcoh^  tiU  its  melting  point  has 
riMito4S-6.  ^einta.) 
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If  the  fat  contains  oIpi'l'  ac\r\,  it  is  sapfjtiifit'J,  tho  fatty  noil  is  separated  and  niix.'il 
with  ft  muU  quAiititjr  of  bot  aloohol,  and  tbe  solid  portioM  are  ranoTod  by  ■nbmiUing 
1jb»wAml  mam  to  puiwiuo.  lie  iBofegf^liq[w>r(tog*itli€f  with  thodeo^  ibr  woh- 
ilf  the  separated  acida)  is  precij  it;it.  d  with  ammonia  an.l  ii-  utral  acetate  of  h-ail  ;  the 
wiibuA  ud  dried  lead-salta  are  compiioteij  freed  from  oleata  of  lead  by  meaoa  of 
•Umt;  tm^KMolred  portkm li  deaompeeed  hf  boiling  hydrodUoiio  mm;  and  tfie 
Mpttated  fatty  acids  are  treated  aa  above  (Heintz).  In  tiiii^  manner,  pure  laun'c  acid 
k  mtUj  obtained  ttoax.  eoooarnvt  oil  (which,  aficording  to  Oudemana,  does  not  contain 
olaie  Mid),  ft  tiw  Midt  dinolv«d  ia  iledMl  be  precipit»t«d  in  small  portions  with 
Metate  of  barium,  the  first  portions  contain  palmitic  and  myristic  acids ;  and  from  tho 
remaining  liquid,  lanric  acid  may  be  obtained  by  repeated  'fractional  proeipitalion,  or 
by  crystalHiwIaon  in  the  cold.  (Oademans.) 

Projj^eriiet. — Laurie  acid  solidLifies  after  f^ion  to  a  scaly  crystalline  mass,  exhibiting 
a  lasBinated  texture  on  the  fractured  surface ;  from  alcohol,  in  white,  silky  needles, 
vnited  in  tufts,  or  in  prickly  gkndnlar  scales.  It  melts  to  a  colourless  ou  at  43*6^ 
(Heintz),  420-43°  (Marsson,  Gorgey),  480  (SthamerX  45°  (MuUer),  48-8<» 
(Scblippe),  43-6  (Oudemans).  The  aloobolie  solution  has  a  slight  acid  reactMn. 
Spedfle  gravity  0-888  at  20<>  (G o rgey).  When  boiled  with  water  it  volatilises  witt 
tte  vapour.    (Oorgey,  Oudemans.) 

It  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  in  ethfr. 
By  tbe  distillation  of  ita  calcium-salt^  lauxio  acid  is  resolved  into  laurostearone  and 

2C"H»«0«    =    C»«H"0  +  C0»  +  WO. 
  Lanzic  add  is  monobasic^  the  genecal  liMmsla  of  its  salto  bdag 

The  barium-salt,  C"H"BaO,  il  wepared  as  above  described  (p.  474),  and  cirstallises 
on  cooling  from  a  boiling  satnratea  aqueous  solution  in  snow-white  flakes.  The  satu- 
lated  aleoholic  solution  becomes  filled,  on  coolins,  with  delicate  crystalline  spangles, 
which,  after  drying  at  100°,  resemble  capzate  of  Mrium  (Gorgey).  It  is  wetted  by 
alcohol  and  ether,  but  not  by  water  (Oorgey).  Dissolves  in  10,864  pts.  of  water  at 
17*5**,  in  1,982  pts.  boiling  toater,  in  1,468  pts.  cold  and  211  pts.  hot  alcohol  (Gorgey). 
Daeomposea  befcre  melting.  (Heintz.) 

The  cakium-salt  is  n  white  predpitats^  obtaansd  faj  — ^*^«^  the  nolutioM  of  laorato 
of  sodium  and  chloride  of  caldum. 

The  lead»mU,  C'lI^FbO*  tena  a  snow-white,  loose,  amorphous  powder  (Heintz) ; 
laminse,  haTiiut  a  beautiful  nacreous  lustre  (Mil Her).  It  melts  between  110°  and 
120°,  and  solmifies  to  a  dull,  amorphuus  muiks  (Heintz);  melts  below  100°  to  a 
aolourlees  liquid,  which  solidifies  in  ue  crystalline  form  on  cooling  (M tiller).  It  is 
iDBolttble  in  water  ;  inpolu>>!o  in  cold.  Pparingly  soluble  in  boiling  alcohol.  (Miill<>r.) 

The  eoppersalt,  C'''II-*CuO'',  it)  obtained  by  pn^ipitating  tho  hot  alcoholic  solutiou 
of  the  aqueous  sodium-salt  witli  aqueous  sulphate  of  copper. 

The  silvrr-sdJf^  C'H^'AgO',  obtained  by  precipitating  the  solution  of  the  sodium- 
salt  in  Weak  alcohol  with  nitrate  of  silver,  is  a  white  powder,  consistiug  of  slender 
microscopic  needles  (Heintz).  It diaidbM  aasily  in  aanuiiiA,  and  eiyatalllasa  tnm 
the  hot  concentrated  solution  in  rery  small  needles  (Mnrfson).  It  is  scarcely  or  not 
at  all  altered  by  light.,  but  decomposes  Ixfore  fusion  when  heated.  (Heintz.) 

Tha  todimn  tali,  C'^H^aO^  prepared  bj  asadj  MfcOiatillg  a  boiling  solution  of 
pure  carbonate  of  podium  with  lauric  acid,  eTaporatiaff<yfWthe  water-bath,  dissoh-ing 
the  remaining  soap  in  alcohol,  and  evaporating  the  wtrata  to  dryness,  forms  a  white 
powdMy  whose  aleoholic  solution  solidifiee  on  cooling  to  a  white  opaq[ia  jflQy.  The 
aeneous  solution  becomes  turbid  when  largely  diluted  with  water. 

BTBSBS.  Laurate  of  Ethyl,  Ci'H"0'.pH*  is  prepared  by  passing 
bydiocideiia  add  gas  into  an  alcohoue  solution  of  laurie  add,  adding  water,  which 
sfparates  the  ether,  washing  first  with  alkaline,  then  with  pure  water,  and  drj'ing  over 
chhwide  of  caldum.  It  is  a  ct^lourless  oil,  having  a  fruity  odour  and  siddy  taste. 
Spedfle  grarity  0*86  at  SO"  (Gorgey).  Ciystallissa  at  lO'*.  BoOa  at  M9<>,  when  tba 
barometer  standi  at  W  mm.  (DeUfa);  at  SM«;  villi  paitial  deeonpoaitlflB. 
(Gorgey.) 

Vaponr-denn^  by  experiment  8*4 ;  by  calculation  (2  toL)  —  7*9. 

Laurai4  of  OlycerylffgtLaurctUarin,  0-il«H)*  [or  rather,  perhi^  CPH^O* 

-*Q^^,^2i^^|0'].— ZUafttty  bodyiaftMBdiBtbabeBiMof  ^iwaetbaj^ 


(Immu  wsWfs)  (Maraaon);  deDineoeoa>BntoiI(G6rgey),andugipidnirinbeaiia. 

(Sthamer.) 

iVigMra/«m. — 1.  From  the  berries  (\f  the  Bay'trec^Theita  Uerri(»  art«  treated  with 
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botliog  alcobol;  the  solution  is  filtered  hot;  Lho  (lystab  of  impare  lauro&tt-'anu  which 
Mpante  on  aoolillg  are  melted  over  the  irate»>]Mith  ;  the  liuuid  thiu  obtained  is  filU>ivd 
to  «rp:ir;it''  rt  rf*«inons  sal  sf .iooo  vliic!]  ar^^ompaTii.-s it;  and  the  n'tnainin^'  iLiur.i'-tfnrin 
is  jpimti(t>d  b)'  r(  p-Mtisl  cryst^illi&ation  irom  nlcuhoi.  It  is  thuB  obtainiHi  pertectJj  pure, 

%  From  Cc  i<U  Oil  of  Bay^Tbt  oil  is  OTpoiwl  to  ioiMliuie  on  pwoehiin  plalM 
flOTered  with  ^ilash  sliad.-s,  \vln'iTnpoO  tiM  green  colrjiir  poon  di'^MppfHrs,  trnd  Vrnwn 
liard  lumps  of  laurosteuri ii  >s<  p:irate  from  the  mass  oi'  fat  melted  by  the  sun's  heat; 
thOBC  Mpantod  by  filtmtion,  diswtved  in  olcoiiol.  and  obtdiMd  or  a  pwo  white  hf 
wraporrtfiVn  or  hy  pri'<Mpif aticti  ult]i  wrttrr.  (Bolley.) 

8,  FrwH  I\ckurLii  Ltait-a  {fahm  ^khunnk  iuajur.).—  The  beans  are  exhausted  with  cold 
alcohol  (which  extracts  volatile  oU,  pichurim-camphor,  resin,  a  bnttMy  fat,  and  » Iinnm 
Hiring  matter) ;  ami  tlio  0A.hau>-ti  d  Ik-uu'*  an-  lion<.  J  with  alcohol  of  81  p<T  mnt., 
;tinl  (iressed  betwi  cn  hot  plato.«.  Tin  •  xpres^ed  liquid,  as  it  cools,  dcpotiilis  piiie  ytUuw 
laurostearin,  only  a  small  quantity  of  ttiat  aobotaiioonnainuig  dissolved  in  the  alcuhoL 
It  is  punfiisl  1  y  \vaKhtng  with c<dd aieohci,  f ■wiiiH^  and  woyrtalliiation  ikom  etbec^ 

alcohol.  (Sthamcr.) 
Laurostoarin  forms  white  ueedles  baring  a  silky  lustre,  melting  at  alwiit  44^,  afMUV 

inply  solnl.].'  in  cold  alcohol,  moderately  sohilHt'  in  boih'np  alcohol.  Tf^ry  solnWr  in 
ether.  By  dry  distillation,  it  yields  acrolein.  Whon  tr«eated  with  aikaJis,  it  is  rt^oivid 
into  i^jeerin  and  lanric  acid. 

Lmirostrarln  pvcs  by  annlysis  731 9  to  T^-.'iH  jn-r  coni.  carboti,  and  11-4.')  11*68 
hydrogt  u,  ;4jrt.  ing  nearlv  with  the  tunuul»  C*  il'^O'  (calc.  73'97  C,  ir41  ii,  and 
14*62  0),  accv>nliii<r  to  which,  lanoitoaiiB  eoataiw  the  tleoMnteof  %  it  lamicaekL 
+  1  at  ij^ooiii-  3  at  water : 

20*«E"*0*  +  C»HH)*  ~  3 IPO    ^  C«'H»*0*. 

This,  howerer.  doea  not  agree  with  the  constitution  of  tlu-  iv  rnial  trlvo'  ricl.  s  fii.  S7S), 
Perhaps,  tht^rtjfure,  the  true  Xonauk  may  be  C"H.«0»»2(>-H-*U^  +  C^K^O^-  aH-O- 

(cnvr  ] 

XiAinUDT.  Bay-berry  Camphor. — substance  dtscoTRred  by  Bonastre  (J.  Pharm. 
X.  32)  in  the  berries  of  the  bay-tn^e,  and  further  examined  by  Marsson  (Ann.  Ch. 
Pharm.  xli.  329)  and  Delffs  (ibid.  Ixxxriii.  354).  It  in  prepared  by  boiliug  the 
skinned  and  pounded  berries  with  alcohol  of  86  to  90  pw  cent,  filtering  at  th«»  boiling 
heat,  and  leaving  the  liquid  to  itself  for  several  days.  Laurostearin  is  then  first  depo- 
sited; and  on  filtering  again  and  leaving  the  liquul  to  evaporate,  lauriu  is  depcwited  in 
crystals  contaminated  with  a  Tisoid  oil,  from  whi«5h  they  may  be  freed  by  pttiaai'p 
between  paper  and  rocrystallisation. 

Laurin  forms  crystals  belot^ng  to  the  dimetric  system,  destitute  of  taate  a»d  nril, 
iaaohible  in  water,  very  soluble  in  alcohol,  even  in  the  cold—abo  in  eth«r.  Tin  aoltt- 
tioDs  are  neutral  to  test-pci[i<  i-h.    Laurin  does  not  dissolre  in  alkalis. 

According  to  the  analysis  by  Dolfi^,  laurin  contains  76-5— 77'1  !>«  OMt^^gbon,  and 
86*93  hydrogen,  numbers  agrmng  approximately  with  tho  finviiu  C^H'K)'. 

Laurin  cam^ot  be  distin*-<l  without  decompositioa.  Iti  akoholie  muiat'SmM  {$  aot 
|«-eeipi'at«'d  by  )u>etato  of  lead  or  nitrate  of  silver. 

bv  the  diy  distillation  of  lamato  of  ealdim.  It  crystallises  from  alcohol  in  shiuing 
plafi whirh  moU  at  66".  Tr  bfconirs  electric  by  friction.  Givci  by  annly^is  81*42 
and  81  04  per  cent  C,  and  13'82 — 14*10  H,  agreeing  nearly  with  the  preceding  ibrmida 
(81  65  C,  18-61  H,  and  4  74  OV  whiefa  k  that  «f  the  aeetOM  of  lanno  add.  (Ovev- 

bi  ok,  1'  Z2  Ann.  lix,\vl.  691.) 

XJHraoSTBARIW.    S(    L.vrri  4  tv  r,r  GtYCKBYL  (p.  475). 
XOLVRXTB  CAiaPHORA,  OZZi  Or.    Sco  i.  729. 

KAVRVS  mouaaa.  Tho  Sweet  Bav-tree— The  fruit  of  this  tree  has  been 
aaal]rs<>d  I^Orosourdi  (J.  Clum.  mM.  \  3]  Vii.  257, 831,^6;  Jahnebtr.  18^1,  p. 

He  finds  that  i*i  the  fresh  berries,  flic  p<  ricaq->  (.•(uistit uto.s  nearly  a  flilnl  uf  tl:c  eiifire 
weight ;  the  kernels,  freed  from  episperm,  maku  up  more  than  half  the  weight  of  the 
seed ;  and  the  epispcm  amomrta  to  rather  mom  than       of  the  weight  of  tho  Ittdk 

eefd. 

100  pta.  of  tho  dried  bcxries  yielded  0'86  silica,  0'12  carbonate  of  calcium,  0*12  oxidea 
of  {ren  and  numgaBeee.  0*58  oarbonate  of  potasidnm,  0'07  aii]|ihato  of  potaaaiaatt,  0-lA 

chloride-  pofa^siurn:  in  alT,      1  75  per  eonf.  as!i. 

The  cunipo^ition  of  the  entire  fresh  fruit,  pericarp  and  kernel  (cohrledous),  is  given 
in  the  ftUowing  table :~ 
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Pericarp.  Kerix  1.  LIuUr>i  Seed. 

Wat«r                                                         47*417  39-539  42-216 

Hlarch  "    .    .  37-827  21  929 

Uffdn  82-8o0  7  783  -20^26 

OSotkmOB   6*976  3  377 

0^1  from  pericarp  4'724  .   .  1-560 

Steardaurin  0-210  .   .  0068 

SteatoUundn   0*180  0-008 

PectmorPeotloMid                                   2-772  .    .  0  888 

Beam  2  054  .  .  0  663 

PluMMiiiOTPIuMwiowtd      ....     8*318  8688  6'841 

I^arin   1-428  0-863 

UncijBtallisable  sugar  4301  1003  2080 

Uvmiii   0*120  0-W9 

IjiuretiV  nfM   o-fS.5(>  O-SOO  0*408 

Albumiiioua  matter  0-200  0*110  0*880 

OoloVDriiig  matter  1*618  .  .  0*488 

ToktilAOii  O-OPg        trace  trace 

100-120     100  010  100'7*29 

Laurdio  add  was  obtaiued  by  treatiofi  the  jpericarp  with  water,  prccipitatiiig  the 
peetia  with  dbiohol,  ovuporutiug  tl»»  tleoEolte  liauid,  diBWihing  tbs  naiinie  ill  tratcr» 
}  r< ripitntiug  the  tqueons aalntioii with  mttateof  Mci, aaddaconpodng the pcicipitate 
with,  salpbjfdric  acra. 

SUaroimuim  (?  idortieal  with  lunittoarb)  u  tolid  fit  which  gradoallj  ecpanit«« 
at  10^  from  the  warm-prcsaed  oil  of  thf  yx  rii-irp. — rh(r<  sii>  or  Ph>/  Ksi/-  acid  ia  g  brown 
Mobaunce  arttteted  bjr  carbonate  of  aodium  from  the  pcricaxp^  exhausted  raeoeasively 
with  w«t«r,  alaohd,  and  ethar. 

Saa  VoLOAiwo  Puofmvcin 


ZJkvnroaB.  m  •v.    Lsvander  {LavmMm  Spka,  IX)  jicUa  a  yellowiah 

T  M  oil.  having  a  strong  bnt  asrreeable  odour,  and  an  acria  aroniRti<»  t.-tste.  It 
ndJi  u.s  liimus,  and  contains,  in  variable  proportiona,  a  cirstnlline  substance  haviiijz  the 
conipofition  of  eommon  camphor  (Dnmaa).  The  liquid  portion  of  tha  oil  appears  to 
\>  ni.iirtly  compose<l  nf  two  subst:inc«>t«.  one  of  whidi  haa  tha  aoapoaitiaiB  of  oil  of 
turpentine.    (Gerhard t,  Irmie,  iv.  336.) 

Sin  atnorpfaooa  niiieral  from  AmM!>n<g  in  Sazonj,  which 

appears  to  be  an  ars<'iuiU"  of  tobalf,  mixed  with  tJic  nr.'-oiuiti  s  of  nu'kel  and  copj-  r.  It 
has  a  grrasv  lustre,  incliaing  to  vitreous.    Haidneas     2  o  to  3.   Specific  gravity 
8-014.   Cofoor  lavADd«r>fa]ae.   Streak  paler  Una.   Tmndnoantb  Fiaotnra  aoadhof- 
dal.   Melts  easily  before  the  1  lovC]        colouring  the  flame  htofl^  and  haooning 

cryct.Tllinf  on  ciV,Vm(i.    (Breith^upt,  .1.  pr.  Chem.  x.  605.) 

jtAXXmra.  AruHte.  A^ure-si'jM.  Blue  Spar.  Voravliie.  K!apr(,thin. — A 
hydrated  phonphata  of  alnininium,  magnesium,  and  iron,  occ  urring  in  monoclinic 
pvrniiiifl^,  with  tTOTientfd  Rnmmit.«*  aivl  M>veral  secondary  fac<  s.  I'lit-  incliiifd  axes  inake 
an  singie  of  88'^  15';  andthu  principal  i\.\m,  orthodiaguunl  nuA  cliuodiaf^oiial,  arc  tuoue 
another  aa  0*86904  t  1  :  1  0260.  Anul.  :c  p  :  <xP  =  1)1  .50  ;  oP  :  Pec  =  139°  45'. 
Ol.^orrtd  faces,  +2Poo,  -2Pcc,  -2P,  oP,  +  2P,  -P,  an<l  othrn*.  Twin-crj-stds 
also  occur  with  face  of  composition  acPso .  Cleavage  latc^ral,  indistinct  The  mineral 
also  oeeum  aaaarive. 

Hanlness  =  5  to  H.  Fpocific  gravity  =  3-057  (Fuchs);  3  087  to  3-121  fPnift  rl; 
8*122  (Smith  and  Bru»h).  Lustre  vitreous.  Colour  azure-blue,  commoaly  of  a  line 
deep  Una  when  Tiewed  along  one  axis,  and  a  pale  greenish-blue  al<ttig  another. 

n  !i.  af<  <1  ii)  n  \  \\\>v,  it  ^nv.-s  off  WHt<»r  and  turns  white.  Before  the  blow]  ipf',  it 
coluurs  the  flame  faint  grr«ti,  trwolls  up,  becomes  tumid,  but  does  not  melt;  gives  a 
fine  blue  eoloor  with  cobalt  solution. 

Analyses. — a.  Light  blue  from  Kricglach  in  Stvria  :  mean  of  two  analyses  TR  a  m - 
meleberg,  MimraliAtmif,  p.  340). — 6.  Light  blue  from  near  Werfon  in  Saltsbum 
(pQcha,  whw.  J.         373). — c.  DtA  Uue  from  the  Fischbach  Alp  in  Styria :  mt  an 
fwo  ;ui:i!vsc>  fPa  nirn-  lshrrpr,  l>r.  nt).—d.  Dark  blue  from dinclair  Ooin&tij,  North 
Carolina  (£5 mi th  and  Brush,  8ill.  Am.  J.  [2]  xvi  365). 

p«o»      \\*cfi      Mit«o      nao     Ca?0  H*o 

a.  44  16       33  14       12-62       1-77       1*«8       688    =  100 

b.  42  70       3(joO  2-70       .    .       6  19    »  97-68 
e.    42-58       32  89        0-27       8'11       111       6  04    m  100 

dL  48*78      81*70      10*0 1      8*17  6'99   m  08*26 
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From  these  numbers  RammeUbeitT  (^**<lu<"'e«^  t'l.-  f.^rmula.  f?^(Mp  ;FoyO.P*0*]. 
SAi^O'JE*^)*  -f  SH'O.   The  dacker  vanetiea  contain  a  lazier  profortion  of  icon  timn  Ui« 

L:izulitf  ncmrs  in  urirrow  roina  traversing  elay-slalc,  in  the  torrnif  hrds  of 
SchUidiiunA  and  Kadelgrabcn,  near  Wedtn  in  8altabuz;g^  and  the  other  localitioi 
«b»ve  ««ntuHi»d  { akn  at  Tgneo  in  Hjbm  Gtnm,  BcaiSL  Mi  b  sbwUnt  at  Onyvdei's 
Honnf,  Lincoln  Ckmntgr,  North  Carolina.    (Dana,  IL  40A.) 

Synonyms:  niri ,  Pfotab,-  Bumbim;  Seimrmm,  BpM»  ttd  Ateoda 

ireu;ht*k,  PL  ^  103-6  :  Fpb  2u7. 

This  metal  doc8  nut  often  occur  in  nature  in  the  metalUetteto;  tnttof  all  tha  in- 
stances in  whi'  h  it  is  rtvunlcJ  to  have  l>t^n  found  nativ«v  tlw  BUWt  Mliable  IM  thOM 

in  which  it  was  disoovorrd  aTa^mg  vulijanic  prod  acta. 

The  colour  of  load  is  bluish-^^n  y  :  ndlriiea  it  is  cut,  iht'  fresh  MUlihea  hM  con- 

t$ir!>*r;il>!.'  itistn- :  but  this  brilhHn<-y  disi^ppeani  ui  ft  abort  tuM^  ia  ooiiaeqiianee  of 
formation  of  a  thin  crust  of  snboiudf. 

The  kad  4tf  MvaMtee  ia  iMailj  pure,  as  dMira  1)^  tlia 
impuriti^^  nf>f>!]  present  in  very  amall  qaiHtiiPa^  aia  di'var,  OOfpacv  aBtmo^Ti  and 

aometimt^h  imti  and  mangiinese. 

Laad  is  rery  soft,  is  easily  cut  bj  a  kaifef  and  tcavf  ba  aentdied  the  naiL  It 
rcndily  rocci  v.-«  impre«s!«ion8,  and  learos  a  s1r»»ak  on  -whit.'  p;ipcr.  It  is  rery  niaI!oabh>  and 
ducLilf,  and  m  eapablet  of  being  rolled  iutu  tliin  sheot^  or  drawn  into  wire.  It  occupies  the 
sixth  rank  among  metals  as  to  malleability,  and  the  eighth  rank  aa  to  dnstiliH'.  Boiled 
lesd  is  more  duotilo  than  cn>it  lead,  in  the  proportion  of  7  to  6.  Ita  malleabih'ty  and 
ductility  are  much  atfect«.d  by  the  presence  of  impurities,  especially  bj  the  oxide  of 
lead,  which  it  dissolves  in  small  quantities  in  the  melted  state. 

It  is  %*.M-y  di  tici'Tit  in  ttMiacify;  a  wire -j^  of  an  inch  in  diamffor  dr>.\<<  not  ?-tt]>[>f>rt 
20  lbs.  In  this  reHpoet,  roUed  and  cast  leau  arc  precisely  alike ;  but  with  the  latter, 
the  fraetitre  takes  plaoe  at  oncei,  and  the  enda  are  clean  and  granular. 

Li-ad  b.  gins  to  melt  at  325°  C  and  Is  ooiiij.Ii  tt.ly  fu-^od  at  C.  (6r5.",o  T.);  at  a 

red  heat,  it  gives  oS  vapouia.   At  a  temperature  of  60°      it  loses  'OOd  of  its  wdight 
,  in  a  efaaieoat-Iinad  etotShU,  lASA  inmaea  to  *0»  aa  the  Imt  xiaaa  to  1M»  P., 
iHiereas  ga!cna  los.-s  3  71  por  cent. 

It  oyatailises  in  regular  octahedrons.  Monger  obtained  it  ia  four-sided  mnamids 
by  sW  ooolinf ;  aadlfaas  pmcngBd  it  in  itam-lika  toon,  aimllar  to  tiieaa  m  irihicli 
sal-ammoniac  crvstalli^Ofi,  hy  allowinp  a  eonsidorablr'  quantity  of  molfi-d  ](  ad  to  cool 
until  half  had  aolidified,  than  piercing  the  crust  and  runuing  off  the  fluid  portion.  By 
the  eleetro^anieal  aetion  of  aine  in  a  aoltition  of  aeetate  or  lead,  it  ia  dcpoaited  in  an 
arbortsoent  form,  knoivu  undor  tho  nanio  of  Stifitrii*^  Trr>\  Landrin  states  thnt,  in 
1826,  he  noticed,  in  a  deep  mine  in  Cornwall,  cubical  cirstala  of  lead  whiob  had  been 
^depoattad  on  the  miner's  toota»  and  had  heen  entiTdj  ondbed.  Tlie  pmsaaM  of  aihar 
interferes  •with  tlie  crysf allii^ation. 

Lead  emits  a  dull  sound  when  struck  with  a  hammer ;  but  when  cast  in  the  form  of 
a  nraahrooni,  it  baooaiea  aonomia. 

The  specific  gravity  of  load  i«.  aoc  nKnr  f  .  T'upfTor,  11 -3^05  ;  Brisson  and  ITf  ni- 
path,  11*352  ;  Morvean,  WH^  i  Karvten,  11  obtiu;  according  to  JBetzdiua,  when  in  a 
Btate  of  purity,  1I*44C, 

Its  spiriii.-  boat,  aooofding  to  Oooka,  ia<h08l40(k  It  b  on  inftrior  ttmteetor  of 
heat  and  t  l  otrii  ity. 

Lead  rs  ]  y  i  phorw  in  a  atate  of  line  diTiaion.   It  u  nanally  obtained  in  ^tdm  a(at» 

})\  hi  ritiiig  tartrate  of  lead  in  a  ulas^  tube  as  Ion;;  as  any  fUmes  arc  ovidvtd,  when  tbo 
tube  ia  aealed  by  a  blowpipe.  On  breaking  the  tube  alkr  "^'"^'"g,  and  acattaring  the 
powder  in  the  air,  it  wUl  bnni  with  a  red  mah. 

When  lead  is  nitdtcd  in  ^nntact  with  tbo  air.  the  f<arface  is  rapidly  ooatod  witli  an 
iridescent  pellicle,  which  then  panaee  into  a  yellow  oxide.  When  the  temperature  ia 
high  enough  to  melt  the  oxide,  It  la  ahaoriied  hj  the  lead,  whioh  loaea  ila  iMti*  and 
ductility:  if  b.conus  britt].',  :ind  id!  thr  faws  oi the fraotore are duU.  It reeo¥«taall 
ita  ociginal  properties  by  rcfnaiun  with  charooal. 

The  action  of  air  and  water  on  lead  haa  been  eareAdly  atndiad  hy  Fwf  Miller,  ftom 
wliose  account  of  their  combined  action  wo  give  the  following  particulars: — This  imfal 
nndexgoea  no  change  in  a  pei£»ctly  dry  atmoephere^  ikht  when  aealed  op  in  contact  with 
pore  water  frtm  whioh  the  air  hae  \mpn  ntp^ted  1^  hoLlin|;;  It  ii^  howem*.  subject 
to  a  powcrt'ul  corrosion  when  exp<)<»od  to  l no  oonibint»d  action  of  air  and  ju^/r^' walor. 
The  sorfiBce  of  the  lead  then  becomes  ozidised,  the  watar  fUatnlrin  the  oxid«b  and  thia 
aolntionabaQriw  aaitionieaeid,  whan  a  flllra  of  hydratwd  cariMmate  of  lead,  SFI>RO.PIi^0O*, 

is  depositefl  in  ^ilky  scales.  Another  port  ion  of  uxidc  i«  forniod,  which  i.s  dissolved  by 
the  water,  and  thus  a  rapid  cotroaion  of  the  metal  ensues.  This  action  is  materially 
nodifled  wfaoo  varioos  aaka  onat  in  the  water,  even  when  their  quantity  doea  not  I 
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exceed  3  or  4  ^ioH  in  the  gaUoa.  The  corr<>.>'ion  is  increased  by  the  presence  of 
ehloridttB  aadiutnteft,  but  dimioUliadlijfDlpbates,  phoqihatM,  and  carbonates,  the  oxida 
of  Irnd  bcinp  scirct'lr  soluble  in  watw  rontiiining  the^p  Fnlts  in  5«olotion.  Acid  carbo« 
natc  o£  lime  is  remarkable  for  its  preisenative  iniiuenee ;  aiid  in  eonseqnence  of  the  pro* 
tnioe  of  thM  silt  in  most  spring  waters,  they  do  not'Bct  on  lead  to  any  serious  extent, 
a  film  of  cnrbonnti'  of  lead  b«i^K  dipotitad  on  Um  sbk&m  of  th*  metaJ,  and  pntMtiiig 
it  from  lurther  action. 

The  a«ti<m  of  water  on  Imd  is  rvry  unportBiit  in  n  Mniterj  point  of  tinr,  this 
mffal  )'<  .«o  oonHtantly  emploved  in  niakinj*  cistorns.  pip»-s,  i^c.  for  (\oiw^\\>-  j  ni']>orio*<. 
Rain-water  from  the  roofis  of  houses,  especially  in  town^  is  aufficirntly  impure  to  prevent 
its  netioo  on  ib»  nwfad.  The  moat  li»MnU«  salt  of  ]«nd  m  the  faydnitM  ozyeiiirbott«to 
^  (p.  478)  which  is  only  soluble  to  thu  rxfcnt  of  nbont  1      in  4  millions  or  one-f;ixtif'th  of 

a grain  per  gallon  of  water.  When  a  solution  of  lead  is  exposed  to  the  air,  silkj  crystals 
of  this  hydrated  oxyearbooaito  sre  Ibsmed,  -and  in  a  few  nous  the  water  dow  not  eon* 
taik  more  than  ^^o,^  of  lead  in  Water,  however,  wbioh  contains  mtioli 

Pnrbonic  acid  in  .solution,  i.t  vory  danprron?!,  as  it  di.ssolvr?  thf  carbonate  of  lead.  When 
BucU  Wiiter  is  boiled,  the  carbonic  acid  escapes,  and  the  carbonate  is  deposited.  Water 
has  generally  so  nitidk  aetioii  Oft  lead,  that  data  ditwna  an  maeh  aaftr  thaa  thaaa 

Blade  with  load. 

The  mtU'v^duiing  acidi<  do  nut  act  upon  lead,  except  when  in  contact  with  the  aiz^ 
as  already  explained  in  tlio  ou>«t>  of  carbonic  acio.'   Kitric  acid  easily  acts  on  lead,  avaa 
in  tin-  coJd,  forming  protoxido,  which  is  then  di.«solTrd.    S-\.ror[^  mJphuric  and  converts  . 
the  lead  into  sulphate,  when  the  acid  is  heated  to  the  b(.>iiiiig  point.   Hydrvc^itnc  acid 
has  little  or  no  action,  but  aqua  regia  converts  the  lead  into  chloride.    When  artema  ' 
or  nrarninus  acid  is  hcate  !  ',vith  Icail,  arsi  nitc  and  arNf-iiide  of  the  metal  are  funned.  I 

Lead  is  readily  oxidised  In  cupric  oride,  which  is  at  the  same  time  reduced  to  the  I 
■tata  of  CQprous  oxide:  it  also  peittaify  mdnces  the  cuprous  oxide,  but  the  oxide  of  ! 
lead  which  is  formed  retnin!^  a  portion  of  the  coide  of  eopper  in  oomfaination  and  pM> 
vents  any  further  action  on  the  metallic  ]<t>ad.  , 

JKfrv  acta  rapidly  on  lead  at  a  high  temperature,  faaB&Of  a  IWOUe  compound  of 
protoxide  of  lead  and  |>ota.''h.  The  acid  Mulphatcs  also  oxiduR  tidi  metal ;  hut  tiia 
neutral  solj^iatee  and  the  alkaline  carbonates  hare  no  action. 

Satj^tm,  arfaiiwi,  vhotphorw,  and  mamh  eomhiM  ^oBBtnAf  wflkh  Ind, 

T.I  ad  nli^o  aOoyswith  roost  of  the  mrtnls  ;  hot  V^fimfgAKH^  wIth  eoppw.  ttoMHO, 
uranium,  ceriiun,  oobalti  nickel,  and  iron. 

EXTBACTION   OF  LbAD. 

Blatorical  Vottees.  The  most  abundant  and  ^-aluable  ores  of  lead  possess  so  I 
many  properties  likely  to  attract  the  attention  of  nndTiHsed  nations,  that  it  is  nolt 
surprisinsi  to  find  early  mention  of  this  metal.  Pome  authorities  think  that  allusii)n 
is  made  to  its  metallurgy  in  the  Hebrew  word  opher,  in  reft-rfnce  to  the  powder  pro- 
doced  by  the  fRtmatioB  of  the  oadda  on  molten  lead.  The  earliest  mention  of  lead  is 
in  file  well-lmown  pnss-nccf  in  the  "Rxik  of  Jo\>;  and  it  is  again  Btinn  d  one  of  the 
spoUa  taken  from  the  Midianites  in  the  i3ook  of  Numbers.  It  \&  ul.su  probable  that 
Mlena  waa  naed  aa  a  ^ase  tat  eaitbenwaie  in  the  time  of  Solomon,  from  the  notice  in 
Froverbs  xxri.  It  wa.s  also  one  of  the  articles  In  which  the  Pho-nician^  tradfnl,  and 
wiiich  they  may  have  obUiined,  in  part  at  leasts  from  this  coontxy.  It  was  used  in  the 
Imnging  gardena  of  Babylon,  the  lev«lof  each  t^mce  heing  eovmd  with  eheeta  of  lolid 
lead.  «  ^ 

The  Bfnnaiia  also  worked  the  ores  of  this  metal  both  in  Spain  and  in  this  country. 
In  the  fimner  ooontiy,  the  extent  of  the  Oatthaginfan  nininff  and  smiting  operationa 

fxcitf  our  ^^urprise  in  the  present  day,  ami  the  slags  li-fi  by  them  have  been  re-smelt«d 
on  a  lai^  scale  within  the  last  twenty  years,  while  lead  cast  in  Eoman  moulds— 
in  Ih^  of  the  age  of  Aidrian  and  otiter  ein|wran--hsTe  been  ibtind  in  FUntahna^ 

Yorkshire,  and  otlier  localities. 

The  methods  of  obtaining  the  lead  from  its  ores  hare  not  undergone  any  great  change, 
the  emeltere  hsnng  adopted  the  iwerberatosy  or  bleat  ftanaoe  as  they  fonnd  the  one 
or  the  other  more  suited  to  the  characf.  r  of  the  ores  of  each  locality.  The  one  prt^at 
improvonent  in  the  metalluzgic  treatment  of  thia  metal  ia  Fattinsou's  desilverising  plan, 
whiflih  hae  been  fbHowed  br  ne  aofttning  proeeee  for  the  laud  leada  of  oommeree,  ea- 
pecially  those  of  Spain;  and  we  may  remark  that  the  onfy olhav  addition  totha aneiaUt 
metho     h'l^  he<  Ti  th>  conden!3-*it{on  of  the  lead  fume. 

The  Orea  of  Xfea4.  Leud  is  seldom  found  native,  but  there  are  upwards  of 
tvaa^  OMi  of  thia  mehil  known  to  the  mineralogist.  Thom  oi  practical  importance, 
hovmv,  SM  veqr  lew  ia  numlter,  and  all  the  lead  of  oomnMCce  najr  be  said  to  be 
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pocured  from  dim raiatnk,  vix.  the  carbonate,  anlpha to,  phosphate,  arsenate, 
and  the  sulphide,  the  latter  ore  furnishins;  more  of  this  metal  than  all  the  others. 

Sulphide  of  Lead,  or  Galena,  is  fimndinthe  older  and  more  recoat  stnUa,  and  more  or 
less,  in  every  country  of  the  globe.  It  oectirs  in  wins  in  the  killes  of  Cornwall,  and  in 
the  mountain  limestones  of  Derbyshin'  the  northern  counties.  In  Curd ignnsh ire  and 
Mont(jr)mery8hire,  it  ooain  in  the  strata  of  the  lower  Silurian  rric'k^  ;  and  the  chief  de- 
posits of  the  United  States  are  found  in  the  rocks  of  the  same  giH>l*»gical  age  It  fills 
viiM  in  gneiii  in  8bb»j;  at  8ab  in  8i«daii,  it  if  told  m  gr^ 


Amli/ses  of  Galena. 


A  n:ily8t  . 

Wei  t  r  u  mb. 

Lercb. 

Thoro«on. 

RobertBon. 

L«'ad  , 

8300 

81*80 

89*61 

84-88 

Silver  , 

0-08 

Iron      •  . 

«  « 

0*50 

Zinc 

'  '3-59 

218 

Solpbor  .  . 

16-41 

U18 

1303 

13-21 

99*49 

99-80 

99*97 

'98'6< 

97-84 

Sulphide  of  Imd  occurs  also,  in  combination  with  the  sulphides  of  antimonj  and 
copper,  in  the  minerals  G&)eromt$,  Beitiiatifftriie,  Jmnesonitf,  liowmonUt. 

Carbonate  of  Laid,  or  C'-rimttr,  om:ra  in  rn-'Jtal';.  iitul  in  fibrous,  compact,  and 
earUi^  m%iww#  It  is  froqnentlv  found  in  lodes,  and  sometimes  in  beds  in  sedimentary 
linealone,  gentnUfy  aaeoeiatea  with  galann.  It  is  worked  in  quantity  near  Ais-lup 
Chapelle,  and  in  the  noiglibourhood  of  Santmdrr  in  Ppain.  Tr  \n  also  fmind  in  t!i.^ 
minea  of  Cornwall  and  Devonshire,  in  Yorkshire,  at  Lcadhilk  in  Anglesey,  aiul  at 
Sarett-CSiimbaa  in  'WieUmr. 


Locality . 

HerttchiHtk. 

Aaalyit  •     »  • 

Kla^rotb. 

Jebn. 

Berg*«aa«. 

WlMMSUltt. 

,  Oxide  of  lead  . 
OxidaalifQii 
Clay  .... 
Water .... 
Oatbaoie  a«id 

88 

•  a 
«  e 
a  a 

18 

81*4 

•  a 

18-8 

83-61 

a  • 

•  • 

16-49 

83-64 

•  • 

•  • 

16-88 

98 

100*00     1  100*00 

Locality  .       ,  , 

t'imnei, 

Analyat . 

SeheabeL 

Berth  ier. 

Fhllllps. 

.  Oxide  of  lead 
Oxidaafiron 
Clay    ...  . 

Cbilxnio  acid 

83-93 

•  * 

16-07 

84-76 

•  • 

•  • 

16*88 

660 
S-3 

16-8 
8-8 

18-0 

83  60 
16'80 

100  00      1  10114 

88-8       1  100-00 

Carbonate  of  lead  is  also  found,  with  other  salta  ef  lead  and  ooppa^  in  the  nrinerala 

Cromfordite,  Susanniie,  Lavarkite,  Calcedonite. 

Sidphatt  of  Lead,  or  AngUsitf,  is  found  in  cavitiee,  but  more  senerally  in  lodes 
anocMted  with  galon:i  nod  carbonate  of  lead.  It  occurs  at  Lt^k&iOa  m  Scotland; 
in  ConswalL  and  Derbyshire ;  in  the  CSiannel  lalanda ;  in  Spain,  Ckcmanj,  "Fxaaobt  and  • 
America. 
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461 


1                 liocality  . 

Analyst  . 

Klaproth. 

Stromcjer. 

Oxido  of  Icinl       ,  , 
Oxide  of  iron . 
Oxide  of  magiiiMB 

WaU'T  .... 
Solphniie  acid      .  . 

71-0 
1-0 

20 
24-8 

74>*fiO 

■  m 

2-25 
2.5-76 

72-46 
0-09 
0-06 

0-61 
26  09 

98-8 

9S-50 

99-21 

Sidphati^  of  Iea<I  iilso  ooeofs  eonbintd  with  otiMr  Mdti>  in  the  lotm  of  Linariitt  Oak' 

dontte,  LeadhUiiU. 

tkotpkaUof  Ltad^ot  Pt^rvmerpkite,  ooems  gmmtSfywk  the  upper  parte  ol  lodei.  1«w 

frequently  in  layers,  and  ixho  usually  associated  wtth  otht^r  ores  of  U-ad.  There  .tre 
three  cla«sefl  of  tlii>s  ore,  viz.  such  a»  contain  only  nhosphoric  acid;  secondly,  those 
gnntiiiring  hetk  phosphano  and  aiMBie  aeida;  aaa  iMtlj,  thoM  oomtaiiiitty  mat  aad 

fluorine. 

The  composition  of  some  of  the  ores  of  the  ficst  class,  is  given  in  the  following  Table ; 


TyOcality  .  ' 

PvmtUtcuen. 

Kransbt-rg. 

BeTf$ov. 

Analyst  . 

Woblsf. 

Karttea. 

8BV<berff«r. 

tirav* 

Chlorine  • 

Oxido  of  lend  . 

PhoK^iuxrio  acid 
OxidM  of  iraii  tndf 
^mntnni      •  ( 

2-62 
7-S9 

71. 50 
16  69 

•  • 

2-6S 
7-M 

74  l.'> 
1676 

■  • 

2-07 
7-00 

73-22 

16  94 

•  • 

2-M 
7-40 

73-3fi 
Id  B2 

069 

y 

100-00 

09-63 

99-71 

This  ore  h  found  at  Leadhills,  and  in  (^  rnu-all;  at  Widdov  ill  belaud;  at 
PhcBoixTille^  in  the  United  States ;  and  manir  other  localities. 

JbumaeU  of  hmi  or  MImHmit  la  met  with  m  large  qnantitiea  at  Brygill,  in  Oim- 
"berlnnd,  and  ha.i  T>oen  nsod  in  the  manufacture  of  flint  pla.ss,  to  which  it  imparts  great 
Ki-iiiianoy  Xt  is  found  at  Kedfuth  and  other  Cornish  mines ;  at  BeenJston  in  Deron- 
aMre^  tnd  in  Amsviea,  Siberia,  &c.,  generally  ocenrnng  near  the  oatercip  of  the  Tvins. 
There  are  threo  classes  of  it,  similar  to  thoee  of  the  previous  ore.  The  following  is 
the  composition  of  a  ipeoimeii  of  the  ore  which  contains  azaenic  aoi^  aoa^feed  by 
Bergemann : 

Oxide  of  lead  74*90 

AmniflMid  88-00 

Ghkniiw  2-44 

The  other  ores  of  lead  will  be  found  described  in  these  volumes  under  their  respec- 
tive tttntmloi^eal  designatimit. 

MtefHai  gtwl  Treatment  of  tiM  Orea  of  X«ad.    The  difTcrences  iu  liie 

nature  of  the  ctm  of  lead,  the  peculiarities  of  the  localities  as  to  hilxjur,  fu.-l,  &c.,  and 
the  application  of  the  lead  afterwards,  luive  all  tended  to  modify  the  motallurKy  of  tliiu 
vmlnable  metal.  It  would  have  been  more  satisfactorv  to  have  descri  bed^aU  the 
diilt'rent  plans  in  detail ;  hut  us  this  would  bo  inconsistent  with  the  lin  i'-  !  <-vr»cp  which 
can  be  devoted  to  a  metallurgical  subject  in  tbt^  volumes,  we  muiit  contine  this  article 
to  an  teeoMOil  of  some  of  the  methods  adopted  for  extnctlng  lead  from  its  one. 
Various  arrangements  might  also  be  pursued  in  this  account  of  the  smelting  of  lead 
ores,  but  we  prefer  the  fi)Uowin&  in  which  we  will  describe — L  Keductioo  <rf  the  Ores. 
II.  fisAningof  IhelMd.  IlTSofttafaMr  of  Bald  IiMd.  IT.  Hnddng  of  lih*  flia^ 
■ad  otfMT  Aodaeti,  T.  OondeoMtioii  of  the  Laid  Ftono. 


All  the  ores  of  lead  may  he  arranged  in  two  classes  iu  respect  f>i  (hi  ir  metallurgical 
treatment,  viz.  the  solphur  and  oxyp;en  compounds  of  lead,  and  a^un  as  to  the  £arm 
of  furnaces  employed  in  their  reducuon,  via.  the  teverberatoiy  aad  tfia  )ilMt  ^  

Vol.  m.  II 
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1.  Tub  Rkduction  of  Sttlphur  Okks  ik  Re^-eubi  ratoky  FcaxACES. 

The  sulphur  orea  of  lead  are  treated  afUr  two  different  systems  in  the  rererberator^ 
mact',  which  ham  been  disttngaished     FUflipa  m  the  method  of  double  dfcompott- 
titm  niui  tilt'  procpufi  ht/  afini(>/,  tin))  those  again  diAv  in  tha  detittlaaa  pnctiaad  is 

this  country,  in  Frani  t'.  and  in  Germany. 

Tlia  <»t  plan  depends  opon  tiia  waaaon  titiratn  aail^hila  ollaad aad  oida  ollaad^ 
aa  ahoim  in  the  fioUowing  equation  : 

PpbS  +  2PpbO    -    3Ppb  +  SO' 

or  upon  tiia  doable  deoompoaition  when  aalphida  and  sulphate  of  lead  are  the  eonsti* 

This  process  consists  in  loaaliBg  the  galena  ia  a  reTerberatory  furnace,  nnt3  a 

p<->rtion  of  tho  ore  has  been  converted  into  oxide  and  sulphate  of  load ;  it  may 
performed  either  in  a  distinct  furnace,  or  in  the  smelting  furnace  where  the ^bse- 
qMntitaakniaeAeted.  Thaf 
loealitMa,  illwtmlaa  tha  ab«?a 


Locality  . 

Pexcff. 

Oxide  of  lead 

18 

35 

310 

52  G 

169 

C2'9 

Sulphate  of  lead  . 

80 

19 

8  0 

80 

12  1 

S.iMM.looflead  . 

10 

4 

11-8 

Oxide  of  iron 

«  • 

6 

90 

130 

21-3 

4-9 

„  sine 

•  ■ 

27 

30-2 

90 

21-6 

37 

!♦  laangaiMwa 

•  • 

% 

„  antimony 

„      copper  . 

04 

1-0 

Sulphate  of  baiyta 

•  • 

•  • 

140 

19-8 

07 

7 

io-b 

3-0 

6-a 

23-9 

ri 

114 

100 

lOO'O 

1000 

98-9 

99-2 

When  the  roasted  ore  has  been  thoroughly  mixed,  the  doors  are  dosed  and  thaftnaaia 
act  away.    The  reactions  above  exphiincd  flu  n  Inko  phxH'.  when  the  lead  is  separuted. 

This  process  is  applicable  to  the  ores  which  are  companitivtdy  frea  from  idlica  and 
aaithy  impurities,  and  is  genenllj  adopts  in  England. 

The  prt)efs«<  by  affinity  cniriivts  in  fusing  the  ore  with  iron  in  Jfome  igm  <V  Othtl^ 
when,  the  iron  combining;  with  the  sulphur,  the  lead  is  elnninat^d:  thii% 

Ppba  +  ffe    -    Ppb  +  FfeS; 

Mtd  this  pUn  ia  batter  aoited  to  Hie  Impure  orea  allead. 

a.  Method  h?/  ilniihlc  Decomposition. 

Ekolish  PBOCB88. — The  Beverberutory  Furnace  consists,  as  usual,  of  three  essential 
parts^  tha  llieplaeeh  haarth  and  chimney.  The  posltiott  aad  felative  proportiona  of  eaak 

IMA  p-irt  ar<'  shown  in  Jigs.  589  and  690^ 

where  a  represents  the  grate ;  ^  tiks 
'l  door  of  t&  flreplaoe ;  c,  Uie  i!z«- 
I  bridge;  d,  tlie  arvhed  roof;  the 
health ;  ff^  the  working  doors ;  gg^ 
flufs  running  into  one  main  iaa 
leading  to  a  « "« yf^,  «1>*— l^y 
and  chimney. 

The  hearth  is  hollow  or  funnel- 
shaped,  to  facilitate  the  desesst  af 
tlie  lead  to  the  lowest  point  in  (he  bed  of  the  furnace.  The  bottom  of  these  furnaces, 
or  hearth,  as  it  is  called,  is  buih  of  bricks,  which  are  covered  with  a  layer  of  slags. 
Thoae  slags  are  run  into  a  semi-fluid  condition  by  a  hea^-y  fire,  and  thn  worked  into 
the  proper  ehap-  hy  means  of  p.iddh  s  and  nikes.  The  hearth  slopes  more  rapidly  from 
the  flre-bridge  than  from  the  tlue,  tu  pruvunt  the  lead  being  exposed  too  long  to  the 
aflftiflA  oe  ftoa  iiaaAeu  flw^ 


Digitized  by  Googk 


BEDUGTION  JN  BEYERBERATOBT  FimNACEa  48S 


There  are  three  working  doors  on  each  aide  of  the  furnnce,  attended  by  two  men, 
who  Assist  each  other  in  manipuhiting  tll»  flhttga    Thtt  Icid  OoQmU  it  til*  hwmt 


part  of  the  hearth,  covered  V«y  the  slags, 
and  is  drawn  off  by  a  tap-hitle  into  the 
BMlal  pot,  t,  in  front  of  the  fumaoe. 

The  arch  falls  rather  rapully  to\rards 
the  fines,  ga,  to  gire  more  effect  to  the 
lieat,  and  the  dfms^  is  espftUfl  of  le- 
gnlation  by  mpans  of  dampers. 

The  nstud  chaive  of  ore  in  thei»e  fur- 
naces It  A)WweU  weighs  20  cwt.,  which 
is  introdnced  through  a  hoppor,  h,  in  the 
arch  of  the  furnace.  This  charge  is  then 
d  erenly  orer  the  surface  of  the 
^rtb,  and  gently  heated  for  two  hours, 
the  doors  being  closed  and  the  damper 


Fig.  690. 


\  J 

The  two  front  Joors,  fartliost  from  the  \i   *  Jj 

fire,  being  opened,  the  smelter  throws  in  ^^^^i;;^ 

the  slags  twnnming  on  Uie  sttrfcee  of  the  \mA  intlia  pot,  i,  ftoflifhe  provumf  opsnitloii. 

T!  tap-hoi?  is  opened  in  a  littl'^  to  allow  tho  ni*?talIio  lead  to  run  off  from  tha 
slogs,  and  at  the  aame  time,  an  atuu»tant  turns  oyer  the  ore,  through  the  back  doors, 
hf  means  of  a  paddU.  TheM  doon  tve  now  dowd,  whilo  tho  fraat  onoi  are  open, 
tnpHigh  wliioh  some  small  coal  is  thrown  in  upon  the  Ifad-hath,  and  the  whule  ia 
worked  up  together,  the  ore  beiiLg  turned  oyer  with  a  paddle.   The  smelter,  in  ahoot 

^aole  of  tin 

hearth,  the  fresh  slag!*,  which  then  float  upon  the  bath,  and  are  mixed  with  the 
coaly  matter.  These  slagB  and  the  ore  are  then  turned  over  with  the  paddK  and  all 
Uie  dean  am  fllosed. 

The  ore  is  turned  over  again  through  the  back  doors,  and  the  first  lead  appears, 
obtained  £com  the  slag  la^t  remelted.  This  lead  is  ran  off  by  the  tap,  and  both  work- 
Bien  iSam  tmn  over  dia  ore^  ttmmgjh  all  the  doon.  The  meltcr  now  doins  all  ^« 

fnjut  doors  exct-pt  that  next  the  fire-bridge,  and  lifts  off  the  fresh  slags  from  the  lead 
pot,  drains  them,  and  throws  them  back  into  the  fomace.  The  ioteiior  of  the  fumao^ 
at  this  period,  has  a  dttll  md  heat 

The  lead  l>egin.s  to  separate  from  the  ore  in  il  ut  1  \  li  ur  from  the  charging  of  tho 
fbmace,  and  the  two  workmea  again  turn  over  the  ore  from  each  side  of  the  fumaoe. 
8oBo  eoal  ie  thrown  on  tiie  gntee,  slightly  to  nlift  the  heat,  the  on  it  tamd  of«r, 
and  all  tin-  doors  are  cIo-schI. 

Tha  first  ^  or  roastiqg  lasts  about  two  houxa,  and  the  damper  is  then  laised  a 
Ktfle ;  eoal  is  Umwn  m  the  gntte  to  ^I^a  llie  moamdfirt,  whidi  lute  M  ninatea. 
The  heat  of  the  furnace  luis  now  become  Vtright  red,  iuidthe  lead  flows  from  all  sides  to 
the  bath.  The  imelter  then  pushes  tiipslagp  back  towudathe  iqparpart  of  the  hearth, 
whfle  the  anIMaBt  ipnada  then  onr  its  snfcoe,  tlmmgh  the  mck  ooenL  1%e  tmelter 
Dow  throws  in  a  few  shovelfuls  of  quicklime  upon  the  k'u«T-bath,  through  the  middle  door. 
The  assistant  works  the  ore  and  alags  through  the  three  back  doors,  spreading  tlum 
owt,  whfle  the  Miielter  again  pushes  Uie  riags  from  the  iniuir  hath  to  the  upper  port  of 
the  sole.  The  doors  are  left  open  for  a  short  time,  and  llie  lead  flows  doWB  IBtO  Ilia 
basin  £com  the  slags  with  which  it  was  mixed  as  they  were  poshed  back, 

Tlie  workmen  in  a  short  time  again  tun  om  the  on  and  slags,  and  In  three  boon 

from  the  commenot-ment,  a  llftlo  more  fuel  is  thrown  on  the  grate.  In  ten  minutes, 
fresh  ^el  is  added  for  the  third  fire^  the  damper  is  fuUy  raised,  all  the  doors  are  again 
dosed,  and  the  fbmace  is  left  In  this  state  for  three-qnarters  of  an  hour.  At  the  expi- 
ration of  iil^out  four  hours,  all  the  doors  being  opened,  the  assistant  levels  the  surface 
to  finBlitale  the  separation  of  any  lead,  and  then  spreads  the  slags  whieh  aw  pushed 
liadc  townds  him  hj  tibe  smelter,  who  now  throws  in  more  lime  to  reiMler  the  slags 
Irss  fluid  and  to  cover  the  lead-baUu 

The  smelter  adds  a  fresh  charge  of  fuel  in  about  ten  minutes  after  the  sompU^ioa  ol 
tiiie  third  fire,  and  doses  the  doors  to  give  the  f<mrthfire.  This  fire  is  dnidicd  in  tmv 
hours  and  forty  minutes,  when  the  doors  are  opened,  the  tap-hole  is  pierced  to  allow 
the  kad  to  flow  into  the  pot  outside,  and  some  lime  is  thrown  upon  the  slags  in  ^e 
iswf  l»th.  The  smelter  then  pushes  these  dried  slags  towards  the  upper  peirt  of  ma 
hearth,  whence  the  assistant  rakes  them  out  of  tho  furnace  through  the  back  doors. 

We  have  given  this  det&iled  account  of  the  working  of  a  charge  from  Mr.  Phillips' 
excdlsot  description  of  the  process  followed  in  Wales,  as  an  illustration  of  the  natnn 
of  then  operataon^  and  to  iifoid  tba .  *' —  -"-^-•»-   1— 
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The  weight  of  a  charge  variea  in  different  localities,  12  to  14  cwt.  being  that  used  in 
the  north  of  England  ;  21  cwt.  in  Bristol,  and  30  cwt.  in  Cornwall,  while  the  time 
extends  from  6  to  24  hours,  according  to  the  weight  and  nature  of  the  ore. 

The  cost  of  smelting  an  average  parcel  of  galena  in  the  reverberatory  furnace  is : 

9.  d. 

•  Labour       .       .       .       .    9    7'2  per  ton  of  ore. 
Coals  19-9  cwt^    .       .       .3    3-8  „ 
Lime  0-9     .       ,       .       .0    4  9  „ 
Repairs       .  .    0    4*0  „ 

13  7-9 

In  some  smelting  works,  the  roasting  process  is  conducted  in  a  distinct  fiimace,  and 
in  other  mills,  the  two  furnaces  are  combined  in  the  manner  shown  in  fiy.  691,  which 


Fig.  691. 


tepresentB  the  front  or  tapping  side  of  the  furnace.  It  is  unnecessary  to  give  any 
details  of  this  form,  after  the  description  of  the  previous  furnace. 

When  the  process  of  roasting  is  conducted  in  a  separate  furnace,  as  a  distinct  opera- 
tion, the  cost  per  ton,  from  an  average  of  upwards  of  700  tons,  is  as  follows : 

».  d. 

Labour  ....    3  2  5 

Coals  5-6  cwt.        .       .    0  11-2 

Repairs        .       .       .    0  18 

4  3^ 

This  is  probably  the  most  suitable  place  to  notice  the  results  of  some  experiments 
made  by  Plattner  and  other  chemists,  on  the  loss  of  silver  which  occurs  during  the 
roasting  of  ores  containing  this  metal,  and  which  we  can  confirm  from  our  own  experience. 

1.  The  loss  of  silver  arises  from  chemical  reactions. 

2.  The  volatilisation  of  the  silver  appears  to  take  place  at  the  moment  when  it 
passes  into  the  metallic  state  from  its  combination  with  sulphur,  or  when  the  sulphate 
of  silver  is  decomposed. 

3.  The  loss  of  this  metal  increases  with  the  duration  of  the  roasting,  and  the  rise  in 
the  temperature. 

4.  The  loss  also  increases  when  the  oxides  of  iion  or  copper  are  present  to  decom- 
pose the  sulphate  of  silver. 

6.  The  loss  is  not  so  great  with  the  silver-compounds  of  arsenic  and  antimonic  acida, 
obviously  because  these  salts  arc  not  so  soon  decomposed  as  the  sulphate  of  silver. 

We  may  also  here  notice  the  proposal  of  Falliz^,  to  tap  the  lead  at  different  periods, 
instead  of  doing  so  at  the  end  of  the  opemtion.  lie  founds  his  proposal  on  tne  fact, 
that  the  lead  which  is  first  reduced,  is  the  richest  in  silver ;  and  by  keeping  tlie  different 
products  distinct,  the  subsequent  operation  of  desilverising  would  be  to  some  extent 
anticipated  as  well  as  facilitated,  by  providing  leads  varjing  in  their  richness  in  silver. 
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We  believe  this  suggestion  to  be  well  worthy  of  adoption,  as  we  have  fiyusd  tihtt 
lead  obtained  in  Fnnlting  rich  ores  to  fall  from  74  OBi  to  44  <MI«  ailTer  per  ton,  MendlBg 
to  the  period  when  tlie  load  was  collected. 

Another  proposal  for  treating  galena  containing  silver  has  also  been  made.  TIm 
galena  is  to  be  mixed  with  1  per  cent,  of  chloride  of  lead,  and  10  per  cent,  of  common 
sialt^  and  the  mixture  fused,  when  it  is  said  the  galena  will  be  desilverised,  and  the 
dUoride  of  nlnsr  will  float  on  the  snrfaee  with  the  common  salt  The  nizlae  of  the 
laftrr  «:ilti<  if  then  fo  n  ilucpd,  with  any  chloride  of  lead  that  may  be  pronont.  We 
have  great  doubts  as  to  the  economical  resultaof  this  procesa,  having  found  the  loss  of 
kad  to  be  noet  enrknu,  wbenem  nngr  eUnrMe  of  leea  pieaeiik 

GaRiN THiA  FuocE.ss. — Tho  tenaoe  employed  is  thk  ptoeeM  diAn  fnm  HbB  Ba^^SA, 

as  indieattnl  by  Jigs.  562.  563. 

F^.  692  represents  a  front  elevation,  andj^.  593  a  horizontal  section.  Two  fnmaoea 
ueMlt  dde  lijiidfl^  and  ipork  into  one  ehnuMi^.  The  iMsth  of  theee  fluMeee  u 

Fiff.  6W. 


iMBNnr,  doping  regdlarij  from  the  tirr-bridge  to  tho  flue ;  aad  ie  ao  aimged  Unft  the 
flnid  contents  will  flow  to  the  motal  pot  a,  outside  the  furnace.  The  hearth  is  formed 
of  two  concentric  beds,  the  lower  one  of  beaten  clay,  and  the  upper  of  fused  alaga. 
The  aich  ia  conred  like  the  sole,  but  in  an  opposite  dii«cti<m,  and  at  ita  higfaeat  point, 
is  23  inches  above  the  hoarth.  The  fireplace  is  shown  liy  tho  dotted  linrs  ppp,  and 
the  prodttcta  of  combustion,  passing  over  the  hearth,  escape  to  the  chimney  through 
•  Am  Offer  Ikb  ynAing  door.  In  neeni  Itoneeee  ef  thle  ftnn,  Che  hevthi  an  eon- 
etructed  one  above  the  other,  the  operation  bt  inp  romplclcd  in  tho  lower  heaflh* 

The  fuel  emplojed  conaista  of  the  wood  of  the  spruce  and  pine,  and  the  diarge  of 
ete  weighs  aboot  480 Iba.  The  WUng laali S8 bone,  and theimim ia veir  iIk 
The  slugs,  wIh  n  rich  in  lead*  are  wa.slicd  and  treated  again.    The  laid flowa  nftO  UO 
outer  pot,  ia  purified  bv  a  second  fusion,  and  then  cast  into  pigs. 

Kerl  has  giren  the  ftflowing  explanmw  of  tiie  reactions  on  which  this  Carinthia 
process  is  founded. 

When  galena  is  roasted  at  a  low  but  gradually  increasing  heat,  a  portion  of  the  sul- 
phide is  conTerted  into  sulphate  of  lead,  along  with  some  oxide  of  lead,  while  part  of 
♦ii^  — iwiiM^  lenniiia  wuhaimd. 
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"When  thr  tomperattir©  is  nued,  dariug  the  rigforons  stirring  of  tlie  ore,  r  quantity 
of  If^ad  is  liberated,  as  already  explained.    Some  subealphide  of  lead  id,  however,  also 

During  this  first  porind  of  the  operation,  load  is  continuously  liberated,  and  runs  down 
to  the  bath  in  the  hearth.  The  progresa  of  the  xottsting  eonverts  more  and  man  of  the 
mdphide  into  lolphateor  led!,  iliwtnfaiiinit  Hm  IflMntkn  of  laid  uta  •  poiaH  ii 
T»t^*^  lAkm  onda  of  lead  is  the  only  pioQniet  of  the.  reaction ;  tha% 

PpbS  -f  SF^iIjBO*   -  4-  4S0«. 

The  second  gtnpo  of  the  op-  ration  i?'  then  in  proprpps,  when,  by  the  addition  of  red-hot 
charcoal  and  an  increased  temperuture,  iho  iitluirge  is  rcUuiwd  and  another  portion  of 
]«Ad  i«  oUained. 

FmrcH  FiOLl  THn  ii  galena  is  exposed  to  a  continaons  and  slowly  increMiiig 
temprmture,  a  larse  proportion  is  converted  into  sulphate  of  lead,  and  a  smaller  por- 
tion into  oxide  of  leaa.  If  the  roasting  is  interrupted  at  this  point  and  the  heat  mised, 
bat  not  AO  high  as  to  induce  fusion,  these  oompoutid.s  react  upon  each  other,  prododllff 
oodda  of  load,  whioh  ftimishes  metuUic  lead  by  the  rt>ducing  action  of  ooil;  taB% 

PpbS  +  3i^bS0«    -    4PpbO  +  4S0« 
PpbO  4>       0      •     Vph    -f  00. 

The  coil  aho  ttdmtm  Hie  wdphato  of  lead  ulthnaMy  into  outelUo  lead  and  Mhlnnoim 
add.  AX  a  kvheat*  only  half  of  the  sulphate  ia  converted  into  sulphida  of  Im;  ^tam, 

2Pph80«  -i-  C*   -  PpbSO*  -f  *  8C0* 

And  as  the  tempantno  k  nuied,  tha  aana  waotfai  0Mn%  aa  cKplainad ia  tha  Ouia- 

thia  process. 


Fig.  696. 


Tlie  French  process  is  founded  on  these  rt- actious,  and  the  furnace  cmplojid  la  W- 
rr>  scntc<l  by  figs.  694,  MA,  «96,  tba  fixot  1m£k  a  kittjltadiiio],  the  oecond  a  hflriaaatal, 
and  the  thiid  a '   
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There  are  three  doors  dose  together  on  the  same  idd^  and  in  fronft  of  the  middla 
door  the  lead  pot  <  If  Indh.   IIm  Mbndge  A  ii  88  inehot  tridtb  nd  tlM  haailii 

1 1  feet  by  6^  feet  The  hearthk 
made  vith  a  tenacious  clay  vett- 
ing upon  an  arch  of  granite. 

A  charge  of  ore  weighs  2600lb8. ; 
it  18  heated  so  pradually  that  at 
the  end  of  five  hours  a  dark  red 
beat  is  reached.  The  doors  are 
closed,  and  tlit;  heat  raised  tiU  the 
ore  commences  to  soften.  Tiie 
ondlflr  vtowiigpKadj  woiloi  tiio 
ore,  when  the  reactions  above  ex- 
plained take  place,  and  the  lead 
nuMi  into  the  metal  pot  t.  A 
pooond  roasting  for  two  hours  fol- 
lowH|  and  then  another  taming 
of«r  of  the  oontents  of  Cho  ta^ 
niice.  This  alternate  roasting 
and  working  is  repeated  soTeral 
tinei^  and  at  the  end  of  It-hooik  MMtto  eotl  aad  wood  an  tkcowa  into  tha  taiaoak 
to  reduce  the  oxide  of  lead.  Alaat  mating  and  atladqg  ata  then  ginan^  aad  tba  aUga 

withdrawn  from  the  furnace. 

The  composition  of  the  skgs  obt^uued  in  the  preceding  processes  is  gifen  in  the 
MbwingtaUa: 


Oxide  «flMi«  . 


BwjrU 
Lima  •  .  . 
AlunlM  .  •  . 
Balphide  of 
Sulphate  of  lead 
Sulphate  of  calcium. 
Solpbate  of  barium  . 
yiooride  of  calcium 


17-0 

13  0 
53-6 


11*5 


6-0 


100-0 


Hois. 


lOK) 
S8>9 

ao-5 

SO 


»0 


100-0 


M-0 

14*0 

27  0 


ft-0 

3-0 


99-6 


tBrh 
»■» 

64-5 
1-0 


100-0 


•A 
42-0 


t*9  8 


Bir- 


»-4 

15-6 
13-4 


«-4 

57 
»6 


•nUial. 


n-6 

11-0 
S6-3 
S4 
4-6 


1-6 
4-0 


15-0 
4-6 


980 


980 


Ung- 


34-0 
SO 


105 
51-0 
1-ft 


100-0 


4-5 


8-0 


2«0 
2i  S 
95-0 
16-0 


f  20 
12-0 


8-0 


9-0 
330 
30-0 
13-6 


98-0    97  6 


lft-4 
7-2 


16-  3 

17-  0 
12-0 

1-6 
22-0 
7-2 


96-4 


5-6 
8*0 


14-7 

20 

5-6 
24-4 
85 


98*7 


The  lead  isparifled  by  atitnng  it  with,  beams  of  wood  and  repeated  wkimniingw,  alter 
vUeh  it  ia  Mfliiad* 


Aamm  ov  rmm  Ghwaini.— All  tbaavaa  of  lead  contain  nova  or  leas  of  other  earUiy  and 

metallic  compounds,  which  exfroise  a  considerable  influeiit^c  on  tlm  chemical  reactiontt 
which  the  smelter  aims  at  accompliahis^  When  these  foreign  bodies  are  present  in  a 
large  proportion,  the  processes  just  deaeiflwd  are  not  adapted  ibr  the  treatBent  of  avail 
ores,  wliich  are  smeltwl  by  otlier  methods  to  be  liereafter  explained.  It  will,  howevf  r, 
be  useful  to  take  a  zapid  eorrey  of  the  influence  which  theee  ganguee  exert  on  these 


Carkmate  of  Calcium. — When  this  substance  is  present  in  small  quantities,  it  facilitates 
the  chmical  action,  by  contributing  to  the  decomposition  of  the  aulpbide  of  lead,  with 
fimnation  of  enlphate  of  ealcram,  and  by  prrrenting  tlie  materiala  Decoming  too  fluid 
at  the  moment  wnen  the  most  important  reactions  arc  tuking  place.  It  has  been  found 
that  1 0  to  12  par  cent,  of  thiiaabatnaoenu^  be  pceaent  in  tM  ore  without  being  ^ 
diciaL 

Bidphate  ofBmkmt. — Tliis  substance  remains  perfectly  inert  during  the  wIk  jL^  oper- 
ation of  smelting,  and  is  objectionable  therefore  only  as  a  mechanical  hindrance,  by 
diminishing  the  contact  of  the  compounds  of  lead  which  are  to  act  on  each  other  in 
tiiA  flnnaee.  Galenas  which  contain  \0  per  cent^  of  tUa  gaagne  iM^  W  tUa  aoooVBtk 
unfitted  for  treatment  in  tlie  reverberatory  furnace. 

Flmr  Spar. — This  mineral  is  Tery  similar  in  its  action  to  the  carbonate  of  calcium, 
bat  ilia -faiy  beneficial  when  pwaantwitti  adpliata  qf  barfaaaii  towaidairMah  anbatanoa 
it  Mia  Iha  part  of  n  flos. 
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QlMfir,  Gajf,  and  SHicntet. — TheMgangues,  when  present  only  to  the  extent  of  6  or 
6  per  oent,  bm  Tsry  injuriooi,  and  it  is  am{MM{bl«  to  obtain  ainr  lead  m  tiio  rcrnv* 

h.-nitoiy  furnace,  when  they  ainomt  to  12  por  rent.  During  the  roastin;;  they  ue 
inert^  but  when  the  heat  reaches  a  dark  red,  aud  before  the  sulphide  and  oxide  of  lead 
laaetooeadioUwr,  tlie  iffica  anitea  with  tiii*  latter,  fanning  ▼gy  ftwihlabaaieaiHeatiia^ 
MndariPg  the  whole  charge  fluid,  and  preventing  any  further  action. 

Kendf. — This  ore  xom^  be  present  to  the  extent  of  10  or  even  16  per  cent  without 
sDOidi  prejudios  to  tbe  iPurklug  in  the  rsfeffaentoij  Itamaoa.  It  does  not  eowpKeate 
the  treatint  nt,  and  is  objectionable  only  by  its  conversion  into  oxido  and  sulphate  nf  zinc, 
which  axe  inert,  and  prevent  the  intimate  mixture  of  the  lead-compounds.  The  small 
portion  of  Uando  wlndi  eseapea  ooddation  during  the  roasting,  reacts  afterwards  on  the 
oxide  of  lead,  producing  sulphurous  aciJ,  oxide  of  zinr,  and  im^tallic  lead.  Wlien  coal 
is  introduced  in  the  subaeaaent  operations,  the  oxide  uf  zinc  is  reduced  at  the  same 
time  as  the  oxide  of  lead,  ana  the  sbe,  being  very  volatile,  carriea  off  a  eonsiderable  poi^ 
tion  of  lead. 

Iron  Pyritet. — ^The  presence  of  a  small  quantity  of  this  mineral  does  not  seriously 
interfere  with  the  smelting  operatioos.  DnnAg  the  roasting,  the  pyrites  is  more  rapidly 
ozidiaed  than  the  galena^  ana  what  esoi^>es,  a^erwards  assists  in  reducing  the  oxide  of 
lead.  In  the  oondading  operations,  the  oxide  of  iron  is  disseminated  through  the 
mass,  and  retards  the  fusion  of  the  lead-compounds.  A  laiee  prowntion  of  pyntes  is, 
howoTer,  very  prejudicial,  as  that  portion  which  is  unofrialsadi,  mnns  n  TWy  Auihla 
matt  with  the  sulphide  of  lead,  which  escapes  the  reduction. 

When  the  pyntes  is  arsenical,  the  lead  is  always  rendered  more  or  less  impure  by 
lln  presence  of  mtmaS^  whidh  iaaBsaaea  thakoaof  bothlsadandoilfariBthasnbaa- 
quent  cupel  lation. 

Sulphide  of  Antimony. — This  ore  is  always  very  injurious,  even  when  present  only 
to  the  extent  of  2  or  3  per  cent.  It  gives  rise  to  the  same  reactions  as  galena ;  and,  a 
portion  of  the  antimony  being  bnmght  to  the  metHllIc  state,  combines  witli  the  lead, 
rendering  the  latter  luurd,  and  occasiuning  u  Ic^of  both  lead  snd  silver  when  submitted 
to  cupelktion.  The  compounds  of  antimony  also  form  very  fusible  compounds  with 
tho»e  of  lead,  which  cannot  then  be  brought  to  the  metallic  state.  The  great  "rlatillty 
of  antimony,  its  uxide  and  sulphide,  also  increases  the  loss  of  lead  and  silver. 

Copper  Pyrites. — This  mineral  renders  the  ores  unfit  for  treatment  in  the  rorerberatoiy 
furnace.  Even  when  it  is  present  in  such  small  quantities  as  not  to  interfen-  with  the 
reactions,  the  lead  always  retains  a  portion  of  the  copper,  which  diminishes  its  com- 
mercial value. 

Carbonate  of  Iron. — This  substance  acts  only  as  a  mechanical  hindrance  in  the  fur- 
nace, where  it  is  gradually  converted  into  oxide  of  iron.  During  the  later  period  of  the 
operations,  it  retards  the  fusion  of  the  slags,  and  postpones  the  reactions  imtil  ntiarir 
all  the  sulphide  of  lead  is  oxidised.  This  gangue  therefore,  when  prnasnt  ia  BBMUl 
quantities,  is  tavourabie  rather  than  otherwise  in  the  rsTerberatory  fumaea. 


b.  ProcM  hp  A/finitp, 

Tfaia^ilaa  was  aasd  in  Frsnee  for  treating  a  Spanish  galena  whidi  contained  a  laiga 

proportion  of  quartz,  and  is  founded  on  the  reactions  already  explained. 

The  furnace  employed  is  shown  in       697,  and  is  chat]ged  with  about  SOOlbs.  of 

_.    ore  through  a  side  door.  This 

rtg.  691.  charge  is  mixed  with  200  to 

210  lbs.  of  iron,  which  ought 
to  be  in  the  fbm  of  scrap  iron, 
as  cast  iron,  mill  cinder,  uid 
iron  ores  are  not  found  to  an- 
swai'  equally  well  with  malle- 
able iron.  The  mixed  charge 
is  then  rapidly  heated  until 
the  galena  begins  to  soften, 
when  the  temperature  is  kspt 
stationary  to  permit  the  re- 
,  .  .      ,     ,  actions  to  take  place.  The 

lead,  as  it  is  reduced,  flows  to  the  lower  cart  of  tha  ftimace  at  p,  while  the  matt  swims 
on  the  surface,  and  this  again  is  oovered  oj  tha  duu  Theoontentaan  thfn  ^wa  off 
through  the  tap-hole  b,  into  the  metal  pot 

A  modification  of  tins  plan  has  been  proposed  hy  Phillips  andRivot,  who  cmploj  » 
furnace  with  a  hearth  idightJy  inclined  towards  ft  baain  at  tha  aidcL  nlaced  bsiore  ana 
of  the  two  side  doom  — ^  r-  


Tha  Ibiaaas  ia  to  ba  diaigad  wiA  IMO  lb*  of      which  aaat  be  cair^ 
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over  th<*liearth,  and  roasfeii  for  12  hours  at  a  moderate  heat.  At  this  point,  if  the 
ore  does  not  contain  sufiicieDt  silica,  12  per  cent  of  sand  and  1^  percent  of  charcoal 
n»  added.  The  heat  is  rapidly  brought  op  to  a  eberry-red,  when  the  eiiaieoal  ndaeea 
the  oxide  of  lead,  and  facilitates  the  actinn  of  the  sand,  which  dn^nm  j  OAcs  the  Pnlphate, 
frr»"'"g  silicate  of  lead.  The  charge  passes  through  a  procejut  of  boiling,  and  when  this 
■nha^ies,  a  quantity  oi  hon  is  tlizown  in  while  the  diarge  is  being  well  woilced ;  the  iroa 
decomfiosfs  tht>  silicate  of  lead,  producing  nietallic  U-aa  and  silicate  of  iron.  "Wht^n  the 
slags  are  raoperlj  imporerishea,  the  contents  of  the  furnace  are  tapped  into  the  pot, 
tHitvethe  imuI  imMiBs,  and  the  slags  flow  off  at  one  aide. 

Mr.  W.  J.  Cookson  has  introduced  another  modification  of  thia principle  TT<>  niixcf 
the  lead  ore  and  iron  together,  and  adds  a  small  ^nautitj  of  alkali  and  carbonaoeoua 
natter.  Tliia  nuztare  is  exposed  to  heat  in  fanrge  cndblee,  when  a  very  pure  laad  ht 
obtained.  The  matt  falls  to  p.>\vdtr,  which  is  afterwards  mixed  with  a  little  water, 
made  into  bricks,  and  buznt  in  kiln%  as  a  substitute  finr  aalphur  orea»  in  the  Manufacture 
(rf  sulphuric  acidi. 

CMamate  of  Whoa  thio  oca  dTlead  oootMaa  •  large  propordoo  of  ffalw.  it 
is  treated  by  one  of  tho  plaM  tliMdj  defoibid,  Imt  n^Mtt  toiMbif  pac%&  u  mb- 
Bittadtoqpecial  operations^   ^  , 

Hie  Itoiiaee  ia  of  the  ordiiiaiy  xwsriwntoiy  dianotsr,  in  wMeb  the  heartfi  haa  only 

a  slight  inclination  towards  tho  tap-hole  at  one  of  tho  sides.  The  ore,  in  the  form  of  a 
fine  sand,  ia  mixed  with  some  reducing  agent,  sach  as  ooal,  and  some  flux  adapted  to 
the  natore  of  the  gangue.  This  ehaxge  Ihm  ipmid  upon  tite  heardi,  tlie  doors  are 
cloood,  and  the  heat  is  gradually  raised,  during  which  the  mixture  is  often  turned  over. 
The  temperature  is  kept  as  low  as  poe&ible,  and  the  lead,  gradually  redooed,  fidla  down 
to  the  tap-hole,  through  which  it  is  drawn  off  from  tame  to  time. 

When  the  lead  has  ceased  to  appear,  the  spongy  mass  on  the  heartl^  it  l^aled  Wftil 
it  fuses,  when  the  whole  is  drawn  out  and  smelted  in  a  blast  furnace. 

Sulphate  of  Jjcad. — This  salt  of  lead  is  found  native,  and  large  quantities  are  also 
|toduced  in  varions  chemical  and  other  manufactories.  In  the  latter  eaae,  it  is  ofln 
mixed  with  an  BicsBa  of  aidpbnric  aoi^  which  moat  be  expaUed  in  •  lofeiberatoij  or 
other  furnace. 

The  only  mode  of  treating  this  compoiad  of  lead  ia  Aat  propoaed  bj  FblU^  llld 
Bivot*  to  which  we  must  refer  the  reader. 

Spanish  Air-furnace,  or  Homo  d>'  qran  tiro. 

This  furnace,  shown  in^s.  698 — 600,  does  not  differ  from  the  blast  furnace  in  its 
form,  but  as  the  draogfat  depends  entirely  upon  the  chimney,  it  may  be  said,  in  this  re- 
apeet,  to  resemble  the  menMratoiy  floBBea^  and  flnda  ita  i^icopaate  poattioB  m  thia 
part  of  the  article. 

Its  height  is  8  feet,  and  the  diauiett  r  varies  from      feet  to  4  feet.    The  charging 


Fig.  698. 


door,  T),  is  j>laced  a  little  above  the nrilUC  of  the  arch,  S.  The  sole  of  the  furnace,  P,  is 
formed  of  a  very  refi^tory  material  caued  Laguena,  a  species  of  decomposed  aigilla- 
eeoos  slate,  which  is  fimnd  in  great  abundance  near  Cartagena.  It  is  ground  to  fine 
powder,  and  mixed  with  ooke  uso  in  p  >wder,  in  the  proportion  of  3  to  1.  This  mixture 
la  moiateBed  with  watsr,  and  eazefhlly  beaten  with  nunmeia.  The  walli,  B|  are  alao 
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built  of  the  slat©  in  it«  undecomposed  state,  called  Lt{ja.  The  hearth  or  crucible  is 
then  cut  out  to  the  shape  shown  in  fig.  698,  Six  openings  {figs.  699,  600)  G  G,  are  left 
in  the  walls  for  the  admission  of  the  sir,  and  for  drawing  off  the  slags.  The  flue,  C, 
connecting  the  furnace  and  chimney,  is  carried  by  an  arch,  K,  and  is  built  so  as  to  be 

Fig.  699. 


independent  of  the  furnace.  The  chimney.  A,  is  ftbout  4  i  feet  high,  has  a  larffc  area, 
and  works  two  furnaces.  The  air-holes  are  16  inches  by  12  inches  at  the  outside,  and 
taper  to  9  inches  by  4  inches  next  the  interior.    They  are  formed  by  working  some  clay 

Fig.  600. 


upon  a  wooden  mandril,  and  placed  to  point  towards  the  centre  of  the  furnace.  There 
are  also  other  holes  (register),  F,  above  the  air-holf«,  but  temporarily  built  up,  so  as 
to  be  easily  opened  when  required  An  inclined  plane,  H,  is  built  to  draw  away  the 
slag,  as  in  an  iron  blast  furnace,  and  it  is  kept  cool  by  an  air-channel  below.  The  lead 
is  collected  in  a  small  pot,  T,  through  an  opening  cut  through  the  sole  to  the  hearth. 

The  ore  smelted  in  these  furnaces  contains  carbonate  of  lead  and  galena,  mixed  with 
oxide  and  carbonate  of  iron,  oxide  of  antimony,  carbonate  of  lime,  clay  and  sands. 
This  ore  is  used  raw,  mixed  with  lead-slags,  and  coke  is  the  fuel  employed. 

The  flimace  having  been  annealed  for  some  hoxirs,  3  or  4  pigs  of  lead  are  placed  in 
the  hearth  to  form  a  bed  for  tho  slags,  and  the  furnace  is  charged  with  coke.  In  5 
or  6  hours,  a  few  baskets  of  slags  are  thrown  in  with  a  little  granuLited  iron.  After 
a  little  time,  the  slags  begin  to  run  down  the  incline,  when  the  regular  charge  of  ore 
is  added  The  air-holes  are  regularly  watched  to  keep  them  all  at  the  same  degree 
of  heat»  as  any  neglect  is  apt  to  allow  the  materials  to  harden,  when  these  air-tuyere« 
become  choked.  It  is  in  fact  the  duty  of  one  man  to  remove  all  the  niggers  or  hard 
black  lumps,  which  tend  to  form  in  and  near  them.  The  furnace  is  charged  only  once 
every  hour,  as  the  opening  of  the  charging  door,  D,  iiyures  the  draught. 

The  charge  consists  of : 

40  baskets  of  ore,  or  about  6  cwt, 
8  to  10        „       old  Slag. 
4  to  6       „       coke,  with  some  dry  wood 

The  latter  assists  in  diffusing  the  air  uniformly  through  the  materials.  The  quantities 
used  in  24  hours  are : 

Ore  ....  cwt.  134  I  Coke  ....  cwt,  20 
SUg  .       .  .      „     44  I  Wood  % 
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As  the  air  has  A  tandenrv  to  ascend  mnnrl  the  sides  of  the  furnace,  the  smelter  throws 
liis  chances  sgaimt  tiw' vails,  and  keeps  the  air-channels  as  far  as  possible  open  to  the 
emtn  of  the  teBMSi.  Whntlie  ihmanbeooiiiM  ^wftMin  anj  part,  oMormon  of 
tho  >^gilt«r>hole8  are  opened  to  enable  the  smelter  to  remore  the  obstruction. 

Tho  leod  ii  tapped  eTenr  six  houxs.  and  the  matt  is  rt-tumed  to  the  fumaoa.  The 
piodaee  iwrieo  m»  •  to  7  evt  of  leoa  xtpwue^M,  aoeording  to  the  rielmeM  of  tibe  om. 

"We  havo  (l<  scri'hed  this  funiiicc  at  some  length,  uh  it  is  cheaply  built,  lasts  about. 0 
to  8  veek%  and  can  be  used  in  localities  where  more  perfect  plans  would  bo  impcaoti- 


2.  The  Rsdcction  of  Lkao  Okeb  ik  Blast  Fcrnaobb. 

The  orea  ^nerallj  smelted  in  blast  furnaces  are  such  as,  from  the  proportion  of 
their  impurities,  are  not  adapted  to  the  rererbeiatory  ftunace ;  but  this  remark  does  not 
apply  to  the  peculiar  form  of  blast  furnace  known  under  tbe  nanie  of  the  ttnt-hoirth,  m 
naed  in  America  and  this  country  (p.  497). 

a.  The  Cupola  or  Blast  Furnaet. 

This  ftnn  of  ftmaoe  is  Tery  generally  adq>ted  on  the  CSonttnrat,  and  exhibits  at 
different  works  a  great  Tariety  of  form  and  dimensions.  The  great  difference  in  the 
ores,  the  fluxes  available  and  the  nature  of  the  ftiel,  are  all  so  many  conditions  which 
leomre  inKcial  modifleations  to  OTnrooae  the  difficulties  peculiar  to  each  locality. 

we  will  select,  as  ilhutrations  of  this  mode  of  smelting,  three  of  the  — 
whioh  the  ore  is  used  in  the  niw  and  roasted  fonn,  and  in  both  states. 


in 


Fiff.  601. 


SiUsian  Fumace. —  The  form  and  con- 
struction of  this  ftmaee  an  represented  in 
/ig.  601.  The  walln,  a  a,  are  vertical  from 
the  tuyere  upward ;  for  a  di^tauce  of  10  feet  4 
iadisa  to  6  leet,  the  section  of  the  furnace  ie 
rectangular,  while  above  this  point  it  takes 
a  circular  fonn.  The  exterior  wall,  r  c,  is 
MDt  of  eoauMB  brichi^  and  the  lining  or 
shirt,  a.  is  constructed  of  fire-bricks.  The 
chaige  of  raw  ore  and  flux  is  mixed  on  the 
floot|  and  Ihivwu  Into  the  ftmiaee  through 
the  opening  /.  The  blast  enters  at  t,  and 
fiiaion  takesplace,  during  which  the  hearth, 
A.  ie  mdmSxf  fflkd  with  the  lead  pradneed. 
The  pTag  floats  on  the  surface  of  the  lead,  and 
is  drawn  oflfat  c,  while  the  lead  is  occasionally 
tapped  tinoHgh  a  emol  whi  A  paasee  to  the 
bottom  of  thi'  hearth.  Thi>  funn^  is  carried 
away  from  the  top  of  the  furnace  through  a 
aerieeofc 

can  only  be  work ej  for  about        days,  when 
the  operation  is  stopped  to  npiir  the  lining. 
The  M  4lf  >Mm»  eoMiita  of : 

Galena  in  aniall  fieoM         .  lOOpaita. 

Cast  iron  .       .  .12 

Slag  from  iron  forge       .  14 

Eaeli  tea  of  fUe  ehar^  requires  a  ton  of 
eoal,  which  is  thrown  against  the  front,  and 
the  on^  he  against  the  back  of  the  fiunaoe. 

When  tile  suff  contains  7  or  8  per  eent.  of 

lead  it  is  r*  smelted.  The  matt  or  regulus, 
oonsistiflff  of  sulphide  of  iron  and  lead,  with 
•  Uttfe  tttrer,  is  zoasted  and  smelted  in  the 
same  furnace. 

Hnrt::  Fumaoe. — Tills  plan  is  adopted  in 
the  Hurtz,  France,  and  Belgium,  more  or  less 
wodHled  aeeocdiBg  to  the  circumstanoea  of  the  locality.  The  on  is  always  submitted 
to  previous  roasting ;  and  when  tliis  operation  is  perfonn«  d  in  a  reverberatory  fumace, 
the  h<  at  is  gradmiUy  raised,  until  the  oxidation  is  sufficiently  advanced,  when  the  doors 
are  dosed.  The  fire  is  Uien  urged  to  melt  the  mass  of  materials,  which  is  thndiKVnt 
allowed  to  cool,  and  broken  up  into  pieces  fit  for  charging  the  blast  furnace. 

The  following  tables  contain  numerous  anaUses  of  the  matt  and  slags  which  arc 
I  tM  hlHt  flBDMMi  of  ntMMe  Mid  Qmoaaj, 
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Jwdjym  nflmi  iU§^fnm  Matt 
(A.)  Vtam  BoMtod  Qm. 


Autbority 


Silicic  acid  . 
Alumina  . 

S^tqiiioxide  of  Iron 
Protoxide  of  iron  . 
Protoxide  of  i 
Lime  • 
Baryta  .  . 

Masneila       .  . 
Oxitio  of  lead  . 
Oxlile  of  tine  . 
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Sii Iptiiuic  acid 
Sulphur  . 
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Pbotpborlc  add  . 
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^Lmirdag^^  from  TilattFu 
(A.)  jPxoiB  AoMtod  Ores. 


Loealltjr . 
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Silicic  acid  . 
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Lime  ... 
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Oxidp  of  lead 
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Thn  ore  IB  somotimps  roasted  in  tho  open  air.  ns  :it  RamnK  lsWrg,  on  the  Hartz,  r\n  I 
Falilun  in  Sweden.  The  ore  at  the  former  pkco,  consistioK  of  an  intimate  mixture  uf 
tiM  tolphldaB  of  Im^  oofipor,  ivon  and  aac^  is  taMd  Sato  AMip%  m  Men  iaj^r.  60t. 

s    s  —  s  s 


A  thick  layer  of  pine  wood,  a  a  a,  Ls  laid  down  for  a  foundation,  upon  which  the  ore, 
A  A,  is  placed  in  pieces  decreasing  in  size  towards  the  top.  Ths  iriM>1«  is  eoT«red  with 
a  layer  of  roasted  ore  in  powder,  which  shuts  off  the  access  of  an  excess  of  nir.  These 
heaps  contain  about  160  tons  of  ore,  and  after  they  are  ignited,  the  combustion  is  sop- 
poitsd  Stf  tfift  n^ihidesb  tbrongh  a  period  Taxying  fVom  18  to  24  weeks. 

At  the  top  of  the  pile  are  a  mimbor  of  cavities,  formed  in  the  porous  covering, 
in  which  a  portioa  of  sulphur  collects,  as  it  is  sublimed  from  below,  and  from  which 
itisladledattiaMs.  ▲tm  of  nlpliwiiuaanj  obtoiasdftom  aheap,  and  ilk  Mid 
nearly  to  pay  the  cost  of  lOMtiaB.  Hm  BwtaUio  prodaeti  are  aftanraida  loutod  ia  a 
second  and  third  heap. 
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REDUCTION  IN  BLAST  FURNACES.  405 

ThSa  roasted  ore  is  smelted  in  a  fumaoe  constmcted  as  shown  ia^.  603.  The 
dMrga  is  prepsftd  on  th»  floor,  asd  liuowa  into  the  fknaaes^  Ihtooff  the  opeBiqg 
c,  akog  vitn  the  fluL  A  itNiig  Ueet  it  dnven  in  thioii|^  Ihe  tojera^  t 


Ihe  dniii  ooMlMi  of 

Boosted  OTS  36  cwt. 

Highly  siliceous  bIh^  .       .      .       10  „ 

Ozide  of  lead  and  pieces  old  cupels        .      ^-^  „ 

The  matt  is  repeatedly  lOMted  aad  tfeiaeUed  to  oblaui       ooppor,  lead  tad 

silver,  it  may  contain. 

Bpanitk  Boonomie  FimoM.  The  discoTery  of  enonnons  deposits  of  slags  left  bj 
the  Aomans,  near  Cartagena  and  other  places  in  Spain,  together  with  the  mining  of 
a  poor  lead  ore  in  these  districts,  has  led,  within  the  last  15  or  20  years,  to  a  very 
great  derelopment  of  lead  smelting  on  this  coast.  Furnaces  of  different  descriptions 
wero  tried,  ooo  after  onoUu^  hot  thej  have  all  gtron  plaoa  to  vhit  ii  known  ndw 
the  above  name. 

This  furnace,  as  improved  by  the  writer,  is  repreisenttHl  in  Jt^s.  604,  605,  606,  in 
ahvation,  section  and  plan.  The  blast  enters  through  three  water-tuyeros,  a  a  a,  and 
the  materials  are  raaintainfd  up  to  the  l*>v-  l  of  the  cliarpiii^  door,  b.  The  upp<  r  layfrs 
are  kept  cool  by  u  fine  rain  of  water  Iroiu  a  rose,  c,  aud  the  steam  which  is  formed 
assists  in  condensing  the  fumes  which  escape  into  tha  flue,  through  an  openin|^  in 
the  back  side  of  the  top  of  the  furnnc*'.  'i'lic  upper  part  of  t!:c  furnace  MBta  npon 
fbnr  metal  pillars, so  that  M  hcn  tho  body  of  the  furnace  re«iuiros  to  he  renewed, 
this  part  remains  imtouched.  The  lead  accumulates  in  the  hearth,  whence  it  ia 
tapped,  from  time  to  time,  into  the  pot.  A,  to  be  ladled  into  moulds.  The  slag  runs 
continnously  into  a  tank,  t,  which  u  kept  supplied  lAnth  a  stream  of  water.  The 
dag  in  thia  eaoa  Mb  info  a  coarse  sand,  which  is  easily  carted  away,  but  it  ia  aonia* 
times  run  into  small  wafrpnns.  forming  large  blocks  on  cooliiiir. 

The  fomace  is  circular,  with  a  diameter  of  from  2^  to  2^  feet,  and  built  of  fire- 
bricks moolded  to  suit  tha  Ibcm  of  tin  ftnnace.  The  body  of  Hm  ftuBaoo  ia  only  ona 
brick  thick,  and  when  any  portion  of  the  wall  gives  w:>v  tin-  hole  is  filled  with  clay, 
which  is  driven  into  the  interior,  while  the  smelter  lays  freah  bricks  to  rebuild  the  wall. 

The  bottom  of  the  ftumaoe  is  forniad  in  fljpain  of  n  Idnd  of  claj  wfaieh  ia  Ibwid  to 
nnaww  MMiknhty  voU,  b«t  in  thia  oo«nli7  n  adttiN  of  pua  gNond  OQiv  «nd  flm- 
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clay  ia  employed.  This  mixture,  made  into  a  paste,  is  veiy  carefully  beaten  down,  and 
then  the  hearth  is  cut  out^  as  shown  in  the  figure  (605).  The  formation  of  this  bottom 


Fig.  604. 


Fig.  605. 


Fig.  606. 


requires  the  greatest  care,  as  the  duration  of  the 
furnace  depends  more  upon  its  stability  than  upon 
the  continuance  of  the  walls,  which,  hs  already 
explained,  can  be  repaired  from  the  outside. 

The  breast  of  the  furnace  is  made  of  a  semi- 
circular plate  of  cast  iron,  with  a  lip  to  carry  off 
the  slag,  and  a  slit  through  which  the  taphole  is 
drilled.  Above  the  breast-pan  is  an  arch  about 
18  inches  wide  and  24  in  height. 

The  materials  are  charged,  layer  upon  layer, 
of  ore  and  flux  and  coke.  The  ore  may  be  either 
raw  or  roasted,  and  the  nature  of  the  flux  de- 
pends upon  the  character  of  the  gangue.  In  Spain 
the  ore  is  sometimes  roasted  in  kilns,  consisting 
of  large  chambers,  something  like  our  fire-brick 
kilns.  The  ores  or  materials  containing  lead  to 
be  smelted  in  this  furnace  should  not  hold  more 
than  20  or  80  per  cent,  of  lead. 
When  this  form  of  furnace  was  introduced  into  this  country,  the  writer  made  a  great 
number  of  experiments  as  to  the  ores  and  fluxes  which  could  bo  roost  profitably  smelted 
by  it ;  but  it  would  be  impossible  to  give  the  details  in  so  limited  an  article  as  the 
present.  It  may,  however,  possess  some  interest  to  give  the  materials  smelted  and 
the  cost  of  one  of  the  first  campaigns,  which  term  is  employed  to  designate  the  time 
the  furnace  works  without  being  rebuilt.  This  campaign  lasted  16  weeks,  working 
night  and  day,  and  the  following  weights  of  ores  were  smelted : 


Spanish  ore  . 
English  lead  ores  . 
American  silver  ores 


3249-50  cwt 
8634  60  „ 
86-76  „ 


English  lead  ore  slags 
Litharge 

Litharge  cinders  . 


1621-26  cwt. 

30-50  „ 
973-76 


14496-35 


Ther*  waa  a  gain  of  silver  on  the  assays,  but  a  loss  of  lead  of  about  one-tenth  on  the 
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assajs,  which,  howerer,  it  is  proper  to  aaj,  were  made  most  carefully  by  the  bait 
mtlthodM.  Tbeeoattnutilbliowa:  pw-iea. 

(f. 

t,  Wages  connected  with  the  fUmaoe  £124   19      »      8  6-1 

%  Engine  pow«r:  wages  £10  19  I 

IffoS  0Wt  oohIs    .  12  u  •      SS  1   7      -      0  7*C 

cwt. 

S.  Fhnus,  Ffaur  spar  .  .  228^  9  16  0 
Carbonate  of  hoyta  U  1  2  G 
Chalk  .  .  .  209^  0  16  2 
Limestone  .  260     8   18  0 

Boek-Mlfc  .  144|  6    11  8 

Kelp     .  .     5     0    10  U 

Hematite  ore  .  26  0  18  9 
Metal  boringi  .  790  79  16  0 
Mill  cinder  .  4673  40  18  8 
Greyaiags  .  .  704  1  16  9 
Pitch    .      .  .6013 

Coal  .  .  .  19  0  3  2  =  146  0  6  —  4  0-3 
4.  Fuel— Coke  .  .  2667  .  .  .  47  16  1  -  13  8 
9,  fiepaira  33   1   0      «      0  10-9 

£374    0  11        «      10  3-6 

Tho  following  Bttitrmont  contains  the  ccmt  of  smeltiiig  tha  Soman  skgp  Mtv  Carta- 
geoa,  in  Spaiu,  caicuiuted  uu  tlie  produce  of  lead : 

Cost  of  20  cwt.  of  Lead. 
MO  fibftab  aft  8  per  eeot  lead,  washed  iq»  to  24  per  eeat 

"120  qninfiils  for  smeltinp:      ....  860 

80      If   of  coal  for  engine,  at  6  reals    ....  180  „ 

90      ^  of  flolwlbraBilliiigbaftllrada                 .  MO  „ 

2  vmclters,  at  8  ISib     .   16  n 

4  labourers,  aft  0  XClk  •   24  „ 

Wear  and  (etv   80  ^ 

MMHymwift,  fte.  dps;    .                                  .  JOO  „ 

12  so  n-nls 

and  this  exponse,  at  92  reals  per  £  storling,  brings  the  cost  of  a  ton  of  iuad  up  to 
£13  6s.  8rf.  per  ton,  where  the  Roman  elngs  arc  olitainotl  frve  of  chaiga. 

We  believe  this  form  of  furnace  is  admirublj'  aduptfd  for  many  (;f  ntir  pnnror  ores  sad 
materials  containing  lead,  and  that  it  wt  11  d)  sor\-es  the  attention  uf  our  smelturs. 

b.  The  Ore- hearth. 

This  nsdiod of  vedneing  can  only  be  applied  to  the  ptmsfc  deserlptfon  of  orcs^  and tiia 
advantage  which  it  possesses  over  the  reverberator}-  furnace,  consists  chiefly  in  the 
grsateg  parity  of  the  lead  which  is  modoeed.  This,  however,  is  of  great  commercial 
amortaaw,  as  waA  lead  is  suitable  nr  eanwioa  into  the  best  wUto  aad  ted  Umh, 
aiiaiBeon8equeno4.>  brings  £1  p«>rtoaBiote  in  Aonaiicstthaaovdiiiaijiollked.  The 
cm  ksarth  is  also  wodked  with  »>,  mm 

lew  eoBsanplion  of  fliil  and  a  'V*  W7* 

eneller  outlay  in  ]abo»  Ibe 

eoitof  the  furnace  isMMlikWind  liDflP^  ls^  . 

the  wotlring  may  be  disMBUaued  u«Bp^" ^^^Ij 

and  n^umed  at  any  time  — -^lUm^^^S^ 

repaus  being  reqoired.  -sM^^BBfcfc,^*-  'm     ^  i  r 

Tbm  inft  eonalraelion  to  be^MEWBtePK'li'^TT-;™^^ 

3%t  ffflnfiwnrfi  Timik  "  '  ^l 

This  form  of  fitmaee  is  of  the  ^' 
most  primitive  character,  and  yet 
the  practice  of  the  Western  batk-  k.*. 
woodsman  is  still  more  simple ;  if 
ho  wants   shot   or  bullets,  he 

kindles  a  fire  in  a  hollow  tree,  or  ,  ,  . 

as  eld  stump  of  u  tree,  places  some  galena  on  the  charred  wood,  andBMlle  lftdO«B,'WMa, 
after  cooling,  he  finds  tne  motal  at  the  bottom  of  the  hollow. 

In  Missouri,  the  ore  was  reduced  in  square  furnae**,  coii*tnioted  of  logt  Of  aftom^ae 
Afwni  iaJfa.  807. 

Tob  m.  &  K 
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The  air  is  admitted  through  the  areh  in  the  £>re-8ide,  and  the  lead  is  coUacted  in  the 
basin  in  ftont.  The  numagflmnit  ocmrists  in  placing  a  layar  of  heavy  logs  at  the 
bottom ;  then  billets  of  split  wood  are  set  upright,  on  which  the  galena  is  thrown,  the 
top  of  the  ore  being  covered  with  small  wood.  A  fire  is  kindled  in  the  front  arch^ 
which  chars  the  lower  nortiou  of  tho  wood,  and  the  process  of  reduction  oommenoes. 
The  lead  miw  into  A*  MHO.  tad  tiie  operation  lasts  24  hours.  The  ashes  are  cdUgefJ 
after  the  furnace  cool«i,  and  they  are  smfltcd  in  what  Is  oalled  an  ath'^umaet. 

This  pbtu  in  uuw  superseded  by  coustructions  of  ;i  modern  type. 

The  American  Hcarlh. 

This  furnace  {fig.  608)is  Mnttctiimt  made  of  cast  iron,  and  so  arranged  thatahoHoiroMw 

BtunonndB  the  hearth,  H,  through  \\  lu'ch  the  air  parses  on  its  way  to  the  tuyere,  by  which 
contrivance  the  blast  is  raised  to  a  hig^  temperatiire.  The  air  enters  through  the  pipe, 
C,  and,  following  ^he  course  of  the  atzom,  is  driven  through  the  tuyao  into  the  hearth. 

%.  608. 


Ft<f.  009. 


As  the  ore  is  reduced,  the  lead  flows  down  the  channel,  b,  into  the  pot^  Bt  The  fiivee 

of  the  bUujt  can  be  regulated  by  the  valve,  V. 

The  hearth  is  first  carefully  warmed  by  a  wood  fire,  when  the  reservoir  in  the  Hwf^ifli, 
IT,  is  fiUed  with  lend^  which  soon  melts,  and  npoti  wbieli  tlie  eliarpe  floats  durinnr  the 
operation.  The  sxuelter  places^everal  pieces  of  \vcx>d  Ix'forc  tli(>  ljl}ii<t,  and  tiien  uliargva 
with  raw  galena.  The  whole  soon  beeotm  s  lie.! ted,  the  reduction  follows,  and 
lead  flows  off  iut'>  ?>.  The  first  charge  ie  finliowed  b/  another,aad  thna  ptoeaM  la 
continued  a»  long  as  the  .smelter  wishes. 

*  At  Bossie,  in  Nev  York,  76  ewt  of  lead  m  obtataed  in  94  hoin^  iad  tfaa  float  of 
'woiidng  ia  alxmt  aeten  ■Kiiiiti^p  per  ton. 

The  Scotch  Beatik 

ia  in  nae  in  tho  northern  counties  of  this  country,  and  Mr.  Phillips'  aocoontof  tbo 
mode  of  working  it,  is  so  admirable  that  wo  cannot  do  better  then  quote  it. 

Thia  fmiaee  (fig.  609)  li  ftom 

22  to  24  inclies  in  heijrlit,  and  12  to 
18  inches  area  inside,  hot  its  hori- 
zontal leetion,  alwqm  veetangular, 
varies  much  in  ita  diiBieniiona  at 
different  lein^ 

The  on  oaa  be  ^Kn^ced  either  in 
a  raw  or  roasted  state,  but  the  latter 
is  now  generally  used,  as  it  yields  a 
better  produce,  and  works  dry,  al- 
lowing the  blast  to  diffiiaeitadf  nuMte 
perfectly  throtiph  the  mass. 

In  proceeding  to  snH  It  by  means 
oi  an  ore-heart Ii,  two  workmen  are  required  to  be  in  attendance  from  the  beginain|p 
to  the  end  osf  «ioh  ameltii^  shift,  the  duration  of  which  is  from  12  to  l.j  hour" 
The  lint  etcp  in  conunencing  a  smelting  shift  is  to  iill  up  the  hearth-bottom  and 
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space  b<]<ju-  thf  workiitono  with  peats,  placing  one  nlr.';uly  kindled  before  the 
nuzAii  of  the  bellows.    The  powerful  blast  very  soon  wta  ihe  whole  in  a  blaze,  and 
by  the  addition  of  small  quantitiee  of  eo«l  at  intervals,  a  body  of  fire  is  obtained, ' 
filling  the  hrartli.    R<>asted  ore  is  now  put  upon  tlu-  surface  of  tho  firo,  lM'tw<on 
the  forestone  and  pipestone,  which   iuiniediat«ly  becomes   red-hot  and  reduced, 
the  lead  from  it  sinking  down  and  collecting  in  the  hearth-bottom.     Other  partumt 
of  ore,  of  from  10  or  12  Ib.s,  c  i  'i  arc  iiif mlutn-d  from  tinu^  to  tniK',  and  llie  crmtenTs 
of       hearth  are  iitirred  and  kept  upen,  being  ocoasionaliy  drawn  out  and  examined 
Upon  the  vonkstone,  until  the  hearth-hotttnt  beeomes  ftdl  of  le«d.    The  hMrth 
may  bow  1>c  consid*  ivd  in  its  ri  trular  workinp:  state,  having  a  mass  of  In-atcd  ftn  l, 
mixed  with  partly  fused  and  scmi-redoced  ore,  ctalled  Ifroumf  floating  upon  a  stiutum 
of  meUad  lead    The  enelHn^  shift  is  then  regukrlj  praeeeded  with  by  the  two 
workmen,  as  followa:--Tho  firo  boin;;  made  tip,  a  stratum  of  ore  Is  spn-ad  upon  tht; 
horixootol  surface  of  the  browse,  and  the  whole  suffered  to  remain  expo^od  to  the 
hlaet  fm  aibont  ite  niaatee.   At  the  end  of  thettine,  one  man  plunges  a  poker  into 
tlif  fluid  load  in  th<~'  hearth -bottom  Ll-Iow  th.:-  lirowso,  and  raises  tlit'  wliolc  up  at 
difieient  places  so  as  to  loosen  aod  opea  the  browse,  and  in  doing  so,  to  pull  a  port  of 
it  Ihnraras  upon  the  wotlcsteoe^  iUowing  the  xeeantly  added  ore  to  sink  down  into  the 
body  of  the  lu  arth.    The  poker  is  now  exchanged  for  a  shovel,  with  a  head  6  inches 
equaxe,  with  which  the  browse  is  examined  upon  the  workstone,  and  any  lumps  that  may 
have  been  too  mneh  fused,  are  broken  to  pieces ;  those  which  are  so  far  agglutinated  by 
the  heat  as  to  be  quite  hard,  and  further  known  by  their  brightness,  are  picked  out,  and 
thrown  aside,  to  be  afterwards  smelted  in  the  slag  hearth.    They  are  called  "  grey 
sIh^."  a  little  slaked  lime  in  powder  Im  then  spread  upon  the  browse,  which  has  been 
dr:    II  f  rward  upcn  the  workstone,  if  it  exhibit  a  pasty  appearance;  and  a  poitioinof 
cc»al  is  added  to  tlie  hearth,  if  necess.iry,  which  the  worknu^n  knows  by  experience.  Tn 
the  meaulime,  his  fellow-workiimu,  or  shoulder-fellow,  elcurs  the  opvuiiig  tlirough 
which  the  blast  passes  into  the  hearth,  with  a  shovel,  and  places  a  peat  immediately 
above  it,  which  he  hold<:  in  its  proper  situation,  until  it  lb  fixed,  by  the  return  of  all 
tlie  bruwii*.'  from  the  work^tune  iuto  the  hearth.    The  fire  is  mudt-  up  again  into  the 
•hape  before  describixl :  a  stntnni  of  fresh  ore  apMad  upon  the  peat;  and  the  operatidii 
of  siirrinfj,  bn  akiiit.'  the  lumps  upon  the  workstone,  and  picking  out  the  hard  slags  re- 
peated, aAer  tlit;  e.vpiniliou  uf  a  few  minulisj,  tsxactly  in  the  same  luaniier.    At  every 
etining  a  frt^h  peat  is  put  above  the  nozzle  of  the  be}lo\^  s,  wluoh  divides  the  blast  and 
rau^ifs  it  to  be  distributed  all  over  the  hearth;  and  as  it  bums  away  into  lighi  ashes, 
an  opening  is  left  for  the  blast  to  issue  freely  into  the  body  of  the  browt*.    Tliw  soft 
and  porous  nature  of  dried  peat  renders  it  very  anitaUe  for  this  purpose ;  but  in  some 
instances,  where  a  defieieney  of  peats  has  occurred,  b!  i  l;'^  of  Nv.xja  of  the  sauie  siz.'  havo 
been  used  with  little,  disadvantugo.  As  the  smelting  pi-ucecds,  the  reducnllead,  filtering 
down  thio«^  1^  parts  of  the  browse  into  the  hfiarth-bottoo,  ftowv  tfaroof^  flie  duuuMl, 

out  of  wliich  it  is  laded  Info  the  pij^-monlds. 

The  principal  particulazB  to  be  attended  to  in  ^wnfyVg  an  orediearth  properly  during 
the  amdtingahift  aietheM!  ¥1nt: — it  ieTety  impoctanttoempilr  y  a  proper  nai^  whi<£ 
should  be  oarefnlly  refrnlatcd,  .so  as  to  be  neither  too  we.ik  nor  too  jwjwerfuL  Too  weak 
a  blast  would  not  excite  the  requisite  heat  to  reduce  the  or(«,  and  one  too  powerful  haa 
the  of  faring  the  oMitente  of  tbttheexth  into  abgii  Li  this  partienlar,  no  eertafn 
Tolf^  cun  lie  piven ;  for  the  same  blast  is  not  suitable  for  evi  ry  variety  uf  ore.  Soft, 
iree-j^rained  ^liena,  of  great  specifio  grsvi^,  being  ywj  fiuiiblc,  aud'  eaidly  reduced, 
reqmree  a  nodefrate  bhut ;  while  the  haider  ud  lif^tter  Tarieties,  many  of  idiidi  eon* 
tain  more  or  less  ir«jn,  and  an  often  found  rich  in  silver,  require  a  bhmt  considerably 
stronger.  In  all  cases,  it  is  most  essential  that  the  blast  should  be  no  nooxe  than 
anffleient  to  reduce  the  ore,  after  every  other  neeesMry  precaation  is  taken  in  working 
the  hearth.  Secondly: — The  blast  should  be  as  niudi  divided  as  possible,  and  made  to 
pass  through  every  part  of  the  browse.  Thirdly: — The  hearth  should  bo  vigorously 
stirred  at  due  intcn'als,  and  part  of  its  contents  exposed  upon  the  workstone,  wh«D  the 
l^rtially  fused  lumps  shoidd  be  well  broken  to  pieces,  and  those  which  are  farther 
vitrified,  no  as  to  form  slags,  carefully  pickfd  out.  This  breaking  to  pieces,  and  ex- 
posure of  the  hottest  part  of  tlie  bivwse  upou  the  workstone,  has  a  most  henefleial 
eflbet  in  promoting  its  reduction  into  lead;  for  the  atmospherie  air  immediately  uets 
upon  it,  and,  in  tliat  hcatfd  state,  the  sulphur  is  readily  eon«nimed,  or  converted  into 
sulphurous  acid,  Iv-aving  the  lead  in  its  metallic  state ;  hence  it  is  that  the  reduced  lead 
alwaja  flows  most  ahondantfy  out  of  the  hearth  immediately  after  the  return  of  the 
browse  whieh  lias  been  sprend  out  and  exposed  to  the  atmosphere.  Fourthly: — The 
quantity  of  lime  used,  should  be  no  more  than  is  just  neccssiiry  tv  tliicken  the  browse 
anflkMotly,  as  it  does  not  in  the  least  contribute  to  reduce  the  oro  by  any  chemical 
reaction  ;  its  use  is  merely  to  render  the  br-iwx-  less  pasty,  if,  from  the  heaf  b»'itiir  too 
great,  or  from  the  nalare  of  the  tare,  it  has  a  disposition  to  become  very  soil,  i  iitiily 
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Coal  should  ho  nUo  siippKed  judicioii.sly,  too  niucll  mulDewHtily  inCMiaiQg  UieboOc  «f 
the  browse  and  causing  the  hearth  to  get  quite  tililL 
When  the  ore  is  of  a  descriplioii  to  sradl  midilj,  fuid  til*  liecrth  {•  Will  nuiiuigediii 

eveiy  particular,  it  works  with  bat  a  small  quantity  of  browse,  wlilfli  f.  ^ls  dry  when 
stirreo^  and  is  easily  kept  open  and  permeable  to  the  blast  The  redaction  proceeds 
rapidly  with  a  moderate  degree  of  heat,  and  the  slags  produced  are  inconsiderable ;  but, 
if  in  this  itato,  the  stirring  of  the  browse  and  exposure  upon  the  workstone  are  discon* 
tinned,  or  pmctiscd  at  lonpfer  intervals,  the  hearth  quickly  gets  too  hot,  and  im- 
,  mediately  bcgias  to  agglutinate  together,  rendering  evident  the  nccessil^  of  these 
operations  to  the  successful  management  of  Ihe  process.  It  is  not  diiScnlt  to  understand 
why  these  effects  take  place,  when  it  is  considored,  that  in  smelting  by  means  of  the 
ore-hearth,  it  is  the  oxygen  of  the  blast  and  of  the  atmosiilu  ro  which  principally  accom- 
^ishes  Uie  reduction ;  and  the  point  to  be  diiefly  attended  to,  consists  in  expo»iiig  1h» 
ore  to  its  action,  at  the  proper  temperature,  and  under  the  most  favourable  circum- 
stances. The  importaucti  of  having  the  ore  free  from  impurities  is  also  evident,  for  th« 
stony  or  earthy  matter  it  contains  impedes  tiie  smelting  process,  and  increases  tfaa 
quantity  of  slag.  A  very  sliglit  diffon  ncc  of  composition  of  perfectly  dressed  ore  may 
be  readily  understood  to  aft'ect  its  reducibility ;  and  hence  it  is  that  ore  from  different 
TStns^  «r  tlie  same  vtm  in  dilRnwnt  strata,  as  heton  observed,  is  frequently  found  to 
work  very  diflR^mitly  vrhcn  smelted  singly  in  tlin  hrarth.  It  happi'iis,  tlii  roforo,  that 
with  the  best  workmen,  some  varieties  of  ore  require  more  coal  ana  lim^  and  a  greater 
degree  of  haat,  than  odMRT  and  it  is  Ibr  this  reason,  that  the  ftrntonsunademoraU^ 

so  as  ciflier  to  aiiswi-r  for  oro  whirli  wurk-  '.vith  a  hirgi-  or  a  sinaTl  quantity  of  browso. 

It  has  been  stated  that  the  duration  of  a  smelting  shitt  is  from  12  to  1^  boors,  at 
tiie  end  of  wlildi  time,  with  every  preeantioD,  tite  hearth  is  apt  to  heeooM  too  hot>  and 
it  is  necessary  to  stop  for  somo  tiiiK-,  in  order  that  it  niay  eool.  At  mills  where  the 
smelting  shift  is  12  hours,  th<  hi  arths  nsoally  go  on  12  hours,  and  are  sanended  6 ; 
firar  and  a  half  or  flre  l  ings*  of  on-  (36  to  40  ewt)  aresmdted  daring  a  thm,  and  tha 
two  men  who  nianagc  the  h»>artli,  work  each  four  sliifls  per  week,  tcnninatlng  their 
wee^s  work  at  3  o'clock  on  Wednesday  afternoon.  They  are  succeeded  by  two  other 
tnwicmen,  ivho  also  voric  fbur  lf>honr  shiffai,  ttie  hurt  of  nhidi  they  finish  at  4  o'clock 
on  fsaf  unlay.  In  these  8  shifts,  from  36  to  40  bings  of  ore  are  smelted,  which,  when  of 
good  quality,  produce  from  9  to  10  fodders  of  lead.  At  other  mills,  where  the  shift  is 
14  or  16  hours,  the  furnace  is  kindled  at  4  o'clock  in  the  morning,  and  worked  until 
6  or  7  in  ttxe  evening  each  day,  six  days  in  the  week ;  during  this  shifty  5  or  5|  bings 
of  ore  are  smelted,  and  two  men  at  one  hearth,  in  the  early  part  of  each  week,  wnrk 
three  such  shifts,  producing  about  4  fodders  of  liiad ;  two  other  men  work  each  3  shuts 
in  the  latter  part  of  the  wMk,  maldiig  tha  total  qaantity  aoMlted  pet  veck  in  one 

hearth  fnjni  30  to  33  hwpn. 

Hi  arth-cnds  and  Stiu  Kf  r's  fumf, — In  the  operation  of  smelting,  as  already  d^crfbed, 
it  happens  that  particles  of  unrf  duced  and  semi-reduced  ore  are  continually  expelled  from 
tho  Ih-arth.  partly  hy  th«'  force  of  the  blast,  I'Ut  prinripally  by  tlie  decrepitation  of  the 
ore  on  the  application  of  heat.  This  ore  is  mixed  with  a  portion  of  the  fuel  and  lime 
made  use  of  in  smelting,  all  of  which  are  deposited  Upon  the  top  of  the  smelting  hearth, 
and  are  called  hearth-ends.  It  is  eustomarj  to  mnove  the  hearth-ends  fr  tii  time  to 
time  and  deposit  them  in  a  convenient  place,  until  tho  end  of  the  year,  or  some  shorter 
period,  when  they  are  washed  to  get  fid  of  tiia  earthy  matter  they  may  contain,  aiid 
tlie  mrtallic  portion  is  roasted  at  a  sbvng  heat,  until  it  bfgin.s  to  soften  and  cohere 
into  lumps,  and  afterwards  smelted  in  the  ore-hearth,  exactly  in  the  same  way  as  ore 
nndergoing  that  operation  for  the  first  timo.  as  already  described. 

It  is  diffieult  to  state  what  quantity  of  h  -arth-ends  are  produced  by  the  gmeltinpr  of 
a  given  quantity  of  ore,  but  in  one  instance,  the  hearth-ends  produced  in  smelting  9751 
bings,  on  being  roasted  and  reduced  iathe  ore-hearth,  yielded  of  common  lead  SIS  ewt., 
and  the  grey  slags  separated  in  this  proce.'^e  pare,  bv  treatment  in  the  sla^^-hearth.  74 
cwt,  of  slag  lead,  making  the  total  quantity  of  lead  862  ewt,  which  is  at  the  rate  of 
S  ewt  2  qn.  38  Iba.  from  the  smelting  of  100  bings  of 

Tha  cost  of  amdting  weU^dnased  galena  at  tha  ora-hearUi  is  as  ftOowi: 

«.  d. 

Labour  6  1-9 

Coals  2-2  ewt  0  4^4 

Wood  1-2  ,  0  9-1 

Lime  0-6  „  0  3  o 

Repairs  .       ,  .    0  l^T 

EngiiM Power:  Wages.      .    (»  Ki:^    -  ^. 

Coals  5-2  ewt    0  lu  ij  °* 

ft  67 

•  lUafaaewt. 
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Tlje  ore-hearth,  m  usually  constructed,  often  allows  the  ftimes  to  fill  the  mill,  wh<  n- 
ever  thfl  draught  ia  defective,  and  thus  proves  injurious  to  the  health  of  the  work  peonle. 
Under  all  circumstuncef),  a  lar^^e  volume  of  air  |>as8cs  into  the  flue,  and  bo  far  diminiancs 
the  condensation  of  the  lead-fume. 

In  order  to  diminiiih  the  objectioa,  the  writer  introduced  the  following  modificatioua, 
shown  infff.  610. 

Fiy.  610. 


The  hearth  is  c*>vered  with  a  hood  of  briok-work,  a,  at  the  buck  of  wliich  tlier^  is  an 
opening  into  the  flue.  This  opening  can  be  enlarged  or  diminished  by  means  of  a 
damper,  worked  from  the  outside  at  b.  The  opening  in  front  can  aE»o  be  rt  gulated  by 
means  of  a  movable  iron  plate,  c,  which  can  be  raised  or  lowered  according  to  circum- 
stances. The  hood  is  firmly  lx)und  by  iron  straps,  d  d,  which  are  maintained  in  position 
by  screw-bolts  above  and  below  the  hearth.  The  opening  e,  under  the  arch  /,  allows  the 
workman  to  regulate  the  blast,  which  is  admitted  at  the  back  tlirough  the  ordinary  tuyere. 

The  ore  is  charged  through  the  opening  ff,  in  the  side  of  the  hood,  and  the  furnace  is 
worked  from  the  front,  in  the  manner  just  described. 

We  have  now  finished  our  acci»unt  of  the  reduction  of  lead  ores,  and  regret  t  hat  we 
are  compelled  to  omit  man^  detaiU  relating  to  the  various  modifications  adopted  in 
Germany  and  elsewhen*,  which  are  treated  at  great  length  in  Kerl's  valuable  Handhuch 
dtr  MrtaUurgischcn  HuUenkundtf  to  whicii  we  beg  to  refer  the  reader  for  further 
information. 

Chemical  Reaction$  in  the  Blast  Furnace. 

The  substances  which  compose  the  charge  in  blast  furnaces,  are  generally  either  in 
the  form  of  powder  more  or  less  fine,  or  in  mast^es  more  or  less  fused. 

The  fume  is  in  the  form  of  powder,  and  consists  chiefly  of  carbonate  and  sulphate  of 
lead.  The  dross  and  lead  skimmings  are  in  coarse  powder,  and  contain  oxide  of  lead, 
and  some  metallic  lead  mixed  with  the  ashes  of  the  fiiel  and  other  earthy  matters. 
The  furnace-waste  contains  quartz,  clay,  and  silicate  of  lead ;  while  tl»e  test-bottoms 
consist  either  of  silicates  of  lead,  &c.,  or  of  phosphate  of  calcium  and  oxide  of  lead.  The 
ores  and  the  grey  slags  are  venr  varied  in  their  composition,  containing  sulphide  and 
oxide  of  lead,  sulphates  and  silicates  of  lead,  calcium,  barium,  ice.,  and  differ  as  much 
in  their  mechanical  condition. 

The  chemical  reactions  resulting  from  the  fusion  of  so  varied  a  mixture  of  compounds, 
are  necssarily  of  a  very  complex  character,  and  change  even  in  the  diflerent  |)arts  of  the 
furnace ;  thits  in  the 

Upper  Zfne, — The  uncombined  oxide  of  lead,  which  happens  to  be  present  in  the 
furnace  in  the  form  of  jKiwder,  or  as  a  porous  mass,  is  reduced,  und  as  this  lead  trickles 
down  to  the  hearth,  a  considerable  portion  is  volatilised.  It  is  necessarj',  therefore,  in 
roasting  ores,  &c.,  to  raise  the  temperature  high  enough  to  fu»e  them  into  masse  s, 
which  are  only  acted  upon,  on  the  surface,  by  the  reducing  gases  in  the  upper  part  of 
the  furnace. 
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The  sulphide  of  lead  is  ikA  rasfly  decomposed  lij  the  aqueous  ra pour,  and  reaches 
lower  zone  almost  anaffected.    The  sulphate  of  Irnd  stands  in  the  same  relation. 

The  roTnpmi'n(l?»  of  iron,  on  the  contrary,  undergo  a  striking  change,  and  in  fact,  play 
the  jjiirt  uf  rtactivcs  iu  the  luwtr  zoui",  in  consequence  of  their  reduction  in  thia  part  of 
the  furnace.  A  high  furnace  ia  necessaiyto  eomplete  this  reduction,  but  sach  a  furiMM 
would  be  unauituble  for  lead  for  the  reasons  prpvionsly  prrn.  Th**  tnTC  of  the  pieces 
of  these  iron  compounds,  must  therefore  be  regululcd  by  the  height  of  the  furuaco,  bi  ing 
smaller  as  the  furnace  is  lower. 

Zof/y T  Zurif. — Tlio  mntters  thus  prepared  in  the  upper  zone,  wften.  and  gradually 
enter  into  fusiuit  as  tlmy  descend,  undergoing  Ter;^  complicated  chemical  changes  which 
aro  difficult  to  regulate,  and  in  which  uM  ndwnng  gases  exciciss  littla  sc^M!,  but 
where  the  solid  fuel  cornea  into  operation. 

The  favourable  working  of  the  furnace  is  also  a8ili^tcJ,  iiui8iiiui  h  as  the  materials  are 
not  all  equally  fusible,  and  do  not  all  soAen  at  the  same  timr^.  The  nsttsis  con  taming 
theoxido  of  Inwl  and  the  !slaj.'y,  nioltinfj;  first,  pjaduttlly  absorb  the  panfnipR  and  protUics 
silicates  rich  in  lead.  The  suiphatea  are  rapidly  decomposed  by  the  melted  silicates, 
and  they  pvodnce  rery  little  sntphidM  nnder  tibe  reducing  action  of  the  solid  Aid.  Any 
enlphide  of  lead  jirchi-nt,  mixfs  with  the  metallic  f<illcatt-i,  the  ncluctlon  of  the  lead- 
compoands  oommencing  only  after  the  formation  of  the  sihcatea.  The  reducing  action 
is  doe  eh  jelly  to  the  nfcrtallie  bma  and  solid  ftiel,  the  sol^dss  of  bacittift  and  ealeium 

al.'SO  assisting  in  tho  jiroiluotion  of  the  metallic  h'^ail. 

Aciitm  of  ike  Iron. — This  metal  decomposes  part  of  the  oxide  and  sulphide  of  lead, 
ibrming  sulphids  of  vron  and  oacide  of  iion,  "mmeh  eombines  with  the  mlieates.  The 
snlphiilc  of  iron  acts  energetically  on  tho  bilicato  of  l.  ail,  producinjj;  sulphurous  acid, 
protoxide  of  iron,  and  msteiUo  lead  When  the  misting  has  been  complete,  there  is 
uttls  or  no  nntt  fbnned,  and  irtmii  a  snflldoBt  supply  <v  inn  has  been  pradnosd  in 
tibe  upper  sone,  tho  lead  is  nil  precipitated  and  the  slags  then  contain  no  oxide  of  lead. 

Tho  solid  fiiel  assists  the  action  of  the  iron,  but  its  contact  is  of  course  much  less 
intimate  than  that  of  the  metal,  which  ought  therefore  to  be  always  present  in  the  pro- 
port  ion  of  an  equivalent  for  every  equivalent  of  lead.  Under  such  eimunstances,  the 
slag  is  very  flisible,  and  docs  not  contain  particles  of  lead,  which  being  reduced  in  tho 
lower  zone,  the  loss  by  volatilisation  is  as  small  as  the  vohitilo  nature  of  this  metal 
permits. 

The  importaTtt  point  conf^ists  in  the  reiluption  of  sufficient  iron  in  tho  upper  zone, 
without  Ui:ce»»iUiiuig  the  employment  of  a  very  high  furuuoe.    In  a  lit  dejusion 
tsitttsg  40  per  cent,  of  lead,  there  OQ^t  to  bo  9  par  oent.  of  ifon  ia  the  ustaDitt  State 
or  an  equivalent  quantity  of  iron  ore. 

Iron  I>uringa,  mst  iron,  &c.  have  been  used,  but  the  proportion  of  this  metal  must 
still  be  in  equivalent  quantities  to  the  lead,  and  they  do  w&t  set  ao  wdl  iB  iron  finefy 
divi<le<l,  produced  bv  the  reduction  of  the  iron  ores. 

At  liou  of  the  Coke. — The  reducing  action  of  the  solid  luel  may  be  made  to  tAke  tho 
place  of  the  iron,  but  unless  the  gangues  and  other  subetances  contain  sofBdent  osido 
of  iron  to  produce  ii  fu.silih'  slag,  the  latter  will  confist  cnly  i  f  rartliy  haPC?,  requiring 
a  higli  temperature  for  fusion,  and  thus  increasing  the       of  lead  by  volatilisation. 

Coke  has  no  action  on  the  snlphida  of  kad,  andaa  thefhel  ls«3ui^eed  in  hi^e  pieces^ 
its  reducing  action  is  lii;  it^  1  Xo  surfiicc  contact.  The  fuel  should  therefore  be  reduced 
to  powder:  and  intimately  mixed  with  the  lit  de  fumon^  while  the  nesting  of  the  lead- 
eomponnas  should  be  as  oamplets  aa  possible.  Tiiis  latter  o^si«ti<m  iroold,  howerer, 
require  n.  Ir  r.ir  time,  and  its  expense  would  prove  a  great  objection.  We  made  some 
expcrimeutii  on  this  subject,  and  found  that  it  required  upmtfds  of  thizij  hours' 
foasting  to  bring  the  solpliiir,  in  pure  galena,  down  to  4^  per  oent 

The  employment  of  the  fuel  in  powdi  r,  i«  al:^o  attended  with  the  inconvenience  of  a 
great  heat  at  the  furnace-mouth,  and  the  reduction  takes  pla(»  high  above  the.tuvcre, 
whidi  eansis  a  gmat  loas  of  lead  and  sil^  by  Tolaliiiaatioii.  It  is  nccoaaaiy  there- 
fore to  employ  vi  ry  low  funiae<  ^,  nnd  to  conduct  the  fusion  very  Jslowly  ;  but  without 
the  aid  of  the  iron  there  is  always  an  increased  loss  of  lead,  when  the  induction  depends 
•npon  the  fhel,  and  with  sneh  Aunaces,  the  iron-compounds  act  simply  as  flnzes.  On 
the  contrary,  in  a  furnace  of  suitable  height,  the  intimate  mixture  of  the  iron  omaod 
the  fuel,  is  very  eflfective,  the  whole  of  the  metal  acting  as  a  reducing  agent. 

The  reducing  action  of  the  fhel  is  attended  with  another  difficulty,  as  it  fiicilitates 
the  conversion  of  the  sulphates  into  sulphides,  which  then  go  to  mtm  more  or  less 
matt.  In  the  case  of  the  sulphates  of  baryta  and  lime,  the  n dncing  artion  of  the 
fhel  is  however,  to  some  extent,  beneficial,  a^u  these  sub&tances  assist  iu  decomposing  tho 
oxide  of  lead. 

When  tho  matts  are  poor  in  lead  and  silver  and  not  in  Inrg^e  qnantity,  their  presence 
u  not  vexy  objectionable.  We  have  often  worked  a  furnace  where  the  matt  contained 
oiiliyripflroeiit.  of  load,aad  10  dwklOgnksilTnrpartoii.  nu^indMale^wbcnridH 
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eiUier  imperffct  roasting  in  the  lead-coinpouiidA,  or  a  deficiency  of  tht>  mluciog  agentu, 
Mdphkks  ofiraD,  barimn,  or  Mldmn. 

Iron  Pt/j-itrs  ^.f  Rffh/fimj  Aij/nf. — Tliis  iiiiinTal  sTiould  ho  j^r^'vl'mfAy  TOf\^^^'^  to 
expel  a  portion  of  the  sulpbur,  when  it  is  to  be  used  in  tho  blasl-fumace,  but  iU 
eiD|>lojin«Dt  hu  •  tendMtcy  to  incrMM  th«  ftqmatioB  cf  tnU*  The  a«n»  dfiwt  is 
produced,  to  a  ^atrr  i  xfi  nt,  vrhvn  t\ic  frtilma  oniploycd  is  KkkL  d  with  pyritt  s.  sinco 
these  two  eulphidee  enter  into  oombinatiou  in  thB  upper  zone  of  the  fiumuco,  and  tho 
VMtl  prodnoed  doet  aot  act  lO  vjgonyQsIv  upon  tlie  dlicatM  u  tho  sulphide  of  iron 
aloiH .  The  ault  thweftn  putljenapM  dNoiniKMiti<ii»  and  tlw  qoanfti^  6  Mooodinglj 
increaflod. 

Fume.'^VbSa  sotwtaiiee,  being  in  ^«  form  of  powder,  ought  not  to  T>e  diarged  dire^, 

but  it  sliodld  un(l('r;x<^>  a  jTcHtninarv  tn-iitmiiit  in  a  rrverberatory  funiiiCf.  It  is 
adriaable  to  mix  it  with  some  lead-eompounds  and  a  quantity  of  aand,  Tarying  from  ISt 
to  30  per  evnt^  aeoordinfj^  to  ito  cootttts  in  lead.  The  charge  is  rapidly  heated  to  tha 
point  of  fnaion,  and  abont  8  per  cent,  of  fuel,  in  small  pieces,  added.  Tho  whole  is  thon 
well  wucked,  to  mix  the  fad  as  intimately  an  possible,  which  promotes  the  aepazuLiou 
cf  the  laad  obtained  by  the  redaction  of  the  aihcate  of  lead. 

Acnox  09  Tsn  Oahotbs.  Oarbonai*  of  ^rm^Thh  onhotance  is  conwrted,  more 

or  Iff^H,  info  sesqtJtoxidf  of  iron  dnring  the  roaftinp  pr'K>(  <s.  nntl  (inly  intiiforf  s  with 
the  oxidation  of  tho  galena  when  present  in  large  quantities.  It  acta  in  the  famace 
in  tiie  manner  alfeady  explained,  and  mnat  be  re^oded  aa  a  bmAiI  imparity ;  but 
wbcn  pn>«r-nt  in  liirpt  i-  cju.uif itief*  nntl  intimatily  niixfil  with  tho  U'afl  on-s,  it  preTcnta 
the  a^^meration  of  the  powder,  even  when  i<aml  is  added.  Under  such  drcum^anoee, 
tile  vMttdnf  action  nraat  bo  moderated  in  tiic  upper  aono  of  tbo  femaeo,  and  tho  onion 
of  tho  oxiihs  of  in»n  ari'l  h  ad  with  some  fusible  siliceous  f^lau^.  nuint  he  ])r<>niotcil. 
The  fomace  ought  to  be  low,  and  driven  with  a  gentle  blattt;  bat  with  all  piecautions, 
Unre  is  a  tendency  to  gob  ih»  tmuun. 

Iron  p>/ritrs_ — When  this  mineml  is  present,  tho  roast Inpr  r<-qnirc's  a  longer  time,  and 
it  is  diffictdt  to  preTent  the  agglomeration  of  the  ores,  with  aa  oodue  jEotmation  of 
^n  Iplmtea.  Towaroa  tho  end,  the  heat  mnat  bo  laiaed,  and  tJie  jpreaenoo  of  an  earoeaa  of 
sand  is  np.'ossaiy.  Tho  loss  of  load  and  silver  by  volatilisation  in  such  ores  is  Itss, 
howerer,  probably,  £tom  the  rapid  formation  of  sulphuric  acid  by  the  ooudataon  of  the 
pyrftee,  and  tiie  conyottnon  of  tKe  lead  and  w\f«e  into  snlphatefl. 

Wlien  the  roasting  is  complete,  the  only  reducing  agent  neceaauy  ai  tlw  Uaat* 
£araace  is  coke,  the  action  of  which  has  been  preriousTy  explained. 

The  ancnical  pyrites  is  always  iigurious ;  the  formation  of  arsenious  acid  during  tho 
roasting,  increases  the  volatilisation  of  the  silver,  but  the  greater  part  of  the  arsenic 
xomains  behind  in  the  form  of  arsenates.  In  the  blaKt-fomacc:,  some  more  arsenic  ia 
volsttlised  in  the  upper  zone,  and  part  remains  combined  with  the  lead  and  in  the  malt 
in  the  form  of  arsennret  of  iron. 

Qulphide  of  antimony. — Daring  the  roasting,  the  volatility  of  the  antimony  increasea 
the  loos  of  lead  and  silver,  and  towards  the  end  of  this  operation,  it  is  impossfble  to 
decompose  the  antimonates,  even  with  an  exaess  of  gangaes  and  fusible  silii^tcs. 

In  the  blast-furnace,  tho  antimonatco  are  praduaily  n  diwu  d  by  the  ga!«e«.  the  iron, 
and  the  solid  fuel,  witlj  the  same  facility  as  the  compouuduH  uf  load.  A  part  of  tho 
antiinanj' la  Tolatiliscd,  1>y  which  the-  loss  of  load  and  silver  is  incnaaad,  and  another 
portion  passes  into  the  lead  and  matt.  Tlie  presence  of  this  substance  necessitates  tho 
use  of  an  increased  proportion  of  iron  and  coke.  The  antimon;^  ahso  accompanies  tho 
load  in  all  tho  anbacqMSt  opctationa^  althoagfa  the  gioator  portioik  oan  bo  ramad  in 
the  calcininp:  process. 

^  Ccf^ptr  pynUs. — In  the  blaat-fomace^  the  copper  is  nearly  all  rednced  at  the  same 
time  as  the  lead,  and  irben  a  matt  ia  fantoAt  a  portion  of  the  copper  is  always  presents 

The  lead,  however,  always  carrie)5  nway  some  copper,  which  ronpppai^  in  all  the  ?nb- 
aemicnt  operations,  after  giving  a  characteristic  appearance  both  to  lead  and  litliarg*.'. 

J7/<m(bu~Dnring  the  roa&ting,  i  Im  1  U  nde  is  more  rapidly  ozidiaodthan  the  galena, 
being  converted  into  oxide  and  stdphate  of  stinc,  wlii  h  di  compofscd  with  difficulty 
in  the  second  period,  while  the  infosibility  of  the  oxiUc  impedeb  the  melting  of  tho 
Other  materials.  It  is,  therdfine,  noeeonafy  to  add  aono  argillaoeons  compoimda  to 
anch  galenas,  and  prolonj^  the  ri^astinj^  procrsg.  The<jr  componnds  of  zinc  are  not 
vtriatiJe,  but,  being  infumbie,  are  more  liable  to  be  carried  off  with  the  current  of  fume, 
of  which  they  always  form  a  lar^e  proportion ;  these  fumes  ore  richer  in  silver 
than  those  formed  m  trcatinp  similar  galenas  free  fr  m  blende.  It  is  not  known 
in  what  state  of  chemical  combination  the  silver  exists  in  fum^  but  from  the  fa<^ 
ebawptgd  in  tn^^ng  oree  with  diflbnnt  gangues,  it  would  appear  that  tha  pcosenoo  of 
ailrar  in  the  fhmes  is  duo  more  to  mechanical  than  to  chemical  oaTtses. 

In  the  upper  aono  of  the  blaat«AinMioo,  the  oxide  of  zinc  is  partially  redaced,  and  as 
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the  metil  d«Mnids,  it  it  volatilised,  when  it  acquires  a  dark  red  host,  and  fnmt  st  tlui 

mouth  of  thf  fiirniic<\  sprr-adinu  its  oxido  on  allaidaa.  TJiis  metal  htm  tXun&tn  no 
beDetldai  action  on  the  nductian  of  tlio  lead. 

In  the  lower  aone,  (he  oodde  of  sine  eoinUnee  wiUi  Ae  aOlea  and  ntafda  tlieinioa, 
while  the  iron  does  not  easily  roduce  it,  and  the  mrtal,  oiioo  formed,  ia  rnlitilliod 
vibhout  auj  a^redable  action  on  the  silicates  with  which  it  comes  in  contact. 

Tlie  dagi  eoran  some  oxide  at  daCf  which  fender  tkm.  of  a  Mfraelaiy  diaiwihr. 

Till-  Irad  produced,  doe^  not  contain  mooll  wbuB,  aS  the  ttmpftttSUt  k  tOO  hjglltOfilVOW 
the  combination  of  the  two  metala. 
When  Ihe  voaaHn^  haa  been  imperfect,  the  sulphide  of  tine  ie  paifklly  oaidiMd  hr 

the  aqueous  vapour  in  the  upper  zone  of  the  furnace,  but  the  greater  portion  unites  with 
the  sulphide  of  lead,  and  forms  matt.  The  greater  porosity  of  these  roasted  materials, 
from  the  presence  of  the  infusible  zinc-compounds,  inamses  the  reducing  action  of  the 
gases  in  the  upper  Eone,  and  this  again  adds  to  the  quantity  of  matt  which  is  formed. 
This  zine-raatt  is,  howTPr,  not  so  fusible  as  the  others,  and  consequently  remains 
louder  ia  contact  with  the  silicate  of  lead,  on  which  it  exerts  a  reducing  action,  the 
onh[  benefit  derived  from  the  preecnce  of  blende. 

The  volatility  of  the  zinc  incrpa^ses  the  loss  of  lead  and  Hilver  in  various  ways,  by  its 
direct  action,  as  well  as  by  its  rendering  the  roasted  mat«<nais  more  porous,  in  ci>ui»e> 
qnenoe  tf  die  infhsibiUfj  of  ite  eompouida  in  all  (he  opeiatioDa  of  Tmiiit  iiiy.  — I'-'-g: 
and  treatment  of  the  fume. 

The  gr<-ut  object  therefore  in  treatiug  such  ores  is  to  diminitsh  the  chances  ol  volati- 
HeatioQ,  by  perfect  roasting,  and  the  addition  of  fhiible  slags  in  sufficient  qnantilij  to 
overcome  the  iufusibility  of  tlie  zinc  compounds.  The  beneficial  action  of  iron  pyrites 
in  such  ores,  is  due  to  the  facility  with  which  it  melts,  thus  counteracting  the  opposite 
tendeney  of  the  blende ;  bat  the  qoantalgr  nocMMiy  to  accompliah  diia  dbet  maj,  if 
ih&  percentage  of  blende  is  great,  pfore  ao  htgB  aa  to  xaadnr  the  Ota  too  poor  far  mj 
kind  of  metsuLLuigioal  treat  nxmt. 

ZZ.  Tbe  Seflninr  of  the  Xead. 

All  lead  ores  contain  more  or  less  silver,  and  as  the  latter  metal  is  reduced  along 
with  the  lead,  its  separation  becomes  an  object  of  commercial  importance.   The  cost  of 
separating  silver  by  the  old  plan  of  cupeliation,  renders  it  impossible  to  refine  lead 
with  lees  than  eight  ounces  of  silver  per  ton,  and  the  world  is  indebted  to  the  late  Mr. 
Pat  tin  son  for  the  discoveiy  of  a  beautiful  process,  by  which  lead  with  no  more  than 
^oz.  will  now  pay  for  its  extraction. 

The  BopHritson  of  silver,  therefore,  now  involves  three  operational  Tia.  deailTWiaa- 
tion,  cupciiaUon,  and  the  reduction  of  the  pot-dross  and  litharge. 

1.  DESILVKBItA-TION. — Pu  1 1  i  n  S  ou's  prOCCSS. 

This  proccaa,  known  among  the  workmen  as  the  g^foruUng  procen,  and  called  in 
WaaiieetFati^uoiuu*,  eondate  in  dowty  eooling  the  melted  lead  in  icon  poCa,  daring 
which  a  {x)rtion  of'^the  contriits  .I'^^'^nmo  h  cn,-stallino  form,  and  sink  to  the  bottom. 
These  crystals  contain  leas  silver  than  the  portion  which  remaina  in  a  liquid  state. 

The  oomporition  of  this  deiiheiitcd  lend,  flmn  diiimiik  bealtties,  is  giren  in  die 


Analyatt  of  Desilveriscd  Lead. 


AnSDU. 

SieilMrt' 

BtDadi.  mmeeHer.jpinA  aad  Jmg. 

EatUfb. 

Analyst  . 

Strcog. 

Sirmg. 

Streog. 

streog. 

Sireng. 

Streng. 

Lead  .  , 
Antimony  . 
Copper  , 
Iron  . 
Zinc  . 

99-957 
0  021 
0*016 
0-006 
trace 

99-936 
0  007 
0-OffO 
0006 
0-001 

99-976 
0012 
O^T 

0  006 
trace 

99-907 
0-063 
0*086 

0-003 
0-011 

99-892 
0-001 
OHMl 
0004 
0-002 

99-980 
0016 
trace 
0  008 
0004 

100H)00 

09^ 

100*000 

100-000 

100-000 

100-010 

The  pots  are  laise  metal  pans,  eanl  are  generallT  set  in  a  row  of  10  or  more,  thoee  to 
the  left  being  called  the  foorking  polii,  and  uat  to  the  right,  which  is  smaller, 
tii  narket  pot>  from  the  eircumatanoe^  that  the  poor  India  ladled  frttm  it  into  tha 
pigmooldiL  ready  for  market . 

The  moda  of  netting  a  rdnge  of  these  pots  ia  ao  dLear]|y  shown  in  oil,  ai>  to 
aivenede  the  neoMii^  of  anj  deeeription. 
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The  op«TRt]<m  h  «<mcbctipd  in  th«  fbUowiiifr  tntniiMr:'— Cm  of  the  pots  about  4]m 

middle  of  (!k'  nui^o  h  filled  wUh  piprs  ofl.  ad.  wliidi  riro  nu'lti d.  Thr  dro«is  ■win'ch  forms 
Ott  the  surface  ia  sJummeil  ofl  by  a  small  perforated  ladle,  when  the  fire  is  withdrawn 
ham  the  Brates  below  this  pot.  Th«  1e«id,  m  it  coobi,  is  eoBStantly  Btirred,  and  any 
portioti  uliirli  K)lidIRrs  round  tliv  cd^<  s.  Is  ri  ni<>v(  (l  }>y  an  iron  juuldlc  or  f^lice,  and 
mixed  with  the  molten  lend,  la  «  short  tinx ,  the  crystals,  above  mentioned,  make 
tbeir  appMnnee,  and  «oiititiii«  to incraue  in  quantity  as  Ute  ecoling  progicawa.  The 
workman  dim  dips  a  hni:<-  [u  rfonited  ladle,  represented  in  f</.  (il2,  into  tlu-  m»m  of 
liquid  lead  and  crystals,  and  withdrawing  it,  alloM's  the  liquid  portion  to  drain  away, 
vnieh  be  hastens  by  an  occasional  shake  of  the  ladle.  He  then  attaches  to  the  shank 
of  the  ladle,  a  hook,  which  is  siis}  *  nd«'d  at  the  end  of  a  chain  hanging  upon  the  joists 
of  the  roof,  and  holding  on  by  the  handle,  swings  the  ladle  full  of  crystals  over  tho 
next  pot  to  his  right,  into  which  he  empties  the  crystals.  He  continues  this  operation 
until  tho  necessary  ^mntity  of  lend  has  been  cn'staUised  <Nit,  when  the  liquid  portion 
i«  ladled  into  the  adjoining  pot  on  his  lefY.  The  p«me  opemtion  is  repeated  with  all 
the  intt-rmi'diate  pots,  until  the  desilreriFed  lead  amres  at  the  marktt-pot,  and  the 
enriched  lend  venules  the  rich  pot,  whence  the  lead  is  taken  for  enpellntion. 

The  proportion  of  lend  frjstalH.ted  out  in  each  pot  varies  very  roiicli  with  tho 
richue^H  uf  thti  lead  at  the  command  of  tho  refiner,  and  especially  if  Irn  has  anginal 
leads  of  diffsrent  values,  by  whidl  he  cn  i  !  up  a  continuous  supply  of  lead  to  each 
p<>t.  When  the  oripmd  lead  is  poor,  thm  what  is  known  as  thp  hm system,  is  adopted, 
where  as  much  as  seven-eighths  of  ihv  lead  ia  separated ;  but  with  richer  lead,  the  AiyA 
^stcm  is  followed,  and  as  little  ns  two-thirds  is  renvjv*  d  as  ciystaQiMd  lead. 

During  the  operation,  the  lar^'e  ladle  is  liable  tocooJ  1  y  its  repeated  exposure  to  tho 
air,  and  m  consequence  the  periorations  become  closed  by  the  adheaioa  of  the  lead. 
TMsdiffienlty  ie  overcome  by  occasionally  dipping  the  ladle  into  the  andl  intomndlato 
pots  on  the  one  side,  which  are  kept  full  of  lead,  maintained  nl  n  Uf^wr  tenpecntun 
by  a  small  fire  beatrath  them,  as  shown  in  jig.  611. 

llinshakingor  j'erkingof  the  large  ladle  by  the  iroxlEmenvheBdininmg  the  crystals, 
vonld  nItiauUelj  ugnxe  the  pot^  to  protect  wbidi,  n  pig  ol  lend  vith  n  b«r  of  iron  enat 

Fig,  613. 


• 


in  it«;  upper  fnrface,  i,s  laid  on  the  broad  rim  i^f  the  pot,  and  thia  acI'ViM  at  the  amin 
time  as  a  fulcrum  uu  which  the  shank  of  the  ladle  re&ts. 

Theaepola  often  feqniie  to  bo  venewed,  and  aa  a  laige  weight  of  netol  in  dka  xnnn 
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is  rrndrrHl  iisolofs  in  fach  r^upwal,  the  upper  portion  of  the  liriekwork  is  covitciI  in 
some  works  with  a  circuhur  metal  slab,  on  which  the  narrow  rim  of  the  pot  rt*l8,  by 
trtudi  %  tnihg  of  expowo  bl  the  repairs  is  effected. 

This  process  is  also  accompanied  by  another  advantagt^  in  purifyin^r  the  ]f»ad.  Kach 
time  the  lead  is  melted,  the  surface  becomes  covered  with  a  scum,  which  contains  more 
or  less  impurity  along  with  the  oxide  of  lead,  and  this  droM  Mng  always  skimiMd 
off,  th«  quality  of  the  b  ad  is  coiitinudnsly  improved  as  it  approaclii  s  \hc  irarket-pot* 
This  circamstance  is  so  well  recugQi»txl,  that  leads  containing  only  one  ounce  sUver  per 
toD,  WDd  even  less,  are  regularly  treated  by  this  ptecmB^  esp^iallj  ▼hen  lihe  lead  is  to  *- 
be  n<5r<l  in  tlio  manufacture  of  Mhifo  lead. 

An  average  cost,  fouaded  on  the  crystallisatiou  of  1,917  tona  of  lead  containing  2i 
ooneet  of  lUTer  pcv  toB,  ivM  Ibviid  to  M  M  lbU(^ 

«.  d. 

Labour  .  ,  .  •  *  0  7'6 
Coals,  6*2  cwU  ....       1  0*4 

B/qftSn  0  >'9 

10  10-9 

8tagjf$  apparatw. — The  expense  of  labour  is  an  important  item  in  Pattinsou's  pro- 
ces.«<,  and  none  but  powerful  men  are  capable  of  mana^ng  the  crystallising  ladlo.  Tin's; 
objection  attracted  the  attention  of  the  late  Mr.  I,  JD.  Stagg,  who  succeeded  in  eon- 
ftrneting  an  apinmitus  for  ob^-iat  ing  this  difficulty.  This  arrangement,  known  as  Stagfft 
apparatpit,  \n  represented  in  fig.  613 ;  it  conbists  of  a  crane  and  windla**?.  n  h\  a.  rhnin 
attached  to  the  tnd  of  the  »bank  of  the  ladle  is  wound  up  by  the  windlat>s,  and  draws 
np  the  ladle,  filled  with  ciystals,  out  of  the  pot.  A  workman  gmdes  the  handle  of 
the  ladle,  which  i*?  afYen\'rird'5  plurrd  under  a  catcli,  r,  uf  the  crane.  While  the 
crystals  are  dnuning,  the  ladle  is  occasionally  shaken  by  the  workmen,  aud  by  moving 
the  crane,  the  ladk  is  ctiiljr  earned  over  the  a^nmg  po^  into  wyeh  tho  oiyetatt 
are  emptied. 

WortUj^i  apparatwi. — This  gentleman  has  also  patented  arrangements  by  which  the 
kbovF  is  eeooaniiwd.  He  flxeo  an  upright  abaft  in  the  oantra  of  the  pans,  tnth  shMr- 
iiiiZ  at  top  and  bottuin,  w-h!h<  arms  radiate  from  the  ahaft  to  the  aidoa  of  liwpaaa; 
with  thia  apparatus  he  obviates  the  nse  of  tlie  slice. 

The  other  phm  eooatate  in  drilling  a  ^  to  ^  inch  hole  hariaontallj  through  the  dlda  of 
the  pan.  about  two  inches*  above  tlie  bottom.  The  opening insido  the  pan  is  covered  with 
a  sheet-iron  strainer  aerewed  down  to  the  pan,  and  a  spout  ia  sot  in  on  opening  Bade 
through  the  side  wall  of  the  flr»>ho1e  uf  (he  pan,  to  carry  off  Uio  liquid  into  a  pot 
placed  outside.  The  liole  in  the  pan  is  made  ti^ht  hj  a  ilightfy  tapering  AgiptNj^  oorv 
The  cxTrtala  remain  behind  for  further  treatment. 

Pa?k«a'  iVoMM. 

This  process  depends  upon  the  superior  attnetion  of  aflvev  for  dne  otw  kad,  and 

hi  applied  by  "Mr.  Parkes  in  (he  followiiij.'  maiinrT: 

The  silver-lead  is  melted  in  one  of  the  huge  pans  already  described,  and  raised  to 
ahe  tempenhHe  of  mdted  aine.  The  aino  Being  netted,  is  then  added,  and  the 
fluid  metals  are  stirred  for  a  ]>eriod  of  one  to  two  hours.  Thf  fire  is  now  lowered 
and  the  metals  allowed  to  cool  down  until  the  lead  is  about  to  sot.  The  zinc  and  silver 
riae  to  the  aoHhee  dvnag  the  interral,  and  are  removed  by  neana  of  a  psvflnmted 
ladle. 

This  alloy  is  afterwards  heated  in  a  sloping  iron  retort  to  remove  a  portion  of  the 
lead,  which  eontdna  1,000  ounce*  of  ailver  per  ton,  and  b  ready  for  cnp^lation.  The 

piortion  left  in  tlio  retort,  is  boated  in  oLiy  pof.s  to  distil  off  the  zinc.  The  re-^idiio  con- 
tains silver  mixed  with  the  impurities  of  the  original  lead  and  zinc.  It  ia  melted 
vith  lead  and  cupelled  to  ohtain  the  stlTer. 

Mr.  Parkes  also  propo.H>  d  to  ro.nst  the  alloy  In  close  retorts  or  muiilef,  by  which  it 
WHS  reihu-ed  to  a  fine  powder,  which  was  then  to  be  treated^with  dilute  sulphtiric  add. 
The  foreign  oxidee  dSaaolTml  in  the  add,  learii^  the  nlrer,  trhieh  waa  treated  in  the 
usual  way. 

The  qtiantity  of  zinc  required  to  desilverise  the  lead,  depended  upon  the  proportion 
of  silver  and  other  metals  present  in  the  lead,  and  he  gave  the  following  statement  in 
hia  spedAeatira— TO.  fat  20  ewt  of  lead  *^*»'"*«g 

14  o«.of aihetpwtoii .     .      ■  ^Mlfakofaane, 

21  „  „        „      .       .       .    33  6  „ 

28  ,,  „     .       .       .  44'8 

The  kaa  of  land  in  this  pweew  ia  wid  to  be  about  1  per  cenk,  but  on  aeeonnt  of 
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rJie  diffiooU^  in  troatiiig  Uie  aUo;  of  sine  and  »Xvw,  Moans.  NeviUe  aie  nadenrtood  to 
hvro  abantlfttwd  tiba  plso. 

Separation  of  Copper  in  Cri/stalli^ation. 


Mr.  Baker  ha«  published  the 
in^tiea  of  kad,  yia.  aflw, 

•ati'on. 

Tho  original  lead  oonULued  : 

Silver 
Cof>per 
Ivon « 

The  rarioiit  pwdveli  of  the 

Kich  Pot:  — 

Before  crystallising  . 

Crystals,  25  pts.  • 

Fluid  lead,  86  ptH  * 
Seooiid  Pot: — 

Befoieeijrtalliiiiig. 

Crystals,  96  pts. 

Fluid  Wd,  26  pta.  . 
Third  FM:— 

Before  crystiilHsiDg  . 
Otystalfl,'70  pts. 
Fluid  lead,  M  pta^  . 

Fourth  Pot  :  — 

Keliued  lead    •  • 


ioiiowii^  results  of  an  i 


luiiy  to  ascertain  how  far  the 
in  tiik  itooeii  of  OTifcalli- 


1  S 

0  00  IB  0'0«.52 

00066  0  0164 

0-0066  0-0068 
trace 


SIIv«r.  r»>fi|i*r.  Iron 

.  0  0108  0  0344  0  0312 

.  0  0052  0  0162  0  0086 

.  0^140  0  0476  0  012S 

.  0-0052  0-OlM  0*0068 

.  0-0020  0  0066  0  0118 

.  0  0126  0-02»6  0  0146 

,  0  0020  0  0102  0  0118 

.  0  00 10  0-0033  0-0198 

.  0-0100  0-0840  0  0088 

.  0-0014  0-0064  0  0112 


From  this  Mr.  Barker  very  nnttirHlly  dm-wr?!  the  conplnsion  that  there  is  an  alloy  of 
copper>lead  which  remains  lluid  m  bi  u  cryftlaltt  of  luad  are  formed,  and  that  when  the 
fbnner  OMtal  is  present  in  moderate  {mpoftionft  it  omj  be  MfNiMtad  fton  tha  kttar 
by  a  process  similar  to  that  of  Pattinson. 

This  statement  has  been  disputed  by  Reich  Strf-n^,  who  deduce  from  their  ex- 
periments the  conclusion,  that  the  copper  is  not  8t  ['urat<  d;  bat  the  miter,  without 
Laving  unalyW  thadiAffent  Jead«^  inoume  to  baliova  m  tbeooiraotiMaeof  Mb  Sekar'e 
eooduaioDs. 

2.  Ct'T-KI  l.ATION  OR  RSFLNINO  Ot    IHR  KlCH  Lf.AD. 

Although  it  ma^  be  difficult  to  asftiga  a  correct  inteomretntiun  to  Hebrew  tocma  of 
art,  yet  we  think  it  ia  dear  that  the  nee     lead  in  porii^  in^^  other  metels  tree  kMum 

in  very  cmcient  times.  JiTominh  would  seem  to  nlTude  to  \h'\»  fact  in  the  passage  in 
ch.  vi  vcr.  29,  and  similar  reference  is  made  in  Ezekiel  xxii.  18-22,  Malachi  iii.  2,  3. 
The  first  notice  of  the  process  of  cupellation  among  the  ancients,  appears  in  the 
works  of  Dioscoridcs ;  and  Pliny  and  Geber  de^cril^o  an  operation  which  is  a  true 
cupellation  by  means  of  load.  In  1343,  Plnlippo  )»•  Bel  if  sti<  d  an  onlinance  prwrih- 
ing  the  use  of  cupels  for  testing  the  predona  nu  tala.  lu  lo56,  Ap-iouhi  in  bis  work, 
De  re  Metallica,  fully  describes  the  who].-  prowss,  with  instructions  how  to  make  the 
tests  ;  thr?  was  fnllowo<l  hy  the  work  of  I^nrlia,  Arte  de  fos  MU(Ut$f  ia  whan  tlie 
txinstxuction  of  the  refiuiiig  furnaces  is  minutely  exphtiiied. 

The  chief  object  is  ^nerally  to  a^Mxate  the  sih  •  r  from  the  lead,  bat  triwo  as  oadde 
of  lead  in  the  fonn  oflitliar*:<'  is  wttntpd,  thrn  tlio  fm-nirr  bccomoK  n  spoondary  operation. 

There  are  many  moditications  as  to  the  form  of  furnace,  mode  of  refining,  but 
only  what  mtf  be  mDmI  two  diatiiMl  meChoda  of  enpaUatioB— ^  the  EogVah  Had 


7%«  Enffiiiik  System, 

The  pcculiaritirs  of  tlua  q^tteiB  coiuiat  in  the  €ug^  being  monUc^  sad  the  lead 

bfing  fed  ut  iat^'rvalti. 
The  furnace,  which  is  temiMl  a  Hi^mtrp,  li  reprcatnted  infigt,  614,  615,  whero  ^rnn 

cupt-ls  can  be  worked  at  the  ssnic  flmo  when  ncot  ^sary  ;  na  arc  the  ]iositious  of  the 
cupels  or  tests,  one  of  which  is  shown  resting  on  an  iron  waggon,  b ;  cc,  the  pots  ccMitain- 
ing  the  rich  lead  in  a  melted  state,  wMdb  ia  ladled  into  «o  iron  gutter,  dd^Xo  Mipply 
the  test;  ee,  thf  |H)int  wht  n-  the  Mast  fnt«'rb.  and/Z'tlu'  0{i<nin^  or  q<tf'\  ihroiigh  wliich 
the  litharge  is  blown  over  into  a  pot  below  i  gg^  the  fire  grates,  aad  the  aah  pits ; 
ii%  the  ftnn^  end  kh  the  diiniMgrai 
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Fi<j.  616. 


The  bottom  or  sole  of  this  rpverberatory  furnace  is  fonned  of  bone-ash,  finely  groand, 
which  is  prepared  by  moistening  it  with  a  very  weak  solution  of  pearl-aahes.  This 


mixture  is  placed  within  an  oral  iron 
frame- work,  formed  of  an  iron  rincj 
a  a,  {fig.  616)  about  four  inches  deei). 
called  the  test-ring,  and  iron  bars  cros?- 
the  bottom  &  6.  'ftiebone-ash  mixtun* 
is  then  careftdly  and  firmly  beat  on 
down  with  iron  rammers.  The  centn* 
of  this  mass  is  then  scooped  out  by 
means  of  a  small  trowel,  as  seen  at  <■, 
and  the  portion  round  tho  sides  an<l 
ends,  d  d  d,  left  as  walls  to  rotAiii 
the  melted  metals. 

As  the  success  of  tho  cupellation 
depends  in  a  ffreat  measure  on  the 
careful  preparation  of  the  cupel,  an 
apparatus  has  been  contrived  to  give 
a  proper  consistence  to  the  bone- 


Fig.  616. 


Fig.  617. 


ash.    A  lonptudinal  section  of  this  appjiratus  is  shown  in  Z^'.  617  m  snch  detail  as  to 

doj  " 


render  any  doscription  auiieceesary.    It  is  worked  by  hydraulic  pressure. 
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The  test  is  allowed  to  dry  in  the  air  for  tioiiio  \\mi\  aud  theu  pluced  oo  the  waggon, 
irliich  is  run  into  pontiou.  TIk  lost  is  then  d^oxl  tight  up  against  am  ixon  ring 
Luilt  firmly  in  tli.-  ina«onrv.  The  fiifo  is  now  lighted  and  thti  tc?5t  ctircfully  annealed. 
Otherwise  it  in  liubio  to  craclc  When  perfectly  dry,  it  ia  healdd  to  a  dull  rodiuisii,  and 
then  filled  with  the  melted  rich  lead. 

ThifJ  load  soon  lit  cotnrs  coutrd  with  a  greyish  ilri'^.«,  but  aa  the  heat  increase?,  the 
aorface  of  the  lead  appears,  and  the  fonnatioo  of  litharge  commences.  The  blast  ia  now 
tomcd  OBt  and  while  supplying  the  oxygen  nneesaaiy  for  the  oxidation  of  the  load,  it 
drives  the  litharge  to  tlio  mouth  of  the  refineiy,  vrhero  It  flows  in  a  continuous  stream 
OTer  the  gate  into  a  little  iron  pot  placed  on  wheds  for  the  couTeuieuce  of  remoTaL 

When  fhere  is  only  raongfa  rien  lead  to  yield  a  small  cake  of  nlrer,  the  refining  ia 
comph  tixl  in  the  same  t<>st,  and  in  that  ease,  tlio  workman  cuts  down  fh<'  opening  in  tho 
botto-aah  at  this  cud  of  the  test^  which  is  called  the  gate,  to  the  ioTel  of  the  molted  kad^ 
until  the  fining  of  the  silTcr  connneneee. 

When  there  is  a  stock  of  rich  lead,  the  concentration  of  the  nlror  is  confined  to  the 
first  teift,  which  is  called  the  kad-test.  As  soon  as  the  silver  arauunta  to  about  8  pejf 
cent,  of  the  contents  of  the  test,  a  small  hole  is  carefully  drilled  in  the  bottom,  and  the 
rich  alloy  is  run  into  moulds.  The  hole  is  then  closed  by  a  pellet  of  bone-ash,  and 
another  rtiprlhuion  pomTnrnccd.  The  rich  alloy  is  afterwarda  Jrafioed  ill  tho  Sana 
uianner  iu  another  test,  hence  called  the  silver-test. 

When  the  lead  has  been  neaily  all  oxidised,  the  film  of  silver  becomes  thinner  and 
thinner;  it  then  exhibits  a  sueoession  of  Uk'  bfautiful  irulcpcent  tint*  of  Newton's  ringsi, 
and  at  length  tho  tilm  of  oxide  disappears,  rt  vealing  thii  brilliant  surface  of  silver 
^wnenth.  Such  is  Dr.  Miller's  admirable  descrifrtioa  of  this  beautiful  phenomenon, 
known  as  tkM/tdffumtkm  of  the  metal^  or  m  the  men  eall  it»  the  bfrightming  tk» 
flaU. 

At  thi'<  point  the  blast  u  turned  off,  the  fire  witlidrawn,  aadthosllTCr  allowed 
tr>  oo'il  '^^'lu'n  fhi'  sHvit  has  art  niul  luMfun  to  hanlnn,  thi'  wi'<1;r('s  are  removed,  and 
the  test  Willi  its  cake  of  silver  falls  on  the  iron  waggon.  When  cold,  it  is  removed,  the 
imparities  adhering  to  tta  under  sorflMe  we  ciuppad  dB^  and  tho  silver  is  saady  for 

falsing  into  ingots. 

During  the  cupellation,  the  silver  absorbs  oxyean,  which  is  evolved  as  the  metal 
eoolsy  fSmniag  eratei^IilEa  areptions  on  fho  snineev  wad  tba  extant  of  these  pro- 
tuberances is  a  very  p:ood  indication  of  the  purity  of  (ho  silver. 

There  is  not  much  silver  lost  in  the  reiinery  ^y  volatilisation,  but  a  com- 
paralively  large  absorption  takes  ptaoe  ia  tba  test*  we  lucve  assayed  sarattl  teat- 
l>ottom8,  and  hnTS  Hirand  the  oontenta  in  ailTcr  to  tiiy  ftwn  74  ca;  to  1X6  on.  psr  toa 
of  test 

Gkamben'  Steam  BUuL—Iha  blast  emploved  in  refining  must  be  soft,  and  is  best 
SQpplied  hy  means  of  a  ftn,  bat  a  very  exeeUent  plan  of  Ifr.  Chambers  was  tried  liy 
the  writer,  and  f  un; -'i.  d  n  ry  good. results.  It  consi.-ffd  in  Hub.''titut!ng  a  steam  jet 
for  the  hlnst  of  air,  and  as  tho  steam  passed  through  u  wide  nozzle,  it  carried  snf&deut 
air  along  with  it  to  ooddise  the  leo^  whila  mixing  a  body  uf  steam  with  the  lead  ftimc, 
which  waa  thus  mora  oomidetdy  leooraied  in  the  long  iluea  tiy  the  oondenaation  of  the 
ateam. 

A  m<H«  simple  and  cmnpact  form  of  refinery  is  shown  in  fig».  6 1 8, 6 1 9,  where  the  steam 
Ma.st-pipo  i.s  n  presented  entering  the  furnace  at  a.  Uiis  refinery  is  also  fitted  with  an 
iron  hood,  6,  placed  in  front  of  the  working  door,  where  occasional  pufifs  of  fume  are 
blown  over  the  workman.  This  fume  is  carried  off  by  an  iron  pipe,  e,  into  the  chimney, 
and  this  protects  tho  men  from  the  injiirious  consequenc*^  of  inhaling  the  lead  smoke. 

The  following  statement  as  fo  the  c-ist  of  retininrr,  ]s  f  mnded  oO  the  CUpellatioa  of 
rich  lead,  which  pi'oduce^i  upwai-dii  of  GO,O0U  oz.  uf  line  silver : 

Cuals     .       4"7  cwt.  .... 

Pearl-ashes    0  6  lbs  

Bone-aftlics  18-7  „ 
l{e])airs 

Engine  fomr:  (  '<>al.<^  c\n.  6*2  «  0  10-4 
Wages  .  .10-3 

Per  ton  of  lead  10  4-8 

or  8*.  \  \d.  per  100  02.  of  silver. 

When  tho  silver  has  been  removed,  the  test  is  broken  up,  those  portiona  of  the  bone- 
ttdiwhichaxeftoefiEomkad,baii^iemoTedibr  snlwe^oeatnBe^aiM  , 

I 
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carried  to  the  slag-hoarth  or  blast-furnace,  where  the  bone-ash  of  coarse  is  lost.  Mr. 
Johnson  recovere  this  bone-ash  as  follows  : — • 

Johnson'' s  Procas. — He  reduces  the  cupel  to  a  powder,  and  mixes  it  with  acetic  acid 
of  1*030  to  1018  specific  gravity,  in  sufficient  quantity  to  render  the  mixture  of  a  thin 

Fig.  618. 


rr 

0l214S«r««l<ll|t 

1*1.1  I     '     I  1  '     I     '  1  I  1  1  1 

consistence  to  admit  of  its  being  well  agitated  in  a  dolly  tub.  The  greater  part  of  the 
lead  dissolves,  and  by  renewing  the  acid,  a  further  quantity  is  removed,  so  that,  on  working 
the  residue  to  separate  all  the  solution,  the  bone-ash  is  sufficiently  pure  to  be  employed 
again  in  making  tests.  The  solutions  j-ield  the  lead,  in  the  form  of  sugar  of  lead,  by 
concentration. 
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The  German  Syttfm 

differs  ft^m  tho  English  in  forming  the  hearth  of  marl  instead  of  bone-ash ;  and  in 
making  it  of  laive  dimensions,  and  charging  all  the  lead  at  one  time. 

The  form  ana  construction  of  this  furnace  is  shown  in  Jiff.  620,  which  is  taken  from 
an  excellent  treatise  on  the  Metallurgy  of  Lead  by  Dr.  Lambom.    The  comer  on  the 

Fig.  620. 


laiversityof; 


right  is  removed,  to  show  the  iuti-rior.  The  circular  portion  contains  the  hearth  and  a 
rectangular  fireplace.  The  fuundations,  F  F,  are  built  of  Htoue,  cnimi>ed  with  iron  rods, 
and  pierced  with  (>{>eniugfi  to  carrj'  off  the  moiHture.  A,  rcpn^sents  the  fireplace,  in 
which  either  wood  or  coal  cun  be  burnt.  The  hearth  is  fomictl  of  bricks  set  on  edge 
on  a  bed  of  scorise  which  has  been  well  beaten  down.  A  layer  of  marl,  also  carfftilTy 
beaten  with  iron  rammers,  is  formed  on  the  bricks,  and  thi»  b<'d  is  gonendly  renewed 
ut  each  cupellation.  A  wall.  K  K,  surrounds  the  hearth,  and  serves  to  support  a 
movable  cap,  C,  which  is  formed  of  sheet  iron,  strengthened  by  Iwirs  on  its  upper  side, 
and  lined  with  clay  secured  by  numerous  iron  straps.  The  cap  is  suspended  by  chains 
from  the  crane,  R,  and  supported  by  a  lever,  L,  so  that  it  can  be  raised  or  removed  on 
one  side,  when  necessary.  The  o{)ening,  G,  opposite  the  fir»'-bridge,  B,  serves  to  in- 
troduce the  materials  of  which  the  hearth  is  constructed,  as  well  as  the  lead  to  be 
refined,  and  acts  as  a  chimney  to  carry  off  the  products  of  combustion.  The  workman 
watches  the  operation  througli  an  opening  in  the  comer,  which  is  removed  in  the  wood- 
cut, through  which  the  vapours  pass  away.  The  blast  enters  at  T,  through  two  tuyeres, 
whose  nozzles  are  frequently  covered  by  two  small  valves,  called  butterflies,  to  difi\ise 
the  blast  over  all  the  surface  of  the  bath. 

When  all  is  ready  for  work,  a  thin  bed  of  straw  is  laid  upon  the  hearth,  on 
which  the  pigs  of  rich  lead  arc  piled.  The  cap,  C,  is  then  lowertnl  on  the  walls,  and  fluted 
with  clay  all  round  the  edge.s.  The  fire  is  then  lighted,  and  soon  after  the  lead  is 
melted,  its  surface  is  covered  with  a  dark  cmst  called  ahzvgs,  consisting  of  the  oxides  of 
the  foreign  metals,  and  other  impurities  from  the  lead.  This  cmst  is  drawn  off  thrr>ugh 
the  working  door,  opposite  T.  The  fire  is  kept  up  to  maintain  the  lead  at  a  dark-red 
heat,  whilf  the  impurities,  temied  aA*/n'fA«,  continue  to  sepjirate.  The  table  which 
follows,  contains  the  analysis  of  some  of  these  products.  The  next  product  which 
appears,  is  known  under  the  name  of  cupreous  or  ttitd  Li(}uirgr,  and  at  the  end  of  some 
hours,  tlje  formation  of  the  true  litharge  commences.  Thr  heat  is  now  maintained 
betweeo  a  cljcrry  and  a  bright  red,  until  the  of-enUion  is  complete. 
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Imuco, 

Hell. 

XBd. 

Vi»»- 

Kirti- 

Poot- 
(<batt4. 

Pawl, 
kaauan 

PenH- 
gitaBd. 

PRXoside  of  . 
Usidt  of  copper 
Oxide  or  tine  . 

Aotimonk  acUl  • 
Tcroxide  of  aatlMinf  * 
Arteate  acid    •  • 
Silicic  aat     .  . 

Vob 
mo 

l«0 

M-40 
0>8i» 
620 

:  ! 

9-0O 

68  00 
trace 

■  • 

4-00 
WlthStL 

acid 
14  0 
1400 

82-bC 

•  • 

17  60 

9VS0 

o*ao 

IMO 

o-ao 

t-80 

«7-60 
0-40 
0-W 
4-40 
wHh  911. 
Mid 
7"€0 

19  70 
MO 

•  « 

with  Si  1 
acid 
»^ 

c-sb 
• 

•  • 

89  50 
0*J0 

•  • 

©•70 

•  • 

•  • 

36  10 

4  «> 

5-00 
A  40 

o-so 

4-80 

*6-80 
680 
Si'46 

83- 1 
1-1 
4-6 
&-4 

80 

C,  »-6 
SO 

There  an  tvo  Tuietiea  of  UUiaree  obtained,  dittii^pui«b?d  by  their  coloar^e^iHv 
aiidntf/thAlbfMliiiBgialtaMdpeoes,  wluUtUlotterniaf^^  TbodHfejuepea 
•iiMf  ftom  thduriaeahMnoal  ooaditioii,  vhkli  ntnlfti  fiom  a  dillhniioo  in  Um  oocliiig. 


HaUbrtirke. 

CiMrthal. 

Unter. 
Han,lait. 

red.  1 

bUck. 

Kvritaa. 

FlattMr. 

Raft««labarffi 

Brttai 

Ulrieb. 

Protoxide  of  lead 

96-21 

96-36 

94-68 

99-69 

68-13 

„      of  coppw  . 

0-82 

0-96 

1-36 

0-59 

0-40 

0-38 

Seequioxide  of  iron  . 

0-41 

•  • 

tneo 

MM 

Oxide  of  bicmuth 

Protoxide  of  zinc 

i-3i 

Protoxide  of  silver 

0-003 

o  « 

•  • 

«  • 

0*71 

Arsfnio'BS  acid  . 

1-21 

Teroxide  of  autimouj 

e  • 

1  1-66 

0-69 

•  • 

Carbonic  add  . 

2-70 

2i)0 

lime.      •  • 

•  • 

•  • 

1  0-49 

The  period  when  the  opefttioil  approaches  9  termiaalioa  if  fluskid  bj  tike  bfi^rtan* 

ing  of  the  mcltfd  mass,  when  some  liot  wfiter  is  thrown  over  its  snrfncp.  and  hs  booh  m 
the  silTer  begins  to  solidify,  oold  water  is  used  to  harden  the  cake.  This  silver  contiuna 
S  or  t  per  ont.  of  ]flo4.  md  <o  Mftnod  I17  anotiMr  pmwciii 


Stparalion  of  Lead  from  Bismuth, 

TluapKoeeMctf  cnpellation  haa  been  employed  bj  Patera  to  separate  the  two  metals^ 
Iflod  tiia  Imnratli.  At  JoodikMtiMl  !&  BoliMriB»  tlw  omall  qnant^^^^ 

oro  gradually  acrumulafes  in  lln-  rich  lead,  and  wh'n  the  latter  is  gx;) mitted  to  cupt'l- 
latioD,  a  green  litharge  malces  its  appearance  towards  the  end  of  the  oprrauon.  This 
wMuM,  eilled  **Bliidt  litharge,'*  is  rediwed  fad  reflned  in      Qflval  way.  Tb«  lead 

is  first  oxidistKl,  and  leaves  the  bismuth,  nearly  puro.  on  iho  tost.  This  impure  metal 
is  refined  in  a  second  cupeUalios,  and  tho  hiamuUi  so  obtained  ia  \«ry  purob  indicated 
by  tbo  foUknring  analjrBis : 

^•DMitih   .  M'M 

SUver       .  042 
Lead  .       .  trace 
•  Iron  ,      .  trace 

104HI0 

Ibo  oi%iMl  ollflj  oliljiiiicd    ndiwiiig  llw 

Bismuth    .  34-6 
Lead  .      .  65-6 
100-0 

Yo&.  m.  L  L 
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The  progTCM  of  the  enpellation  xi  eareAOy  wntched,  ud  lamples  of  both  the 
litharge  and  the  metal  on  the  totA  are  analysed  from  time  to  time.    The  mixed  metab 
are  dissolved  in  nitric  acid,  and  an  excf>s3  of  hydrochloric  acid  is  added  to  eonrert  the 
metala  into  chlorides.    Strong  alcohol  is  added,  which  precipitates  the  chlorides  of 
and  lead,  and  the  bismuth  is  thzown  doWB  ftom  Uft»  totatieil      MrbOMtt  of 
thiaa  fiUcared,  «od  weighed. 


Manufacture  of  Litharge, 

An  oxide  of  lead  ia  in  demand  lor  the  piepantion  of  acetate  of  lead  and  other 
purposes,  and  tlua  MilMtaDoe  b  piodvoed  ill  two  femu^  w  tUik$  and  Leingated 
litharge. 

LUkarat, — When  litharge  ia  mana&ctnred  for  aale^  the  purest  iMd,  not  rich 
ill  lOvw,  it  wieelaA  te  emeUiSiao.  Hhm  nftiiig  pvoeeM  U  tanSM»d  m  thmdj 
described,  but  the  Mida  of  Mtd  «t  tiu  MOBaiMiesBmit  and  tenuDitiaa  of  thA  espalh* 

tion  ia  rq'ected. 

llie  fiuarge,  as  it  flows  from  the  test^  is  reeeired  in  large  pots  fitted  on  wliaaTi,  in 

which  it  is  allowed  slowly  to  cool.  In  some  cases,  the  jwits  are  heated  so  that  the 
cooling  may  be  more  gradual,  as  the  proportion  of  the  flake  lithawe  depends  upon  this 
conditiOQ.  When  the  pots  are  emptied,  tbe  maaa  of  litharge  fUls,  and  the  whole  is 
passed  through  a  circular  temse,  working  in  a  close  wooden  erection  to  pnolaol  tiMMB 
from  the  du»t.    The  fine  flake  lithiirp^p  is  collected  and  packed  in  casks 

Levigated  Litharge. — The  portion  of  litharge  which  does  not  fiiU,  but  remains  in  hard 
ftued  pieces,  is  employed  for  the  manufacture  of  levigated  litliarge. 

The  process  consists  in  simply  prirnlintr  t^iis  fu«e(l  litharge  between  horizontal stonea 
with  a  aupplj  of  water.    The  mill  eniployi  d  for  tho  purpose  is  seen  in  fyt.  621,  622. 


Motion  is  communicated  to  the  driving  wheel,  o,  on  the  upright  shaft,  b,  which  works 
into  the  wheels,  c  c  0,  on  the  spindle  d  d  d,  turning  the  upper  stones  of  the  three 
pain)  e  t  e.  The  lithaigB^  along  with  a  small  stream  of  water,  is  fed  into  tfaakmat 
pairs.  89  it  is  seldom  necessary  to  pass  it  thrruigh  two  sets  of  atones.  The  ground 
nuws  then  falls  into  the  dolly-tubs,  / /,  which  are  agitated  by  means  of  the  sheaTM^ 
#^drfvMfejtlMb«I^AA^w«dkii«ioaBdariiiMTi^%«Bthaapq^  Tlialafi. 
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gated  litharge  flows  away  with  the  water  along  the  spouts,  k  k  k  k,  and  dcpof^it^;  in  t!ie 
large  tanks,  L  L,  which  are  kept  Mi  of  water.  The  overflow  esciupes  at  iutu  thd 
eistems,  n  n,  in  whidi  tiMre  are  three  pumps,  o  o  and  Jl,  tU  Hoiked     gearing,  r,  9,  in 

connection  with  the  mnin  shaft.  The  water  from  the  pnmpfl,  o  <y,  snpplios  tTie  diily- 
tuhs,  for  wa-shing  the  litharge  and  prunioting  tlie  sopnniliou  of  that  portion  which  is 
ttttUe,  which  separation  is  completed  in  ue  broad  <<pout8,  k  k  k.  The  pomp,  p, 
supplies  water  for  mixing  with  thf  litharge  as  it  enters  the  pye  of  the  stonos,  through 
the  pipe,  t,  and  for  washing  the  outside  casea  and  rims  of  the  stones,  through  the 
pipe  u. 

When  the  tanks  are  filled  with  lithurge,  they  am  allowed  to  stand  for  some  time. 
The  litharge  subsides  and  the  water  is  run  off  hj  plugs  or  siphons.  The  litharge  is 
then  removed  and  dried  at  *  wy  loir  hMl  in  ftnwMMto^niiMefli  It  is  aftannndi 
f«&«d  in  eMlu  liaad  with  pi^. 

S.  BsDOCTKar  of  thb  Pot-dboss  and  Lithargb. 

In  the  prerions  operations,  more  or  less  of  the  lead  is  converted  into  an  oxida^  in  Um 
form  of  dross  in  the  desilverising  pauR,  and  as  litharge  in  the  cnpellation. 

Tiic  furnace  in  whiah  lliese  substances  are  reduced  resembles  the  smelting  furnace, 
and  is  of  the  onlinary  reTPrbcratorv  :  h;i'-ncter.  The  sole  slopes  fnjm  the  fire-bridge  to 
a  point  near  the  flue,  where  an  iron  gutter  is  inserted  in  the  brickwork,  which  is  never 
closed,  and  through  whidi  thtt  iMd  nun  into  an  ison  pot  on  tin  ovtiidt^  wheam  ik  it 
ladled  into  pig  moulds. 

This  furoAM  is  shova  ia  section  and  plan  in  Jig».  623,  624,  where  A  repr^nt«  the 


tig,  898. 


fireplace  ;  B,  ash-pit ;  C,  fire-bridge  ;  D,  hearth  ;      mcking  doov;  P,  tlia  ifOn  ipont* 
O,  the  pot  outside  heated  hj  a  small  fire  below. 
Tba  sola  is  ooverad  vtth  n  mmU  foaotitf  of  toA,  on  fAidi  %  nlxtoM  of  tiia  obdAm 

L  L  3 
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jind  coal  is  thrown  near  to  the  fire-bridae.  The  ignituHi  of  the  fuel  and  the  reducing 
gases  in  the  furnace  soon  causes  a  reanctkm  of  ttio  mfltalUo  oiidfli,  ud  the  liquid 
metal  trickling  down  through  the  porous  mass,  finds  its  way  to  the  point,  F,  wh^nco  it 
flows  into  the  metal  pot.  G.  The  charge  is  frequently  turned  over  ey  ao  iron  take  to 
present  fresh  surlkoe  to  the  reducing  action  of  the  fuel,  said  to  ftdlitato  the  MffiH*  ^ 
the  lead.  Fresh  chargei  are  introduced  during  the  flhif^  ud  «t  th«  dOM  of  tOA  oaj, 
the  residual  matters,  termed  cinders,  are  r.ikt>d  out. 

la  smelting  works,  there  ought  to  be  at  least  three  of  these  reducing  flmneei,  «* 
whidi  tho  oxidised  producte  of  the  different  operations  can  be  reduced,  ri*.,  one  for  pot- 
drosses,  another  for  litharges,  and  a  third  for  calcin- r'«?  dross,  to  be  described  in  the 
next  section.  Tiiis  necessity  arises  from  the  differeni  t'  in  the  qiudity  of  the  lead  pro* 
daeed,  and  which,  by  being  mixed,  would  «ftanraids  entail  an  unnecessary  expense. 

The  dross  i.s  rc-duc(xl  in  precisely  the  same  way  as  the  Ihliarg^-,  but  when  it  ia  veiy 
impure,  the  addition  of  a  little  so<k-ash  facilitates  the  operation  and  increases  tlie  pro- 
dnee  of  inotaL  Th»  diois  ftmn  tiio  poor  poM  must  also  m lecfl  dMinet  from  that  of 
the  rich  pans,  as  the  differ 'nee  in  the  contants  of  olfier  taTM  MOM  oxpMM  intheinb- 
aequent  deailreciMtioD  of  the  two  leads. 

The  ranie  wnunk  mVLm  vo  t]»  litharge,  espeoially  that  vhidi  flowf  off  townds  the 

conclusion  of  the  cupelfiition. 

«The  cost  of  reducing  litharge  and  pot-dross  is  nearly  the  same,  and  the  foUowiug 
detatU  BU^  bo  tifcfn  M  an  trerage : 

*,  d. 

Labour  .  .  .  3  S-7 
Coal%  41  cwt.  .      .0  9^ 

.    0  10 


S  fi^ptr  ton. 


All  the  lead  produced  at  the  Uaot-fiimaces,  and  some  lead*  obtaiiwd  ftoa  poor  < 

in  the  reverberator}-  fiim fires,  nre  so  hard  from  the  presence  of  impurities  or  other  ciiuses, 
as  to  render  them  unfit  for  treatment  in  the  desilrerising  process.  The  lead  obtained 
from  the  Bof^iah  slag-hearth  (p.  520)  if  ebo  of  the  same  character,  and,  nnt  1  .^tliia 
about  the  last  twenty  years,  was  sold  for  running  Icud-joints.  &<\,  irrespective  of  it« 
contents  in  silTer.  The  (XMnpoaition  of  some  of  these  hard  leads  is  giren  in  the  follow- 
ing table : 

Antdym  nf  Bard  Letif. 


w«iia. 

iiau*» 

Rich- 
ard 
1  on. 

K«r- 
it»n. 

BU 
fcbolT 

siv«Ba> 

lOcli- 

Stress 

iMriNar  • 

au«r. 

han. 
S4-7-2 

lo:!v 
i-oo 

i-m 

0-88 

Ok«r. 

btUM. 

Itkh. 

\mt. 

Boll- 

VIII*. 

tmt. 

ai-4 

8-2 
0*4 

•  • 

ii»6  34 
14-06 

•  • 

0*10 

Sji.in  - 
idu 

J  .iij 
tcTitiaJ. 

Lead . 

Antimony. 
Arsenic 
Copper 
Iron     .  ) 

Zinc  .  ; 

S3  91 
I6D1 

OM 
OrOt 

S'i  H) 
10  04 
3-(jO 
3*^ 

1^ 

0  57 

"ois 

0-04 

91  Al 

f)  32 

i-cn 

0-90 
0-90 

1640 

'«•» 
0*01 

91-40 
8S0 
0-40 

«  • 

&>&> 
2-40 

traoet 

•  • 

1 

93  00 
700 

•  • 

traces 

9.V8I 
3€6 

Q-3'i 

0-it 

•  • 

D3S«k 
16-00 

0-18 

j-o-so 

St  97 

OK 
0-43 

The  writer  having  carefnllv  eTimined  the  W  15  slag-lead,  found  that  its  hardness  was 
mainly  duo  to  the  presence  ol  aniiniony.    He  then  suggested  the  erection  of  furnaces  in 
which  this  lead,  in  a  melted  state,  could  be  espoeed  to  a  current  of  hot  air.  The  rt 
the  production  of  a  good  soft  load,  at  so  reasoUiUA  a  oolteeto  nBder  the 
aTailable  as  a  r^;ular  operation  in  smelt  mills. 

Sooaaftenru£^thefifateaigocoof  tbenovweU^known  SpeaiA  htid  lead  inrred  lA 
Liverpool;  but  th^  ■-^melters  there  would  not  purehase  them,  and  one  rnrci  Tvn"  tran- 
shipped to  Newcastle-on-Tyne.  This  lead  could  not  be  softened  in  the  bnck  turnaces^ 
being  so  fluid  when  melted,  as  to  find  its  way  out  of  the  fUmaee  fai  all  direekioiie.  Hie 
late  Mr.  G.  Burnett,  who  con<?tiUed  the  •WTiter  on  the  subject,  and  witnessed  the  treatment 
of  the  slag-lead  at  Mr.  Beaumont's  works  at  Blaydon,  then  proposed  the  simple  bat 
admiittble  plan  of  lining  the  Itmuee  vith  a  metal  pan.  Thus  was  kid  tlie  ftnmdttioD 
of  a  trade  with  Spain,  M-liieh  has  gone  on  increasing,  until,  it  is  said,  upWSldl  4)f  80,000 
tons  of  this  description  of  lead  are  annually  produced  in  that  coontiy. 

CaMnaiimi  of  the  Lead. 

The  fhmaee  generally  employed  ia  this  operation,  termed  calcinvw  or  improving  by 
the  workpeople,  is  venraeented  in  the  fig$.  625,  626  in  eleraftioa  and  vertical  section. 
A  ia  the  ireplaee;  %  arit^piti  C^  fiie-hndge;  I>,  out-inm  pan;  ^  floe;  Ff  F» 
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fhnmAw  ftr  At  faetpe  of  Moiatnre ;  G,  a  working  door ;  and  H,  the  spont  fat  nianing 
off  the  soft  lead. 

Hm  lead  is  either  thrown  into  the  pan  in  pigi,  or  prerioQalj  melted  and  ladled  into 


q 


on 


I 


ft;.  626. 


aepoat,  which  carries  it  to  the  pan.  The  charge  van<^  from  6  to  10  ton?,  and  the 
time  reqaired  for  calcination  depends  upon  the  quality  of  the  lead.  With  English  slag 
lead,  a  few  hoars  are  sufTieiont,  and  the  writer  nas  witaeaaed  a  charge  of  hard  lead, 
obtained  from  reducing  the  dross  of  prerious  operation?,  require  30  days  for  softening. 

As  soon  m  the  furnaoe  is  at  a  working  heat,  the  surface  of  the  load  becomea 
ooated  with  the  impure  dros?,  which  ia  removed  hj  skimming,  and  withdrawu  ibmuf^ 
tlw  votkiiig  dooc  Ifthelaad  WTeiyiii^iiMb  thlidraaifloatBiB»aani-4nMa^ 

J^.e87. 


the  surface  of  the  lead,  and  must  be  dried  up  with  a  lit  (It  lime  to  bring  it  into  a  ci>n- 
dition  capable  of  being  rcmored.  The  workman  di|»  a  ladle  into  the  lead  when  he 
thinks  the  calcination  is  about  complete,  and  poura  it  into  a  mould.  The  sample  ia 
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exftmiuo<1  when  cold,  and  if  it  is  soft  to  the  scratch,  with  a  flaky,  crystalhnp  appeaiaocc* 
on  the  sorfiice,  the  coatent«  of  the  pan  are  ready  to  be  run  off  through  the  iron  qpoot^ 
into  s  pot  OB  wlied8»  "wtHnee  H  u  uKlled  into  lag  mo^^ 

An  improvement  has  been  made  on  tho  above  simple  form  of  furnace,  which  is  shown 
in  Ji^s.  627,  628,  ropresentiiifl; »  front  view  and  a  longitudinal  section.  The  hard  lead  ki 
melted  in  tho  pot,  a,  wfaicSilB  lieaited  by  the  five,  h.  Tim  ealdnuig  pan,  c,  is  supplied 
with  melted  lead  from  the  pot  by  raising  the  plug,  d.  Tlie  soft  lead  is  nin  into  the 
pot,  e,  and  then  cast  into  pigs.  This  form  of  furnace  poesessee  great  advantages  when 
softening  extra>hard  lead,  as  the  calcining  pan  can  easily  be  kept  always  full,  with 
▼erv  little  labour. 

The  product-  of  soft  lead  from  the  hard  leads,  of  coTirse,  varies  greatly,  as  will  bo  seen 
from  the  following  tabltr,  which  contains  the  results  of  the  treatment  of  many  hundreds 
of  tou  of  ittoit  of  th«  dMonfrtloiw  ittned : 

M-2  per  Mat  soft  iMd. 
•0-8      „  „ 
84*3      ff  It 

.      871  , 

66-  9       „  „ 

67-  8      „  ,t 


Good  Spanish  hard  lead 

Hard  lead  Arom  crystallising  dross 

Hard  lead  &om  economic  fornacee 

English  slag  lead 

Slag  lead  fi^m  Spanish  dross 

Slag  lead  irom  refuti«  products  . 

Tea  lead  


We  have  mentioned  tea  lead  ee  among  the  hard  leads  whi^  can  be  tnitsd  Igr  this 

process,  and  we  have  found  that  (in  is  us  easily  st'panited  thondiy  as  antSBKNlJ* 
TJie  fiiliowiiig  hud  leads  were  mixed  and  sobnuUed  to  calcination ; 

tons.  cwt. 

Ordinary  Spanish  hard  lead .      .      .  1436  9 

Ore  slag  lead   100  18 

Dross    „.,,...  69  12 

Spanish  .......  60  9 

MUl      ,   138  16 

Enfrlish   76  16 

Tea  hard  lead   9  16 

Fvras    „  .      .            ...  8  19 

tons  1886  ii 

At  a  cost,  p«ir  ton,  for :  t.  d. 

Labour  .       .   2  6*3 

To.ils,  cwt.  6  .  .  0  10  0 
Kepairs       •       .       ,0  16 

3  4-9 

Pont%fex  and  Ghs^orcTi  Process. — These  gentlemen  employ  the  ordinary  calcining 
pMU-ftirnaee,  and  when  the  charge  has  been  in  operation  for  ii  ft  w  hours,  the  drojis  being 
removed  as  usual,  a  few  poundjB  of  tfas  IbDowing  mixture  is  spread  evenly  over  ths 
■orfaoe  of  the  bright  lead  The  doors  srp  closed,  and  in  ahout  10  to  20  minutes,  a 
brown  or  yellowish-brown  caJce  collects  on  the  surface.  l*resh  fuel  is  then  thrown  on 
the  fire,  and  in  a  few  minutes,  when  the  smoke  has  cleared  dWay,  die  doom  arc  opened 
and  the  cake  is  reroorcd.  This  is  repeated  until  the  rakp  formed  pos^cMpg  a  bright  or 
brown  colour.  When  the  alkaline  mixture  is  used,  with  a  charge  of  9  or  lU  tons  of 
lead,  about i  required  daring  the  S4  hont^  opetatioB.  When  the  otiier  mix- 
tiire  is  employed  iindtt  ths  •■IDS  ciraBBurtiuiee%  the  QQsntilgrKqiiindmflS  hotweeD 

4U  and  60  lbs. 
The  mixtures  xeoMnmended  wn  a*  fidlowB: 

1.  For  lead  ooufesiDiBg  ftom  8  to  Iff  per  cent  of  aatinonji  th«  nisfeON  coiMiati  of: 

8  parCi  of  nitrate  of  lodtb 
4     I)  Btvl'i-n^h. 
4     „      buml  iime, 

2.  For  lead  containing  2  to  3  per  cent,  of  antimony,  and  from  |  to  1|  per  cent  of 
silica,  the  mixture  consists  of  eqnal  peita  of  soda^ah  and  caaatie  line. 

We  understand  that  thh  proeess  has  been  discontinued,  and  if  it  l>e  true  that  the 
antimony  exists  in  the  hard  lead  in  the  form  of  an  alloy  of  antimony  and  lead,  which 
vhan  the  vfaola  ia  molted,  riaea  to  the  anrAwa  in  eonaMiiience  of  ita  lower  apaeifle  gravity, 

we  cannot  see  hovr  the  time  of  softening  should  be  shortened  with  advantage,  at  the  extni 
cost  ol  so  expensive  an  oxidising  agent  as  nitrate  of  soda.  In  the  old  mode  of  woxkia^ 
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vhen  Uie  mr&ce  of  Uie  ImcI  ia  keot  constant^  clear  of  dross  by  th6  oaldner,  the  aUiqy. 
as  it  TiMo;  is  ■"""'^<**«'y  osidiMa  the  envMttt  of  hot  dr,  vheveas  in  tikis  ytomm, » 
considerable  tioc  is  kst  in  aUofwiqg  ths  mktoM  to  Mti  asid  boftm  the  crasts  ars 

remoTed. 

Mr.Badwof  ShefBcldbM,  however,  snoeoedsd  in  iiaingtih«nitrat«  of  80^  and  bisol- 
phate  of  ioda  to  advantage  in  this  wocess,  possibly  from  the  fact  that  the  impunties  in 
nis  lead  are  so  much  snudlet  thon  m  those  of  Spain,  ai^  jgtacSanaing  the  opcintion, 
it  is  said,  in  crucibles. 

H^uetion  of  the  Dross, 

This  process  is  performed  in  an  ordinary  reducing  furnace,  of  smaller  dimensions 
than  as  the  dha^^  nre  smaller  and  require  more  attrition  to  ptevent  the  loss  of 
antimony  by  volatilisation.  The  writer  also  introduced  tho  upo  of  a  little  soda-asli  -vritb 
the  coal,  when  mixed  with  the  dross,  which  was  found  to  render  the  slag  which  ia 
ftnned,  Bote  farin)le,  and  eiiaUed  the  woricm^  nwfiiEowiu^ 
analYSC.";  of  the  hard  lead  obtained  fr  ni  rhi?  drosSt  with  and  withoitt  tiie  addition of  this 
flus,  prove  the  advantage  of  its  employment : 

WIthoat  the    With  2J  per  cent. 
■od;i-ash.  of  iiKlii-iuiti.  ^ 

Lead   82-88  6870 

Aatimoay   1609  40*66 

Copper      .....  0-68  0*32 

Icon   0-35  0-32 

lUUUO  lOUUO 

With  the  nse  of  this  flux,  and  continuing  the  oalrining  operation  on  the  produce  of 
the  ledad^g  Umaee^  tho  metals  obtuned  inn  famA  to  poeosss  the  Mlovtiig  ~ 
poiltlQi^  aeeovdiag  to  tiie  nnaljies  of  tho  trztter: 

Orislml  lasdt  III  taldwiHoii.  Ind  aklastkn. 
T  ad  ....         99-27              86-63  «3'64 
Antmionj  .      .      .          0-67             11*29  4716 
OooMr  tnees 
Inm  .      .      .      .         0-04  0-84 

100-00  99*10  100-00 


Lend 

Antimony 
Copper 
lion  • 


Original  lofti* 

96-81 
3-66 
0^8 
0-21 

100*00 


Itt  CAldnatioa. 
61  US 
29-84 
6-90 

100*82 


calcinalkMI. 

66-00 

teaoes 


100*00 


It  was  fofond  faspeseible  to  separate  any  soft  lead  from  the  product  of  the  second  cal- 
cintitiou,  all  the  metal  becoming  oxidised.  This  alloj  is  foimd  of  great  use  in  fawring 
t^jie  furniture,  and  in  nuJuju;  some  of  the  ooaxaer  kinds  <d  type, 

Tb*  east  of  cedneiag  the  wms^  per  ton  of  lead  pradnoed,  is  ss  ftUonn : 


Labour  . 
Coals,  7*6  cwt. 
Soda^ah,  14  lbs. 


9. 

5 
1 


21 
3*2 


8  6*8 

BipaMiim  ^  ti*  JnHmoHj^ 

  of  lodnoinR  the  droM  which  yields  the  lead  of  the  wcond  cah-inaf  ion.  the 

wntpr  proposed  to  pnnd  it  to  powder,  and  treat  it  with  acetic  acid,  by  which  all  the 
lead  i»  tUssolved,  and  yields  sugar  of  lead  by  evaporation  and  crystaOisttioB.  Tho 
insoluble  residuum,  when  radneed  in  the  usual  method  empiUiyed  fin  oatiBKinj  oie% 
furnishes  this  metal  ver^'  readily,  and  of  fair  quality. 

The  same  process  is  applicable  to  the  beparatiou  of  the  oxide  of  tin  wh^n  the  drosi 
has  been  fiamd  Iqr  tmting  tea  lead. 


Digitized  by  Google 


1 


920 


LEAD:  SMELTING  OF  SLAGS,  &a 
itaaiii^  aptmt§k  B&td  Lmi, 


The  Spanish  bard-len<l  tra<1e  has  assumed  such  an  inj|i  r*ant  development,  thnt 
in  ooaclading  this  acocnmt  of  the  treatment  of  hard  lead,  it  may  not,  be  without  aome 
iiit«i««t  to  gn»  tb*  eo«t  of  estttetiog  its  silrer,  and  preparing  the  toft  Uttd  fernMofcrt. 

The  cost  of  each  item  of  expense     calculated  on  20  cwt.  of  the,  original  hard  leud : 
thus  the  second  item  is  on  5  per  e«ut  less ;  the  third,  on  9  per  cent. ;  the  fourth,  on 
35|  per  cent;  die  tiKt,  on  7  per  cent  of  the  original  lead ;  the  serenth,  eighth,  and 
*■'  ninth  items  are  an  average  on  the  whole  work  of  the  eatabliphment    A  similar  stat«- 
ment  has  been  pnbiished  elsewhere, 'but  in  the  abfleooe  of  the  them  Wfi^f ,  it 
hare  )>een  unintelligible  to  most  readers. 

Cott     Sqftcning  and  B^mtig  Spanish  Lead. 
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1.  Calcining  .       .  • 

2.  Ov^'riniying 

3.  Ivtlluixig 

4.  Reducing  lithargo  and 
6.  Hedudng  ealcinuig  dros's 

6.  Smelting  refuse  producta 

7.  Grinding  matarilb  . 

8.  General  labour  . 

9.  General  charges 


ZV.  Smeltlni:  of  tbe  filaffs  and  other  !Prodaots. 

All  the  waate  products  reenlting  £rom  all  the  ptevious  operations — viz.  ore  or  £rejr 
ilnf^  from  tbo  rererberatory  ftmuoe  and  or»*]i«ufliB,  tMt^bottomt,  litharge  and  won 
cinders  from  the  reducing  furnaces,  &c.,  are  finally  submitted  to  a  process  of  re- 
daction, in  thia  country  in  a  furnace  known  as  the  slag  hearth,  but  alffoad  they  are 
genendly  nixed  with  poor  lead-ores,  and  smeUed  in  abiast  fomaee.  We  will  deocriba 
the  method  adopted  in  this  countiy,  and  ttieii  tclMt  ottaof  tiha  ooBtiBiatal  plana  aa  aa 
illuatcatioa  of  the  other  method. 

1.  The  EngHtk  BU^  Mtmik 

U  known  amonc:  the  Germans  as  the  Krtmmf>fen,  or  crooked  fomaee,  and  amonj^ 
the  I'rench  as  th«  founuau'i-manchff  or  elbow-fomace.  The  oeaeal  form  and 
eoBatructi<»iaf  fliwfliniaeoaMriunmin>^.9i9>6l^  RmmawtrtgweibiMtta 

Fiff.  629. 


Hearth  — The  sole-plate,  a,  is  made  of  east  iron,  and  slopes  slightly  down  to  the  forr- 
heiirth,  h.  There  are  strong  cast-iron  pieces,  or  bearers,  c  c,  on  each  of  the  long  sides  of 
the  sole- plate,  which  support  the  side  walls  as  well  as  the  cast-iron  plate,  or  forettoiUy 
which  forms  the  front  of  the  shaft.  The  back  in  made  of  cast  iron  up  to  the  horizontal 
tuyere  in  the  middle,  above  which  it  is  built  of  sandstone.  A  cistern,  e,  stands  in 
front  of  the  fore-hearth,  and  a  stream  of  water  constantly  flova  through  to  granulate 
the  slag,  and  facilitate  the  subsequent  separation  of  any  pieces  of  lead  disseminated 
throimli  it  Tiy  washing.  The  lead  flows  uv4srthe  fore-hearili  into  an  iron  pot,/,  heated 
roni  1  f\>.\f  by  a  tlrOb 

The  bottom  of  the  flimace  is  filled  with  small  cinders,  beaten  down,  and  reaching  to 
within  4  or  6  inches  of  the  tuyere.  Tha  pot  is  also  filVd  with  similar  cinders,  which 
filter  the  load  from  the  Aisible  slaes  which  sometimes  accompany  the  flMtaL  Cleat  is 
then  piled  up  above  tbe  bed  of  cinders,  ignitrd.  nn  !  the  blast  turned  on. 

When  the  peat  is  ignited,  some  coke  is  thrown  *n,  and  a  layer  of  grey  slag  or  ofhar 
vefiiM  kadpradaet  10  added.  This  is  continued  at  intervals  as  the  operation  |>ree»ada, 
alternate  layers  of  slag  and  fuel  being  added,  metallic  lead  being  produced,  and  a  fnsiblo 
slag,  free  or  nearly  free  tam  lead.  The  amelter  occasionaUy  forces  .a  bent  iron  bar 
tbnvth  tiM  kjtt  of  ciiid«r»  to  Ubiiata  liha  dii^  vU^ 
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The  lead  obtained  is  al;rays  very  hard  and  impure,  and  is  afterwards  sent  to  the 
cidcining  process  for  softening. 

When  cold  air  is  employed  in  smelting,  it  is  often  difflcnlt  to  prevent  the  nose  of 
slag  at  the  tuyere  from  growing  too  long.  The  use  of  hot  air  prevents  this  inconvnience, 
and  also  economises  the  expense  of  this  operation,  as  the  following  comparative 
statements  will  prove : 

a.  28  tons  of  slag  smelted  with  cold  air  consumed  392  cubic  feet  of  air  per  minute, 
and  cost : 

£  s.  d. 

Ulwnr  3    7  8 

Coke  7  tons  at  24*.  %d. .  .       .    8  11  6 

11  19  2 

6.  36  tons  of  simikr  slag  with  hot  air,  consomed  300  cubic  feet  of  air  per  minata,  and 
cost: 

£    8.  d. 

Labour  »  .878 

Coke,  6  tons.  17  cwt.  at  2U.  %d.  .  .734 
Turf  for  heating  air,  1 1  loads  at  1*.  8rf.     0  18  4 

11    9  4 

The  saving  is  therefore  very  considerable  when  hot  air  at  500°  to  600°  F.  is  employed. 

2.  The  Ciatuthal  Blast  Furnace. 

This  ftumace  varies  in  height  from  20  to  25  feet,  with  a  diameter  of  3  feet  in  the 
widest  part,  1  .le  crucible  at  the  l)Ottora  of  the  hearth  projects  beyond  the  blast  of  the 
furnace  into  a  small  elevated  plHtform  in  front.  The  lining  of  the  heanh  is  made  of 
fire-stone,  and  the  bottom  is  slightly  hollowed.  This  part  is  covered  to  some  depth  with 
R  mixture  of  fire-clay  and  charcoal,  with  a  gentle  slope  from  the  back  to  beyond  the 
front  wall  of  the  furnace.  A  tup-hole  enters  at  the  lowest  part  of  this  basin,  through 
which  the  contents  are  drawn  off. 

The  receiving  basin,  a,  is  placed  on  a  level  with  the  floor,  and  at  some  distance  from 
the  breast  of  the  furnace,  whicli  is  supplied  with  air  forced  through  the  tuyeres  at  t. 

Fig.  631. 


The  charge  of  mineral  is  thrown  tuwards  the  side  of  the  tuyere,  and  the  fuel  towards 
the  breast.  The  cold  air  from  the  tuyeros  cools  the  slag?,  and  forms  channels  round 
their  nozzles,  six  or  seven  inches  long,  which  are  called  the  "  nose  of  tiie  tuyere."  Tho 
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BueceM  of  the  operation  greatly  depend*  upon  the  proper  management  of  this  point,  m 
these  channels  prevent  the  oxidation  of  the  lead,  wkich  would  give  riso  to  the  formation 
of  fusible  silicates  of  lead. 

Under  all  circumstances,  a  large  quantity  of  lead  is  volatilised,  and  the  whole  of  the 
vapours  escupiug  from  the  tunnel-hole,  T,  pass  through  a  series  of  chambers,  C  C,  before 
entering  the  chimney,  D.  The  fume  which  condenses  is  occasionally  removed  through 
the  doors,  d,  and  is  again  thrown  into  the  furnace  along  with  other  products. 

The  Bcoris  flow  continuously  into  the  fore-hearth,  where  they  solidify  and  are 
drawn  down  the  inclined  plane,  p,  by  the  workman,  to  the  floor  of  the  milL  When  the 
basin,  b,  becomes  filled  with  metal,  it  is  tapped  into  the  reservoir,  a. 

The  products  which  are  collected  in  the  outer  basin  consii>t  of  lead,  upon  which  a 
matt  floats.  Tliis  matt  solidifies  first,  and  is  removed  for  further  treatment,  when  tho 
lead  is  passed  through  a  metal  sieve,  and  cast  into  pigs. 

The  matt  contains  sulphides  of  lead  and  other  metals,  and  when  they  accumulate,  they 
are  roasted  in  heaps  to  expel  the  sulphur ;  but  so  imperfect  is  the  operation,  that  some 
portions  must  undergo  as  many  as  four  roasting. 

When  the  roasting  is  finished,  the  residue  is  smelted  in  the  German  slag-hearth, 
along  with  test-bottoms  and  other  waste  products.    The  lit  de  fusion  is  composed  of: 

32  parts  of  roasted  matt. 
80     „      rich  grey  slags. 

4*6  „  test-bottoms. 

2     „  abstrichs. 

2     „  litharge-cinders. 

1     „      granulated  cast  iron. 

The  furnace  used  in  the  smelting  of  these  products  is  shown  vajigt.  632 — 634. 
Fig.  632. 


It  is 


Fig.  634. 


about  4^  feet  high,  and  increases  in  size  in  the  upper  portion,  C.  Fig.  633,  represents  a 
horizontal  section  at  the  level  of  the  tuyere,  and  Jig,  634,  a  vertical  section  in  the  line  XY. 
It  ia  blown  with  one  tuyere,  T.  From  the  bottom  of  the  furnace,  which  is  brasqiU,  the 
contents  are  drawn  off  by  a  tapping  hole  into  the  pot,  F. 
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The  ftiel  employed  is  toko,  and  during  the  smelting,  part  of  th*  iron  of  the  matt 
combines  with  the  silica  of  the  slags  and  cinders,  forming  a  new,  veir  fasible  alag. 
AnoUier  portikm  «f  tlM  iron  rednoaa  Hw  mi^iUdeof  laid,  prodncing  metallie  latd  and  a 

Pfeond  matt. 

The  fbUowiag  table  contains  the  analysea  of  aome  aiagu  made  in  smekiug  oopel 
Jbutfyim  qfLmut-^b^fivm  Blast  Furnace. 


&k  1  AM 

taiar* 

tea* 

Batthiar. 

Locality 

Claut- 

thai. 

Poull. 

Harx. 

Pontgihaiid. 

SOiea 

84-80 

40'00 

88-70 

20-00  1 SS-OO 

S870 

Glide  of  lead  . 

14  80 

26-80 

6-60 

34S0 

7-40 

traces 

35()0 

16  00 

fzotoxide  of  iron 

6*87 

19-40 

84-40 

6-60 

28-40 

87-90 

4-20 

23-70 

QiidaoraMaguMM  . 

0-43 

0*60 

0^ 

8-00 

2-40 

Suboxide  of  eoppw  . 

0-21 

VGO 

8  92 

4-60 

4-80 

12-90 

8-70 

1000 

6-20 

11  60 

7-88 

4-40 

700 

1-00 

12-80 

4-40 

80-20 

900 

Magnesia  . 

0-53 

0-90 

0-60 

•  • 

1-00 

100 

Teroxide  of  antimony 

0-70 

Oxide  of  zinc  . 

•  • 

6-20 

0-50 

Protoeulphide  of  iron 

•  • 

2-20 

900 

Sulphide  of  zinc 

1020 

17-60 

This  Trt;it»  is  treatt-d  in  the  same  manner  as  hofm-,  but  in  the  fourth  matt  the  eopper 
ha^  accumulaied  to  such  extent,  that  it  in  caUed  thv  cujiptr  tnaU,  and  is  tmited  for  that 
metaL 

This  aeetimulation  of  copper  in  alwaj?  oh-^orvr  d,  how»<v^r  om;ilI  the  percentage  of 
oof^er  in  the  original  ore.  The  copper,  haviag  a  sLrungcr  ailiuity  for  sulf^ur  than  lead, 
goee  on  aectunnl^ing  in  these  matte,  and  genanUy  pftjrs  for  its  « 

Tbo  MuxUu»  imelEed  in  theee  OlaMthal  furnaces,  consista  of: 


34  parts  of  ore  containing  24  of  g^kleiM. 
4  to  5     „      cupel  bottoms. 

1    „     tin  abatKidia  fttni  llw  niaaty. 

89'    I,      ore  slags. 
4f   „      granulated  cast  iron. 

which  mixture  is  stated,  br  Regnault,  to  produce  19  pts.  of  metal,  and  7  or  8  pts.  of 
th$  tel  ma,%  oMtaramg     pti^of  netaL 


Sinoa  attention  has  been  drawn  to  the  great  loaa  of  lead  in  smelting  its  ores, 

namerons  plans  have  been  proposed  to  recorer  a  portion  of  the  metal  in  too  toan,  of 
fume,  no  fewer  tUau  sixteen  patents  having  been  enrolled  for  thii  object. 

Where  sufficient  spaea  exuti,  tlia  plan  most  generally  adopted  is  that  of  long  flnaa 
and  chambers.  In  some  cases  these  fl«e«  extend  for  r-,  in>Ie«  In  Jlr.  Beaumont's  ex- 
tensive works.  Lis  able  engineer,  Mr.  8opwith,  added  nearly  5  miles  of  flue  to  one  mill, 
the  ihie  being  8  ft  high  by  6  ft.  wide.  Tha  saving  in  load  in  Umbo  finaa  of  Ifr. 
Beaumont,  i.s  said  to  exceed  £10,000  per  annum. 

Of  the  mun^  plans  which  have  been  suggested,  we  will  select  two  which  are  in  sue* 


L  9kAo^4  CbmlMMir. 

This  flpparatns  is  ropre?vnfed  in /!(/.  635,  and  has  been  fbnnd  to  answer  remarkably 
well  at  Langley  mill,  aa  the  details  of  an  experimenti  given  on  p.  625  amply  prove. 
.  A  ia  tha  top  of  tha  fbmo-fliie;  B  ia  a  vlieel  ftssd  in  a  matal  eaae,  set  m  motion  by 
steam  orwa*rr  power,  with  a  tii)€ed  of  10,400  revolutions  per  minute,  by  which  the  fume 
is  withdrawn  from  the  flue  and  forced  through  the  condenser.  This  oondenaer  is  xect* 
angular,  divided  longitudinally  by  woo^  nfb.  A,  A.  laid  borixnitalij,  on  vrfaidi  «. 
layer  of  pebble-stones,  or  other  fi!t.  rinL'  m  iterial.  is  placed.  The  condenser  is  further 
aepanOed  into  conu>artmeut8,  D.  JD,  by  the  vertical  divisioni^  which  alternately 
zeaida  tha  top,  and  mplwbw  the  attrftee  of  tha  water.  The  vrater  €ows  from  an  open 

trough,  M,  divided  crosswa^s,  immediately  above  D  D,  int  >  t1i.  compai-tnients,  E,  K, 
eaoh  of  whioh  ia  agwi  aubdividad  by  £»ur  or  more  low  parallel  partitions.  Xha  bottom 
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of  these  ctstPTO'!.  E  E.  I's  {xi-r-ratftl  Thr  w.itrr  is  supplied  by  a  pipe,  D  G,  and  tfa* 
bottom  of  the  oondMiser  is  kept  filled  with  water  to  the  level  shown  at  F  F. 

The  ftawfa  wIlMmwafrpatthigift.  «pJ<hwed  in  and  down  tlumigfa  the  flltoriag 
beds,  in  the  direction  of  the  tOOVt,  until  the  resiaual  gases  escape  at  II,  into  th« 
dumnejr,  L.  TImm  ftunes,  in  their  passage  through  the  condenser,  oome  in  contact 
withthavitivllrmEEk  whicii  ii  wnstantlj  Ming  in  fine  alMWM  ofw  tiM  iltiriBS 


Fuj.  635. 


Iwda.  Th«  water  earriea  down  iH  tha  Hum  into  tha  leMnrmr,  F  F,  whaioe  H  ia 

occasionally  drawn  off  at  K.  " 

The  following  table  (p.  526}  girea  the  results  of  an  eq^oiiiMlit;  on  the  large  scale, 
vith  «iM<if  thiM  ooadHuwii 

Btaj^t  OemimMT. 

This  apparatus  is  represented  in  fig.  636,  in  which  a  Is  the  fume  flue,  bbh  h,  a  cisfem 
eooatraotad  of  wood  oir  any  othar  malarial,  with  partitions,  dividing  it  altamatalj 


at  top  and  bottom;  c,  one  or  more  nir-pumps,  or  exhausting  mm  liinrs;  and  r/,  th<; 
exit-flue  for  tha  voaondensed  |pwes.  The  air-pumps  being  set  in  motion,  the  fume 
w  drawn  tlmngli  tha  water  in  tha  efotera,  in  which  the  metallie  Tapoora  are  eon* 
dcnsed,  so  pfrfcclly,  that  the  writer  has  walki  d  a'ong  tlic  px it -flue  without  b.  lug  soiled 
with  a  single  perlicle  of  fume.  The  passage  of  the  Tapours  under  the  water  creates  a 
great  agitation  and  spraying  of  tha  water,  wiifeh  wiSariaUj  aanata  in  tha  oendenaa- 
tion.  When  tho  wat<.-r  becomes  chained  wUh  flona^  It  ii  drawn  off  bj  oodk%  and  ran 
into  tanks  to  allow  the  fume  to  subaida. 

Mr.  Stegg  has  drawn  up  the  foUoving  table  from  his  experiments,  to  show  tha 
annual  saving  of  lead  which  may  ba  e^ted  by  his  condenacr,  and      tolnaa  <tf 
i-rs  for  w):'i'h  tlic  I  xlj.mistinfr  apparatus  tnn?-t  bo  roiistrnrtpil  • 


Nature  of  AirDsce. 

Quatiiity  of  luad 

ojMjrabea  upon  or  pre^ 

Vulume  of  Ml, L- 
tSSmS^  fromsudi^ 

Annual  tarinf 
cflbcMdoa  eadi  afe> 
niioa  ia  baL 

<^rc  In  urth   .        ,  , 
KeTerbeiatory 
Baihiing  and  Ndadng. 
aaghaarth . 

tons. 
260 
600 
600 
800 

1,000 
1,500 
1,600 
«,000 

i5 

so 

40 

1 
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The  compoution  of  the  tumea  produced  from  differeut  operatioDB  and  localities,  is 
gitMi  in  tm  IbUoiring  taUis: 


Tabla  L — AruUjfseB  of  Fumes  from  ike  Ssverberaiorg  Fumacet. 


LoeaBtj  . 

Atfton 
Moor. 

»«wiUi. 

■—   ' 

Auibority .  « 

Bwtklcr. 

Rlvot. 

  -J  ,  

BflrtUtr. 

Bamaeliberg. 

EroteiidAofted  • 

11-00 

10  20 

42-60 

71*20 

"24-93 

'  Arsenic  Sc 

SnlpbatooflMd 

6000 

39  00 

65-60 

3900 

•  • 

antimony 

0-60 

2-00 

1-50 

flmgmioirido  of  iioii  • 

12-00 

3-40 

«  • 

(Protoxide 
\  8*80 

Oxide  of  zinc  .       .  « 

14-00 

270 

13-80 

•  • 

2716 

Carbonate  of  lead  , 

♦  • 

3500 

Lime  0  71 

Sulphate  of  zinc      .  • 

■ 

2-30 

•  • 

*  • 

•  • 

1 

Musieaia 
0-29 

Sulphide  of  lead 

4-60 

1-40 

0-20 

1'20 

Silicic  acid      .       .  . 
Clay  .... 

«  « 

1  13-20 

6-60 

17*40 

20-60 

31-82 

Tabu  IL—Jtiafym  ^fFm»Jrom  <l«  Btfitrnf. 


Locality      .  . 

•  • 

PionlctbanL 

VUlefort. 

FMberg. 

Pltjloxitlc  of  lead  • 

88-20 

4000 

71'20 

48-20 

Sulphate  of  lead 

900 

2000 

Arsenious  acid  . 

0-30 

300 

1  17-80 

14-40 

Oxide  of  antimony  • 

4-40 

•  • 

2-90 

Oxide  of  zinc 

•  • 

*  • 

*  m 

t  25-70 

Oxide  of  binmutii 

m  • 

0-60 

Carbonate  of  lima  . 

270 

17-00 

Carbonic  acid     .  , 

•  ■ 

«  * 

4-20 

Silicic  acid  . 

1  2*40 

20-00 

4*60 

Tablb  UL — Analf$et  of  the  Fumts  from  the  Blast  Furnaces. 


LoeaUty  

FreU 
betf. 

PoDtgibaud. 

H«ls. 

Pont- 
gibaad. 

Oxide  of  lead  .       ,      ,      .  . 

27-90 

10  00 

66-50 

3-70 

1-50 

8010 

Sulphate  of  lead  .... 

13  00 

47-00 

1300 

•  • 

9-00 

Arsenious  acid  .... 

2-10 

i-io 

1-50 

•  • 

410 

Seaquioxide  of  iiott  .... 

300 

1300 

Oxide  of  zinc  ..... 

49-50 

10-00 

1200 

2-10 

26-00 

Carbonate  of  lime 

2-80 

7-00 

17-00 

Silicic  acid  

«  . 

33-00 

•  • 

1-50 

4-90 

8*00 

Metallic  lead   .       ,       ,       ,  , 

2640 

SrAiVBca  OF  tkb  Lead  AUDib 

1.  Great  Britain. 

Tha  following  tables  from  Mr.  ITunt''i  r  a!  i  .^nniul  Bcpoct^  all  tha  i^jfennt* 
tion  wa  poiaaaa  aa  to  the  home  trade  in  liiis  metal : 
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ammmwy  qf  Lead  «md  BUvtr  Pndtte*,  1863. 


Mm. 

iSlfOlJkXD. 

toil*. 

cwU. 

CKtS. 

ounces. 

Cornwall 

*  • 

6  030 

4  119 

n 

V 

20.3,662 

Deronshire 

•  • 

2  079 

1 

1  376 

R 

V 

Somersetshire . 

•  • 

750 

0 

876 

0 

1  026 

Shropshire 

•  « 

4  157 

11 

3,103 

Derbyshire 

7  048 

10 

5  028 

a 

1,000 

Yorkshire 

9,256 

1 

6  313 

10 

3,331 

StaJforvUhirc  .  , 

ft  * 

GO 

2 

Westmoreland 

2  017 

12 

1  37;') 

17.148 

Cumberland  . 

«  • 

7  173 

13 

6  241 

10 

41,911 

Doriuun  and  Kosthnmberiand. 

U,771 

U 

16,4M 

0 

82>.864 

Wauw. 

Caermarthenshire  . 

•  • 

1,298 

10 

1,009 

9 

Cardiganshire 

•  « 

8,299 

11 

AAA 

6,448 

2 

62,678 

Pembrokeshire  . 

*  • 

9flO 
OOtf 

A 
V 

1.780 

Brecknockshire 

2 

0 

1 

10 

Montgomerrshire  . 

4.288 

19 

3,269 

10 

Merionethshire 

•  ■ 

197 

0 

150 

14 

660 

Df^nbighshim  , 

•  • 

7,925 

0 

6,236 

27.118 

Flintshire      .  , 

• 

6  211 

3,997 

8 

31,333 

OMinwwnwbin 

•  • 

8 

170 

11 

AAA 

888 

1,861 

0 

70^182 

1»S«8 

6 

Irf-laxd 

•  * 

• 

i^643 

2 

1,768 

2 

12.481 

Sundries  under  ten  tons 

« 

260 

0 

170 

0 

Total  ^dMUnitea  Sin 

« 

M,8I1 

a 

68,018 

18 

682»472 

flaw  «•  Ikon  AitiA 

V«lue. 

ninM  • 

• 

SOO 

7 

£15,086 

6  6 

68,861 

•1  •■ 

886^128 

UMporte  tmd  ExporU  qflMd^  Ar«^  ami  Coioniol 
Imi  fmpoftod  into  th*  Unltad  Kiiigdoni  in  tin  ymv  1868  and  two  pmow  yati*. 


QuatitttiM. 

1860 

1861 

1862 

1860 

1861 

1862 

torn. 
22,171 

torn. 
23,109 

torn. 
23,693 

i  ^ 
468,436 

€ 

440,092 

460,586 

Exports  of  BritUh  Lead  for  the  year  1862,  and  itpo  previous  iftars. 


1 

CouptolM  to  wUek  Mat.' 

Qiuntltlf^. 

• 

Declared  ralue. 

1860 

1868 

1860 

1861 

1862 

Baflia 

Franco              ,  , 
United  States 
ddiia  and  Hong  Kong 
Briti.sh  Indift 
AustiaUa  . 
OUMreottsfatua  . 

tOIM. 

4,812 
1,116 

4,167 
5.171 

1,317 
1,616 
6,609 

ton*. 
3,876 
666 
767 
6,644 
1,820 
1,493 
6,031 

Ion*. 
8.033 

618 

12,687 
8.728 

2,317 
1,663 
6.442 

£ 

109,622 

24,197 
88,631 
114,086 

31,700 
39.434 
136,681 

£ 

80,686 

13,889 
16,166 

122,788 
40,077 
33,347 

116,629 

61847 

10,261 

269,947 
808,196 
61.921 
34,760 
142,668 

Toinl 

■  .  <  J  t 

19,295 

3G.3JS 

;  .513,299 

1 

 ^  

42n.f'Jl 

7  7", '90 
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A  kig«  tndb  is  csnM  <ni  in  thw  metal  between  Msneillce  ttad  the  a^diHttgisoMt 

of  Spain.  The  latest  statement  we  can  find  of  this  trade  in  France,  is  for  1859  vrh  -u 
tite  eight  principal  minee  produced  2,^00,000  kilog.  of  dressed  ore.  Tbe  exporu  and 
impotU  in  tbA  Mine  year  w«m  a*  idloiiB : 


Sardiniaik  Statea 
Spain  . 
Algiers 
Belgium 
OermaoT 

Other  countries 
^Netherlands  . 


Ore. 

Ulog.  17,983,849 
2.040,069 
S.8M,258 

1,961.118 
253,12^ 


kilog. 


H 
If 
» 
If 


kilog.  26,321,048 


168,217 
33,447,682 

887.269 
320,341 
2,033,238 

kilog.  87.612.673 


If 
I* 
It 
If 
•f 
«i 


Ore. 

Spain    .       .       .  . 

.  kaog; 

1,637.740 

idkg. 

The  Tvo  Sioiliea  . 

•  »• 

281,796 

n 

1,094.302 

Sardinian  Statee  , 

1* 

It 

1,080,139 

United  Statea 

•  ft 

•  • 

» 

7.597,212 

Auatxia 

•  » 

ft 

1,014,618 

8.  Other  Countrits, 

It  is  difficult  to  oljtain  'acmrate  statements  of  the  production  of  lead  in  maHjJT 
couutriea,  and  the  following  statement  can  only  be  regarded  as  approximatiTe : 

torn. 

United  9t«tai   20,000 

Prussia   16,000 

Austria   7.000 

Spain    .       .       .       .  ■   60,000 

Italy   6,000* 

.  Bussia  360 


46 


In  cuiielnsion,  we  gh«  *  list  of  patents  vUdi  !iam  bsen  takao  oat  fat  UDpiora* 
aMBta  m  the  drearing,  amaMng,  Aml,  oI  lead  ora : 

PaienU  for  Improvement*  in  Preparing  Oru^  SfC. 


Oete* 


1777 
1779 

1830 
1883 

1841 

1842 

and 

1844 

1840 


1862 


1860 


Thomas 

Petherick  . 
Petherick  and 


ONoet  of 


Brunton 


BowkndaoB 


Bidwidaon 


Goble  and 
Hemming 


Machine  for  stamping  slags. 

Calcining  ^ens  (and  etiiev  anljhidei),  in 

ratorj*  to  drcssinrr- 
An  apparatus  for  wiishiug  ozeSL 
Further  improTvnwBti  on  Uia  ippamtna 


IB 


Machinery  for  washing  and  dreesing  ores. 

Bemoring  zinc  and  oopper  fton  lead  oraa^  Iqr  loaaltng 
and  washing  nitb  waiter  nd  aoidL  bcftn  ■naWng 

for  lead. 

Boasting  galena  dead  beliDfe  amelting;  in  a  fite-flat 

furnace,  the  ore  to  be  placed  nt  first  in  the  hifrhc-t 
or  oookwt,  and  gradiuulj  brought  to  the  heat  as  it 
loooi  anlplrar. 
InipioTod  atanpSk 


**  Z^re  were  alio  UMW  MBS  of  fatanaocjMeMdfroM  Italia  the 
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hUmU  for  Impro  ocnunU  in  tie  Oon^nteUm  qfFmmaoa, 


1827 
1828 

1641 

1841 
IMO 


18«2 

1866 

1SJ8 

1630 

1667 

1774 

1808 
1846 

1858 


Ol^MterFAUal. 


Wagoner  . 
Brantan  • 


WeUh.  . 


Saviiig  of  faei  by  immoTed  funiuc<s. 

Furnaco  iwined  of  aib^,  with  iron  pan  Ibv  )m)U4IB> 

Calcining  fiirnacfi  witli  r<-viilviii^  Ixjiioru,  andftlDMliani- 
cal  arrangauait  for  stirriog  the  ore. 

Applying  the  «Mto  hei*  fnm  eek^  ortm  to  amdiing  of 
lead  or  other  ores, 

SpUUing  the  drau^t  in  a  rererberatory. 

BeTolving  appamtns  ftr  sttRing  the  ore  wliile  belog 
ciileincil  on  a  f5x<  <I  floor,  the  apparutnfl  being  made 
k>Uow  to  allow  the  poaMge  of  a  eunrent  of  air  to 
kflep  it  oooL  » 

Small  blast-flninMe  in  vednetiott  «f  eertaia  iMd^ien- 

dues,  &c 

Improvement  in  Amaoe«,  enabling  the  wa«te  heat  from 
a  smelting  haaith  to  bo  anployod,  ▼hen  dennd,  in 

a  cftlnner. 
£'urlher  impi'ovem«nUi  i»u  the  above. 


Clerk,  Breath  snd 

Cl.Tk 

Lyilaii  . 


C3ayfield 
Kapiflv 


**To  make  Mporadon  by  taking  off  tbe  seoand  Mtnn  of 
all  sueh  metab  afl  tin,  copper,  and  lead,  after  the 
dross  is  taken,  and  pnoarving  aa  well  the  impon 
metal  as  the  pure." 
Tnatnig  poor  acgontiJiBKoiia  and  aariftvono  lead  otoa* 

Improvementa  in  deeilveriaing  load  oree,  followed  by 

conTerHion  into  lithazge  or  ved  lead. 
Obtaining  from  8rp:illapwiifl  mnttprs  and  1ead-«lag,  &c. 
tlit  metal,  by  a  pi'ueteu*  in  wiiieli  a  matt  of  sulphide 
of  iron  mx  uis  to  have  been  prodvoed. 
Srp:iratin;^r  tln'  ir-ad  f rom anoiiical oaai|ioiiiida (oaudiaed), 

by  liujy  aud  cual. 
Deeompoeing  the  foscd  OM  hj  oleetrioiljf  Qmu^  not 

ftprcially  rai'iit  inm-J). 
Extructing  lead,  <x,c.  from  the  retiidue  left  in  distilling 
aoma  ores  of  ana 


Smelting  lead  and  other  on>s  by  pit-ooul,  pent,  or  turf. 
Iniprovementa  in  smelting  lead  and  other  oree  with 
pit-eoal. 

Siibbtitatkm  of  pit-cool,  ^tb.  fax  wood,  in  tererbefatoiy 

furnaces. 
Same  claim  ns  the  la.st. 

Treatment  of  galena  with  chloride  of  baiimn  oroalenun, 

mixed  wifli  ("arlHiii  and  iron. 
Addition  of  oxido  ot  iron  to  coal  iu  smeiting  car- 
l)onates  of  lead  containing  lilioa,  goleaa,  and  lead 
slau''',  aiifiniunial  or  otlii-rwife. 
Iltihk  iuj^  tlitj  oxidia  from  the  coiciuiug  process  with 

alkali  and  coal. 
Redueiri)?  the  residues  from  preparing  oxTchknide  of 

lead  by  common  salt  and  ^unulated  iron. 
T^oatment  of  galena  with  ''dkali  or  neutral  salt  and 
cnrhnnarcons  mnttrr,  nnd  iron,"  emplojin^i  tin  re- 
suiting  sulphide  of  iron  to  obtain  sul^hurouiii  acid. 
Employment  <^th«  residue  from  disttUation  of  B<^head 

foal  In  stmoltinj^  roast,  il  load-ores. 
Employment  of  spongy  iron,  prepared  at  %  low 
temperatntf. 


16.12 
1676 

.Tonlcii      ,    .  . 
Hutchinson  .  . 

1678 

1690 
1847 

George,  Lord 

Qrandison 
Hodgra  ... 
Fkikea    *  *   '  j 

Young     .    .    .  1 

1  S,j2 

KichaAlsoa  .  . 

1862 

1 

fOttinaon  . 

1864 

OookaoD  •  •  • 

1866 

Popo    •    •    .  . 

1859 

Bronac  and  Be 
Betiypon 

Vol  m. 

MM 
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PtU«HU  /or  Jmpf^ommU  in  StpmatSnff  Sttmtfinm  Ltad  or  Lead-om. 


Vatt. 


1768 


1883 

183d 


pAtentoc. 


Benifl 


PkttiiiMm.  ,  • 


Obiect  of  r»tcnt. 


1888    Cln>-]i(>lm  aud 


1840 

1848 
1850 


1850 
1851 


185S 


1800 


Todd  .... 

K«TiIle  .  .  . 
Gvxlt  •  ■  *  • 


•  •  • 


^eotment  of  leads  by  partial  calcination  mi'l  siil  so- 
quput  fiwion,  with  a  view  to  concentrate  the  siItpt 
Bi  the  nnoxidim^  portion,  utilising  th*  lithai^  in 
prefxxriii^  soda  from  common  salt,  aud  afterwanls 
reducing  the  oxy chloride  prodttoed,  witb  liuM  or 
carbonate  of  lime  and  coaL 

The  wcU-knovB  ptooMs  fat  mptnHng  tfa»  Imd  hf 

t'uhit  n  uf  argentiferous  ores,  eillicr  uaJurally  free  from 
Bulptinr,  or  fre«Hi  from  it  by  caldaation,  with  a 
sul;  hi  ll-,  and  obtaiatag  the  nlm  oo&eentnitad  in 

thf  regulus. 

Conversion  of  the  allt^  into  litharge,  solution  of  tlM 
li'liMfi^r'  in  acetic  arid  or  ar(>tato  of  lead,  for  roanu- 
l  iLfur*-  of  white  If  aii.  the  siiver  being  obtained  in 
the  iiudiHc4T«d  r^i<Iui-. 

Ifcltiii^'  the  orea,  and,  while  nulfod.  ntnniiip  tlim  into 
a  Icad-lifitb,  with  a  view  to  aliuying  the  silver  with 
the  lead. 

JBmpln  jment  of  a  batli  of  red-hot  lead  to  extnwt  wOjet 

from  copper. 

Treatment  of  arip^entiferous  sulphides  by  a  solutiuji  d 
an  Mlkaliii.-  c:)lun>l<'  in  oo^juiietaon  With  chlotide of 
iron,  copper,  ziuc,  && 

Separatfon  of  IIm  ailTer  from  bad  by  addftion  of  cbe, 
in  coniLiiiation  with  which,  and  with  a  littlt^  lejid.  it 
rises  to  the  soHace  aod  is  skimmed  off.  Treatment 
of  tfaio  alloy  by  a  mat  of  eliquation  to  remove  part 
of  (hp  1.  ad  :  scjiaratlon  of  the  zinc  from  the  remain- 
der by  diatillation,  or  by  loaatiiiK  and  disaolviiu^  ont 
the  oxide  of  sSac  iritfa  dihite  aa^  The  lead  and 
silver  to  be  then  cupelled  af  usual.  The  bulk  of 
deeilveriaed  lead  to  be  freed  from  »ac  by  oaudation 
ait  a  doll  red  heat  and  drimming. 

Application  of  the  process  by  zinc,  patented  hjh&D,  to 
the  sei^ration  of  gold  from  loads.  Also  the  use  of 
lead  or  cine  in  a  8tate  of  f\ision  as  a  sulwtitute  for 
mrrcnry  in  extracting  silver  frnra  Oral 

Substituting,  in  Pattinson's  cr)*8talli«ing  process,  a  tap- 
hole  by  which  the  rich  alloy  is  run  off  through  a 
perforated  nlate^  Har  the  bdle  by  irhioh  the  ocyMtala 
are  ozdinanly  removed. 


1818 


1864 


1860 


1860 


Han 


Pontifex 
Olaarticd 


Wamcr 
Baker  . 


Paimkfar  MpnvemmU  th  OahMng  Hard  Lead, 

flaMning  hard  leads  as  in  the  manufacture  of  red  kad, 
and  stopping  tlie  proces^s  at  the  point  i^Mn  the 

remaining  lead  hjis  become  soft, 
and  1.  Employment  of  aoila,  ash,  and  lime  in  "  improving" 
hard  lead,  with  the  addition  of  nitre,  if  the  antimony 
(xceed  3  per  cent. — 2.  Keduction  of  the  dross  to 
metal,  and  separation  of  the  lead  and  antimony,  by  s 
procees  similar  to  Pattinson's  desilvcrising  method, 
where  the  niitimony  does  not  exceed  16  per  cent. 
Or,  where  mm  h  nntimnny  if-  pn-eent^  waehins  the 
drossy  trentinu  tlio  rc.^'  !  '  ^.itll  acid to mHwelead* 
nrrd  rrduoing  tlx-  (ixidc  of  antimony. 
A  mithr.l  of  iuirotlucing  reagents,  as  nitre,  into  a 

chni-;z>  of  melted  lead^oy  endoaing  it  in  a  box. 
Uso  fif  :ilka1ine  nitrates  r^r  rhlnmtf  <j.  hypochlorites  of 
:ilkiilis  or  alkaline  earth«i|  sulphate  of  iron,  or 
iilphste  of  potash  mixed  vita  oommoo  aa]t>  aa 
oudiaiiig  agsata  in  imyvovii^  And 
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^QtmUfot  IiigfravmaU$  i»  Calamag  Hard  jUad — OGOtinaed* 


Date. 


1861 


1823  Nerilla 


1836 
1841 


1848 

1846 

1848 


1848 
1848 


1860 


1860 


1854 
1866 


1867 


Brosdmeadow 


Be  Bouinoifl 

"WutBOU 

Kicbardaoa 


liliie  .... 
TcnuigatidYoiine 


1868 
1860 

1861 


Bodhsm  and 

HedUgr 

BeQfard  »   .  . 


Cli.ijin 
Atkiiuxiu 


Jankiiui   .  • 

C(mi«g»  •  . 

Smitli  and 
fininctts 


Ot)|eet  «r  Pitaot. 


tliib  from  siuiikr  applicatioiib  of  llie  aLuvc,  us  being 
eJft'ct«d  in  a  cnicibkt. 
Use  of  oxvf  n,  cliluriiu',  I  roiniiu-,  iotlhn',  r;r  fnorinf", 
either  unccnibiued  or  in  a  state  oJ  coiubinatioii,  tuid 
whether  pnva  or  nixed  irith  air  or  other  gaaoa. 

QmdnuaHim  «fLead  timet, 

CooTeying  the  Aunes  bj  a  fltn-blaat  into  ehara1)Cf«> 

vliioli  may  b«  krj.t  o-ul  by  cnrrrinp:  tlir  n] part 
Willi  water,  or  iato  which  ttuids  may  be  ehowered. 

Kot  admitting  of  d«0cription  apait  ftom  drawings. 

"  Tlio  pr!ii(  i|  le8  which  I  apply  are:— 1.  TIi.  ]  nssnfrt 
under  water  of  n^otir  M^Aiated  or  mixed  with  the 
amoke  of  flTe-plae«a. — 2.  The  xm  of  &  Tapornvspout 
as  a  itu  iins  of  suction.—  Tlx-  act  ion  of  curreiitfi  on 
each  other  and  ou  the  tturroiuidiug  air. — 4 .  A  cloi»e  fur- 
naoe  for  the  operatioiis  of  roasting,  hoiling,  sublima- 
ting, gntsifioation,  &c. — 6.  ThedecompoeitI "ii  of  sul- 
phurous acid  by  bulpliuret  ted  hydrogen.— 6.  A  furnaoo 
with  winding  eliinineys,  alternately  shut  and  open." 

Pas-sing  the  gaeee  through  a  aeriea  of  chambers,  and 
tinaJly  forcing  through  wjiter. 

A  partitioned  chamber  in  ■which  the  fuuieii  are  drawn 
through  water,  by  the  druoght  Created  hj  A  peea* 
liarly  arranged  steam -jet. 

Injection  of  steam  into  flue  between  fun)a<^i  and  chim- 
ney, the  ftimea  to  pam  afterw^s  intu  a  chamber 
wli'  n'  rhey  meet  a  showfr  of  "nntpr,  further  divided 
by  fulling  on  broken  bricks,  coke,  &c.,  the  process 
Ming  a^sibtpd,  if  neeeaaaxy,  a  8team-jet»  aa  de- 
scribt'd  \  \  W;if-(  .n. 

Certain  axrangements  for  distribtiUng  condensing  liquid 
in  ahowers  Yfj  means  of  eentriftigal  foroe,  6cc. 

An  amninr'Tn,  nt  for  creatir)'.';  a  r.  iziilalfil  draught, 
bnngiufi  the  particle*  in  contact  with  the  stirface  of 
a  TeeseT  of  water,  aftetwaida  injecting  steam,  if 
iit'i-f>^;(ry  ;  t!i<"  .-tram  and  particles  puss  flnnu^'h  a 
series  of  chambers,  and  are  finally  diiicbaiged  under 
the  fire-grate. 

An  arrangement  of  revolving  fans  and  blades  in  con- 
junction with  a  strt  am  or  htrcams  of  water  to  wash 
the  ftimes,  and  pita  or  hollows  to  receive  and  collect 
the  sediment. 

Pausing  the  gane?*  tbroHLdi  slitnvi  rs  of  puinfviiiL'  liijinds 
produced  by  mcuus  of  twulving  agitutons  iuuied 
with  brushes. 

Action  of  jets  or  -ho^-f^r^  of  water  on  smoke,  I'cr. 

Tuns  working  in  connection  with  a  cistern  partly  fiik-d 
with  water,  and  divided  hy  peiftrated  floors  or 
wire-p^nzf^  partition^. 

Use  of  pertoriited  disks,  iVe.,  which  are  either  alt<«ma( ely 
immersed  in  and  withdrawn  ftom  »  livid.  SO  pr»> 
senting  it  in  a  film  to  tlir  pas-  s,  or,  brin^r  pormn- 
nently  immersed,  serve  to  promote  its  contact  with 
the  i\timf8  aa  the  hitter  are  ftveed  throvgih. 

Condrrifsirp;  Ir.id  fume  by  rausiii^  il  to  come  ill  OQDtMt 
-with  water  before  reaching  the  chimney. 

Steam  thrown  into  flne^  aim  zMdng  the  stsam  by 
plftcinc:  MaJt  r-tauks  in  flues. 

Employing  a  ian  to  force  the  amoke,  &c.,  through  a 
aenea  of  chamben. 


Many  of  these  patents  ax«  intended,  not  only  for  lead  Ame,  but  iaa  aualogooa 
ana  pmpoaea  gtmenlly. 
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OtMar  Patents  rdating  to  Lead, 


Dale. 

Patentee. 

Object  or  Patrnt. 

1847 
1848 
1862 

18«0 

fMtiBMii  and 
LiMh 

JoliBMni  •  *  • 

Pwrkes.   •   .  . 

Biduvri^  .  . 

DiMolTuig  galena  in  hydwdJorie  acid,  tad  precipitating 
oxide  of  lead  by  an  ulkalinaMirtllJ  tiMOKUtttobe 
saeltad  in  xh»  vmai  w»jr. 

ExttsfitioB     lead  ft'on  copd^^'boMoiiu  \ty  sootio  wid  op 

caustic  potash. 
Coating  iron  and  steel  with  an  aUoj  of  lead  aad  anti- 
tnon^,  or  lead,  antiraonj,  and  tia. 

ExtrtictioD  of  the  Kad  from  "improving"  oxides  V'V 
ac»  tic  acid  or  aitiio  acid,  tbe  oodda  of  antunony 

being  left. 

Deeomposition  of  mendipite^  osTsalts  of  lead,  &c.,  by 
caustic  aUcali,  to  prodaea  aa  ozida  fox  aoetaio  of 
lead  manufacture 

T.  R. 

XEAS,  OP.    Lead  forms  alloys  witli  scvcnil  metals  liy  simple  fiifiinn, 

and  many  of  these  alloys  are  dofluite  chcnicid  eoaptpou&ds^  which  prodtt(»  mechanical 
Btiztnrea  whm  fmA  witii  either  of  tiw  eonaeitnaiila  in  «Koeat.  Thia  latter  %A  haa 

given  rise  to  tlic  nii'tallurgical  ojxTafiun  of  oliquation. 

1.  With  Ant  im  on  v.— Lead  alluvs  itself  with  this  metal  in  several  propartion^ 
and  l3ie  aHoya  are  liazdn>,  more  tmwr,  and  oridiaa  bkntb  eaaily  diaa  lead. 

The  diaracteristic  action  of  the  antuMNqf  ift  to  Mndw  the  aQqj  mora  Mfcb^  aa 

well  as  harder  than  either  metal. 

An  alloy  of  equal  parts  of  the  two  metals  ta  porous  and  brittle :  2  pts.  of  antimony 
with  1  pt.  of  lead  produce  a  very  hard  alloy,  capable  of  receiving  a  fine  polish,  and 
used  to  make  the  keys  of  wind  instruments ;  3  pta.,  and  ereii  4  pta.  ol  antuaoigr  to 

1  pt.  of  lead  produces  a  hard  but  malleable  alloy. 

An  aUoy  of  lead  and  antimony  is  used  in  making  fvpe-nutal,  a  little  suk  being  snme- 
timrsaddp<l.  Pome  ly(ii'-rouMiitrs  add  ^^  pt  of  tin,  nut  tins  aildition  is  otily  svitablA 
for  blereutypo  pluU^s.    Tlie  j)iaUs  uu  wiudi  miuac  is  pruitvil  ib  cuuipotsed  of: 


Tin 


12  pta. 
7  pta. 
1  pt 


The 


88  pta. 

17  pts. 


Antiiaony      *      .      .      •  < 
of  1^pa«elalia: 

Antimony  .... 

When  this  aUoy  is  h(Mited  in  the  air,  the  antimony  is  oxidised  more  rapidly,  and  at 
a  lowtyr  tempeiwtnre  than  the  lead,  but  the  oxide  wmch  is  obtained  always  cuiitaios  a 
laigo  perccntaee  of  oxitle  of  lead. 

Kinury  whe&  And  grindiitg  toola  tot  4he  lapidaiy  are  fbnned  of  aa  alloy  of  aatiaMiiy 
and  leui 

Mr.  Jas.  Nasmyth  has  suggested  the  use  of  lead  as  a  subt^titut^^  fur  all  wmka  of  art 

hitliorto  executed  in  brinzp  or  marble.  TT.- states  that  the  additii  ii  of  6  per  cent,  of 
antimony  {fives  it  not  ouly  hardness,  but  {greater  ca^>ability  to  ruu  into  the  most  delicate 

parCa  of  tlx-  wovk. 

An  alloy  of  this  description,  analysed  by  Karsten,  and  corre<iponding  with  flie  for- 
mula Pb'*Sb,  or  Ppb'SbfWas  found  on  the  hearth  of  a  smelting  furnace  M  the  iMulder 
Wocka: 


Lend  . 

Antimony . 
Zinc  . 

Cadwiiam  . 

filver 

N  ickel,  arsenic,  and  ^phur 


9010 
6-48 
1-42 
1-60 

0-21 
traces 

9974 


2.  With  Arsenic. —The  presence  of  this  substance  renders  lead  brittle,  greyish 
white,  and  very  fbsible.  The  application  of  heat  expels  a  portion  of  the  arsenic,  but 
the  remainder  resists  the  highest  temperature. 

This  alioT  otmstitutes  the  metal  of  which  ahot  aio  oaaii  40  Iha,  of  BketaUie  aoaaia 
my  umoed  with  20  cwt  of  lead. 
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It  aiw  odrti  iiativt  at  CSMMOial  ia  the  Httti^  a&d  ii  eon^^ 

Lead   07*M 

Aiipoig    ...*..  S4*10 

AfMoical  Pjiites     ....  4*41 

Irf)i)  2  26 

Sulphur   0-64 

CoboJt   0-97 


100  00 

3.  With  Bismuth. — ^This  metal  uiiteB  with  load  in  all  proportions,  with  condenia- 
tion.  SoiiM  at  th«  ftQojt  am  nuwt  milMile  Hum  lead,  but  the  malleability  diminishea 

aa  Pnon  as  the  quantity  of  bismuth  <'<iuiils  that  of  the  lead. 

When  3  at.  lead  are  ooited  to  2  at.  bismuth,  the  mixture  has  only  one  sdidifvinjr 
point,  -m.  IW>  0.,  bat  in  Fb'Bi,  this  point  ia  146°  C. ;  in  PbBi  it  is  143°  aud  Willi 
i'in|)t'raturc  is  between  163  and  171**. 

The  influence  of  the  bismuth  in  these  alloys  is  seen  from  tbn  following  tahk^  itt 
wludi  tha  nuBtbeia  in  the  first  and  secoiui  columns  indicate  parts  by  wtsighi ; 


Alloy. 

llttfOTUSS. 

BIraialh. 

1 
1 

• 

1 

1 

s 

s 
a 

brittle  laminar  fracture ;  colour  of  bismuth;  does  not  ex- 
pand on  eooHfig. 

FfiV'-turo  cn^talliiH'  and  caarse-graioed ;  doaa  not  per- 
ccpUbly  expand  ou  solidif^iiUE. 

Fnetam  laaiiiiar ;  amada  alig^7  on  aooliag^ 

Coaiaa|j]aiDi]iav;eol(ravQf  atttiiiio^  CKpandaoneooling. 

Tiiei>e  alloys  hare  no  special  application  in  the  arts,  but  they  are  used  to  odultcrato 
maraniy.  ilji  alkj  of  1  pt  lead,  1  pt.  himttth^  and  8  pta.  msnvaty,  ia  taallj  an 
amalgam  wliich  is  snffi<  i<  iitiy  fluiil  to  pa?s  through  chamois  Latlirr.  The  pure  nu-r- 
'tuj  ia  readily  diatinguishcd  from  the  adulteratad  the  property  of  the  former,  when 
povad  OB  a  level  somce,  to  nm  together  into  on«  mass,  wiile  the  latter  has  no  anch 
tt-ndt-ncy. 

An  amakpam  of  2  pta.  biamwth,  4  pU.  lead,  and  1  pt.  mereuiy,  ia  solid  in  the  cold, 
ImtwhaB  pMeea  af  it  «M  nlM  togrthar.  thev  UuMttatelr  malt 
Lead  and l)iaBiathooeBgaawMwntaaui  Mtma^ in ikMiiuamlKebeUiie, aliaadjdBaeribad 

(p.  448). 

4.  With  Bismuth  and  Antimony. — When  antimony  is  added  to  the  pretrious 
alloy  in  quanti^  equal  to  the  hiamolii,  a  matal  ia  ohtainad  whiah  aac^da  on  oool* 
311^.  Advantage  is  tak*  n  of  this  in  casting  stOMtjpa  piataik  Thia  aUtgr  bat  did 
following  oompoeatiion,  aooordtng  to  Mackenzie : 

Lead  «      .      9     or  7<^ 

Antinwny  Z     ^  19 

Siannth  %     „  U 

100 

■ 

5.  With  Ohromium.— The  alloy  which  contains  0'26  of  flhrominm  ia  fusible  at 
150°  C,  «i>hy-grey,  but  whiter  than  It  caa  behanunnad  iMotUB  diaela^  iriiidi 
aia  Tefy  hrittfe.  Nitrie  acid  disaohea  Cha  laad  vi^ioiit  attaaUog  the  chromium. 

6.  With  Copper.— The  alloys  of  lead  and  copper  arc  difTif^ult  to  proparo  and  to  pre. 
serro  at  a  high  taanpenture.  The  copper  must  be  introduced  into  a  bath  of  lead 
heated  abofa  radnaaa,  and  tba  aUoy  rapidly  eoolad;  ayan  then  aona  portkna  ars 
reddish-coloured,  indicating  the  commoncrmcnt  of  a  disunion  of  the  clomonts.  If  llu- 
alloy  is  heated  to  the  mcdting  point  of  lead,  the  latter  abandons  the  coppe^  which  is 
left  in  the  form  of  a  porous  masa. 

The  proeera  of  eliquation  is  founded  upon  thin  fact,  and  as  the  silver  present  in  the 
<>opper  has  a  affinity  for  Uie  lend,  the  latter  aaniaa  off  tbo  sUver,  which  is  sepop 
ratad  ia  tlic  manner  already  described  ^ii.  32). 

In  smelting  aalpfaide  of  copper  containing  8ulphid«-  of  h  ad,  the  latter  metal  pass,  s 
oif  in  great  mfasnr«>  in  the  Mori»  tO  the  fint  Opaiationa,  but  ia  &U&d  in  the  copper 
of  the  subsequent  treatment. 
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Tliere  would  appear  to  be  two  alloYS  of  these  metals,  one  cont«iiiiiig  more  copper, 
and  meltini^  at  a  nigher  point  than  the  otlier,  ^tdueh  eontalna  more  lead. 

S'liiall  ijuantities  of  I- -nl  (liinliiis'i  the  ductility  of  .-Apppr  at  ordiiiarv  trmperatures, 
and  It  n  ?  v  d  beat.  Copper  coutaiuing  ttven  01  per  cent,  of  lead,  may  still  be  mo^  fur 
<ttdii.  :  .  ^  aipoMfl,  Imt  it  cannot  be  famed  into  thill  aheata  or  «W 

The  aUo7or4pta.af  leadto  Ipt^of  copper  is  amplojed  for  cMtuig  lai^B  aonraible 

types. 

7.  Wiiii  MangnneHe. — WIivu  n  mixtur.'  of  y'J2  pis.  of  protoxidi:  of  majigaucse  and 
8789  pta.  of  litharge  aM  heated  wit  i  t  v  iittle  charcoal  in  a  charcoal-liued  crucible,  a 
}tnm'i:::<"nrnii5:,  rcimpact^  wad  ductiio  aikij  ia  obtainfdy  vhieh  can  be  Kdled  into  thin 

sheets  of  great  luistre. 

8.  With  Mercury.— This  metal  is  easily  alloyed  vith  lead,  either  intxoduciug 
the  former  into  tho  Wter  in  ft  melted  0ta£e^  or  hj  tnCmtiBg  kad  fllm^i  irith  the 

luereurj'. 

The  amalgjim  pos-sesses  a  brilliant  white  colour,  and  still  remains  liquid  eresa 
iKth  aa  much  a.s  33  per  cent,  of  lead,  but  it  soils  th»>  fingers.  The  amalgam  of  equal 
parts  Clin  he  crystallised,  and  a  piece  of  lead  pllUlged  into  thia  ""^^^C*"  ia  foond 
covered  uitii  iTyntals  when  it  is  withdrawn. 

The  amalgam  has  a  higher  ^^pcciQc  gravity  than  eithoT  of  the  inetalw,  owing  tO  tho 
eontniction  which  tliey  undergo  \n  coniViiilnj. 

The  oresence  of  0  0002  to  0  0002.3  of  lead  improves  the  raercur)'  for  use  in  barome- 
tm  aod  thennom«t«ira,  aa  the  latter  metal  haa  then  not  ao  great  a  tendancy  to  ibrm 
globule*  on  the  convex  surface  of  the  gla-HS. 

9.  With  Mercury  and  Antimony,— Wetterstedt  has  found  that  the  addition  of 
a  amall  quantity  of  mercury  to  the  alloy  of  antimony  and  lead  removes  the  trtidnncy 
of  this  metal  to  oxidatio]).  II.  ha«  proposed  to  ns»!  the  triple  alloy  as  a  sheathing  for 
ships.  It  is  compo!»ed  of  94- i  percent,  leud,  4  3  nntimony,  and  13  mercurj',  and  ia 
aaid  not  to  be  so  rapidly  encrusted  with  barnacles,  &c.  as  copper  bheathing. 

10.  With  Potasainm  and  Soditim.— The  alloys  of  lead  with  these  metals  are 

fnnni  .1  •when  a  rfxlucing  alkaline  flux  is  fuse^l  witli  oxide  of  l.  nd,  as  fii'st  ii"tio.  d  by 
Vauqudiu ;  and  Seraliaii  has  described  the  properties  of  one  of  these  alloys,  obtained 
vhen  100  pta.  of  litharge  are  strong^  heated  mth  60  pis.  of  eream  of  tartar.  The 
alloyH  cnn  nl>o  bo  pr-i  mki'  directly;  that  containing  25  ]"  r  cent,  of  if^  volunu'  of 
potassium  is  brittle^  with  u  coanM^-gnuned  firactore.  A  similar  alloy  with  sodium  is 
bhiish  and  malleable,  tmt  that  with  one-third  of  sodium  is  brittle.  Theee  alloj^ 
distilled  with  the  iu  ll  I.  -^of  ethyl,  methyl,  &c.,  yield  the lead-KiOinpoiinds  of  the  aloohol' 
radiclt-s,    (8ee  Lkak  km  tci  rs,  (>i{r;.\.>io.  p.  360.) 

11.  With  T  i  n. — ]>»  ad  may  bo  lufw-d  with  thia  m*.  Uil  in  all  proportions,  but  the  <len»ity 
of  tlio  resultinj^  mixtun^s  does  not  correspond  with  the  spociftc  gravitiea  of  the  tWO 
metals.  Xlie  foUowing  table  oontaina  the  vflsnlts  of  JKupffef  s  esperimenli;-* 


OonpmUtoa  of  the 
Alloft. 

1  SfNtriflc 

Grailty. 

ii«itiiig 

Point. 

Found. 

Calculated. 

Difft-rence. 

Lead,  pure 

11-8803 

•  • 

•  • 

8360 

Tin.  I'Uiv  .  , 

7-2911 

230 

SnPpb*  . 

9-4268 

9-4866 

00103 

241 

SnPpb»  . 

100782 

10-O036 

0-0164 

•Snl'plr*  . 

lo-a^'Gs 

10  4122 

0-0254 

289 

Snl'pb*  . 

lOoaol 

106002 

00431 

PpbSn*  . 

8-7454 

8-7518 

0-0064 

196 

I'l.b'^ti'  . 

8-2914 

8-3983 

00069 

186 

J^pbSn*  . 

8-1730 

8-1516 

00096 

189 

PpbSu*  . 

8  0279 

8-0372 

0-0098 

194 

PpbStt*     .  . 

7*9210 

7i>626 

O'Oiie 

The  lead,  so  soft  in  it?' If.  h^s  l]u<  slii^nilar  property  of  inrrensliii^  tlir  liar(1n«  s.s  of 
the  tin :  it  slightly  darkens  the  coluur,  gives  a  gnuaed  £-actare,  and  caus«3  the  pecu- 
liar making  sound,  produced  on  bending  tia,  to  diaappear. 

The  alloys  of  load  and  tin  am  distingxii-i)  1  1  y  the  facility  with  which  they  ignite 
and  burn.  The  alloy  of  4  or  d  pta.  of  lead  and  1  pU  tin  bnrns  like  charcoal  a  red 
heat>  the  oombaatton  eontinuitg  like  that  of  an  infiarior  peat,  viUi  the  fimnatlon  of 

m 

•  Sa  e  118  :  r|»b  =  aOT. 
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caiiliflower  excresccncos.  This  action  appwirs  to  l)c  du-'  to  tlio  .liTuufy  ^vllH'^l « xisis 
betWMD  tlie  two  ooddes.  Xhe  oxidiM  00  lomod,  when  fuAcd  either  iUou«»  or  vriLh  silica 
and  n  dlnli,  {Bodne*  «  wldto  opaqve  «fMMi«l  uMd  fcr  JM-platcs^  &c.,  asd  alao  in 
•wtbenware. 

The  soldrrs  used  by  plumbcnt  vjut  much  in  composition,  bat  th«re  are  three  com- 
■umly  knomi  as  tMer,  compowd  of  2  |)tiL  of  tin  and  I  pt  of  ImA  ;  eommon  MXStr^ 
eontmnio^  equal  pts.  of  each  metul ;  and  coarse  sofder,  composed  of  2  pts.  of  lead  to 
1  pt.  of  tin.   Tomlinson  gives  the  Mlowing  tabk  of  the  compoatioa  cHf  thoM  alloys 

axul  their  melting  points: — 


Tlo. 

Melting  Fotui. 

Tin. 

Lwd. 

K<Kl. 

1 

M 

7. 

i» 

1 

8S4« 

N  9. 

1 

10 

Ml 

8. 

1 

MO 

n  ^ 

1 

< 

«1 

» 

9. 

s 

1 

SftO 

t»  ^* 

1 

8 

4M 

M 

4 

1 

806 

n 

1 

% 

411 

II 

11. 

ft 

1 

878 

i> 

1 

1 

370 

II 

12. 

6 

1 

881 

Xo.  5  is  nlso  rallnl  pIuniLer's  sm!"!  si>hhr.  uliicb  I'l^  assayed  in  the  gamo  wny  as 
pewter,  and  then  etaruped  by  the  olficer  of  the  Plumbeni'  Company.  No.  8  is  used  foe 
soldering  cajit  iron  and  steel,  sal-ammoniae  or  common  resin  beir>g  «»ed  as  fltUL 
This  alloy  is  also  used  for  tinned  in  11.  wilh  chloride  of  sine  or  ri-.-in  as  thd 
flax.  Gold  and  silver  ore  also  soldered  with  No.  8,  and  Venice  turpentine  for  a  fltcc 
Th»  aaoM  allc^  is  used  with  en^npn,  brass,  gilding  metal,  gnn  metal,  fte.,  sad  sal- 
ammoniac,  diloricl'-  of  ziuc.  or  Dsin  as  t!i'-  flsix  :  willi  zinc,  iin*l  oliloridt- of  y.'nw  a>  flux; 
with  lead  and  tin  pipes,  with  a  mixture  of  sweet  oil  and  retiin  as  flux ;  with  Britannia 
nutal,  aaddilorideof  siBe«rnaui  at  Anx.  The  allogra  4  to  8  an  aaad  fiv  oadraaxy 

jhimbor'n  uurk,  •wifli  fallou"  as  flux. 

FmUr  is  another  alio;  of  the&e  metals,  and  the  trade  in  this  artide  is  so  itoportant 
fa  tiik  country,  thattibe  pewteiais  bare  fbnnad  an  incorporatod  eomptuiT  etarsnnett 
1474. 

Ckmmon  pewter  ia  composed  of  80  pts.  of  lead  and  20  jpts  of  tin,  bat  other  metals 
an  sometimea  addad,  aueh  as  copper,  aDtiwNiy,  and  bum.  Iha  namAatama  of 
pewter  state  tliat  %  better  powtar  ia  obfeainad  by  wocfcfaig  «p  old  pavcar  vikkftaiii 

ingredients. 

lloltzapfel  gives  the  following  aeconnf  of  these  aUofyir — "Some pewters  are  now 
nade  as  nearty  as  common  as  that  of  equal  parts  of  the  metads:  when  cai^t  they  are 
black,  shining,  and  soft ;  when  turned,  dark  and  blnish.  Other  pewters  only  contain 
^  or  ^  of  lead;  these,  when  cast,  are  white,  witliout  gIo^^^,  and  nan  1 ;  such  are  pro- 
nonnced  very  good  metal,  and  are  but  little  darkir  than  tin.  The  French  legislature 
sanctions  the  emploympnt  of  18  per  cent,  of  lead  with  82  percent,  of  tin,  as  quite 
harmless  in  veiwiih*  fur  wine  iiud  vinegar.  The  finest  pewter,  ftvqnenUy  called  tbi  mid 
iea^Mtt  conaiala  noatly  of  tin,  with  a  very  littla  eopper,  which  makea  it  bard  and 
somewhat  sonorous,  but  the  prwifT  cornes  brown-coloured  whon  the  mppi-r  is  in 
exei'ss.  The  copper  is  melted,  aud  twice  its  weicht  ot  tin  is  added  to  it,  and  from 
about  ^  to  7lbs.  of  this  alloy,  or  the  tmijter,  aro  n.t  l.  J  to  <  v.Ty  bloekof  tin  wei^bing 
from  HfiO  to  39i)lbs.  ATitimony  is  said  to  harden  tin,  and  to  preserve  a  mnrr  pilvrry 
colour,  but  is  little  used  iu  pewter.  Zinc  is  employed  to  cleanse  the  metal,  ratiier  than 
as  an  ineiadient  Some  stir  the  floid  pewter  with  u  tliiti  strip,  half  zinc  and  half  tin; 
others  allow  a  ^^mall  ]tim|>  of  zinc  to  float  OQ  the  auifftce  of  the  fluid  metal,  while  thay 
are  casting,  to  kb^ieu  the  oxidation." 

IHatf  pewter  is  the  haideat»  and  h  u&ed  for  making  platea  and  diihea.  The  pawtar 
aall<  d  (njlr  i.H  ust  d  for  hfer-poti*,  and  Uy  f'>r  (lie  larger  wine  meHsures. 

Pewter  wares  are  formed  either  by  hammering  or  by  taisting,  plates  and  dishes  being 
bammond,  wbila  neaanrea  and  spoooa  are  eaat.  Pewter  is  also  mude  in  the  Ibrm  of 
vtfj  f'lT  onp-aving  cht-a])  mTi«:ir,  tho  fioffno^^  of  th<^  Tiiotal  allowing  the  notea  ta  ba 
formed  by  means  of  ptmches,  instead  of  engraving  with  a  buriu. 

Lapidkriee,  jewallen,  and  watdunaken  nm  la{»  and  polishers  of  pewter. 

.Alflioiigh  lead  is  so  pni^o-nons  n  nu  tal,  it  can  be  employed  in  doid.  Htio  utensila. 
when  alloyed  with  tin,  which  would  appear  to  neutralise  this  action  of  the  lead.  In 
an  allof  of  8  pta.  of  lead  and  1  pt  of  tin,  Ffeonst  and  other  ahaniiata  bava  flmnd  Ibat 
vinegar  dissolves  out  nolliiiiL'  Inif  flio  fin;  Vuit  fur  >lotinstic  utensils,  Vauquelin  lirm 
shown  that  the  lead^ought  not  to  exceed  17  or  18  per  cent.  An  alloy  of  3  pta.  of  load 
MAd  8  pta.  of  tin  ja  iMea  fbr  tinning  ootain  artidea  of  eoppar. 

Thr;  briUianU  of  Fahlun  are  tii  i  l.'  with  an  alh  v  of  19  pts.  of  lead  and  29  pts  of 
tin,  which  are  liwed  together  and  allowed  to  cool  liAr  a  short  time.  At  thia  point  the 
alki{7  adbvaa  to  %  i^ms  toba  out  into  fteata^  ob  wbieb  it  ia  allowad  (p  aolidify,  and 
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from  whiVh  it  (<anaAerwiidftbA«Mi^mMv^  A  kiM  pliuigod  iialo  tin*  •Uoj  ^<QnBS 

a  biilliaiii  mirror. 

These  alloys  form  STi|H'ru<r  L.iths  in  which  to  tcm^r  TazioOi  aitidM  of  M0Cl;tll0 
foUowiag  UU«  oontaaiu  all  Um  infomationi  on  the  lulgeciz-^ 


Alloy. 


Teiupcraturu. 


Tin. 

c. 

F. 

u 

8 

218-40 

416-40 

15 

8 

221 

429-8 

16 

a 

225 

437 

17 

8 

240 

464 

28 

8 

267 

494-6 

38 

8  ■ 

262 

603-6 

60 

8 

276 

627 

284 

6432 

100 

I 

2»9 

662-2 

Lancets. 

Otlitr 
Kazors, 

P«iikm^  Malpi^,  oo]d<«hisfllaL 

8h<',irs,  (r.irdcnoM'  tools, 
liatchets^  axes,  plane^  dressmakexs'  scutiors. 
Tttbltt-kniveR,  krge  mAman. 
Swords,  \vatc!i->pring>J,  &c. 
Strong  sprinffif  poniards,  ainf^ea,  amall 
saws,  sa 


Far  m^or  tempemtiires  recourtfc  must  be  had  to  other  baths. 

Alloys  of  lead  and  tin  are  also  employed  in  making  anatomical  inJectioTi?. 

12.  With  Tin  and  Biamuth. — These  ternary  compounds  are  well  known  under 
the  name  of  fusible  alloys.  They  melt  at  low  temperatures,  aome  fren  beloir  tlw  hmX 
of  boiling  water.  This  »  OM  taMUt  irt^  thcj  ««■  M  xurij  obtuiwd  in  a  pofiftedjr 
homogeneous  condition. 

There  are  several  of  these  allocs  known  by  the  name  of  the  first  observer;  thus^  tha 
foUowing  aU  mdt  bdov  the  boiluig  point  of  iTOfcer: 


Melting  poiot. 

.  I 

1 

1 

122-00  a 

.  I 

2 

1 

93-76 

Newton   .  , 

.  B 

8 

8 

84-44 

Lichtenbei;g  , 

.  S 

» 

8 

.  2 

•  5 

1 

loj-on 

In  whatever  j>Tf>portinn«!  thr  three  mchxh  are  mixrd.  Ihoy  exhilHtonafixiSdsoUdifyi]^ 
jxiint,  at  98*^  C,  nud  two  liij^In  r  puiitU  which  ar<-  variable. 

Whin  I'iO  lbs.  of  an  alloy,  cuMsisting  of  3  pts.  tin,  2  U  a  l,  and  5  bismuth,  are  melted, 
they  yic1<l,  on  cooling,  tolerably  definite  crystals,  whicli  mi-lt  below  100°  C,  and  con- 
tain nearly  equal  numbers  of  atoms  of  the  ilirev  metals,  or  Id  76  pex-  cxnt.  tin,  26*66 
lend,  ud  67'68  bismuth. 

The  meltin<r  point  of  fusiLlo  metal  is  raised  l-y  the  addition  of  pota.sstnm. 

This  alloy  presents  many  anomalies  in  its  dilatation  and  oontcaction;  thus,  at  a 
temperature  feom  ssro  up  to  88^  C,  the  volame  iaeraMae  in  the  proportion  of 
100  :  100-83,  ar\<\  it  diminishes  up  to  fin*  C.  in  the  ratio  of  100-83  :  which  is  Its 

point  of  greatest  densitv ;  it  th«i  begins  to  expand.  It  is  remarkable  that  its 
nuunnram  Tolvme,  renehed  at  38^  C.  is  the  aame  as  that  whieh  it  pouiiwaca  at  98^ 

whi<  h  Is  flic  ni'  ltin^'  [loinf  of  Txoso's  alloy. 

It  is  impossible  to  determine  the  meltiiu;  point  of  these  allojsesc^  by  earo«riment; 
thtis,  in  Newton's  ftuLble  metal,  wldeh  mens  between  198^  ana  WPT^  tha  tbooMCie^ 
point  ought  to  be  820^,  ae  shown  bj  the  ealcnlatioD, 


8Bi  K  8000  ^>  8Pb  X  800  »  8ap  X  442 
18 


-  8aO^F. 


The  following  table  contains  the  melting  points  of  various  alloys  of  these  three 
»«4»Is: 


BQtHa 

TIb* 

lldtlBt  point. 

Lnd. 

Tin. 

ItettlBtpalBl 

8 

12 

8 

130-900  C. 

8 

8 

8 

12210*a 

8 

6 

8 

9444 

8 

10 

8 

127-60 

8 

8 

8 

07.78 

8 

Iff 

8 

147-40 

8 

8 

8 

109-64 

8 

18 

10 

149-60 

8 

8 

4 

11220 

8 

18 

12 

141-90 

8 

8 

6 

118-06 

8 

to 

14 

18070 
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Tin. 

Melting  l\)h\U 

Lead. 

'I'm. 

Melting  Vo 

8 

18 

16 

8 

28 

24 

163  00® 

8 

16 

18 

I  }  110 

8 

30 

24 

17050 

8 

18 

20 

H710 

8 

82 

24 

ITfiOO 

8 

IS 

22 

lJ2bO 

H 

83 

88 

IGoUU 

8 

Id 

24 

16400 

8 

83 

30 

163-90 

8 

18 

24 

1.3200 

8 

32 

32 

168-40 

8 

80 

21 

la  I  60 

8 

32 

34 

1S7-30 

8 

88 

24 

151-80 

8 

83 

88 

1A8-40 

8 

84 

24 

i6a-»o 

8 

32 

38 

159-50 

8 

36 

24 

158*40 

8 

32 

40 

160-60 

It  is  rcm,irk:iblf<  thnt  the  tin,  whii  h  m^lts  below  the  fusUK  poi&te  ol  both  iMd  ud 
bumoth,  should  raise  the  melting  point  uf  theh^i  alloys. 

ThflM  allojs  tM  of  great  value  in  regulating  the  tompering  of  dalseate  axtielw  of 
cntlrrr.  They  are  also  naeil  fur  takiiii^  iinjtrt'ssions  of  medaU,  ba»-r>lit  fs,  anil  on 
th<  C\.ntijjeDt  for  pioduang  casta  of  metals  bj  the  ciicAi  proc«ss.  Tbt  j  can  ah>o  bu 
t>ini>loy<>d  to  take  CMte  fmn  the  mftM  of  wood  SBd  tmboMod  piu>er.  BeiatiM 
csis'tfs  of  the  intiTTial  o.ir,  show  in),'  thf»  rompl«  xities  of  its  bony  caritiei^  oMVbMimsdft 
with  them ;  also  cake-moulds  for  the  raamifacture  of  toilet  soaps. 

Two  of  these  alloys  are  well  known  in  this  country  nnd<*r  the  naiuM  of  BHiamda 
vii  !td  nud  Q!/>(?f.s  ,/i'fi'I.  Thf  fonner  i.n  compo.'ievi  of  equal  parts  of  brass,  tin.  anti- 
mony and  bismuth;  the  latter  of  1  ^art  each  of  aotimooy,  laad  and  biamuth,  with 
8  pura  of  tin.  Botli  tan  xutd  far  making  teapots,  spoons,  &e. 

A  safer  and  better  alloy  is  said  to  be  mad<i  by  aaliog  to  100  pt*.  of  Vnadk  pvwtBt, 
6  pts.  antimony  and  6  pts.  brass,  to  harden  it. 

In  fiirnurii;liam,  teapots,  milk-Jugs,  Sec  are  made  into  form  by  a  process  called 
$pinnir,y,  which  consists  in  bringing  the  sheet  of  pewter  against  a  rapidly  revolving 
tool,  by  whiok,  with  ft  littb  destenty  on  the  piit  of  the  wodanan,  a  it  gmdnall^ 
fashioned. 

18.  With  Tin  and  H erenvy  and  Biaainth.'^Ilie  adfitloa  of  maremjto  the 

three  metals  forming'  the  preTiottf  alloyt  MndoBi  tikflofc  nadi  aoN  fuible,  and  cam* 

municat*^  some  new  prupertiea. 

D'Arcet's  alloy,  similar  to  NewtQD*%  vhen  amalgamated  with  mewury,  melts  at  46°  C. 
Thib  iilloy  or  amalgam  is  spt  I'ially  Tuiaable  in  making  anatomical  prefmmtions.  It  is 
introdiioi  d  into  the  parts  of  the  body  in  the  liquid  state,  and  allowed  to  solidify.  The 
tlcsli  and  otUiir  animal  matters  are  afterwards  dissolved  and  ruiiovfed  by  a  alrung 
solution  of  potash. 

The  interior  of  glr^t^s  tiilx  s,  c:^''>^cb,  frc.  nrp  tinnod  by  itienns  of  this  amalgam,  whii  h 
ia  poured  into  the  verisel  l.y  means  a  funnel,  in  the  liquid  stute,  and  geotiy  agitated. 
Tha  aarplas  is  then  poured  off,  an<l  tin-  upemtion  is  completa^  GHaaa  fif  ddAccttt 
Oolours  is  employed,  anil  objects  of  ;j;n  at  beauty  are  thus  .  asily  prrpared. 

The  best  compound  is  composed  of:  1  pt.  lead,  1  tin^  2  bismuth,  and  10  mercuiy. 
Tlia  iitt  threa  ara  lived  togeuar,  and  thni  tfaa  moRoxy  la  addsd. 

.  14.  With  Tin  and  Copper. — An  alloy  of  these  metals  was  used  by  the  Romans  fat 
cnntinp  <*tatne<>.  &c  It  waa  fixmad  of  67*18  par  eantii  natosal  bronaa^  88*87  old  bioiiae^ 

6'2o  tin,  and  6 'IB  lead. 

Bronze  is  made  of  copper  and  tin,  to  which  some  manufacturers  add  a  little  lead, 
and  in  the  analy^en  of  several  anoit  nt  coins  by  Phillipiy  lead  afptam  to  haya  boMI  Ml 
important  constituuut.    (See  Table,  vol.  ii.  p.  46.) 

When  le;ui  is  mixed  with  copper  in  the  pro|  ortion  to  6  to  1,  ordinanr  po(-melal  ia 
formed,  called  dri/  pd-iu'  tal,  a  quality  which  is  characteribtie  of  these  alloys. 

DrUUh  beil'Hutal  coa.si;:ts  of  o  6  per  cent,  zinc,  101  tin,  4'Si  lead,  and  80*0 
copper. 

Biddcrt/  tcare  is  nnndt>  in  India  by  combining  2  pts.  of  tin,  4  pti*.  lead,  and  16  pllk 
oopper,  and  is  afterwarda  melted  in  the  proportion  of  3  pts.  to  16  pts.  of  zinc. 

%•  othw  elkori  of  ooppor  to  vhidi  amall  qnantitiei 
hi  another  part  m  tfaia  dictionary. 

16.  With  /  inc. — This  metal  commnnicatos  hardness  to  lead,  and  the  property  of 
receiving  a  fine  poliith,  without  diiniuii»hing  the  malleability.  The  two  metals  may  be 
fined  in  any  proportion,  but  the  alloys  are  all  deeompoaed  at  a  white  heat,  the  aino 
being  volar  ilisrd,  and  carryinfj^  off  with  it  large  (^nantttios  of  the  lead. 

The  presence  of  lead  in  zinc,  however,  is  said  to  be  injurious  to  the  latt^>r  metal 
when  raled  into  ihaeti^  diminishing  its  elasticity  and  probably  its  tenacity. 

When  »-qnaI  qnnntitieaof  iSiBi^atfiieand  MmniM  imfland,an  alkj  laobtai^ 
melts  in  boiling  water. 
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The  dkj  of  kad^  Urn  and  0ino»  ZnSu*Ppb*  m  ZimSD*,2PpbSn',  has  but  om  ioHfi- 
fjmg  polnlt  vis.  «( 168^  C,  bat  all  other  aUojra  have  also  two  hi|^ier  poisti^  b  and  «. 


Ammn* 

SolidlMQf  pohMi. 

Tta. 

«. 

lb 

«. 

182* 

a 

11 

2  . 

108° 

1 

6 

1  . 

• 

1(»8 

171' 

2(H 

1 

9 

1  . 

a 

188 

178 

188 

1 

9 

2 

• 

168 

1 

12 

2  . 

• 

168 

a  • 

178 

1 

12 

8 

■ 

188 

172 

L 

18 

4 

• 

168 

172 

178 

1 

21 

8 

168 

•  • 

17i 

1 

38 

10  . 

a 

18S 

•  • 

178 

UA]>«  Amsmn  OV.  (See  p.  882.) 

UUllIf  BKOMlBa  OF,  P1>I>r  or  PpbBr^,  is  obtained  by  the  same  procemies  as 
tbe  cliloride,  which  it  reaemhlaa  iu  crystaUiue  form.  It  ia  acMuewhat  \m»  aoiubk  in 
M-uter,  and  melts  oat  of  contaflt  with  air,  about  th^  same  t««i|mat«M  as  the  chlo- 
ride, to  II  white  homy  mass.  By  fusion,  in  contact  with  the  sir,  it  is  oooTertod  into  a 
ba.'ic  In-oiniLic  or  oxybroinide.  It  unites  with  the  bromides  of  potassium  and  ^»""»| 
iormiiig  cij)>talliui.  double  suits,  which,  however,  are  decomposed  by  water. 

Acetobr  a  nude  of  lead,  PbBr.C'H'PbO*  or  P/uwAoAro?;?  <!.t 

is  obtained  like  the  corresponding  chluriue-compouud  (p.  639},  wiiica  it  redembitj^  in  its 
prapertiea  and  xeaetiona.  (Cariua.) 

]bBAD,  BBOMOCjSJUiOirATB  OF.    An  insoluble  compound,  prudttcod  bgr 

Tioilint:  t<it:<'tl"i'T  '-Mirvrtlent  quiintifit-s-  of  l>i*onii'le  and  carlK:ma!f  of  Irad  Tt  fuses 
readily,  and  when  t  u  ilier  heated  gives  ort'  ciirbouic  auhydridr,  and  leaves  an  oxy- 

btomtdjaot  ;  . 

A  bromi'phi  j  /      ni  I  '  rir^jr. phosphite  of  lead  may  be  formed  in  like  manav* 

XBAB,  CB&OJtXSS  OF.  PbCl  or  PpbCP,  Maffixterium  plumbi,  sometimes 
called  Hom-lead. — Lead  unites  but  slowly  with  chlorine,  the  combination  not  beinij  * 
attended  with  Tiaible  combustion  ;  it  is  also  but  slowly  attacked  by  hydrochloric  acid, 
and  only  when  in  eontart  with  the  air;  on  the  application  of  beat,  it  dissolves  slowly, 
with  evolution  of  liydrcir.  u.  The  chloride  is  prtpared  by  boiling  the  protoxide,  or 
euHbonate,  oraolpliidV  ul  li  ad,  with  water,  into  which  hydrochloric  acid  i»  dropped  as  long 
as  tlip  rosiiltinfr  ohluridc  of  L  ad  cuiitiiuios  to  dissolve,  ur  l>y  adding  hydrochloric  arid 
or  chloride  of  sodium  to  a  cuuctutruUd  soluliua  of  a  lead-^ait.  Chloride  of  lead  baa 
also  been  ftmnd,  as  a  natural  product,  called  cotunnite,  in  the  crater  of  Vesuvius, 
after  the  eruption  of  1822,  mixed  with  chleildc  of  sodiuiu,  and  <lil(iridc  and 
itulphate  iji  copper.  This  native  chloride  occurs  in  trimetric  crvstuls,  in  which 
t»r  :  o»P»880  48';  oP  :  ^oo  =  1490  14';  and  the  mtio  of  the  pxincipal  axia, 
brachydiagonal  and  macrodiagonal,  is  as  0  595;?  :  1  :  1  18(58.  Th-^  ol.^r  rvrd  planr?' 
are  odP,  obPso  ,  oof  ad  iPoo ,  Pao .  Also  acicular  crystiils.  It  is  solt  enough  to  bo 
aemtohcd  fay  the  nail,  and  haa  a  apeeifte  gravity  of  8*988.  Laatre  adaoHMrtiiie^  India* 

ing  to  silky  or  pt  arly.    Colour  whit<».    Sfr^ak  white.    fDa  n a,  ii.  97.) 

Chloride  of  lead  diaeoivea  in  18^  pts,  of  cold  water,  in  less  than  30  pi».  of  boiling 
water,  wad  aapantea  from  the  8ola|itfn  in  long,  flat,  needle>shapcd  cry^ala.  It  dii^ 

solves  ia  pure  water,  and  In  .strong  hydrvcMi' rn  adil  more  easily  than  in  tho  dilute 
acid,  and  tWeftica  aeparatea  feoiu  the  acid  solution  on  modemte  diiutioa  with  water* 
and  ftxtm  the  aatwatad  aqwona  aolution,  on  additioo  <^  bydroehiarie  acid.  It  ia  alao 

somewhat  soluble  in  weak  alcoliol,  very  sparingly  in  alcohol  of  76  percent.,  and  in- 
soluble in  alcohol  of  94  per  cent.    Its  solubility  in  water  is  greatly  diminished  by  tho 
presence  of  chloride  of  ealcium.    In  solutions  of  alkaline  hyposulphites,  or  of  acetate 
of  Bodiutn,  on  the  contrary,  it  is  much  more  soluble  than  in  water,  so  that,  on  mixing  * 
a  solution  of  190  pts.  acetate  of  ]eud  with  58*5  pts.  chlorido  of  .sodtnm.  only  43  to  -IS 
pts.  of  load-cldoride  aiv  precipitated,  wkerciib  I'i'.'  pt«.  arc  larmcd.    A  j^oKiti-jn  of  the 
chloriile  in  strong  hydrocliloric  acid  is  not  precipitated  by  tidjthydric  acid,  but  m  ad- 
dition of  water,  pr»Tipitation  iinnu  diateiy  takes  place.    A  solution  of  lead-chloride 
mixed  with  aqueous  suljdiydric  acid  containing  hydrochloric  aeid,  forms  a  yellow  or  * 
n-ddish -brown  predpitale  of  aolpbochloride  of  lead  (p.  559).    An  aqueous  aolntioilOif 
tJic  c-ldorido  mixed  with  sal  nmmoniae  j.s  not  pri  eijatated  by  sulphuric  aeid. 

C'liloridu  ot  lead  melts  when  heated  out  of  contact  with  air,  and  may  be  sublimed, 
thoQ^  with  diffianlty;  the  fitaed  mum  ■■JMaj**  on  aoolng^  to  »  vhita  tffppf^"f«**^ 

•  Atmalo  wal|kt«r«ine  m  •(  oTiIb  «       ofltad  o  KT. 
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fissuml  ma?5S  of  specific  Cffiivity  /3'8.  formrrly  c:i1le«1  horn -Trail.  TV'icn  hcatiNl  hi 
contact  With  the  air,  it  fumeti  stromrlv  be£aro  the  heat  liiH^  to  redness,  then  turua 
jelbw,  and  k  OMrrarted  into  an  axymmnia  (p.  666).  Wb«D  it  is  hMt«d  in  *  strMun 
of  carb'  Tih-  vxitlc,  chloride  of  Oiir1>.)nyl  (phosgene)  COCP,  is  f-./rnu-J,  and  iii.-tal!ic  lead 
ifl  separated  (^Gobel).  It  quickly  absorbs  tmt/tania-^as.  When  it,  is  mudeiatciv 
baaled  in  ^Jw.s^j/wfttttd  k^drtj^  gm^  hydroelilorieidd  is  Kiven  oif,  phosplionifl  diatiti 
ov.  r,  aiul  metalhe  lead  MiBiiiM.  A  •olvtioit  of  l^gpocmrom  mm  cqiit««I»  it  into 

peroxidL-  of  Ictid. 

Acetoc&ioride  of  lead,  PbCLC*Il*PbO»  or  Piumboohioracetin, 

is  obtained  in  monoclinic  crystals,  by  mixing  recently*  precipitated  chloride  of  lead 
vith  acetate  of  lead,  and  a  sttffleieut  quantity  of  glacial  acetic  acid,  to  form  a  viseid 
mass,  whidi  Bolidifi<«t  in  a  short  time,  and  eitii*  r  freeing  this  mase  from  exceiw  of  acetic 
acid  by  preswure,  or  heating  it  in  a  sealed  tube  to  130°  or  140®; — or  together  with  ace- 
tate of  ethyl,  by  the  action  of  acetate  of  lead  on  cliloride  of  ethyh  It  dissolves,  though 
with  difficuhy,  in  acetic  add  witliout  decompoKitiun,  but  is  decomposed  by  water,  with 
aepamtioa  of  a  small  quantity  of  lead^chknide,  and  finrmatioji  of  the  eompoond 

FbGUC'UVbO' w  ,  wl^diMolmintii*  irtla»,«Bdn^benflmtBl* 

liaad  vidMat  daeompoaifaon.  It  ia  daoorapoaed,  howeror,  hf  f^Mul  aoetie  wrid,  whatSk 
leaTea  the  original  compound  TUa  compound, 

chlora<-rtin,  ^P^jj,y,V     (ii,  568),  and  may  t!;' i-.  fun'  in?  called  plomLochlorucetin. 

Its  constitution  atlbrds  an  armitnent  in  favour  uf  doubling  the  ordinary  atomic  weight 
of  laad.  (Csrivfl^  Ana.  Cb.  Pbann.  exzviL  87.) 

(CO)-  \  o« 

UA3>,  (JBXiOSOCASBOVATS  OV.   2PbCl.Pb«C0*  or      .     Vp^.— This 

Ppb*  )  ' 

compound  is  produced  as  a  white  insoluble  powder,  by  boiling  1  at  carbonate  of  lead 
with  2  at.  (or  more)  of  the  eblonde,  and  wat«r.   It  alao  oeeon  natiTe,  thon^  nurely, 

as  cornr  o u«  lead  or  kerasin,  in  ncntc  quiidratic  jyrrtmids  in  which  P  :  V  in  tlir- 
lateral  edges  —  113*^  4ti',  and  in  the  terminal  edges  »  107*^  22'.  Obsecved  facea 
o»PaB ,  P,  00  P,  P  and  othfrn.  GWfa^  diatinet  paMUel  to  a»P.  The  minend  likewiae 

occtir>  in  T'otrynVd.d  an  1  stulacl itiL'  fniins.  UaruneKS  2  5  to  ^'0.  Specitic  gmvitj 
a  6  0  toQ'l.  Colour  white,  grey,  and  yellow.  Stx«ftk  white.  Transparent  totranslii* 
eent  Pneline  ooocholdal.  Rather  aectile.  It  ocean  at  Crawford,  near  Uatloek  ia 
Derbyshire,  in  minute  crystals  at  a  lead  mine  near  Elgin  in  Scotland,  and  atTamowitx, 
in  l4»p«r  Stieeia,  where  also  huge  pseudomorphs  ot'  ieadsaurbonate  (oeniaite)  in  the 
farm  of  this  minend  am  fhund. 

Both  the  iiahmd  an  I  the  artificial  compound  fu*--*  rea'lily,  and  are  converted  at  a 
higher  temp<T't  i'' .  with  lo'-s  of  T  o  \h'v  rent.  C<.)-,  into  the  oxvchlorido,  2rb(d.Pli''0. 

XJBA2>(  Cax*OJUOSXI>i:  OZ".  Obuiued  in  pale  yoiiow  four-sided  ncedJi^s,  from 
«  aoltttion  of  the  iodide  in  lK)i]ing  hydrochlorie  add ;  it  is  gradnallj  deeoanpoaad  hf 

water,  v.!  i!  ,        t  'he  chlorid.  of  had.    (Labouri,  J.  Pharm,  [3]  iv.  328.) 

&BAI>,  CHX.OROrXiVrOSXSi:  or.  1I\  or  PpbClF.— Fdrm.  d  by  precipi- 

tating aqueous  tluoride  of  sodium  with  a  Luilmj.'  h-diition  of  chloriJt;  ui'  lead,  or  with  ^ 
mixture  of  acetate  of  lead  and  chloride  of  sodium.  It  is  a  white  powder,  which  melta 
wht'n  ii<-at<4.  without  giving  olf  watpr  or  nrit].  IHmokfm  ID  water  withoot  deooin- 
po^itiuu,  and  tsuaily  in  nitric  acid.  ^Beraelius.) 

MIIM>i  OSliOMMratOSraATB  OS*.  WbeB  a  boflrng  solution  of  ddoride  of 
lead  is  poured  into  a  boiling  solution  of  ;  lir>sji]ial>*of  sodium,  the  latter  being  in  excess, 
a  precipitate  containing  2(i'bC1.31:*b  'PU*).ll*0  is  f<  iriiied,  insoluble  in  water,  but  soluble 
in  nitric  acid,  which  converts  it  into  a  nitrupli  -i  hafe.  (Ileinta,  I'ogg.  Ann.  Ixxiii. 
122).  When,  on  the  contrary,  a  boiling  solution  of  phoi^hate  of  sodium  is  poured 
into  an  excess  of  chloride  of  lead,  a  precipitate  is  formed  which,  acconlinfj;  to  lleintz, 
is  composed  of  PbC1.2Pb*P0',  but  according  to  Oerhardt  (Ann.  Ch.  I'liys.  [3]  xxiL 
#06),  of  PbCLPb'EPO*.  The  saiae  eonpoond  is  formed  when  a  adnUe  plMiqphat*  ia 
precipitat»^d  by  a  !«  ad-sohif  inn  in  pTC«en(*e  of  a  soluble  chloride. 

The  compound  i'bCL^l'bU'bO*  occursi  u;iiive  as  pyromorphite,  sometimes  pure, 
aMuetimee  navinff  part  of  the  phosphorus  replaced  faj  aiaean:^  aometimes  aaaodated 
with  flworide  and  p':  wf."!-,»(  of  calcium.    (See  PynoMoRPirnT.") 

XJKAJ>f  OH&OKOFHOSPBZTS  OF*  Lead-i>alts  added  to  a  solution  of  alkaline 
plioapliite,  ohtdaed  hj  diieolviiig  triddorid^  of  phosphoma  ia  water,  and  aentndiaiag 

with  an  alkali,  titruw  down  a  pr.  cipit.itc  ci.n'aiinng  a  compoTUld  Of  cfalfllida  and  phoih 
phite  uf  lead,  from  which  boiling  water  extracts  the  ibnner. 
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r  OF.  L  Reaetiong  in  the 
drjf  way. — Lead-aalts  heated  on  dusrooal  with  euixnste  of  sodiam  or  cyanide  of  potas- 
mutOj  give,  in  the  inner  blowpipe  flame,  bluish-white,  malleable  beadtt  of  metallic  huid, 
surroanded  by  an  incrustation  of  uxid< .  l>rownish-yellow  while  hot,  but  light  lemon- 
jellow  on  cooling.  Added,  in  rather  Lu-^f  quantity,  to  a  bead  of  micxocosouc  salt,  they 
give  on  oooling^  ft  bead  hwriag  m  Mamalpwhite  ooloiir,    ydkv  if  fnito  Mtwmlcd. 

11.  licaotiont  in  Solutions. 

Soluble  lead-salts  arc  colourlcisfi ;  the  meul  i&  precipitated  from  their  solutions  by 
ginc  or  iron. 

Salphj/Jric  ndd  and  alkaline  suljihidrs  throw  down  .sulphide  of  l«,id  a.s  u  T'lack  or 
brownish- block  precipitate,  iu»oluble  in  eoid  aud  dilute  Buluiioun  of  acids,  alkalia,  and 
aUEaline  mdphides.  In  extremely  dilute  solutions,  only  a  brown  colouring  is  produced. 
If  the  solution  of  the  lead-salt  cuntains  frf-o  hydrochloric  acid,  the  predjitnte  in  Mdov 
yellow,  and  a        excess  of  hydrociiiohc  acid  prevents  it  altosetlier. 

HydroeMorio  arid^  added  to  solntiona  not  too  dilotts  thzowadivwndilinide  of  lead,  at 
a  whitr  prL'i'ijiifafo,  slightly  sohiblo  in  cold  wjitrr,  but  more  ho  in  boiling  wnttT,  deposited 
in  not  dies  on  cooling;  lottti  soluble  in  dilute  hydrochloric  ofid  thw  in  water,  but  pretty 
freely  in  th»  strong  acid ;  apparently  unaffisetod  by  amtDonln,  bat  Modflfed  inadable  ih 
water,  from  conYcrsion  into  oXYolil'iridc. 

Suiphurk  mtd  and  ialiUde  siUj^hatet  throw  down  sulphiUe  of  lead  as  a  ^^  hite  pre- 
cipitate, scarcely  aoUble  in  ooild  wnter,  (       FiroseninaXMid  in  dilate  sulphuric  add 

FreaeninaX  alnuMt  abadliitely  insolnble  ia  aleobol;  iolnhle  in  aferong  hyd20> 


ehj^c  acid  on  heating ;  in  nitric  acid  more  readily  when  atxoog  and  hot;  in  i 

tratf'd  snlpliurii!  acid,  slightly  ;  in  anunoniacal  salt«,  more  especially  the  acetate. 

Caustic  potash  or  soda  throws  down  the  hydrate  uf  lead  as  a  white  precipitate^ 
i(diiblo  in  anda,  or  in  ttoeae  of  the  i«ag«mt. 

A'i'mnnia  throws  duvrn  n  white  prwipitato  of  hsu'^ic  load-salt,  iiis<jluble  in  excess. 

Chromatc  of  potuastum  throws  down  chromate  of  lead  us  a  yellow  precipitate,  in- 
soluble in  water  (slightly  soluble  in  exoi>eB,  aoooiding  to  Conybeare),  soluble  in  potash, 
insoluble  in  dilulo  nitric  acid,  cunvi  rt'  d  hy  ammonia  into  a  rt-d  basic  chiv^niatc. 

Iodide  of  potassium  produces  a  bright  yellow  pn-cipitate  of  iodido  of  lead,  which 
diMMlTce  in  taUdiff  water,  and  aeponitca  on  oooUng  iu  crystalline  spangles,  exhibiting  n 
beantiftal  plaj  ef  eoiloam. 

loMRS  or  naoTfOMB  of  nan  von  Lnas. 


Ona  part  of 

la  »at«r. 

KMfCOt. 

Auttiorii/. 

I^iid 

Lead,  as  nitrate  . 
Oxide  of  lead,  as  do^ . 
Nitrate  of  lead 
Oxide,  as  nitrate  . 

Lead,       ^  • 

Oxide^  n 

100,000  or  more. 
200,000 
860,000 

100,000 
20,000 

25,000 

70,000 

Solpbydrie  mmL 

M 

»» 

Sulphuric  acid  in  exc 
^Sulphate  of  sodium  | 
'(    (in      niinatos).  \ 
Chromate  of  potassium. 

A.  S.  Taylor. 
Ijaasaigue. 
Halting. 

Pfaff. 
Pfaff  and  Harting. 

Lassuigno. 

Uartinfr 

The  lenetiena  with  sulphydric,  sulphuiio  and  hydxoeUoEie  a«tda^  tafcelt  together, 
serve  to  distinguish  h-ad  from  all  oi!i<  r  mctals.  TbeiMOtioiui  witikiofidaand  duonBate 
of  potaasiaia  ore  alw)  very  cliHract  eristic 

IIL  Quantitative  Estimati9n» 

1,  Grni'imetric  methods.  —  Load  is  genendly  most  conveniently  estimated  as 
Bolpluito.  The  concentrated  solution  is  mixed  with  a  slight  excees  of  dilute  sulpkunt-  acid 
and  about  twice  its  volume  of  alcohol,  filtered  after  a  Unrhoon,  the  precipitate  then 
washed  with  alcohol,  and  drii  r',.  iml  the  fiU«^r  burnt  off.  Or,  a  con.«idrrabl»»  amount  of 
sulphuric  acid  may  he  (-nlistuuiiti  fur  the  alcohol,  iu  which  case  the  waidi- waters  must 
bealao  addnlatad  with  sulphuric  acid,  and  the  last  washings  displaced  by  alcohol  In 
buminp  off,  as  much  of  the  precipitate  pKjsyible  is  to  be  detached  fn)m  th.-  filter, 
which  bhuuld  he  burnt  separately  to  guard  against  reduction  of  lead.  Iu  all  oases  it 
is  safest  to  employ  a  porcelain  crucible. 

2.  Lead  may  also  be  weighed  an  oxide,  into  which  it  may  hp  converted  directly  by 
ignition,  or  after  previous  precipitation  as  oxalate  or  carbonate  (.results  low!  or  as 
dnmnaie  on  *  taxed  llttet'. 
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Volumetric  method*, — Maoj  methods  hare  be«ii  propoeed  fur  the  Tolumethc 
Mrtinialiaii  of  letid,  bat  the  grester  niunber  gi^  only  apprtmmato  nenltt.   1.  Floret 

Doinontf  hcWh  to  the  Iciul-Kulution  a  quantify  of  caustic  potash  or  so<la  safficicnt  to 
reduwolve  the  lead-oxide  at  first  precipitated,  and  then  adds  t<  >  x\\&  boiling  liquid  from 
ft  burette,  agradtttted  Mihitloii  of  tulphide  of  todUtm  w  long  an  u  prf^cipitaw  »  tiiereby 
produced.  The  grciiter  part  of  tlie  sulphide  of  leatl  cakes  together,  but  the  liquid 
rcinains  brownish,  so  that  it  is  difficult  to  see  when  the  precipitation  is  complete. 
The  method  is,  however,  useftd  for  technical  purposes.  The  strength  of  the  solution 
of  sulphide  of  sodium  must  be  determined  e>\ery  two  days. 

2.  M  arguer  it te  adds  to  an  alkaline  lead-sohitinn  a  praduatod  polution  of  permatt' 
ganate  jpotoMiuiH^  which  throws  down  the  peroxidtsj  of  lead  imd  maugstnese,  con- 
timnilg tbe  addition  till  the  liquid  exhibits  a  permanent  green  colour.  The  solution 
bttrnp"  Tf-ry  strongly  when  boiled,  and  the  rea^f  alfemwili^  of  tho  aolntKm  of  tho 
periuaiiguiiato  neco8(iit«tes  frequent  titration. 

i.  Pappenheim,  according  to  Mohr,  adds  to  tto  leod^nlvlioil  a  gndiiated  nolu- 
tion  of  su/phate  of  p<>^f7.--i " m,  fill  the  liquid  no  longer  prodnoes  a  yellow  spot  of  iodide 
of  lead  on  paper  prepiuv  d  with  soiutiou  uf  iodide  of  potassium.  This  method  yiclUii 
nearly  exact  results. 

4.  Streng  (Ann.  Clu  Pharm.  xcii.  413'i  «npt  miturateg  a  pnlntion  of  a  lead-sidt, 
4fr  svlphate  of  lead  suspended  in  water,  with  potash ;  adds  au  excess  of  solution  of 
oUmtfe  of  Um$,  ttd  bous  for  ft  wbSOm,  wharaby  tiie  kftd  k  oitirely  c<Hmitod  into  per> 

oxide.  The  precipitate  is  eollectt  d  on  a  filter  and  wa«hed  with  hot  wntor;  a  hole  then 
made  in  the  bottom  of  the  filter,  and  the  precipitate  washed  through  into  the  yesad  in 
wftodi  it  wu  iamed ;  MlntioB  of  tkmmmt  MoHdt  it  pMOod  thio^i^  tlio  Alter  ftom  ft 

bun  t'o  fin  all  the  peroxide  of  lead  is  wa-slied  off ;  the  filter  is  again  waehed  with  hot 
water ;  and  an  excess  of  the  tin-solution  is  added,  whereby  the  peroadde  of  lead  is  coo- 
forted  into  diloride,  whidi  ii  titan  dltaahrod  by  beating  it  -with  imtcr  nid  bydio* 

chloric  aoid.  If  the  excess  of  sftmtiou.^  chJuruh'  in  the  liquid  be  then  deforniined  by 
means  of  a  standard  solution  of  chromate  of  potassium,  the  whole  of  the  data  for  odcu- 
latiog  the  amoont  of  lead  present  in  the  liquid  under  examination  will  be  obtained. 
This  method  is  exact  and  often  convenient. 

5.  The  following  process,  given  by  Hempol  (JnhrfsW.  p.  627),  hn\rrrcr, 
simpler,  and  has  the  advantage  of  admitting  of  a  double  vtrilicatiou.  Thu  kad  itt 
pncqutated  with  a  measured  quantity  of  •  graduated  solution  of  oxalic  acid  added  in 
exr-e'ss  ;  the  liquid  is  t;(  utrali.^ed  with  ammonia,  and  the  precijiitate  eollceted  on  a 
lilttr ;  the  amount  uf  oxidic  ueid  in  the  filtrate  is  then  d(  tenniiii'd  hy  mcan.^  of  ;i 
standard  solution  of  permanganatr  >f  j><.t<i.mum,  and  by  dedneting  this  amount  from 
the  total  quantity  of  oxalic  acid  use<l,  the  quantity  of  ().xalic  a. -id  0(Albined iritk  thl^ 
lead  i.H  found,  and  thence  th.  amount  of  the  lead  may  Uj  calculated. 

The  result  may  be  cheek  *!,  <  it  Iter  by  digesting  the  predpitate  in  dilute  sulphuric 
acid,  which  sets  the  oxalic  acid  free,  and  estimating  thf^  amnnnt  of  oxalic  m  id  in 
the  filtrate  wUh  a  buluiion  of  permanganate  —  or  by  igniting  and  weighing  tiio 
pneipitatew 

Mohr  completes  the  determination  without  filtrntion.  TTf  ndds  to  tlic  '•o^ution,  in 
ft  flask  holding  300  cubic  centimetres,  a  drop  of  tincture  of  litmus ;  tlieu  udd»  Irom  a 
boNtto  ft  Btaadaid  aolvHon  of  oxalic  add  aa  long  as  a  wbito  precipitate  is  fbnned ; 
s^iturutes  with  nnnnonia  lill  tlie  liquid  turns  blue  ;  fills  the  flusl<  with  water;  h  a\  >^  tho 
liquid  to  stand  for  about  half  an  hour  till  it  is  sulBcientij  clarified  to  allow  of  100  cubia 
eantimrtrca  being  removed  dear  with  the  pipette ;  and  detenninea  the  irec  oxalic  add 
thi  r.  in  bv  means  of  a  solution  of  perm«ng.anute,  the  quantity  of  which,  multiplied  by 
3,  gives  the  data  required  for  determining  the  quantity  of  oxalic  acid  added  in  excess. 
It  appears,  however,  that  a  small  quantity  of  nitrate  of  Irad  is  always  prt>cipitafc(^ 
t<^etner  with  the  oxalate,  so  that  the  quantity  of  oxalic  acid  used  always  appears  too 
small.  Mohr  estimates  the  errors  thence  aneio|;  at  2  per  cent.  (Handw.  d.  Cbem. 
2**  Anfi.  ii.  [2],  33).  On  the  whdc,  the  volumetric  methods  of  estimating  lead  do  not 
ifpoif  to  bft  io  ftdvMit^teoiHt  fti  the  gMvimetrio  methoda. 

IV.  Separation  of  Lead  from  other  Metals. 

From  all  metals,  not  precipitable  as  snljlild-  s  in  ncid-solution,  lead  may  be  sepa- 
rated, by  passing  tulphydric  acid  ^aa  to  talurat  inn  t  hrough  the  solution,  previously  made 
moderately  acid  with  hydrochloric  or  nitric  aciil.  The  solution  dionld  also  be  mode- 
rately dilute.  If  no  other  nu  tal  prec!|"'tn]  le  by  the  gas  be  pre«<ent,  the  preoii  itate 
will  be  sulphide  of  lead  with  un  uncertain  quantity  of  sulphur.  If  this  is  detlagruted 
vitk  nitre,  and  the  sulphur  estimated  as  sulphate  of  barium,  the  difference  between 
itfl  wri[xht  and  that  of  the  precipitate,  thoroughly  dried  at  K'o  .  will  ^ive  the  lead  Or, 
by  oxidising  the  precipitate  in  a  porcelain  TeMel  with  fuming  nitric  acid,  after  detaching  • 
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it  88  much  88  possible  from  the  filter,  burning  the  filter,  and  adding  tho  ash,  we  obtain 
a  mixture  of  sulphate  of  lead  with  a  little  nitrate.  Tbb  xmy  be  oouverted  into  sulphate 
^^J  a  Blight  excess  of  pure  concentrdti  <l  Milphnric  Mid;  the  pwdpitate  ie  thm  ignited 
and  weighed,  and  the  lead  calculated  therefrom. 

Of  the  metals  precipitable  by  sulphjdric  acid,  gold,  platinum,  arsenic,  tin,  and 
antilBOiiy  maj  ne  Auther  aqiarated  by  digestion  of  the  mixed  sulphidea  in  sulphide 
of  ammonium  contnintntr  an  exce««?  of  sulphur.  If,  after  this  tn  atment,  any  silver, 
mercury,  bismuth,  eadmiuui,  or  copper  be  left,  with  tbo  l<^d-8ulphide,  they 
m&y  1    -I'parated  by  one  of  the  two  following  methods : — 

If  no  bismuth  is  present,  the  '•olufion  ootitaining  the  mixed  oxide**  Is  ticitrd  ^r^th 
cariftrkate  of  gofiiiim,  and  then  diiK  -^ti  ,1  wiih  cyanide  of  potassium,  whi^a,  uu  tiltcrkg, 
carbonate  of  lead  will  remain  alone  on  the  filter. 

Fn<iii  bismuth,  tlir  I-  m.I  ni:iy  Ik-  .«>]>amted  by  the  follo^inng  method,  applicable 
also  to  its  isolation  from  uitreurj,  eojiper,  and  cadmium,  but  not  from  silver,  if 
preaent  in  any  quantity :— Eveporate  with  execM  of  tulphurie  acid  until  ftimes  of  acid 
nppenr,  rnol,  ;niil  dihifp  -vrith  ^rntrr;  filter  at  onoe  frOBI  UM  m^faftteof  lead;  Waah  witil 
,  acidulated  water  and  alcohol ;  tJien  dry  and  weigh. 

The  method  at  pn  cipiration  by  sulphnrir  acid^  or  a  aolnble  milpliat»,  wervee,  indeed, 
tn  separate  lead  in  t-cliitinn  without  any  fflimirinn' trr'utmfmf .  fr'nii  all  nict;il=,  ex- 
cepting barium,  strontium,  and  calcitim  (and  perhaps  silver,  vid^  'HP')'  from  these 
etrth-metali  it  ia  eaeily  separated  by  sulphydric  add. 

Tn  alloyi,  b  ad  ni:iy  1  «■  vi  ry  <-onv*-nii'ntly  !^<'par;ifr(l  f:-om  btsmutb.  tin.  and  antlmnTiy, 
and  with  rather  more  difficulty  fxom  arsenic,  by  converting  all  the  mctal3  into  solphides, 
and  h«attiii£  the  eolphidce  in  a  •beam  of  dty  eUoriM  ga»i  all  the  atfiet  netab  vUl 
then  be  vohtiltsedf  the  lead  alone  TemaaiiBg, 

V.  Valuation  of  Lead  Ores. 

o.  By  the  tcct  way. — A  very  convenient  process  for  deterniiiiing  lead  in  ores,  e«- 
pecuJly  in  galena,  connili  an  oxidising  them  with  fuming  nitric  acid,  adding  sulphuric 
acid  in  ronsiderable  excess  Xo  th*  slj^'Iitly  dlhited  soliificn,  filtering  and  washing  the 
residiu',  .us  before  directed,  and  alltr  weigliing,  boiling  it  repeatedly  with  a  strong 
aolutioti  of  aceUite  of  ammonium,  which  dissnma  the  lead-sulphate.  The  insoluble 
re<-i<iii»  •irJurt.  <i  from  tho  tirrt  wei^  gma  the  amonnt  of  jeaa-adphate^  from  which 
the  lead  ma)  be  calculate. 

h.  By  the  dry  Hi«|f.— For  Um  parpofta  ni  aniijriag^  lead  acee  nqr  lt$  dhrUed  into 
tvo  prin<-ij'al  ola.'-'-t's 

A.  Ores  &c.  which  contain  no  sulphur,  arsenic,  or  phosphorai, 

B.  Oree  cowtaining  one  or  men  of  the  above  decnenta. 

■  A  Fir8i^au.—ln  the  Bssay  of  th«oe  orea,  two  pointa  >«C|«ii«  attenffoii heating 

with  a  reducing  agrvit  fur  lije  sepanition  of  the  Ii-ad,  and  willi  an  al?ialiiii'  flux  to 
facilitate  the  formation  of  a  clean  btttton.  Charcoal  and  axgol  are  among  the  best 
redadng  ngents ;  carbonate  of  aodinm,  borax,  deprived  of  ita  water  by  previous  ftunoa, 
and  s:dt,  are  ii^i  ful  aK  fluxes.  I'luk  flux,  or  a  mixture  of  carlon  in  a  fnc  ■-fati  of 
division  with  carbonate  of  potassium,  may  also  be  employed.  The  fbUowiog  mixtures 
will  flpTe  some  idea  of  the  projiortioos  in  which  these  reagents  (dioold  be  employed, 
bnt  u«j  must,  of  course,  vary  somewluift  fiv  difibmit  om : 


Sunplfl. 

Argol. 

Cliarco*!. 

Cnrbuniite  of 

•odioau 

Borax  gl«u» 

No.  1. 

200  gr. 

100 

soo 

.  . 

SOO-UOgrs. 

2. 

400  „ 

200 

*  • 

400 

200 

•• 

3. 

400  „ 

200 

400 

20U 

n 

4. 

400  „ 

•  « 

600 

•  « 

•» 

.5, 

1t)0  ,, 

200 

400 

«i 

6. 

400  „ 

eoo 

black  flux,  and  a  cover  of  borax 

1.  Eeoommended  by  Mitchell  lioor  oxides,  *'arl>o!iati's.  cupel-products,  &c. 

S*  H  w         cnpel-bottoms  and  other  refiraetox;]r  prodacts. 

8.  u  n         tnutt,  aOieeoiiB  slags,  &c. 

4,  A,  6.  Phillips:-  Tli.  salt  if  not  inizad  nith  the  other  feageBta»  bnt  emplcjed 

to  cover  the  whole  mixture. 

Orea  of  thia  class  may  abm  be  anayed  by  the  following  process,  proposed  by  the 
writ  r  W«'iph  out  60  \z\v.  of  ore  on  a  counterpoise.  Yiino,  at  a  rrd  heat,  about  an 
ounce  of  rnide  cyanide  ot  potamum  in  a  cmtible  capable  nf  holdli.^-  af  l(  asf  (l*.u1  b> 
the  qnaatity ;  when  Iheed  ranore  itbom  the  furnace,  and  add  the  ore  in  bmall  pirtions 
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▼itli  a  ppntiila  ;  rinse  the  last  tr8fr'«  '  ff"  witli  n  little  mon*  cynnide,  and  ivplaro  it  f<>r 
a  minnt«  or  two  in  tlie  fire,  Uien  take  out  the  crucibit*,  and  tap  to  coUect  the  lead  into 
a  button. 

B,  Sei-t)7i(l  rhj.^s. — Galfiia,  priTP,  nnd  mixed  with  pnn^e,  is  included  in  this  diai^ 
£oir  th«  assay  of  wliich  sereml  methodic  more  or  less  iiei  nrate,  are  employed,  as — 

1.  R^Huting  the  gtdma^  by  whicSi  It  is  eonvert^d  into  oxide^  tad  treating  the  pco- 
dnct  as  ati  ore  of  the  f!i>t  elaf*^.  This  prooe^-s,  besides  being  exeeediag^  toOflUeaoiiii^ 
gtvas  little  more  than  tlirt  t-fum  tbs  of  the  lead  aHually  yt^iA. 

S.  Fmkm  wtik  i-4  parts  of  atkalUm  mriaimU;  tiM  nixtvte  to  be  heated  likmfy 
till  fused,  whieh  gives  alout  90  per  cent,  of  the  lead  present. 

8.  Fuaitm  with  carbonate  of  todiitm  and  mtre^  \fy  whieh  the  sniphor  of  the  ore  is  re- 
surred  ae  salpbate  of  potasatnm;  if  an  excwa  of  the  mferate  ifl  employed, »  portien  of  the 
lead  is  oxidised  and  lost  Several  a»f;i\  s  miist  therefore  be  nude  to  diaoover  the  best 
proportions.  This  process  answers  very  well  for  obtainisg  a  btitton  to  be  afterwarde 
assayed  fcae  silver,  in  which  case  a  slight  exceai  sf  tSBott  nwft  be  wed  to  ODsnre  com* 
plete  oxidation  of  the  edplnii!',  tritbont  iHocSi  ioine  aUTCt  ia  Kmbb  to  be  letaiDed  as 
anlphide  in  the  sLip.  ^ 

4.  Fmimi  v:ith  mttallic  iron,  which  has  been  varionsly  modified  as  to  details.  The 
eldsitplan  is  that  given  by  Berthier,  in  whieh  the  galena  is  simply  mixed  with  about 
30  per  pent,  of  finely  divided  iron,  C0Ter.  <l  with  a  layer  of  some  flux  nnd  he  itwl ;  it 
gives  aii  amount  of  metal  7— 10  per  ct  iit.  he'.ciw  tliat  actually  present.  8maU  iron 
Bails  are  also  recommended  bjBerthi'  r,  wliieh  is  not  a  watiafartoiiy  proeeea^  as  the 
nails  become  fixed  in  the  bntton.  Mitchell  suggepfs  th*'  une  of  tMlpenny  nsilfi; 
Phillips  of  iron  crucibles,  and  lastly,  a  miiUiire  of  iron-oxide  with  »  reducing  tlux. 
Of  tliese  different  modMeatiomi^  Che  proeiia  of  Miteheli  ia  espeeiaU^  naaftal on  aeoomit 
it«  simplirity   ;  1  nccuraey. 

The  foUowutg  11}  an  account  of  the  process  emploved  in  the  lead-works  of  North  and 
8o«th  Walea,  aa  an  eKanifle  of  the  Tovgfaer  nethods  often  adopted  in  smelting  worics 
irith  good  pnirtieul  rosnlfs.    We  extract  Mr.  'Mitrheli'F  own  deeeription  in  full: 

"  To  200  gzains  of  finely  pulvenaed  galena  add  6u  of  arcol,  and  200  earbosate  of 
aoda;  phoe  the  mixture  in  a  emdble,  the  inrndeef  wbieh  hasbeeii  aMnd  with  bla^- 
le.id  ;  introduce  thr.  e  tefipenny  nails  head  tlownwards;  tap  the  crucible  on  the  mixing 
bench,  bo  that  the  contents  may  occupy  as  little  epnee  as  may  be;  corer  with  liboat 
SOO  gnrine  of  aalt,  orw  that  200  grains  of  bono.  Prepare  two  emeildes  time,  place 
tlieni  in  the  furnace,  and  raise  the  heat  rapidly  to  nearly  a  bright  red ;  uncover  the 
ftimace,  and  allow  the  crucibles  to  remain  for  8-10  minutes  j  again  oorn  the  fomace 
and  raise  to  a  bright  red:  the  crucibles  will  then  be  ready  foe  rpmoval.  Besides  tho 
time  occupied,  the  termination  of  the  assay  may  be  judged  by  the  flux  flow  in*:  smoothly. 
When  this  oocurs,  seize  hold  of  the  cmeible  with  the  large  tong^  and  with  a  smaller 
t>air  take  hold  of  one  of  the  nails ;  riuiie  it  well  in  the  flnx  to  remoTe  any  small  glo- 
bules of  lead;  and  then  reject  it.  The  two  other  nails  are  to  be  treated  in  the  same 
vjty,  the  crucible  removed,  tapped  on  the  fnn  ace  top  to  collect  all  pldl  til.  s,  and  st  t, 
a&ide  to  cool.  So  also  with  the  second  crucible.  When  cold  they  aro  hrukeu,  &c.,  im 
usual ;  the  assays  should  correapood  within  one-eighth  of  a  gntttt.'* 

In  the  Welsh  lead-works,  the  npcays  nrc  penemTly  made  CD  XO  ounces  of  the  OfS  as 
received,  wet  or  dry.    This  in  melted  in  a  stout  iron  dish    *  ggj 
(fff.  637)  with  a  cover,  in  a  smithy  fire ;  when  melted,  tho 
slap  is  skimmed  baek  and  the  prodnpe  weighed,  inch  (  ) 

ounc«'  representing  10  per  cent.,  and  each  dwt.  ^  percent. 
In  the  assay  of  galeDNs,  eone  ttodiflealion  may  be  re- 
qnired  ;  aoeordin^  t<i  Mitehell,  by  fusin;r  anti!i;c  ii-ial  pn- 
lenas  with  carbonate  of  sodium,  pure  lead  is  obtained, 
bnt  with  Uaek  flux,  the  lead  cootains  nraeh  anttmony; 
and  if  iron,  either  alone  or  mixed  with  I  hu  k  flux,  be  em- 
ployed, all  the  antimony  is  obtained  with  the  leadi  but 
n(pf>ated  tentafire  aseaye  must  be  made  to  obtain  tiie  beet  posiible  resnlt.  When  a 

lead  f.re  eontaiiis  r.\i<lI^<  J  eon>poiuids  of  sulphur  and  arsMiie,  redtieecs  ah.ne  will  not 
answer;  bat  if  they  arc  mixed  with  an  alkaline  carbonate  and  metallic  iron,  good 
mrahs  are  obtained.  The  assay  may  bo  conducted  as  in  Mitchell's  process  for  ga- 
lenas. 

A  notable  loss  of  lead  is  sustained  in  :dl  the  above  processes,  arising  chiefly  from 
the  TolstiKty  of  this  metal  and  its  oxide :  lience  the  necessity  of  making  all  lead- 
assays  at  t]  1  V  St  temperature  compatible  with  perfect fbsion,  and  of  not  keeping 
the  assay  in  tite  i'uniiu'<  lon/.rer  than  is  actufllly  Tieee«enri'.  An  error  in  tl'e  oppojsito 
direction  may  arise  from  ih«  pr«*»ence  of  forei-jn  metals  in  Ihu  ore,  whieh  are  jnore  or 
less  completelr  fednoed  «nd  alloyed  with  the  lead,  increasing  its  weight ;  siu  ii,  ibr 
exsmple,  as  surer,  eonwr,  tiD,  or  sntimoiiy'  '^^ioc  is  oampletely  zftnored  if  the  heat 
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be  sufficient,  but  it  eutaila  a  lu&a  of  lead.  Iron  doo.s  not  go  down  witli  Uio  lead,  imleiiS 
the  assay  be  much  overheated.  The  reparation  of  most  of  these  metals  fr<.>m  lead,  by 
the  dry  way.  is  iiiipmcticablf,  with  the  exoci>tioii  of  nlvw  ill  Mgaotifetoos  leaidi whiea 
will  be  described  under  VuptJlaiton  (soe  bfiuw). 

"Wluitevw  pMMM  ie  employed  to  deterraine  the  lead,  some  standard  is  adopted  bj 
tho  manufacttircr,  to  which  to  rt-fcr  in  caloTilating  tlic  miImv  of  the  ores.  For  •■xismple, 
in  Wales  the  "  standazd*'  ia  77  per  cent,  or  7  oas.  14  dwts.  on  the  oseay.  The  value  of 
tIliB  staadaid  floetaatM  -with  the  mulcet  pdl«e  at  lernH,  koA  Ibo*  eiresy  variatioii  of  »  dwt, 
or  half  a  per  cent,  an  estabh'^hcd  addition  or  dednotion  in  madi-  in  the  pnCOt  Aoj 
uItw  p«Mat  is  calculated  ia  ounces  on  the  ton,  and  paid  for  per  ounce. 

The  IbUowiog  tablM  htn  been  wmitnictwi  to  wre  tnahU  m  oalenktiog  the  vMvIti 


F«r  cent. 

evt»  ^n.  Bm. 

Par  oMit. 

cwt* 

qr».  Um. 

cat.  qra.  Um. 

0 

0  11 

6 

1 

0  22 

30 

6 

0  0 

1 

0 

0  22 

7 

1 

I  If) 

40 

8 

0  0 

2 

0 

1  10 

8 

I 

2  11 

50 

10 

0  0 

8 

0 

2  11 

9 

1 

3  5 

60 

12 

0  0 

4 

0 

3  6 

10 

2 

0       0  , 

70 

14 

0  0 

6 

1 

0  0 

20 

4 

0      0  1 

80 

16 

0  0 

PntdMee  of  Lead  per  bing  of  Ore^  calculated  from  Assay, 

Vm  Mnt.  1  ewt.  qn.  l|» 

9wt>  lba> 

Mr  CMC. 

CVta 

qn*  Ibi^ 

•10 

0 

0  -896 

100 

0 

0  896 

10-00 

0 

3  660 

•20 

0 

0    1 792 

2  0(1 

0 

0  17-92 

2000 

1 

2  11-20 

•30 

0 

0    2-fiR.S  j 

300 

0 

0  26-88 

30-00 

2 

1  16-80 

•40 

0 

0  3jbl 

400 

0 

1  7-84 

4000 

8 

0  22-40 

'«0 

0 

0  4-480 

500 

0 

1  16-80 

aOHK) 

4 

0  0- 

•60 

0 

0  6-376 

600 

0 

1  25-76 

60-00 

4 

3  5-60 

•70 

0 

0  6-272 

7-00 

0 

2  26-72 

7000 

2  11-20 

•80 

0 

0  7-168 

8-00 

0 

2  15-68 

80-00 

6 

1  16-80 

•00 

0 

0  8*064 

O'OO 

0 

a  84-04 

Estimation  qf  the  Silver. — The  sepuration  of  lead  and  silver  ia  the  djy  way,  by  the 
process  known  as  cupellation,  depends  on  the  tuA,  thftt  while  lead,  when  exposal  to 
theairat  temporatur.  fs  111  ovo  its  melting  point,  is  rapidly  oxidised,  silver  remains  unal- 
tered. If,  therefore,  an  argentiferous  lead  is  heated  in  a  current  of  air,  on  a  support  of 
such  n  texture  that  the  litharge  formed  from  the  lead  shall  be  absorbt'd  as  fiist  as 
produced,  the  silv(>r  will  bo  tlnaliy  left  in  the  form  of  a  button.  This  support  is  called 
l!ie  "enpi  V*  ^  flat,  slightly  hollowed-out  dish  of  poundod  bone-ash,  compressed  ly  a 
mould  lulu  llie  proper  form.  The  process  is  conducted  in  a  furnace,  such  as  is  shown  in 
Jjgs.  638,  639,  where  a  is  the  ash-pit  door ;  d"  an  I  /',  <  ioors  for  supply  of  fuel ;  (V,  the  open- 
ing by  which  .n'l^cst  is  obtain<»d  and  ihv  .^upjily  of  air  regulated  to  the  muffle  m.  This 
muffle  ia  a  snuiii  lii-e-clay  ovcu,  situated  in  t  he  ct nt  re  of  the  fire,  and  pierced  by  slits  nt  the 
sidet  ttad  inner  end,  which,  when  the  door  \>  u|  ened,  eatabltdi  a  eaneiit  of  air  through 
thr  apparatus,  while  it  is  maintained  at  any  desired  trmprnAture  by  means  of  a  damper. 
In  abiug  the  apparatus,  the  muffle  is  first  raised  to  a  ri- 1  heat ;  4  to  8,  or  more,  well-dried 
ctioels  are  then  introduced,  and  the  door  dosed.  When  tfaej  have  attuned  a  dear 
red.  heat,  the  door  is  oj  .'ued,  a  button  of  lead  is  placed  in  each  rnpel  by  tongs,  and  the 
door  agpun  closed.  On  opening  it  partially,  the  buttons  are  s^reu  '  uncovered,"  or  pre- 
senting  a  txright  metalfie  snr&ce,  and  a  dark  ring  instantly  begins  to  form  round  the 
circnmforenee  of  the  le;id,  as  the  litharge  formed  by  its  oxidation  is  absorbed  by  th. 
cupel,  tbe  rings  gradually  extending  as  the  buttons  diminish.  The  moment  when  the 
oxidation  is  eompleted  and  pure  tUTOP  "Mt,  is  recognised  by  a  peculiar  phenomenon 
known  as  the  '*  brighteninj*"  of  the  silviT  button,  which  appear?^,  for  an  instant, 
to  revolve  rapidly  on  its  axis,  while  covered  with  a  play  of  orismatic  colouxxk  The 
plaj  of  eolonrs  mmppears,  and  the  button  beoomce  snu  and  lastnma.  It  is  flien 
withdrawn  frcm  the  fiimaec,  dif.ielicd  from  the  cup<l,  cleaned,  and  weij^hed  in  a 
Dalauco  turning  ^vi!)<  ooi  gr.  Simple  as  the  process  appears,  some  practice  is 
teyuredy  and  muu.v  ^  oiuts  require  attentioi^  hefbie  ndHnan  reeolts  can  be  obtained. 
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The  torapepature  should  bo  the  lowest  at  which  the  assay  will  proceed  steadily,  as  a 
sensible  amount  of  silver  is  volatilised  with  the  vapoxir  of  lead.  The  temperature,  on  the 
other  hand,  must  not  be  reduced  too  low,  as  the  absorption  of  the  litharge  by  the  cupel 
is  then  impeded.  Again,  the  draught,  if  too  rapid,  cools  the  cupel  unduly,  and  if  too 
slow,  does  not  effect  the  oxidation  with  sufficient  rapidity,  thereby  increasing  the  loss 
by  volatilisation.  Farther,  the  absolute  quantity  of  silver  remaining  the  same,  if  the 
quantity  of  lead  be  much  incn'ased,  the  loss  in  silver  will  be  greater.  But,  if  the 
Bilver-lead  be  very  rich,  a  loss  will  arise  from  the  absorption  of  the  alloy  into  the  pores 
of  the  ciipeL  When  the  heat  is  too  great,  the  cupela  are  whitish  and  the  metallic 
matter  they  contAin  can  scarcely  be  seen ;  the  fiune  is  scarcely  visible,  and  rises  rapidly 


to  the  arch  of  the  muffle.  When  the  heat  is  not  strong  enough,  the  smoke  is  thick 
and  heavy,  falling  in  the  muffle,  and  the  litharge  can  be  seen  forming  lumps  and  sculos 
aViout  the  assay.  When  the  heat  is  properly  managed,  the  cupel  is  red,  and  the  fused 
metal  luminous  and  clear. 

lAstly,  a  source  of  loss  arises  from  what  is  termed  "  vegetation  "  of  the  button, 
which  is  due  to  the  absorption  of  oxygen  by  the  molten  metal.  When  the  metal  is 
cooling,  in  a  button  of  any  size,  the  surface  cools  and  solidifies  before  the  centre  has 
abandoned  its  mechanically  dissolved  gas,  which,  when  it  is  liberated,  forces  its  way 
thntuj^h  the  external  crust,  raising  it  into  fantastic  arborescent  forms,  which,  once  seen, 
sufficiently  explain  the  term.  But  as  portions  are  frequently  projected  outwartis  by 
the  sudden  action,  it  is  necessary  to  cover  the  cupel,  while  still  hot,  with  a  previously 
heated  old  cupel  to  secure  its  very  gradual  cooling.  It  is  only,  howerer,  in  the  ca^ 
of  buttons  much  larger  than  a  pin's  head  that  this  precaution  is  essential.  The 
weight  of  the  cupel  ought  to  be  about  one-third  greater  than  that  of  the  lead  to  be 
cupelled ;  a  good  cupel  will  absorb  its  own  weight  of  litliarge  under  ordinary  circum- 
stances. 

Lead  is  not  the  only  metal  which  may  be  separated  from  silver  by  this  process. 
Bismuth  may  be  perfectly  cupelled,"  and  copper,  antimony,  iron,  tin,  &c.,  may  be 
"  passed  "  by  the  addition  of  sufficient  lead  to  carry  tlieir  oxides  into  the  cupel. 

The  following  tables  are  useful  in  an  assay  office",  where  numerous  assays  are  made 
from  time  to  time,  and  they  are  constructed  for  different  weights  of  lead  cupelled,  as 
well  as  the  produce  per  20  cwt,  or  ton  and  per  21  cwt.  or  fodder  of  lead : — 
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Ykld  of  Silifer^  ton,  eateulaied  front  Assay  of  iOO  ffrs. 


^IW  B*** 

Yle 
OS. 

dwU. 

ton. 
grt. 

1  

Yield  iicr  tun.  { 
OS.  diwtt.  grt. 

■ 

400  an.  dve 

Yii  Ul  i»or  I'm. 
OS.  dwt«.  gri. 

0-00 1  . 

0 

I 

15 

006 

4 

1 

16  ' 

0-8 

65 

6  16 

•002 

0 

3 

6 

•06 

4 

18 

0 

0-9 

73 

10  0 

■oos 

0 

4 

21 

•07 

6 

14 

8 

1*0 

81 

18  8 

•004 

0 

6 

12 

•08 

G 

10 

16 

2-0 

163 

6  16 

•006 

0 

8 

4 

•00 

7 

7 

0 

30 

246 

0  0 

*006 

0 

t 

19 

•10 

8 

8 

8 

4-0 

886 

18  8 

•007 

0 

11 

10 

•20 

16 

6 

16 

60 

4  OS 

G  16 

•008 

0 

13 

1 

•80 

24 

10 

0 

60 

490 

U  0 

•009 

0 

14 

16 

•40 

88 

18 

8 

7-0 

671 

18  8 

•010 

0 

16 

8 

•50 

40 

16 

16 

80 

653 

6  16 

•020 

1 

12 

16 

•60 

49 

0 

0 

90 

736 

0  0 

•030 

2 

9 

0 

•70 

67 

3 

8 

100 

818 

18  8 

•040 

8 

8 

HaU     Siltxr  per  ton^  ealculated  from  Assay  qf  1  oa. 


1 M.  girei 

Yteld  p«r4MI. 

1  oc*  slvig 

TWd  per  ton. 

locflTat 

Tlridperton. 

gr*. 

gn. 

gn. 

Of*  dwi$*  sti> 

0  001 

0    1  11-84 

006 

3  14  160 

08 

69  14  16  0 

•002 

0    2  23-68 

-06 

1    9  144 

0-9 

67    4  00 

•003 

0    4  11-62 

•07 

6    4  12-8 

10 

74  13  80 

•004 

0   b  88*80 

•08 

6  19  11-2 

2-0 

149    6  16-0 

•006 

0   7  11-20 

•09 

6  14  9-6 

3  0 

224    0  0-0 

•006 

0    8  23^04 

•10 

7    9  80 

40 

298  13  80 

•007 

0  10  10*88 

•20 

14  18  16*0 

^•O 

878   8  16*0 

•008 

0  11  22-72 

*80 

22   8  00 

fi-0 

448    0  00 

•009 

0  13  10-66  i 

•40 

28  17  8-0 

7  0 

622  13  80 

•010 

0  14  88*40  1 

*60 

87  6  16^0 

1  8-0 

697  6  16-0 

•020 

1    9  20  R0  ' 

•60 

44  16  0^0 

90 

672    0  00 

•080 

2   4  19-20  ; 

•70 

62   6  8-0 

10-0 

746  13  8-0 

•040 

2  18  17*60  i 

Jkbb  of  8ih«r  p9t  F»ddtt  0f  ZiMdt  eokviaUifiFtmAMt&yiifl  «ar. 

lot.glvMgra. 

ox.  dwu.  gri. 

lax. gives  gn. 

OB.  dwU.  grt. 

|l  ox.  gitet  gr*. 

ox.  dwu.  grs. 

0-001 

0    1  13-6 

0^009 

0  14  2 

0  OS 

'     fi    6  10 

•002 

0    8  3-2 

•010 

0  16  16 

•09 

7  12 

•008 

0   4  16*0 

•020 

1  11  8 

•10 

7  16  9 

•004 

0    6  6-0 

•030 

2   7  0 

•20 

15  13  14 

•006 

0    7  20-0 

•040 

3   2  17 

•30 

23  10  9 

^ 

0   9  0*0 

•060 

8  18  8 

•40 

81   7  4 

•007 

0  10  23  0 

•060 

4  14  1 

•60 

89  4  0 

•008 

0  12  13-0 

•070 

6   0  8 

1 

VI.  Aio/inc  IV  cit^ /if  of  Lead. 

The  atomic  woidit  of  thi«  motal  kas  hem  (U'termiued.  clikfly  liy  tin-  txperi meals  of 
Berz«liM»llUMbul830  and  1845  (Pogg.  Ann. xijc  800 ;  Lehrhwh,  o<«  Aufl.ui.  1187). 
By  reducing  pwro  protoxido  of  lead  witli  liyilrogon  gas,  he  found  that  100  pts.  of  tlu- 
protoxide  contnin  7-1724  pts.  oxygen,  whence,  reganling  the  protoxide  as  Pb*0,  and 
{mttiiif  cci^g'  11  =  1  (),  the  iitomio  iraig^  of  lead  is  103-64 ;  if,  however,  a  certain  nvBilMr 
of  tho  cIctfTiniiiati<;nH,  which  do  imt  nprfP  very  well  with  t!ir»  rest,  be  loft  out  of  arconnt, 
the  atomic  weight  is  found  to  be  103-57.  The  extreme  limits  of  the  det«rminatioQs 
in  qu^tioii  were  103*36  and  103*66.  Within  tlie  MOte  lunits  bIm  mn  oonpnaed  tib« 
older  dctorminationsof  Berzeliuf*  (181S>,  whii'li  pavn  103".56  ;  also  those  of  Turiif-r 
in  1835  (Ann.  Ch.  Phanu.  xiii.  14),  which  gave  1U3'61,  and  nearly  also  thorn  of 
Longelismp  in  1827  (Ann.  Ch.  Phys.  [21  xmr,  105),  which  gavo  nmibcro  ranging 
ftauL  108*64  to  108-74.  Tlie  mtma  of  all  the  iMrt  d«t«ndnatiom  it  108*86 ; «  if  M 
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be  regarded  as  diatomic,  and  the  protoxide  be  repieseated  bv  iho  formiila  Fpb"0, 
the itanievfluiit is 907*12.  T.B. 


IMP,  PbF  or  PpbJ*,  is  obteio.  d  hy  j  recipitating  ucctat* 
of  load  with  bydrofluoric  acid,  or  f  v  dcccimposing  carbonate  of  lead  witb  the  same 
acid,  atf  a  white  powder,  sparingly  soluble  iu  water,  easily  ftwiblo,  soluble  in  hydro- 
diknie  tad  m  vitrie  add,  by  which  it  in  decomposed  on  evaporation.  Wlmi  treattsl 
with  aqneoos  ammonia  or  fu«od  with  oxUlc  of  load,  it  is  PonTorf<'d  into  n  more  soluble 
ozjfluoride,  the  solution  of  which  haa  an  astringent  Uistf,  aud  on  standing  in  tho 
•ir,  deposits  carbonate  of  li  ad,  mixed  or  combined  with  flaorid(>  of  lead. 
A  f]\  1  n  ro  f]  iioride  of  ^     has  been  already  deeciibed  (pu  689). 

UBikXk,  ZOBZHa  or*  PbX  or  -Ppbl',  is  obtained  by  precipitating  nitrate  of  lead 
vitti  iodide  <rf  pQlaadhnB,  aveidiBg  en  ««ee«  ef  either  wut   It  is  a  prf>ci(ntate  of  m 

fine  lifiht  yellow  colour;  soluble  in  l,2o5  pts.  of  eold  water  (Den ort\  und  in  104  pts. 
of  boiling  weter,  forming  a  ctdourleas  solution,  whence  it  crystallises  on  cooling  in 
flextUe,  ea-rided,  haeiimr  evjntaih.  It  le  eMeined  in  the  sune  form  by  mixing  the 
Kolution.H  of  iodide  of  lead  and  iodide  of  potassium  at  the  boiling  heut.  It  is  not 
man  soluble  in  water  containing  acetic  acid  than  in  pure  water,  ^cordin^  to  Heniy, 
it  is  not  quite  insioluble  in  alcohol  Ether,  according  to  A-  Vogol,  extracts  iodine  from, 
it,  leaving  oxyiodide  of  b  ad.  It  djssolves  in  cold,  and  still  more  in  warm  aqueous  sal- 
ammoniac,  and  crystallisos  therefit)mon  cooling  in  yrllowish white  needles  (Boullay). 
In  caustic  ammonia,  nitrat<e,  succinate,  carbonaU^,  and  sulphate  of  ammonium,  it  turns 
white  (Wittstein).  Wh<  n  boiled  with  the  carbonateetf  the  alkllitOTelhaliiieeavtb^ 
it  yields  carbonate  of  Irad  and  a  soluWe  iodide. 

Iodide  of  Iwul,  when  heated,  turns  reddiah-yellow  and  briek-red,  then  red-brown, 
■od  melts  to  a  liquid  of  the  same  colour,  which  solidifies  to  a  yellow  inaaiL  When 
fosed  in  contact  witli  th.'  uir,  it  pres  off  a  part  of  its  io  lin-,  and  leaves  an  oxyiodido 
of  lead.  It  is  eiuiily  decompobud  b^  chlorine.  Zinc  or  iron  bulled  with  it  under 
iroter  taki  M  up  the  iodine  ana  precipitates  metallic  lead. 

Iodide  of  Lead  and  Hydrogen,  Pbl.III,  crystallises  frotn  a  sr)luti.  >n  of  lodid-  of  lend 
in  warm  aqueous  hydrioKiic  add,  in  concentrically  grouped,  silky  needles,  which  give 
tiie  whole  of  the  hydnodie  aeid  vhen  heated,  and  fMot  of  it  even  when  expoeed  to 
the  air  at  onlinary  temperattires.    Tlie  aeid  may  also  be  extracted  by  watrr. 

Ammonio-iudidi'  of  lead,  or  iodide  of  plwabaMmomumf  NH'Pbl,  is  obtained  as  a 
white  powder  by  passing  ammonia-gas  tat  a  long  tinie  over  flnely-pulirerised  iodide  of 
lead,  or  Tty  diL'<-5>ting  ir  at  ordinary  tomperatur-'S  with  sal-amtiiDuiar.  It  g'lvc^  off  it* 
emmonia  spontaneonsly  on  exposure  to  the  air«  and  ovon  in  an  atmosphere  of  ammonia 
whao  heated. 

jMkMMttf  Uad,  FbIO<H*PbO*,  or  ^^^]  j  >  analogous  U>  glycoUe  iodaeetiii 

(tL  MS),  la  obtained  in  a  nnllar  manner  to  the  corresponding  chlorlne-oompoiind 

(p.  639),  with  which  it  is  isomorphous.    (Carius,  Ann.  C\\.  Pharm.  cxxt.  8T.) 

An  iodoeMoride  of  lead,  Pb'CPI,  has  been  already  described  (p.  639). 

An  iodide  of  lead  and  ammonium  is  formed,  as  a  wliito  precipitate,  on  adding  iodide 
of  ammoninsi  in  t  .xeess  to  nitrate  of  lead. 

A  compound  of  i^.tUdc  <./ had  with  cldundt:  nf  ammonium,  3NII'C"1.2l'ld,  is  obtained 
by  dropping  a  solution  ol  uyutrtU  actitateuf  lead  into  a  boiling  utixeil  bolutiou  of  iodide 
of  potassium  and  sal-ammoniac,  as  long  as  no  permanent  prccipit^ite  is  formed.  On 
cooling,  the  dnuble  salt  crystallises  in  sb  nd-  r  yellow,  shining  needing  whtdht  hoWOW, 
arts  decorapoiscd  by  water,  the  sal-itmmouiuc  di&dolving  out  firet. 

Another  compound,  NH'Cl  I'l  l  JI-0,  crystallises  in  white  silky  needles. 

Indidi.'i  (f  lead  and  ptdassiwn. — When  2  at.  iodide  of  lend  fPbl)  and  1  at.  iodide  of 
potiu>«ium  iU'O  disKolved  in  the  smallest  possible  quantity  of  boiling  water,  the  solution 
yields  on  cooling',  large  yellow,  shining,  atz<«laed  laminn),  having  the  composiiion 
KI.2PbT  or  KI.P(ild',  and  on  di'-  ^'vitiir  these  crystals  in  a  hot  Kohition  of  iodide  of 
potassium,  white  silky  needlee,  coubit?ting  of  2KI.PbI  or  4Kl.PpbI^  are  deposited  as 
tha  Hqidd  eoola  3oui  aalta  are  decomposed  by  water  and  hff  aloohol. 

liBAP  OKS8.  Tho  following  ja  a  liat  of  minerals  ooataiotng  lead  as  an  essential 
constituent,  and  available^  when  thej  ooeor  io  aoffioient  qoaittilgr,  ftxr  the  eztxaction  of 

the  metal : 


Acicnlite.  Alkinite.  Belonite.  Needle- 


on.  Patrinite. 

Ccu= 

A1US»,  TeOaiide  oTlead.  F^hTe. 


AluuiiuaU^  of  lead  (hydnited).  Piumbo- 
feainite.  0».flH»0. 

Ail* , 
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Anglcsitx'.   Sulpbftto  of  iMd.  IiMd- 

Titriol.  J^pbSO*. 

Antiinonial  gulphiclos  of  leud  :  see  J5ou- 
langprit<»,  B>nrnonito,  Brogniardite,  Frels- 
lolionitp,  Goocronite,  Hflinitii'irphitp, 
Jftmeaonite,  KobeUite,  Plagionitc,  /.iii- 
kenite, 

Atifiinonatc   of    lead,  Blauiierite. 
Ppb'Sib»0«.4HHX 
AmoxMMi.  ffinkiftstmi  vanadate  of  let4. 

Arsonut.:  of  lifid:  soe  Mitnftito. 
Areenomelaiie.  2P^bS.A8*S*. 
Biniiite.  A  raiztiin  of  Anenonehne 
aod  Sclemclasc. 

Biciiaierite.   AatuBOBato  of  lead. 

BoiUMnuto  {f  wUeli  »  leWod  Wol- 

Ppb' 


sb*  , 

Brognumlite.    Pj.!)  A£r'^>'  ."^1  r^. 

Caledonito.  (rpb;C'cujCmi'pbSO«. 

Carbonnte  of  lead.  Onoaitew  White 
lead  ore.  PpbCO». 

Ccrasin.    Corneoua  lead.  Horn-lead. 
ChknvNarboiiate  of  lead. 
PpbCl*PpbCO>, 

G«sii8ite:  ae«  Carbonate  of  lead. 

Cbilclte.  Tttiudate  of  lead  aad  onppcr. 

e(Ppb;  cca)a.vir0--  ^^^l  o^ 

ChiTiatito.  2t>^l)flL«Bi9. 

Chloi-Idf  of  lc!id.    Cotwnite.  PpbCl« 
Chltaaisenale  of  lead  :  see  Hunct  ite. 
CldonMKrbooafteoflead:  aeeCerasin. 
ChloropiinqphAto  of  lead:  mo  Fjuvh 

morphite. 

Cnromate  of  lead :  soo  Crocoisite,  Me- 
lanochro'ite,  Ivf  d  K  id  nrc,  Vaaquelinite. 
Claustbaliff'.    S.  1.  nid.  of  1(  ad.  PpbSo. 
Corneoua  liad.    Syn.  with  Cerasin. 
Cotunnite :  se«  Chloride  of  lead, 
CrocoisitP.   Chromato  of  lead.  f^bO. 

CnprcoTis  sulpliutc  of  lo.id :  kpo  Linarite. 

Cupreoas  Bulphatocarlxitiati'  of  load : 
oeo  OUedonite. 

Coproplumbito.    2Pp1jS.('(  uS. 

Dechenito.  Vanadate  of  lead.  PpbVvO'. 

Deudoiaito.  aPpbO.VrO*  or  PtfcO. 
PpbVvOV 

Embrotbite :  see  Boulongcritc 

fiuajnchite.  I*bWO*.F|>byo«. 

Freislebenitp.  Ppb»Ag#.2^^1.'S«. 

Ckdran.  Lead-|dance.  Sulphide  of 
lead.  ]»pb.S. 

(loorTDnito.    Ar««eniferon8  Schnklto. 

Hetemnioipliite.  FeatlmHire,  Plu- 
fttoaite.  2I'^l>S.SbV. 

nydn)a]iiBuiioai  Irad:  dee  Alomiiiate 
of  lead. 

Kflbrickenito.  6PpbS.Sb^. 


KobeUite. 


Lanarkite.   SnTphaiofnrtwwute  of  lead. 

PpbCOVPpbSO*. 

I^ead-glance :  see  Calona. 
Lead,  native. 

Load  ochre.    Naf ivc  protexide  of  I4  .td. 


Loud 


grii  u :   nee  Mimetite  and 
Pjromorphite. 

Load  oro,  rt'«l :  soo  Minium. 
Lead  ore,  white :  see  Cerusitflu 
Lead  ore,  yellow :  see  Moljbdate  of  lead. 
Leadlnllifn.     '^idpliatotneavboiuite  of 
lead.  3PpbC0».PpbS0*. 
Lehrbadnte.  BelMndeof  lead  aadwier- 

eur>-.  (Ppb;IThp),Sc». 

Linarite.  Cupreous  AjuleBtto.  Oupreoiis 
fmlphatoofkad.  Ce«m*.Ppb8(H. 

Matlockite.  Pj.lrCI'O. 
"Mnlanochnoto.  I'lurnioife.  PhomoOO- 


ch^olt<^    3Ppb0.2CcrO*  -  /rWrfjii 

Mendipite.  Ppb»a*0» 

Meneghiuite.  4PpbS.ab»S«. 

Mimetito. .Mimriosito,  .Mitnofono.  Green 
lead  oro.    PpbCP.3Ppb«A8*U\    To  ^1 
rekitod  ilttlyphane,  containing  also  caloHim 
and  phoaphorus. 

Minium.    Kf»d  oxide  of  lond  (p.  f)^)^\ 

Mulybdatc  of  load.   Wultenite.  Yellow 

lead  ore,   PpbO.MmoO*  -  p^^f'  1 0'. 

Muriocarbonate  of  load-     Sjn.  with 
Cerasin. 

Nagvagite.  Foliated  TeUoriiun.  (Ppb; 
Au«).(Te;Se)». 

Needle  ore:  oeeAdenlito. 

Oxides  of  lead :  eeeLeadochie,  Miwiimi^ 
and  Plattnerite. 

Oxjehlotide  of  lead :  eee  Uadoddto  and 
Mendipite. 

Patrimte:  aeeAooulite. 

Fhomiette  or  Phoioiooc^lla :  lee  Ke- 

Irtiioolin/iff. 

Phosgenite :  aee  Cerasin. 

Phosphate  of  lead :  »ee  Pyromorphite. 

Phigionite.  4PpbS.3Sb'8«. 

Plattnerite.  Peroxide  of  lead.  P;pbO*. 
A  doubtful  species. 

Pluml  ioresinite  .  t^ro  Alnminate  of  lead. 

Plumbo«sfib :  k-  o  B.^ulanperitc. 

Pol^-sphajrilc.  Pyroniorpliite  containing 
calcium, 

Polytelite.   A{T]>]  >  ;Ag=)S.Sb-3». 

Pyromorphite.  Green  lead  ore.  CWoto- 
phospliafeof  leod.  SF|ili^FK)*HK  PnbGl^fit 
Ppbj^ 

SehulRite.  6PpbS.Sb^S». 

S«  lonate  of  lead.  PpbSoO*. 

.Solon ide  of  l»id:  Me  Qnidialite  and 
rj<Urbachite.  ^  ^ 

Stolstte :  Tungrtate  of  lead.  PpbWwO*. 

Sulphate  of  lead:  see  Ang1<  sifo. 

Snlphatocarboflirte  of  lead:  see  lonar- 
klteT^ 

Sulphatotricarbonate  of  lead:  eeo 
I'eadhiUitei  and  Sokannite. 

Salplitdeoflead:  Galena. 

Sulzannite,  Rhombohednd  Pulphafo- 
tiicarbonateof  lead.  Ppb80'.3PpbCO«. 
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Telltin'de  of  M:  iM  AlUSte,  and 

Nagyagite. 

T«iad«t«  9t  Iftd:  tM  IkMle&ite,  and 


Vanadinito.  3rpbVvO*.Ppl)Cl». 
Woidiite:  see  iloiirnoniU. 
WxiUmbt».  MoIybdataoTM. 
Wlnto  lead       tee  Carusite. 


Zmkenite.  Ppb&Sb»S» 


TbeoNivliidkaMaefaiaUy  worked  for  M  Im  been  almdy  dcwsribed  (pp.  480, 
4  1)  :  for  th«>  rp5t,       thn  aoventl  articluii. — Ret^wetil^  tfcn  wwfcing  nt  jgg/^  ogfif^  gge 

p^b  4b  1 — 631 ;  mctiiud;!  of  aa8a,}'ifig  tiiem,  p.  643. 

fire  oxides,  xiz. : 


The  suboxide       .      .  l>b*0  or  Ppb»0. 

The  Protoxide       ,      .  ,      VhK)  or  PpbO. 

TheRedoxido       .       ,  ,       Pb*(    or  Ppb'O'. 

The  Sesquioxide     ,      ,  .      Pb*U*  or  l*pbH>*. 
TboDuRDdeorPmide  fb^  or  PpbO". 

The  protoxide  is  a  s^rcmg  bote;  the  Mquioiidoaiid  peroadde  i]io  wite  vitli  addn 

The  red  oxide  is  deconipo.'d  ^>y  must  a<>;ds.  All  the  ooadoi  of  lead  «m  mdfy  cednoed 
U»  titb  metallic  state  by  charcoal  at  a  red  heat. 

maSbmdfdm.  Pb«OorPpbK).— Thieoxide^  wUek  waediaeovetedby  IHil^ 
whfn  oxalate  of  lead  is  c.uitioU'^ly  lu-.itKl  in  a  r.  fort  from  wh'wh  (he  air  is  oxcluded. 
According  to  Pelouze  (Aon.  ClLPhanii.  xlii.  209),  the  retort  shoakl  be  heated  in  au 
oil4eth  to  e  tenperefciiN  nol  eawiediBK  HW,  the  lieet  being  contmved  es  long  as  aiir 
gas  iH  girrn  off :  tlu  gas  fhnf  ofolved  ]■  %  ffliztoM  of  I  ToC  oarbonio  oxide  and  Z  rtL 
carbonic  anhjrdiide : 

2PpbC»0«    »    Ppb^O  +  CO  +  3C0». 

Thfl  whole  id  GufiSered  to  eod  before  the  suboxide  is  lemoved.  It  forms  a  blade 
powdcv;,  eometimea  diill»  oouMtiaMe  hmfif  a  Telrety  taaCrc.  It  eootaiiia  no  uMtaUie 

trad,  for  mercury  extracts  iiot!iiii>»  fVom  it,  « itlior  dry  or  undi-r  -svuter ;  nn'thpr  does  it 
contain  ai^  protoxide,  for  t  he  aqueous  solution  of  acetate  of  lead  doee  not  extract  Mur 
protoride  mni  it  on  boiling.  RrtwhenheatodtoMIradiMMyOwtofeoptactof  air,it 
is  resolved  into  a  pr*-viti>h-yenow  mixture  of  lead  and  protoxide  (Boussingault, 
Pelouzel  After  this  treatment^  maeemrj  »bEaois  lead  from  the  suhstaoee,  and  a 
bofflj)^  Mnntfam  of  aeeliito  of  lead  or  aoetie  aeid  leareo  die  lead  in  the  ftm  of  a  net- 
work, wliieK  when  r^rcs^i.-d  to^'.  tlier  between  the  fingers,  fomui  a  dens<  aaass  having  the 
metadiic  lustre.  The  suboxide  heated  in  the  air  takes  fire,  bums  with  a  glimmering 
light,  and  is  converted  into  protoxide.  Dilute  nUphuric,  niirit,  kydrocMortc,  or  acetic 
aeid  resolTes  it  into  protoxide,  which  combines  with  the  ac«d,  and  very  finely- 
divided  metallic  lead.  The  snme  effect  is  produced  by  a  strong  solution  of  norma/ 
nitrate  of  lead ;  a  dilute  solutiuu,  uu  the  contrary,  takes  up  th^  whole  of  the  suboxide 
and  forma  baaic  nitmta  of  lead.  The  aaboxide,  when  moi^triKxl  with  WUer,  rapidly 
ab»orl>s  OTvprn  from  the  air,  and  i?  ponv'Tto<\  into  \h>>  whifi-  li  vilrnti'd  |>!iitoxid<',  IIih 
action  being  iitti  nded  with  risks  uf  It^inperamre.  A  inixluiv  ul  Uuciy-diviUed  lead  HiKi 
litharge  doc  s  not  yield  the  samezeanh. 

The  grey  pellicle  whi(  h  forms  vpoii  lead  OKpoaed  to  the  aii;  baa  abH^  aeaoidiqg  to 
Berzelios,  Uie  compobitiuu  Ppb'O. 

VvaAaalAe.  Ijead-oxide.  Pb^O  or PpbO«— Thia omda oaean native aslead«ochre. 
a  massive  mineral,  sometimes  with  sealj  cryfitalline  gtmetTire.  Spt-eitic  gravity  8'0, 
Lustre  dulL  Opaque.  Colour  between  stUphur-  and  oipiment-yollow.  fc^treak,  lighter 
than  tte  colour.  It  doee  not  soil.  It  is  Mud  to  ooew  at  Badenveilar,  in  Baden,  and, 
accirdiii<2;  to  Ofrolt.  lias  been  ejected  from  the  volenno><  Popoeatnpetl  and  Iztaceituall, 
in  Mexico.  It  is  found  also  at  other  luealities  in  Mexico,  uid  at  Austin's  minei^  Wj  the 
ao«Dty,  Viiginia.   (Dana,  iL  IM.) 

Protoxide  of  lead  i.«  ol-fained  pur<'  l.iy  i*^nitln^  th**  basic  nitrate,  or  the  carhouat'-  or 
oxalate  of  lead,  in  a  nlatinnm  crocibie,  in  contact  with  the  air,  taking  care  that  the 
oodde  doea  notfhse,  otherwise  it  will  teke  ap  metal  ftoa^  tbe  cnulble^  aad  if  beatod  ia 


a  poredain  cruellile,  would  tak*.-  up  hillca.    The  pne  osida  am  obtalud  bM  a  1 
jellow  colour,  aad  a  .v|m  eittc  gravity  of  9-4S14. 
On  tbe  large  aeale,  piutftdde  of  laid  ia  oMidned  in  the  fMttS  of  mearieofc  md 

£tharge. — 1.  Massicot  is  prepared  by  hcatin^r  Ii;id  to  low  redness  on  a  flat  h<  arth,  and 
continually  removing  the  film  of  oxide  as  it  forms,  till  the  lead-ash  at  fixst  obtained  ia» 
for  the  most  part,  converted  intu  the  follow  oxide ;  the  latter  is  tiien  freed  from  the  stiU 
remaining  metalUe  port  ions  by  girinding  and  Icvigation. — 2.  IMharyi  i-^  <  1  .tined  in  the 
oiidatton  of  pig-Uad  ooutoiaing  gpld  aad  sihrar~-the  zesoltiag  lead-oxide»  which  is 
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gracrally  contaminated  with  silica,  ferric  oxide,  cupric  '.iwl  onproiis  oxide,  nntimonioiui 
oxide,  aud  other  oxides,  i«  fusetl  by  the  high  lerujHTaturc,  aud  solidifies  in  a  scaly, 
shining  IBMB»  sometimes  of  a  yellowish  tint  {ArgyritU,  Silbit'ffltttty,  MMtiBM  rather 
inclining  to  red  {Chrt/siti.i,  GoldqlHtte).  The  oxide  of  c<)p{x>r  may  be  completely 
removed  by  digesting  the  levig3ite<l  litharge  with  aqueous  solution  of  carbonate  of  am- 
inoniii(BiBchof,  Bchw.  J.  64,  65). — The  an timonious oxide  is  left  behind  on  diasolvine 
th>'  lith;ir<r.'  in  boiling  nitric  acid,  and  may  tlien  be  dissolved  in  hydrochloric  acia 
(Anthon,  liepert.  58,  387.) — The  difference  Ixtween  red  Jind  yellow  lithai^o  is  attri- 
Diit«d  liy  Leblano  (J.  Pharm.  [8],  Sept.  8,  1846)  to  a  mere  diversity  of  physical 
structure,  not  of  chemical  composition ;  for  eiflier  modification  may  obtained  at 
pleasure  by  properly  reguUitinff  the  temperature  and  the  rate  of  cooling;  the  red 
variety,  which  is  SDeeifically  lig^ttt  tlmii  Ilia  ydknw  and  mova  «i7atdHiia  mmIim^  b 
ft>nne<I  most  abuncliintly  when  th*'  r'uoHiirr  {g  slow.    (See  also  p.  S14.) 

Properties. — Protoxide  of  lead  appears  to  be  both  dimorphom  and  amorphow^ 
palo-yellow  itemUe  oetahadvooa  and  eabet,  and  regular  dodeoahedroaa, 
and  as  a  red  amorphous  powdi  r.  Hy  the  following  processes  it  muy  be  obtained  in  the 
ci;y8taUine  state : — 1.  Bjf  flow  cooUng  <(/%ar  ftuUnu  Lithaive,  when  quickly  cooled, 
solidifiea  in  a  maas  of  eiTstallfBe  lealea;  Imt  liie  poitioo  wliidi  vemflina  od  toe  nnifla 
■OUStimes  crystallises  in  yellow,  traiisliici  nt,  six-sided  tnbles  (Marx);  intrimetric 
ofltabadfona  with  a  distiiict  plane  of  de&vage  (Mitscberlich) ;  in  regular  dodeca- 
hedrons, tiia  8iigl«a  of  wliieh  are  mdaflmta,  in  eoBseqaenoa  of  tba  earvatwra  of  tba 
iMa(Gaultier  de  ria  ibry  and  Beudant),  While  lead  fused  by  the  blowpipe- 
Hame  on  a  copper  plate  or  other  non-reducing  support,  dystallisea  in  aoalea  on  oooling; 
but  ftx)m  the  middle  of  it  there  generally  shoots  out  a  maas,  half  a  line  Vnur  aoiiMtifliM 
in  the  form  of  a  triangular  pyniniid,  sometimes  in  that  of  a  nearly  perfect  rhombic 
dodecidiedron,  of  a  liyacinth-red  tint  while  hot,  becoming  sulphur-yellow  and  trans- 
lucent us  it  cools,  aud  u{>aijue  and  dull  when  perfectly  cold.  This  alternate  fbrion  and 
crystnllisjition  may  bo  repeated  sereral  times. — 2.  By  fusion  mih  hydrate  of  potassium. 
If  1  part  of  lead-oxide  and  from  4  to  6  of  hydrate  of  potassium  be  fused  for  a  short 
time  in  a  silver  cmcible  at  on  incipient  red  heat>  and  the  mass  after  cooling  exhiiusted 
with  vattT,  the  lead-oxide  remains  in  the  form  of  cubes  and  square  tables  (Becquerel, 
Ann.  C'h.  Phys.  [2],  li.  106).— 3.  By  trratiug  lead-oxide  with  jx>tashor  soda-ley.  From 
a  solution  of  lead-oxide  in  soda-ley,  siiturated  while  hot,  placed  in  a  stoppered  bottle, 
and  then  left  to  itself  all  through  toe  winter,  the  lead-oxide  crystallises  in  small,  whit^ 
translucent  rhombic  dodeeahe<Trons  (Houton-Lal)illardi6re,  J.  Phiirm.  iii.  3So). 
The  crystals  are  trimetric  octahedrons,  having  the  same  angles  as  thost^  obtained  by 
IMon  itseharlich).  Strong  lM>iling  potash-ley  saturated  with  lead-oxide  yields, 
on  cooling,  yellow  scales  similar  to  those  of  litharge  ;  if  the  potash-solution  is  less  fully 
saturated  with  lead-oxide,  or  if  it  has  deposited  the  excess  of  that  oxide  in  scales,  no 
Ibrthcr  dapotition  takes  place  till  after  perfect  coding,  whereupon  red  scales  are  tluuwit 
down,  perfectly  solnlile  in  acef  i<"  acid,  and  therefore  fn^  from  minium  ;  if  these  scales  ar^ 
heated,  they  turu  yellow  on  cooling.  Hence  it  appears  that  litharge  may  have  a  red 
colour  without  oontaining  minium  or  led  osada  of  copper  (Mitfloherlieh,  J.  pr.  Chem. 
xix.  451) — Boiling  soda-ley  of  40** — 41'*  B.,  satur;itr'<l  with  hydnite  of  lead,  yields 
rose-red  crystals  of  the  protoxide  on  oooling.  Thes<t  crystals  yield  an  orange-yellow 
powder,  aiaiflar  to  thai  of  IHluDga.  At  abovt  400^  they  turn  black,  hwrsaae  in  bulk; 
deen  pifnte  with  loss  of  0-1  per  cent,  of  watrr  and  when  heated  to  low  redness, 
assume  a  sulphur-yellow  colour  without  changing  their  form.  While  still  in  the  red 
elate^  ftuj  dlaiolTe^  tliOQgh  very  sparingly,  in  3tne  acid,  citiier  wuoeiitoated  or  dlHfee 
(Calvert,  Compt.  rend.  xvi.  136).  If  hydruttd  leud-o\id<-  l^oiled  with  a  quantity 
of  aoueous  alkaili  not  sufiicient  to  dissolve  it,  the  undissolved  portion  becomi>s  cod- 
TBited  into  ctyrtriMne anhydro—  opde ;  tfie  rwuHlag  eohttioa,  when  ef«|>ot»te<l ,  yi<  ldf 
more  cr}'iita]aof  the  anhydrous  oxide,  distiuj,niished  from  the  form*  r  portion  by  their 
easy  Kolubirity  in  alkalis,  even  when  dilute  (i^'rimy,  J.  fharm.  [3],  lii.  30).-^.  Bv 
prttfipi fating  a  imi-Miii  wiik  ireess  of  alhaU,  SolntiiMi  of  neratl  acetate  of  lead 
mixed  witii  ox<*i'-s  of  rimraonia  Jind  exjwsed  to  the  sun  for  a  few  dlOT,  yields  olive- 
neen,  VMy  hard  cijstals  of  anhydrous  oxide  (Tiinnermann,  Kaete.  Aioh.  six.  339). 
Behrena  (J.  Phann.  [3],  iv.  4,  18)  supersaturates  the  tagaF«Mead  aohitloii  ft 
quantity  of  ammonia  sufficient  to  re-dissolve  the  precipitate ;  filters  to  separate  any 
carbonate  of  lead  that  may  have  been  formed ;  puts  the  filtrate  into  a  stoppered 
bottle ;  and  exposes  it  to  the  ravs  of  the  sun.  Aiter  a  few  hours,  transimrent  crystals 
make  their  api>earance,  colotirfoKS  at  firsts  but  afterwarda  becoming  yellowish,  and 
flnaUr  yellowish-grey.  Their  powder  is  white,  but  assumes  a  dark  brown-red  colour 
after  long  trituration. — 4  measures  of  solution  of  lead-acetate,  saturated  at  30°,  mixed 
with  100  measures  of  boiling  vater,  and  then  with  4'»  iin  f»sures  of  aqueous  ammonia, 
deposit,  in  the  course  of  half  a  mJnnf  e.  a  hirjje  nnmhi  r  i  it"  v(  rv  delicate,  yi  !!<  wihh-white 
>hoaib(^dal  lamina)^  ha\-iug  a  silvery  lubire  aud  united  iu  lulU ;  these  himiua;  must  be 
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Sf^pawtwl  by  lerigation  from  tlu-  orvHf;>nin<*  jSrHtnTil^-^  of  Iiydratfd  oxiJo,  wliich  fall 
down  at  the  smne  time,  tbon  washed  with  boiling  water,  and  dried  in  TacQO.  When 
ignited,  they  do  not  give  off  tt^  watn — or  only  a  trace  of  it,  with  dM««{»talMii— 
neither  do  tlit  y  lose  tbeir  transparmcy.  Thoy  may  b*-  obtained  without  inlmixtnre  of 
hydrate,  by  boiling  100  measures  of  a  satuxatied  solution  of  triplombic  acetate  with  50 
mmmm  of  water,  adding  theralo  a  ulxlaev  of  60  meosnna  of  watar  at  60^,  and 
R  mm  nr;  '^  of  aquoous  ammonia,  and  heating  tbo  mixture  in  the  wa!t'i'-batb.  In  the 
course  ol  a  minute,  cxyatals  of  the  oxide  separate,  free  irom  hydrato^  the  formation  of 
tiw  latter  being  pnrvimted  by  tite  hi^h  temperature  (Pay en.  Auk.  Ctu  Pbys.  [2], 
Ixvi.  ol). — 5.  ////  i>l(tciiiij  had  in  /  ^  :?/  ui/h  air  mid  wnttr.  On  thf  liottuin  of  a 
kadea  Teasel  filled  with  waUi^  there  are  first  formed  a  number  of  white  Hakes  of 
hydxatad  liaiie  eariwMto  of  IMkI,  than  ahining  grey  crystahi  of  anhjndrons  oxide,  partly 
in  scales  like  mica,  partly  in  rhombic  dodecahedrons  with  cube-faces.  When  heated, 
they  become  opaque  and  otanga-oohaiiad,  bat  viUurat  kwqg  weigjht  or  iMtrOb  (Y  ork«^ 
PhiL  Mag.  [3J.V.  82.) 

TIk'  specific  gravity  of  protoxide  of  lead  is  9-20092  (KarsteiO,  9  277  (HerapatllX 
9-36;i  (Playfair  and  Joule) ;  after  ftision  O  oO  (Boullay).  Acconlinfr  to  Leblanc 
(Ann.  Ch.  I'hiirm.  IvL  235},  the  spccitle  gravity  uf  iitharge  'xa  gnaUir  altt-r  slow  than 
after  quick  solidification.  The  cubical  expansion  between  0°  and  100°  is  0*00795. 
At  a  heat  it  melts  to  A  olear  daik  red  liquid,  wliich  aolidifiea  to  a  raddisIi-yaQov 
erystallioe  mass. 

Protoxide  of  lead  unites  vnadflj  with  9oidt»  tenong  nentral  and  verf  aolttUa  saltan 

nnd  Iikewi>it^  <  xhibits  a  decided  chlorous  or  negative  reaction  towards  stronpr  hmtrs. 
It  di^M>h'ti9  readily  in  caustic  potash  and  »oda,  Batyta-WAter  and  lime-water  uko 
dissolve  it,  and  the  lime-compound  is  said  to  crystaliisc  in  nparingly  soluble  needles. 
By  boHini;  the  protoxido  with  milk  of  lime,  a  lif^iiid  Ls  obtained  iriiieh  BMj  be  need 
for  producing  a  black  dye  on  hair,  nails,  horn,  and  ^ wood. 

Aa  adtfe  a/ lead  end  tUver,  Ag^Pb^O*  or  Ag^Ppb'O*,  m  obtained  by  addmg  emialie 
|)Otash  to  a  s<ilution  of  n  b  ;id-8alt  mixed  with  a  silviT-snlt,  as  a  yellow  preeipitato 
ineolidila  in  exceea  of  ike  alkali,  and  thereby  cosily  separated  from  admixed  load-oxide. 
It  ie  eMily  aolvble-itt  nitne  add ;  bladkens  on  ezpoeore  toUghf;  leame,  wben  ignited, 
a  mixture  of  lead-oxide  and  metallic  silver;  and  when  quietly  heated  in  hydrogen 
gia  is  reduced  to  aa,  eaaiXy  iinibie  aUc»y  of  th&  two  metals.  (Wdhler,  Pogg.  Aah. 
zU.  944.) 

Protoxide  of  b  ad  dissolves,  according  to  Bineaii,  in  7,000  jifs.  of  pure  water,  form- 
ing a  solution  which  decomposes  most  salts  of  the  aikali-metals.  The  8ohd>ility  is 
greatly  diminished  hj  the  presence  of  oeftain  salts,  e.a.,  sulphates,  phosphates  and 
carbonates,  sad  increased  by  that  of  ammonia  and  its  salts  (p.  47). 

II  >/d  rnfr,OTHydrated  Oxide  nf  L>'(rd,  is  obtained  on  addinfr  a  snbjtioM  of  nentnd 
acetatt-  of  lead  to  excess  of  ammonia,  as  a  wliito  amorphous  precipitato  eontainiug 
8Ppb0.2H«0  (Pay en),  or  ISPpbO.HK)  (8chaffner),  or,  accordingtoolder  staU  mentHi, 
Ppb<).fI-0  or  Ppbll-O".  If  the  solutiL-n  be  liciif.  d,  the  anliydrous  protoxide  is  formed 
at  the  siime  time.  When  lead  is  immersed  in  pure  water,  hydrate  of  lead  is  formed, 
and  partly  dissoiTes  (▼.  Bonsdorff ).  The  byuate  precipitated  on  treating nitcste  m 

acetate  of  lead  with  ennstic  potash  i?*  alwayn;  mix-'d,  aee'>rding  toWinkelblei-h,  Avifha 
certain  Quantity  of  basic  salt.  According  to  other  statements,  howerer,  the  acid  which 
it  eootauw  may  be  oonmletely  mMmd  by  digestion  with  a  slight  excess  of  aUcali 

Tlie  hydrate  prepared  by  precipitation  wi'h  ammonia,  as  al'ove,  appeal-??  under  the 
microscope  to  be  composed  of  ^iamatic  crystals.  It  most  be  protected  £rom  the  air 
during  waging,  otherwise  it  wm  abaart»eailMiiie  add.  It  rstalai  itti  wstor  aft  100^, 

!;ut  ^tv«-M  it  lip  at  11  somewhat  higher  temperatnr<>,  and  Is  eonVWtod  ifito  tilO  auhydtons 
protoxide^  which  is  red  while  hot,  yellow  after  oooliag. 

Hydrate  of  lead  takes  up  ammoma,  fynoiag  the  two  emnpoands  SHB* JW.H*0 
and  S(KH*.4nM)pro.   (Calvert,  Compt.  rend.  xxii.  180.) 

medOxiao  of  Xcaa.  lifd  Lrad.  Mi/tinm.  Pb»0»  or  TphK)'  2PpbO.  PpbO^ 
or  PpbO.i'pb-O''. — Tliiii  oxide  is  formed  when  tl»o  protoxide  ib  kwpt  at  a  low  red  heat 
for  a  considerable  time  in  contaet  uri^  the  air ;  also,  after  proyioiis  formatioa  of  hy^ 
drated  protoxide  and  ba.^ic  carbonate  of  lead,  when  lead-shavings  are  strewn  upon 
imter,  the  T^eel  being  loosely  oorered,  and  then  set  aside  for  some  mouths,  the  furma- 
maCion  of  led  lead  taking  place  dusAj  on  those  surfaces  of  the  metal  whidi  are 
exposed  to  the  air.  In  like  manner,  drawings  made  with  lead  tun  zed  in  the  eonms 
of  veara.   (t.  Bonsdo  rff.) 

Thered  Qddde  also  oeenn  nati^  in  certain  locailities,  mixed  with  other  ores  of  lead, 
and  probably  resulting  from  their  oxidation,  vl/.,  at  TJIeialf  and  K.dl  in  flie  T!if.l,  ut 
Badenwetlw  in  Baden;  at  Brillon  in  Wci-tphidia;  on  Urassington  Moor,  and  in  Weir> 
dale,  Yortohiw;  in  the  Ide  of  Anglesey,  and  at  Ansdn'a  SDnc,  Wythe  Gonnty, 
'^^ttginis,  irtisia.it  aceompanies  cermite. 
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Ked  lead  is  exUBsively  naed  m  a  pigmeiit,  aad  in  the  manuiiacturB  of  flint-glass. 
It  is  prepared  on  tbe  htg^  aeale  in  tbw  eoontiy,  chiefly  in  Dmbywtin,  by  oxidMing 
li-ail  in  a  reverberatory  funiaoo  huTiiig  t'wx)  ^n-harth,  covomT  hj  an  i'llij>liL';ilIy 
arched  roof;  thev  are  sittiated  at  the  extreme  end  of  the  faroiice,  aod  are  tsi-parated 
iNMn  tibft  middle  nearth,  or  fea«Msw  fk,  by  low  wdls  or  flre-bridees.  The  fuel  used  i» 
cok.".  About  l./iOOlbfi.  of  lfa<l(one-ftMifh  consistioi;  of  li:ird  If-ad)  are  placed  tipon  the 
lead-hearth,  and  worked  alxjut,  as  soon  as  it  is  melted,  with  an  iron  cruteb,  the  oxide 
(BMUMrfeot)  as  it  fonm  being  padwd  to  Hm  ads  of  Ills  hsHiUi.  Hm  ten{»ntai« 
must  not  be  raised  abov<^  low  rt-JneBs,  so  that  the  oxidt>  may  not  nu-lt.  Aftor  24 
hours,  the  massicot  is  taken  out,  reduced,  to  very  hue  powder  by  grinding  and  ieviga- 
tioQ.  again  plaoed  vpoii  tiw  leMl4i«0th«  and  exposed  to  tiM  sum  tmpualKO  m 
before  for  48  hour**,  or  till  a  sample  tjiken  out  apjK'ars  dark  rt'd  wht-n  hot,  and  briglit 
zed  on  cooling.  The  farn«G«  must  then  be  dosed,  and  left  to  cool  slowly,  a  condition 
msinly  esssntial  to  the  sMeeas  of  th«  opw^iaB.  In  0«miasy  the  eonfwdon  ef  tho 
massicot  into  red  b  ad  is  <  fft  ftcd  in  a  peculiar  furnace,  in  which  the  massicot  plaood, 
not  on  a  hearth,  but  in  barrel-shaped  reseda  open,  at  Ix^  ends.  Sometiues  the 
operation  is  repeated  in  aseder  to  improre  the  etAwr.  Caibonata  of  lead  may  also  he 
used,  instead  of  massicot^  for  conrersion  into  red  lead.  Bed  lead  thus  prepared,  which, 
howevor,  xetaina  a  iiUle  earbooic  a«id»  ia  knovn  aa  a  pigmant  Iqr  the  name  of  Paria 
rod. 

To  froo  commercial  red  lesid  fnjni  the  yellow  oxide  mixed  yrbk  it,  Dnmas  digests  it 
rrpratrdly  with  eolation  of  b'iid-ftCflatf ;  Brmdius  and  Dalton  reeornmcnd  treatment 
with  cold,  very  dilute  ucelic  acid;  I'hiUips  rt«ommtiiidb  144  pis.  at  most,  of  strong 
aostie  acid  diluted  with  a  Uoge  quantity  of  water  to  100  of  minium,  ina.Htiiuoh  as  if 
more  acid  bo  n'-ed,  \hc,  brown  p«roxide  i«'  likt-wi.so  formed.  Accoi-diiig  to  Dumas, 
however,  peroxidi-  of  b-ad  is  ahvaya  formed  in  th«'  pm'iticatiou  of  miuiuiu,  btforu  tiie 
Khole  of  the  fr<  o  |'i>)i<  \ide  is  extracted,  eren  when  the  dflataat  aeetioacidia  employed. 

Commm'ial  n-d  b  ad  likewise  contains  all  tlio  fon>ign  mrtallic  oxides — fQidi  as  tho 
oxides  of  oopju  r.  irou,  and  silver — with  which  the  muiiijicut  or  litharge  ui»vd  in  ['re- 
paring  it  is  contamitmted.  Red  lead&liknriae  oAn  adulterated  with  oxide  of  iron, 
red  bole  or  briok-dnsf  ;  these  su1:i!«tancc3  rpmnin  nnd;ssulve<l  when  the  red  lend  'm 
digested  in  wm-m  dilute  nitric  acid;  butiiog  h^druchloric  acid  extracts  iK-^qui- 
onde  «f  iron  from  tho  residue.  When  red  lead  thus  adnltnated  is  ignited,  thero 
remains  a  miztnxo  of  yellow  lead-oxids  aad  the  led  mbstaDoeo  that  have  been  added 
to  it. 

Ob  the  amaU  aeftle,  nd  lead  may  be  obtained  of  very  fine  eolovr  by  the  following 

proecsses: — 1.  "When  4  pts.  of  lead-oxide,  prepared  by  itniiting  white  lead,  are  heatefl 
in  a  silver  or  platinum  crucible  with  1  pL  o£  chlorate  of  potassium  and  H  uts.  of  nitro 
(the  lattar  acting  as  a  flax  and  thfivet^  ■vring  the  efalorate),  biowB  perorioe  of  lead  ia 
first  obtained  ;  but  this,  when  fiirth<  r  heat«  d  to  ilull  redness,  is  eonv.  rted,  with  inta- 
meeconoe  and  thipkaning  of  the  mass,  into  red  lead.  A»  soon  as  the  red  lead  begins 
to  decompose  at  Ae  ed§e  of  the  eniatUe,  the  mass  is  sollked  to  eod,  and  the  xed  ipad 
well  boiled  with  water  containing  potash.—  2.  T5y  builiiifz  peroxide  of  lead  with  aciueuiis 
plumbate  of  potassium,  or  1  {MU  of  the  peroxide  with  6  uts.  of  lead>oitx»te  and  a 
qmmtity  of  aqueous  potash  or  loda  anfltoient  to  vediflsolve  fail  hydrate  of  kad  flxat  pre* 
cipitated,  till  a  brown-red  mixture  of  miiiiuni  with  a  small  quantity  of  the  peroxide  is 
prodooedt  and  digestinit  this  mixture,  after  washing,  with  oxalie  aeid,  vbieh  deoom- 
poaes  the  peroxide  witoout  acting  on  Ihe  ndniom.  Tlie  minium  obtained  by  dua 

EroccBs  is  rather  dark-coloured,  but  becomes  brighter  when  nibbed  up  with  water ;  it 
as  the  same  composition  as  that  whieh  ia  obtained  by  tho  (MKiiaaqr  inothod*  (Levo^ 
Ann.  Ch.  Phys.  [3]  Ixxr.  108.) 

PrmrrUes.  Red  oxide  of  lead  is  a  scarlet,  crystaUine'tfaanlar  po«dti»;  vfaan 
heateo,  it  first  assumes  a  finer  red  colour,  nnd  then  tnriis  viob't.  Sp.  elfic  gfravity  8*62 
(KarstenX8-94  (JkIu»cheubroekX9'082(H  erapalh) ;  of  native  miuium  4  0  [?],  8*6. 
ODaaa,  iL  126.) 

Red  lead  was  formerly  supposed,  according  to  analyses  by  Richter,  "Wiepleb, 
ThomsoQ,  and  Berzelius,  to  b«  a  sosquioxide,  Ppb*0*;  but  it  is  probable  that  Lko 
moducts  examined  by  these  chemists  contained  protoxide  or  carbonate  of  lead ;  ftr 
Dumas  ha^  shown  that  the  p-  rfeetly  |)ure  red  f;xid<-  sp.-oially  prepared  for  analysis,  or 
the  commereiid  product  fret. d  Iruai  prutuxide  by  digestion  with  iioiutiou  of  acetate  of 
Umu],  contains  9063  per  cent,  lead  and  9  37  OO^^BIl,  noaibcrs  agi-eeiAg  exactly  with  the 
formula  rpb'O*.  It  may  be  regarded  either  as  n  compoTind  of  the  protoxide  and  per- 
oxide of  kad,  2PpbO.PpbO',  or  perhaps  of  thr  [irotoxide  and  sesquioxide,  I'pbO.Ppb^*, 
analogous  to  mugnetic  oxide  of  iron.  .Taecj  uelain  (J.  pr.  Ghent,  liii.  i51)found  that 
u  mixture  uf  1  at.  PpbO  and  1  at.  Vi)l''  >%  h.'atcd  to  450''.  nKSUTned  a  fine  red  colour, 
ga\e  ort'  no  oxygen,  and  was  niterwards  periectly  soluble  in  potash-ley  and  glacial 
aeetie  add.  It  is  poadUe,  howifrec^  that  tlieEO  maj  ha  more  wan  ono  zed  oaoda  of 
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IwJ  intormeilirito  in  composition  betwprn  tho  proto-  and  peroxides ;  for  a  crystallised 
Tod  lead  from  a  muiium-funuice,  analysed  by  Houtoa-Labillardiite^  p.ihibited  the 

Ihv<Nnp>i&iti(>ns.  —  \.  }'y  r  iilir-  strong  ij^nition,  rod  lead  is  resolved  into  the  ppo« 
toxide  and  24  per  cent,  \d  oxygen  gas  (Dumaa).— 2.  By  many  oxidabk)  bodies  at 
-variotm  temperanoM,  ft  is  fedoeed  to  the  protoxide.  Aqueous  sulphmmu  and  itjinMe 
acdds,  at  owiinary  temptTattin-a,  convt-rt  it  rfspcctivcly  into  snlplinte  and  nitnite  of 
lead ;  stdpAuraus  acid  acts  very  slowly  in  the  ooLd,  bttti  n^udly  on  the  application  of 
h<^t.  Dichloride  of  Hn  oonverbi  it,  witih  m  iiM  of  taotperatnre  of  13^,  into  chloride  of 
lead  and  Btannic  oxide  (A.  Vogel,  Eastn.  Arch,  xxiii.  84).  It  is  likewise  reduced 
by  boiling  with  fi  solution  of  sugar,  and  oxidises  many  organic  acids.  When  2  pf.s.  of 
red  lead  and  I  pt,  crystallised  tartaric  acid  are  rubbed  up  to  a  thin  paste  witli  a  buiall 
quantity  of  water,  the  mixture  baooOMS  hot  and  whitish,  and  t  ho  odour  of  formic  add 
is  ^iven  off  (Bottgcr). — 3.  "By  n  small  quunlity  of  hydroekhrie  oddf  ltd  hmd  ia  OMIr 
verted  into  chloride  of  lead,  peroxide  of  leml,  aud,  water : 

Pj)VO«  +  4Ha   -   2PpbOP  +  PpbO»  +  2BP0. 

13y  a  larger  quantity  of  hydrochloric  acid,  into  ddoridti  of  lead,  clxluriuc  gas,  and  water : 

TphHy*  +  8HC1    =    3PpbCl«  +  Cl«  +  4H»0. 
-~4>  By  chhrine'wuier,  into  chioridu  aud  piiruxidc  uf  lead  : 

Ppb«o«  +  ci«  -  ppba«  +  2Ppbo«. 

Similarly  with  broiHim-waU)-  (Luwig).  Minium  is  not  decomposed  by  mcrcurous 
mtrate  or  oxalic  aoid.  (Levol.) 

Hoated  with  atroiuj  a*<f/i/ii-rk'  ncid.  it  yields  sulpliate  of  lead  and  free  oxy pon.  "Ry 
nitric  acid,  dilute  sulphunc  aad,  and  likewise  by  weaker  acids,  such  as  ordinary  acetic 
iuidt  it  IB  resolved  intu  protoxide  and  peMoide,  the  former  dissolving  in  the  fcnn  of  aa 
ordinary  lead-suit,  whilr  the  latter  remains  undinsulved.  In  glacial  acetic  acid,  however, 
it  djaeolves  completely ;  and  when  oonsiderable  quantities  of  it,  but  not  quite  sufficient 
Ibr  — tngatfawi,  arediseolvd  in  that  acid  at  4<y°,  the  VqnA  on  eoolii^  deposita  prisoMtio 
crvstrds  of  aectate  of  jx'mxlde  uf  lead,  while  an  acetate  of  the  sesquioxidr  remains  in 
solution  (Jacquelain,  J.  pr.  Uhem.  liiL  161).  Accordiuff  to  Schdnbein  {ibid. 
faaadv.  815),  coneentniad  aeetie  aeid  shaken  vcp  tor  lAatA  15  ninntet  vith  iBvigftted 
minium,  takes  up  aliout  0  per  cent,  of  if,  forming  ii  solution  which  is  quickly  decom- 
posed bgr  heat  or  by  dilution,  but  appears  to  be  stable  at  — 18°,  jSnlphuric  arid  added 
to  this  sohitioD  tiuowB  dofwn  aD  the  ]»otaaade  of  lead  emtaiaed  in  it,  leaving  a  pure 
solution  of  acetate  of  peroxide,  wliich  deposits  the  peroxide  slowly  at  ordinaiy  tem- 
peratures, quickly  when  warmed.  Potash  added  to  the  sulutiuu  of  minium  in  acetic 
acid,  throws  down,  not  minium,  but  a  mixture  of  the  proto-  and  peroxides,  which 
UnM  tincture  of  guaiacum  and  iodised  starch-paste,  naetiooB  not  produced  by  para 
minium.  The  solution  of  minium,  and  that  of  the  pure  peroxide  in  acetic  acid,  irame- 
diately  decolorise  solution  of  indigo ;  when  shaken  up  with  finely  dividod  ziuc,  iruu, 
laad,  oopper,  ov  emil  silver,  the^  fyau  acetates  of  these  metahi  and  lose  thdr  oxidising 
properties.  The  same  solntinns  convert  incline  into  iodic  acid,  sulphurous  acid  into 
sulphuric  acid,  sulphide  of  kud  into  tiulpkite,  aud  act  btxuugly  at  commou  Uj>m- 
peratures  on  oil  of  turpentine.  (SchSnbein.) 

^Minium  likewise  dii^solven  in  c<j1d  concentrated  aqueous  pkotpkOfhmiidWMMieiuidBt 
£unuing  ^Its  of  the  peroxide.   (J  acquelain,  sc«'  p.  oa5.) 

•eaqnlocM*  •€  Smi4u  Pb*0*  op  P^tj^O*.—  1 1  v  t  ><  dikcfta  of  sodium  throws  down 

from  lead-saltH,  a  rcddisli-yellow  niixtiire  of  sesquioxide  and  chloride  of  lead,  which,  if 
warmed  or  left  to  stand  for  some  time,  turns  brown  from  formation  of  peroxide.  To 
obtain  the  sesqutoxide  free  from  chbmde,  nitnrfeof  lead  is  super'^aturatcd  with  potash 
in  sufficient  quantity  to  redissolve  the  precipitate,  and  then  treated  with  hypoehlorito 
of  sodium.  The  yellow  precipitate,  when  washed  and  dried,  yields  a  soft,  non-crys- 
taUine,  redtUsh-yellow  powder,  which  may  be  dried  over  oil  of  vitriol.  At  a  red  heat, 
the  seequioxide  is  resolved  into  6-47  jmt  osnt.  of  oxygen  gas,  and  96*68  per  cent,  of 
protoxide.  By  nxalic  acid  and  by  formic  acid  it  i?  reduced  to  protoxide,  viith  evolution 
of  lieat.  WiUi  nitric,  sulphuric,  hydrotluosilicie  and  acetic  acids,  ^r<-i)eraily  without  the 
ajiplication  of  heat,  it  is  converted  into  psmdde  and  a  salt  of  tha  protoxide.  It 
dissolves  in  cold  hydrochloric  acid,  forming  a  yellow  liquid  from  which  it  i«:  apiin  pre- 
t  cipitated  by  alkolia :  the  liquid,  however,  resolves  itself  in  a  few  minutes  into  chlorido 

of  h  ad  and  free  dhkmne.   (Winkelblech,  Ann.  Ch.  Pharro.  li.  175.) 

The  fcir?qnioxide  may  also  be  obtained  by  precipitating  a  solution  of  the  red  oxido  in 
acetic  acid  {vid.  su^.)  with  cawstic  alkalis  or  alkaline  carbonates.  If  the  fixed  alkalis 
am  naad,  Hm  asaninoiide  always  retains  a  portion  of  the  procipitanti  which  cannot  be 
MMMved  bj  wwitatng;  but  bj  pouring  the  acetic  sohitioa  into  yay  dilute  attUDtiiai 
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■qwilltilifltti'  i  procipiutu  quickly  from  the  liquid,  washing  it  w  ith  hot  water  containing 
a  very  miaU  quantity  of  acetic  add,  and  drving  at  100^,  the  sesquioxide  is  obtained 
puif,  hiiWng  the  colour  of  ferric  oxide,  and  oiffering  in  external  appearance  from  thai 
obtained  by  WinkelUedi,  but  agrroing  with  it  in  eompoaition  and  rcactioiM,  Vhoii 
be  it.  d  ((.  ir.'t^,  it  Ix'comes  darker,  like  ignited  ferric  oxide,  but  doef<  n<it  <lr»f«mpo!5<». 

The  acetic  solutiun  of  tUe  aesquioxide  may  be  mixed  without  de<.>utaLiuciition,  with 
flMm  4to  tttidMito  volttUMof  alooliolof  94P!I^  (JacqaeUin, 

]Mazl4e  or  Feroxlde  of  Kead.  Brown  or  puce  L  <ul.  Ph»0«  or  rpltO'.— This 
oxide  ia  obtained:  1.  •  xposing  the  psotoxide  soapended  in  water  to  a  stream  of 
dikciae  gas.  WfiiU  f  { i .  eipitntee  ai  Mintioo  of  4  pbL  ot  Metste  <tt  ImA  -milk  m  soln- 
Hon  of  3  pts.  or  ratlu-r  nuno  of  ory.-tHlli.M-il  oarbonaff  of  stHlinm,  ainl  jmssi  s  i-lilorlna 
goa  through  the  rssuUlng  thin  pulpj  mass,  till  the  whole  of  the  carbooate  of  lead  is 
couTerted  into  Ijiowb  peroxide^  tniftnntiwg  to  2^  pta.,  whioh  may  tlwn  be  vadied. 
No  chloride  of  lead  is  formed  in  this  reaction,  the  whole  of  the  chlorine  combining 
with  the  sodium,  while  acetic  and  earbonic  acid  axe  set  free. — 2.  By  fusing  protoxide 
of  lead  with  chlorate  of  potassium  at  a  temperature  diort  of  redness. — 3.  lly  dig^t^ 
ing  the  red  oxide  in  dilute  nitric  acid,  vlneh  dissolves  the  protoxide,  deointing  off 
the  nitrate  of  ]*  ri<l,  aiul  washing  the  remaining  powder  with  hoilinp:  '\r:ttpr,  1.  By 
fusing  the  prvloxidc  fur  a  considenible  time  with  hydrate  ut'  putassiuiu,  it  tluu  crystal- 
lises in  black  six-sided  tables  (Becqaerel).«->5.  According  to  Schonbein  (J.  pr. 
Chem.  Ixxv.  SS\  it  is  (jlitaiiud,  Ikil  ilwnys  mixed  %vitli  protoxide,  when  basic  acetate 
of  lead  is  shak«^>u  up  with  aqucuub  puroxide  of  hydni|i;i'ii  or  < /.uiiised  oil  of  turpentine; 
U,  bowever,  the  oil  of  tmpcntine  iH  in  excess,  tin  pi  roxide  is  reduced  to  protoxide 
with  separation  of  oxygen. — 6.  When  a  solution  of  a  load-salt  (nitratr  or  nr*rt:iff>')  is 
electrolysed,  motallic  lead  is  deposited  on  the  nt^tive,  and  pert»xid<^  uf  luad  uu  the 
poutit«  efeebode. 

Aeoordiiiir  t  >  Becquerel  (Ann.  Ob.  PbsjfB.  [S]  iriii.  406)^  abjdnledperaBde  of  knd 

B^y  bo  obtained  electrolytically. 
The  peroxide  is  eleoaaidto  oeenr  nativ**,  as  plattnerito,  at  LeadbOle  in  ScotlBiid, 

in  hi>x:i'::  >n;\l  {iri'-tns  with  n']'L'.<-"d  l>a^Io  ••■1ij:"-s,  psnidomorphoufs  nft.  r  pyromorphtte. 
Cleavage  indiatijact.   Lostfe  metallic  adamantine.   Colour  inm-black.   Streek  brown, 
f.  Opeqoe. 

/  The  artificially  prf|t:ir<  d  jy  roxidi'  is  n  hro-wn  powdi  r.  w!iic!i  when  hciifod  givos  off 

oxygen,  and  is  eonferted  into  red  imd  or  the  protoxide.  Aoiording  to  tSuckow,  it  ia 
also  reduced  totbe  ved  osdde  by  expoMM  to  bri^t  miiiebin<r.  Wbm  tonebed  witb 
tlo'  moist  handi^  it  givi-s  off  an  odour  of  clilorine  or  peivxido  of  hydrogen.  With 
hijdrochloric  acid,  it  yields  chloride  of  leiMi  and  &ee  cbloiinej  nitr&m  add  oooverts  it 
iiiiu  nitrate  of  lead.  In  an  atmosphere  of  pare  en^lifMNur  mkudHde  it  becomes  wd' 
hot,  and  is  converted  into  sulphate  of  lead,  aud  therefore  sex-vcs  to  separate  sulphurous 
.  ,  -  anhydride  from  other  gases.  With  ammmda  it  forms  water  and  nitrate  of  lead ;  and 
when  triturated  with  onenrixtb  of  its  weight  of  tulphur,  it  takes  fire,  and  bums  with  a 
bright  flame,  forming  eolphldeof  kid  (Va  11411  f  )  i  n) ;  the  additjon  of  j  h-  sphorus  or 
vf  -I101!-  sulpbnrie  ncid  enusos  a  strong  detonation  (Grin del).  Organic  tubatance* 
are  rapKlly  oxidised  by  it  ;  when  triturated  with  crystaUised  tartaric  acid,  it  becomes 
i«d*botk  end  eliminates  (arin>iiic  anhydride  and  formic  acid  (Walker).  With  |th 
fj r ap^.  suffOr,  x\yic\  if^nition  liki'\vi<>'  t.ikry  plaeo  ;  also  with  mawttf.  or  with  ith  of  ('i7n<i 
$ugar.    Racemic  actd,  aud  ctipcd ally  «c'/i/,  also  take  llr<-  in  contact  with  it;  a 

IftH  Tioleut  action  tikes  place  with  ?nucic  and  oxnlic  acids,  o.u-lx^ntc  anhydride  being 
form.'d  in  tlio  latter  case  (Bottger).  The  p<'r«jxid«>  llkcwi'-o  oxidises  uivaiiir-  rorrt' 
pounds  in  piv^cnce  of  water;  thus  it  converts  uric  acid  iitlo  ttliautoin  and  un-a, 
fiuming  at  the  same  time  osalito  of  lead  Mid  earbonic  eahjdride  (Liebig  and 
Wdhler).  Boiled  with  prapc-tuffur  and  water,  it  oskUiee  th«  «agtr,  JMkmeing 
lonnic  acid  and  carbonate  of  lead.  (Stiireuburg.) 

AeeoidUigtoMttnoknf  Beeeaaehgld,  itieflwifatoBgeetef  all  negatiine  deetro- 
noton;  (ii.  4211 

Peroxide  of  lead  does  not  tmite  readily  with  acids;  compounds  of  this  oxide  with 
neetic,  phosphoric,  areenin  neid,  Ae.,  may  boveifer,  be  peodneed  by  treating  red  lend 
Wi'li  (ho  rtsptftivo  acids.    (?^«c  |>.  553.) 

The  prismatic  crysUbi  of  acetate  of  peroxide  of  lend,  or  pcroxjplambio 
acetate,  which  sepaiwte  ftom  n  flolntioa  of  red  lead  in  f^ndal  aeetio  add  nu^  be  dried 
to  a  certain  extent  bt-tween  bibulous  paper,  but  if  the  paper  be  runewed  to  comph  tt* 
the  drying^  the  ci;^stabtnm  yellow*  and  are  resolved  into  aoetie  odd  and  the  facownper« 
oxide ;  if  still  moist  wKh  acetic  add,  they  may  be  kept  nndnxmiBoeedin  doeed  venelt. 
They  melt  at  ItO"*,  and  at  a  somewhat  hi^^her  temperature,  decompose  quickly  and 
completely,  leaving  metallic  lead,  and  emitting  an  odour  of  acetone  and  acetic  acid. 
When  moikened  witih  water,  tliey  are  retf^Tod  into  aeetic  aeid  aud  peroxide  of  lead ; 
tba  bitUar  nmgr  be  obtained  pore  bgr  waehiqg  them  witb  hot  w«ber.  TUa  fMuthm 
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falfordfl  an  easy  meaxu  ot  dwtinguwhing  between  tbe  solution  of  the  crystals  of  pcroayr- 
plamUe  aioeCstie  hi  wst/St  add,  and  that  of  'the  sesquioxide  in  the  same  aefd,  as  w» 
liittt  r  yifltl'i,  Ut  siilt's  {wo  jxToxklc  and  acL-tic  aoi  l,  a  pertain  qunntity  of  neutral  acetate 
I  of  lead,  which  may  h*s  dutrcted  in  ti\f  ift  ater.  (J  acu  uelain,  J*  P?*  Chem.  liii.  151.) 
^  Aamntlon  of  perosvplumbie  phosphate  ie  obtained hjcnnolviug  miniiim  in 
moderat.  ly  coix'fiitnit.tl  aqm-oiis  phcojthoric  aciM,  ami  [uvcipitating  the  dissolved  pro- 
.  toxido  with  dilute  sulphuric  acid.  Tho  solution  may  bo  facilitated  by  mixing  the 
phosphoric  add  with  sulphuric,  nitric,  or  aeetic  acid.  Perm^himbio  phosphate  is 
mono  stable  than  the  acetate,  but  on  boiling  tlie  solutiou,  oxygen  is  rapidly  evohted, 
and  protoxide  of  lead  remains  dissolved,  without  separation  of  peroxide.  The  "nme 
decomposition  takes  nlace  slowly  common  temperatures.  Phosphoric  acid  a<ld<  d  to 
•  aointem  of  peraiypuimbic  ■aatnto  innwunwi  its  stability,  and  pferenhi  the  separHtioa 
of  peroxide. — A  com>spondjn(x  nrHcnato  niny  bo  obtaine<!  in  like  rnHnnr-r,  Tut  it  is 
more  prone  to  deeompusition  tlaxu  lliu  pljo.'jphate. — A  conceutrat«?d  eolulioij  of  tartaric 
ucid  shaken  up  with  minium  takes  up  peroxide,  and  a  clear  aid^ntion  may  be  deeiated 
from  tlie  rcsiduf,  but  tin  di.s.s<d\od  i>orfixidc  is  quickly  i1<>compo«ipd,  its  oxycron  oxidis- 
ing a  portion  of  the  tartaric  acid,  aud  a  predpitai©  uf  ordinary  tartf:ito  of  lead  being 
formed. 

With  bases,  pcroxid*-  of  lead  uni^  <?  morr  roadily  than  with  a -ids,  behftfillig  towacda 
alkalis  like  a  weak  acid,  aud  way  therclbre  bo  called  plumbic  acid. 

Ptumbatt  of  p0ttta$iim,  K*O.Pb<0>.SH»0  or  E*PpbO*.SH«0.  is  obtained  in  small 
crystals  hy  fiuHing  tho  poroxldt^  with  excess  of  hydrate  of  potriKsitim,  and  dissolving 
thie  product  in  a  small  quantiu  of  water.  The  solution,  evaporated  iu  a  vacuum, 
jUum  riuNnbohednl  eijatab  (Fr^m  j,  J.  Pham.  [8]  iii  83).  It  may  aleo  be  pra- 

parrd  by  Ix-iliui);  the  peroxide  in  a  silviT  dlsli  with  very  strnn^r  pot,i>-h-Icv.  till  a  saiiijde 
;  dissolved  in  water  yields  a  copious  precipitate  of  tho  peroxide  on  addition  oi  nithc 
;  add.  A  littie  watev  ie  then  pinned  upon  the  hot  main,  and  the  nenlting  aohitioa  ie 
;   decanted  and  left  to  cool;  it  then  deposits  plumbate  of  pofassiuirt  in  octaliedrons 

(Begnanlti   The  erj^tals  are  deoompoeed  by  a  small  quantity  of  water,  yielding 

peRudde  of  lead,  and  a  solntioo  of  that  oadde  in  the  Mtoeit  (rfaUali,  KUch,  howem; 

IS  decomposed  by  a  larger  qnanti^  of  vateiv  the  lAok  of  the  p«mide  bring  precq»> 

tated  as  a  brown  powder. 

The  solution  of  plumbate  of  potassium  forms  with  metallic  salts  precipitates  of 

ajialoLTous  composition. 

I'huiihate  nf  cak-fK^n  ig  obtained  by  digesting  nitmtp  of  hud  at  57°  for  five  hoUH^ 

with  cxo»  .••s  of  liuiy  and  cliloride  of  lime.    A  colourless  insoluble  tKjmpouud  is  then 

,  JSnnud.  from  which  acids  withdwr  tlieluie^  learingpore  pevoadde  of  lead.  (Crnnir 

Ann,  (".  yf'::— .  Iv.  -MS.  ^ 


OXTBROMXOS  0».  Pb*Br*0  or  Ppb«Br»0  =  PpbBr».PpbO.— This 
compound  is  formed  by  igniting  bromide  of  lead  in  contact  with  the  air  till  it  ceases  to 
emit  white  fumes  (Balard) ;  by  heating  bromocarbonate  of  lead  (p.  540),  till  all  the 

enrbonic  nnliydride  i«<  expelled  (Lowlf:) :  or  by  immersing  bromid.  of  It  ad  frir  some 
Uuyji  lu  u  iiulution  oi"  llio  acetate,  and  iigilating  from  tinle  to  tiuiw.  it  is  a  yellow 
powder,  which  when  heated  to  fusion,  gives  off  dense  white  fumos»  and  sohdifies  on 
cooling  to  a  yellowish-white,  transluernt,  p.  arly  mnsv.    Win  n  di'CODpoaed  at  a  high. 

tempflfHtnrp  by  chlorine,  it  yields  94  0  jx  r  <-»'nt.  chlorido  of  lead. 

XtEAP,  OXTCBZiORZX>£S  Or,  C'hloride  uf  lead  unites  in  tl\  e  diiKTeut  pro- 
portions with  the  protoxide,  forming  the  following  compoun<ls : 

a.  ri>1.'CI«0^3Pj.lirr-.lV'l'f>.  r-mr  parts  of  clUorido  of  1.  ad  i;_riiit(-d  with  nryc  p«rt 
of  lithai-Ki'  yi.  ld  a.  fmvd  laminar  poarl-grcy  mixture,  which  when  triturated  with  water 
swells  tip  to  a  bulky  ma^>^,  luiving  the  abtyv* ooinpQsitioQ.  (Vnii^Mlin.) 

b.  Ppih-'Cl'O  =  PpbO'.J'p'''-'-  'lllis  componnd  orcnrs  nutivr  as-  Tnatlockif  in 
the  old  mine  o£  Cromfbrd,  ami  ikiatlock  in  JJerbyshire.  It  foriui;  dituetric  tiibular 
cr^stahi  exhibiting  the  combination,  oP  .  eBP«e  .  F  .  3P«o .  Angle  P  :  P  in  the  ter- 
miiial  edges  104°  6';  in  the  basal  <  dfr''s  =»  120°  52'.  ClenvajLit'  Ija'-al,  nnt  porfoct. 
Hardness  a  2  5  to  3.  Specific  gravity  =  7  21 — 5*3047.  Lustre  adamantine, 
ooeadonally  pearly.  Gokv  dear  yclkwiflh,  aometimee*  little  g^  IVaw^arent 
to  tramdnoent    (Gveg^  PhiL  Hag;  [4]  it  ISO ;  Kammelaberg^  PpBS* 

1410 

The  game  compound  ia  ^nmed  by  igniting  chloride  of  lead  in  contact  with  the  air, 

^  till  it  no  longer  fumes,  <jr  Ly  fusing  cidoride  and  carbonato  of  lead  toijpthrr.  Carbonic 
«  anhydride  is  th«n  set  frecj  and  a  oomponad  is  Ibrmod  which  is  deep  yellow  while 
V  Ibeed,  but  on  coding  aaramee  a  kmonoyeOow  colour,  and  beeomee  naereove  and  erya- 
talline  (DobereinerV    It  is  also  obtained  as  a  iiydr;it.  .  2PplrCr-0.TI"O,  wh,  a 
recently  precipitated  chloride  of  lead  is  digested  in  a  (;old  solution  of  neutral  acetate 
of  lena;  also  when  a  solution  ctf  common  amis  dropped  into tiieiwi^  Tho 
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precipitate  when  heated  gives  off  ilB  wirtcT  and  maUs  to  a  deep  yeUov  turn,  heooming 
nearly  white  on  cooling. 

Fattinson  prepare*  this  oxychloride  on  the  large  scale,  for  use  as  a  pi^ent,  by  the 
following  process: — Finely  pulverised  pal^na  is  boated  with  strong  hyArtvhloric  acid, 
whereby  chloride  of  lead  is  formed,  and  eulphydric  acid  evolved ;  tliis  gas  is  collected 
in  lurge  gHsomoters,  and  used  for  the  preparation  of  sulphuric  add  by  combustion  in 
the  onlinary  Icul-fliam^erfl.  The  liquid  is  allowed  to  cool  complotely  in  contact  with 
the  uiuii.Hiolved  rt- .-^iduc ;  this  residue,  which  consi.st.s  chiefly  of  chloride  of  Iwid,  is  washed 
-with  cold  water  to  remove  tfie  aadtgrsduble  chlorides  of  eopper  an^  iron,  aud  then 
gradually  itilnjtluoed  into  n  vessel  containing  boiling  water,  which  dissolves  the 
chloride  of  lead,  h  aviug  a  smaller  n^sidue  consisting  of  gangue,  chloride  of  silver,  and 
undecomposed  galena.  By  melting  thLi  last  residue  with  lime,  a  quantity  of  silver 
containing  a  litfl'-  h  ad  is  obtained,  oven  from  ores  in  which  the  proportion  of  silver  ia 
too  small  for  profitable  extraction,  either  by  the  ordinary  process  of  calcination,  or  by 
Pattinson's  condensation  process.  The  hot  dear  solution  of  ehloride  of  lead  obtained 
as  above  is  mixed  with  verj'  thin  milk  of  lime,  suflRciont  to  nontraliso  only  half  th<>hy- 
dzochlorio  acid  present.  A  precipitate  of  oxychloride,  PpbH^'lK),  ia  then  formed,  which 
may  be  vsed  adTantftgeomly  aa  a  pigment  in  place  of  white  lead,  as  it  oows  vail  vim 
mixed  with  oil,  and  duos  not  turn  yellow  in  the  dark,  or  blacken  from  wrpfflBiTft  tft  aif 
oontaining  sulphuretted  hydroKen,  more  ^oicUj  than  white  lead. 

e.  Ppb'ClK)  —  PpbCi'.PpbO.'--^Thii  eompouud  fama  ibe lare  mineral  maBdinite 
(also  call*Hl  bercelite  and  crrasifr)  found  on  the  M*  iidip  Hills  in  Somersetshire,  whore 
it  occurs  in  yellowish-white,  trimetrio  prisms  exiiibiting  the  faces,  oP,  odP,  ooPoo. 
o»1^«o ,  and  having  the  angle  obP  :  qbP  m  lOS^  M*.  Ofoarage  fwy  distinct,  parallel 
to  ooP;  loss  dNrinot  diagonally.  Hardness  =  2'5 — 3.  Sp<'cific  gravity  =a  7  to  7*1. 
The  crystals  are  translucent,  and  have  an  adamantine  lustre  on  the  deavage-faces.  It 
oeenis  in  a  atate  of  greater  purity  at  Briko,  near  8tad1t>eigen  in  Westphalia ;  tha 
eijatale  there  found  are  white,  translucent,  and  have  a  niothor-of-poarl  lustre  on 
the  deaTage-faoes.  It  is  also  found  in  opaque  prismatic  ciystala  at  Tainowita  in 
Silesia. 

d.  Ppb<CPO»  =  PpbCl*.3PpbO.— This  componnd  is  obtained  in  the  anhydroua 
state  by  fusing  1  at  chloride  of  load  with  3  at.  of  the  protoxide ;  also  as  a  hydrate, 
Ppb*Cl'0'.H'0,  by  decomposing  chloride  of  lead  with  ammonia;  by  precipitating 
basic  acetate  of  lead  with  common  suit ;  and  by  decomposing  a  solution  of  common  salt 
with  protoxide  of  lead.  The  hydrate  is  a  white  flocculent  mass,  and  wlien  ignited 
leaves  the  anhydrous  compound,  which  is  a  greenish-yellow  laminated  nia.ss,  yioldinga 

Jellow  powder,  known  as  Turner's  ytUou).  It  is  pnpafad  as  a  pigment,  by  mixing 
itharge  with  |  to  i  of  its  weight  of  common  salt,  and  pouring  water  on  the  mixture; 
it  then  becomes  hot,  swells  up,  yields  a  solution  of  caustic  soda  containing  a  very  small 
quantity  of  lead,  and  a  residue  of  basic  chkcide,  which  is  washed  and  ignited  at  a 
moderate  heat.  The  hydrated  comj>ound  was  formerly  used  as  a  white  pigment  in 
place  of  white  lead,  bei^^^  known  as  Vattinson  a  mvnoha«ic  chloride  ;  but  it  has  not  so 
nmch  lx)dy  as  white  lead. 

e.  Ppl/Cl-O*  o  PpbCP.-'iPbO. -Obtainetl  by  fusing  chloride  of  lead  with  4  at  of 
.  the  protoxide.    Oningo-yellow  substance,  yielding  a  deep  yellow  powder. 

/.  Ppb"CPO»  =  PpbCl'.7PpbO.~Fkodiiead  by  ftising  a  mixturt*  of  10  pts.  of  para 

oxide  of  lead  and  1  pf.  of  pure  sal-ammoniac,  a  portion  nf  f]u>  lead  being  at  the  same 
time  reduced.  The  fused  product  afifords  cubic  crystals  on  cooling  slowly.  It  forma 
in  tfiBt  state  a  baaatilU  jeUoir  pjgnwnt,  knom 

MVOTJjnM  MP.  Saaii.2M. 


bVOBm  Mi  See  647. 

TrFi^^i  OXTOBW-SAXiTS  OT.  Protoxide  of  lead  is  a  strong  ba?e,  uniting 
readilv  ^'ith  acids,  and  forming  salts,  the  general  characters  of  which  have  been  already 
desenbed  (p.  640).  Hose  whi<&  are  aolnble  hare  a  sweetidi  taste  and  are  poisonona. 
Tliey  ret-eniUe  the  salts  of  barium  and  strontium  in  being  readily  precipitated  by  sid- 
phuric  acid,  aud  nuiny  of  them  are  isomozphoos  with  the  oorreeponding  salts  of  those 
natala.  Lead  haa  a  very  great  tradency  to  team  basis  aslta,  irnkh  may  be  regarded 
cither  as  conijvounds  of  the  normal  salts  -with  oxido  or  hydrate  of  lead,  or  a'<  salts 
derived  from  two  or  more  molecules  of  water,  in  which  lees  than  half  the  hydrogen  is 
replaoed  by  aa  add  vadide :  tiioL  there  is  *  basfe  nitrate  of  lead  oontauiing 
N0»^ 


PbNO'.FhHOarppi,  0>,  and  »  tribaaie  amtaU  oontainiog  Cfl*PbO'.m)  or 

II  ) 

c^ipo;  (C^'O)') 
Pl^  |0*or    ^..^^  jO*.  These  basic  0]q^B^«aaH8  are  analogous  to  the  osjdilo- 

*^«a,  osyiodides^  deeu  (For  descriptions  of  thoindiridnal  sails,  see  the  serwalAcDra.) 
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The  BAfjqninxfdp  and  peroxide  of  Irad  also  unite  witli  ncidfj,  Vmt  thr>  salts  thonco 
resultioff  are  not  \exy  stable.  Thcjr  are  produced  bj  the  action  of  certain  acids  on  the 
nd  oxKW  of  kttd  (p.  MS). 

SdBA3>i  OXTZOBIBBB  OF.    Fire  of  those  compotuidfl  bare  been  described : 
a.  Ppb'I'O  ^  rpl-J^.PfibO,  is  obtained,  acfording  to  Brandp^:  and  Kuhne (Pharai. 
Centralbl.  1847,  p.  ^93),  by  prt-cipitiiUiig  aci  tate  of  lead  witli  iodide  of  potassiam. 
DcDot  (J.  Pharm.  zx.  1)  luea  a  m^tacto  of  the  neutral  acetate  mixed  wim  a  small 
quantity  f>f  hnme  acotatp,  and  dioirolves  out  the  iodide  of  lead  contained  in  the  preci- 

Jiitate  with  watiT.  The  .satue  compound  is  said  to  bo  formed  when  iodide  of  lead  is 
ligeeted  for  some  timi'  in  a  solution  of  tb*  neutral  acetate.  Acetic  acid  is  said  to 
dissolve  oat  the  oxide  of  lead  from  this  compomikl,  loaving  the  iodide.  By  immersion 
in  fiolution  of  iodide  of  potassium  it  is  eonrerted  into  iodide  of  lead.  It 
oootaiiw  1  at.  water,  which  is  given  c^at  100<'  (Etbii«%  ftt  200°  (Denot).  It  mdto 
irith  partial  decomposition  at  300°,  and  solidifies  to  a  clear  yrllow  prlap<?  on  w>lin£r. 

A.  I'pb»l\)Ji*0  -  PpbP.2PpbO.H«0,  is  obtained,  according  to  Kiihne,  by  dieting 
levigated  oxide  of  lead  vitii  a  boiling  xAiitioii  of  iodide  of  poteMhun  m  long  as  it  con- 
tinues to  inoTpase  in  'wnight.  T?y  I'ri'cipitatiug  basic  noftati'  of  L  ad  with  Iodid>'  of 
potassium,  Xiihne  obtained  nothing  but  the  oompound  a,  whereas  Denot  states  that 
eonpooDdi  oonbdning  2  at.  and  6  at  oadde  of  lead  to  1  tt  iodide  are  oMiimed  hypi^ 
cipitating  iodido  of  ]  t  isslum  with  diba.Mle  or  pentabasic  acetate  of  lead. 

e,  PpbP.3Ppb0.2K*0. — Obtained  by  treating  a  boiling  eolutioo  of  iodide  of  lead 
▼itfa  laiiMtie  anraioDift.  (Kfibne.) 

d.  PpbP.2rj^ibO.Ppb'0'  (?). — Tills  i(i  a  winr-red  conipotiml.  oTitalnf^l  by  tritnratinc: 
recentlj  precipitated  hydrate  of  lead  with  a  fourtli  of  its  weight  of  iodine^  and  boUiug 
witb  water  at  long  as  ntmes  of  iodine  are  given  oE   ( J  am  m  es.) 

e.  PpbP.5PpbO. — Remains  in  the  fomi  of  a  yellow  powder  WMn  Iba  OOlvpOUld  i  is 

,nid  1i"-it.  d  CTTriTvhr  d.  C'hvm.  2"  Aull.'ii.  [2],  (iO.) 
iMHiLii,  F£KO&FiiZ2>s  OP.  a.  When  pho^phorua  in  thrown  upon  melted  Iead» 
or  when  lead-filings  are  ignited  iritb  an  fqnal  weight  of  glacial  phoiplione  aei^  or 
chIori<U'  of  lead  with  plio.splioros,  a  compound  is  formed  confalninp;:  not  more  tnan 
16 per  cent,  of  phosphoru»:  it  has  the  colour  of  lead;  may  be  cut  with  a  knif^  but 
■plite  into  laminse  when  hanuiwved ;  tarnishes  quickly  when  expoeed  to  tb^  air ;  and» 
mien  boated  before  the  blowpipe,  yields  a  ]diosji]ioru.s-f!anu  and  a  plohnlo  of  lead 

£elletier,  Ann.  Ch.  Phys.  [2],  xiii.  114). — 6.  Phosphoretled  hydrogen  gas  passed 
t«o  boms  throng  a  soratlofi  of  neotral  aoetate  of  Mad,  Twidi  a  bfmm  pracipitate, 
which  bums  befort^  the  blowpipe  witli  a  small  phosphorus-flamc^  Ibinutg  MWlltifllUj 
OTBtallised  l^d-pbosphate.    (H.  liose,  Pogg.  Ann.  xxiv.  326.) 

^'-'"^^j  sa&nrara  OV.   Very  small  quantities  of  seleninm*  eombined  wiUi 
lead  nender  it  harder  and  less  fusible. 

Thp  pmfoseUnide,  Pb'Se  or  PpbSe,  is  formed  when  lead  and  selenium  are  heated 
together,  cumbination  then  taking  place  attended  with  incandescence,  and  a  grey 
pcnovanass  being  fimned,  which  becomes  silver-white  by  polishing.  When  ignited  in  nn 
open  vessel,  it  flr't  pivps  off  peb  nium,  then  a  tmiall  quanfity  of  scletn'de  of  lead  in  white 
fumes,  leaving!;  a  residue  of  basic  seleuite  of  lend.    Cold  nitric  ucid  dissolves  the  lead, 

leaving  rr  d  s  lenium,  whieb,  on  baatbig  the  liquid,  diBBoives  in  the  fom  of  edeniott* 
aeid.  (Berzelius.) 

Selenide  of  lead  also  occurs  native,  as  clnustliali  to,  sometimes  pure,  sometimes 
having  part  of  the  lead  replaced  by  othfr  metals,  as  eobalt,  copper,  meneinj,  and  eilvvr.' 
It  is  fnuii<l  in  "fine-grained  masses,  snm^timrs  foliated,  with  cubic  cleavage.  Hardn^^s 
—  2'6  to  3,  Specific  gravity  «•  7  to  b-8.  Luistre  metallic.  Colour  l^d-grcy,  t»ome- 
tfaanblnish;  cupreous  varieties  yellowish.  Streak  darker.  Opaque.  Fracture  gfa» 
nular  and  shining.  Kjitlier  ^eetile.  BeH^ro  the  blowpipe  it  emits  the  odour  of  horse- 
zadish  and  exhibits  various  other  reactions  characteristic  of  selenium  (£.  «.).  Heated 
n  a  tflba  it  ySelde  a  tniblimito  (^selenium. 

Tlio  followinf];  are  analyses  of  elaustliallte  and  its  varlffirs: — n,  TT.  I?nse  (Pofrrr. 
Ann  ii.  416;  ill,  281);  b,  Stromeyer  (iirid,  iL  403);  c,  Selenide  of  lead  and  silver 
(Bammelaberst  Jfewtrfelgwft;  p.  34) ;  4»  Sdenide  of  lead  and  oobolt;    /  Sale-  . 
nides  of  bad  and  eofpcr  (H.  Boio^  Bmb.  Aml  iSL  388);  a  4^  Tbe  smsw  (Kerf  tea, 
t^zlvL2a5): 

Tttkerede.  ChMMOul.  Tdkerade.  dumtluil.      Tttkanrf*.  OfaMbath. 


a. 

b. 

r. 

d. 

/. 

h. 

Selenium  . 

.    27  69 

2811 

31-42 

34-98 

30-26 

3209 

29-97 

Lead  .  * 

.  71*81 

70*98 

6016 

68*98 

48-43 

80-88 

67*48 

66-18 

11G7 

1-32 

0-83 

8*14 

0-05 

0-08 

16-77 

7-94 

8-68 

4*09 

•     •  • 

0-4.1 

yum 

98-34 

y8-»i 

98-20 
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Thf  yarioties  f,  f,  (f,  h,  which  ooiiiain  coppor,  arc  l>y  somo  mineralogists  regardiod  as 
distinct  npeeiee;  bot  it  is  perhaps  better  to  regard  them  as  Turi^tiee  of  daosth«iit«,  in 
viiich  part  of  tbm  lead  b  replaced  bj  copper ;  e  and  /  are  called  n^kanomtite  hr 
KbIM;  diMc§n«iTilieroaitehyIbMio^  d,  e,  and / an  eaUtd20fy£r<f  Ly  Brooke 

and  Wnm;  a  and  A  agne  neai^y  nifli  tbe  fgramla  1^*^  |  Se ;  /and ^  with  |^'[;^'  |  Se. 

Olsiisthalite  and  its  ranetioi  OCMWr  at  Sw^gnoae,  in  t})o  IT.vrtz,  and  at  Clausthal, 
Tilkorodc,  Zor^o,  Olasbach,  near  ffildbnq^anNi^  and  Lehrboch;  alio  at  Bamabeig 

aiid  i'ruiborg  in  Saxony. 

Lehrbachitf,  whii  h  is  a  eelenide  of  lead  and  tawetoy,  and  is  described  as  harinir  f  ho 
structure  and  colour  of  clatisthnlito.  is.  prhnps.  n  mechnuical  mixture  of  fliat  miiK-nil 
with  8elenid<'  of  mereurv.  It  ttniitjK  the  oilunr  of  M>kuium  before  the  blowpipe,  and 
gives  mereurv  with  aoQiu  H.  Rose  fnaiud  in  on  ■  specimen  24  97  per  cent,  seleuiuui, 
£  >  84  load,  and  10  94  mercvy  97'76)i  in  another,  27'Maelflnina,  37-38  kad,  and 
44  09  mercury  (—  100). 

%MJLO,  SVUPBmS  OV*   11i0re  are  four  compounds  of  lead  and  BulL>hur, 

namely,  the  protosulphido,  two  sulmulphides,  and  apenttlpliida;  but  fhn  pirtmni^iUKln  ia 

the  oniy  one  whose  constitution  is  accurately  known. 

TetartoBulplilde.  Pb^S  or  Ppb'S  ?— A  finely  di  vidc'd  mixture  of  100  pt*i.  of  galena 
ai  I  M  of  lead  hciited  ftr  a  qnaitar  of  aahoor  in  a  well-elosed  charcoal-Iinod  crucible, 
placed  in  a  w';-.!  fumaco  Avith  a  j:fninc  dmupht,  yidils  141  pts.  of  a  dull,  loail-oulfiiirod, 
fine-grftinod.  Kemi-malleable,  soft  mixture,  exhibiting  a  dark-grey  colour  on  the  cut 
aurfiue.  When  oxidiaed  hy  utrie  acid,  it  yields  36  per  eent  of  lead^nl^lMte,  and 
niist  therefore  contain  3*96  per  cent,  of  sulphur.    (Bred berg,  Pc^g.  Ann.  xnL  274*) 

HoaalmUpblde.  Pb*S  or  Ppb*S. — 1.  By  the  same  process  as  for  the  precrding 
comnound — excepting  that  the  mixture  is  fui^ed  in  an  earthen  instead  of  a  cliarcoiil- 
linea  earucible,  and  covered  with  borax — 150  pts.  of  a  more  brittle  niixi  arc  are  ubtaioed, 
having  a  dark  leaden-groy  colour,  a  finely  laminar  fmrtiire,  and  Lonfaininp  7"?07  per 
cent,  of  sulphur  (Bredberg).— 2.  Sulphate  of  load  iguit«d  iu  a  cliarcoul-lined 
cnioible  gives  off  sulphurous  anhydride  and  leaves  hcmtsolpfaido  of  lead,  irltich  at  a 
higher  temperature,  partly  volatili^^os  and  is  partly  d*  compoaed,  Isaving  a  iMddne  of 
metellic  lead.    (Bert hi ur,  Auu.  Ch.  Fhys.  [2J  xxii.  240.) 

lyliMii  TW  or  FpbS.— Thii  compound  ia  ftnmd  nali-M  aa  nalenft  (tlw 

leaf?,  fjdlhu,  Bleiglanz),  the  most  abundant  and  importiint  ore  of  lead.  It  oocurs 
frequently  in  very  fine  cxystals  belonmng  to  the  moxuNaetrio  qrateni,  with  cubic 
deavage,  perfect  and  easily  obtained.  The  ordinary  fonna  am  the  oetabedron,  cube, 
and  rhombic  dodecahedron,  occurring  alone  or  in  oonibinafion  with  odicr  forms.  20  for 
example,  aabordinate;  twins  like /t^.  320  ^ii.  160),  and  others  in  which  the  intersec- 
ting eubee  are  of  dUwmil  riiea,  or  in  whidi  the  diagonals  do  not  exactly  coincide ; 
al.v)  jistudomorphs  after  pyromorphite.  Thr  ciystjUs  are  frequently  imbedded,  or  united  in 
granular  aggregations.  The  mineral  likewise  occurs  in  tabular,  reniform  or  botryoidol 
masses,  coarse  or  fine  granular,  sometimes  impalpable,  oocasionally  fibrous.  Hardness 
=  2*6.  Specific  gravity  =  7"26  to  7'7.  Iii)>ti<'  nu  tallio.  Colour  and  st]<eak  pur« 
IjOad-grey ;  surface  of  crystals  occasionally  tarnished.  Fracture  scarcely  perceptible 
in  the  crystals,  on  account  of  the  perfect  cleavuge ;  in  the  nmssive  varieties,  flat  sub- 
conchoi'dzd,  or  uneven.  Before  the  bknvjj^pfl^  it  decrepitatea  aixongllj,  raslta  and  jicUda 
a  globule  of  lead  as  soon  as  the  sulphur  IB  Tolatiliaed, 
For  analyses  of  galena,  see  ^.  480. 

Grftlena  is  found  abundantly  in  En^nd  and  in  many  parts  of  Suxopo;  intlieBaoiiria 

3Tounfains.  Siberia;  in  Alcroria;  near  thr  Cape  of  Good  Hope ;  in  Australia  ;  and  in 
many  \k\v\^  of  Nortli  Anit  ri.  a.  It  occurs  in  beds  and  veins,  both  in  ciystallinc  and 
unc  rysitalliBo  rocks,  often  a.'-soriated  with  Uendi^  inn  and  copper  pyrites,  carbonate 

of  load  and 'ith'T  load  uros,  and  in  a  ganguc  of  hen\-v  spar,  palo^par  or  qnartz.  It 
oft  on  snflTi  rs  decompositiou,  aud  gives  rise  to  the  formatiuu  of  other  plunibiferous 
minrrals. 

IJrriihanf  I's  antimnnial  galena  from  FroH  urp  in  the  Broispniu,  with  specific 
grarity  69  to  7  0,  is  perhaps  the  saune  as  stein  man  site  from  I*»ibnua  in  Bo- 
fiania>  Whether  the  tetragonal  galena  of  the aamo  mineralogiat, alao  containing 
antimony,  is  a  dimotrle  varn  ty  of  j^aU  na,  is  not  exactly  known. 

Protosulphido  of  lead  is  jjroduced  artificially:—!.  When  sulphur  is  mixed  with 
melted  lead,  the  wfa<Ae  beoonuiu;  tcd-hot.  Stripe  of  lead  even  of  moderate  thickoMM, 
take  fire  in  sn!phur- vapour,  and^bnm  VTtIf  vivid  j,do\v,  doposifinL'  half-fusod  f:;l'''bnlf8 
of  the  protosulnhide.— By  heatiiwj  the  protoxide  with  excess  of  suliihur.— 3.  By  the 
action  of  snlphydric  add  or  a^r  alnline  atdphide  on  the  oxide  or  aalta  of  lead.— 
4.  Beoquerel,  by  immersl:;;.'  ouma  ■  av  in  a  solution  of  rhloride  of  magnesium  contained  in^ 
gUiss  tube,  dipping  a  lead  plate  to  the  bottom,  andJv'«viiig  the  tube  well  doeod  for  dx 
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▼eeks,  obtained  gr^,  metallic-Hhining,  r^plor  tetahedroa^  of  the  protoeulj^d^  wbich 
ibm^  OB      noes  of  the  tnbcb 

8iil[  'i;  1.    f  lead  o1)tain*-rl  by  fusing  its  ckmu'iits  together  is  of  ;\  leail-proy  colour, 
irith  graiiu  litr  Ixucfur.' ;  t  hat  which  is  precipitated  by  sulphTdrie  add  is  a  browa-bUdc 
powder,  and,  according  to  lUnten,  liw  a  deniity  of  7*6092  after  Ibnon.  CW^iUdB of 
loud  melts  nt  a  stn>n<r  ml  boat,  volatilise*  ftl  •  ilroqger  Iwa^  Mid  mUinw lUldMNn* 
posed  if  kept  iam  contact  with  the  air. 

PeampoalHOn,-^!.  Stilphide  of  lead,  when  gi  ntly  ignited  in  flie  i&t,  0fm  off  tho 
greater  part  of  its  wilphur  in  the  form  of  sulphurouii  anhydride,  while  metallic  lead 
(amounting  to  about  half  the  total  quantity)  and  sulphate  of  lead  remain  behind 
(Bcscotils,  Ann.  Ch.  Phys.  [2]  It.  441).— 2.  The  protoenlnhide  ai^  orotoxide  of 
lead  deeompoae  one  another  wbiBii  heated  together,  efol^g  mujiiluamu  aiiqfdiido  Mid 
iMKfing  vutallio  hnid: 

PpbS  +  2PpbO    =    l>pb«  +  SO^ 

— 3.  The  protosulphide  heated  in  vaponr  of  water  gives  off  sulphydric  acid  and  yields 
metallic  lead.  The  first  products  formed  are  sulphydric  acid  and  the  protoxide,  which 
then  react*  on  the  remaining  sulphide  in  the  manii.  r  iu«<t  described- — 4.  When  sulphide 
of  load  is  fu«  d  w-Ifh  alkaline  carbonates,  half  the  lead  ia  Bepwatedin  the  mfllallioBtatc^ 
and  on  addition  uf  niflullic  iron,  the  whole. 

Protosulphide  of  lead  is  insoluble  in  dilute  acids,  in  caustic  alkalis,  and  alkaline 
sulphid's.  WIk'u  boiled  witli  dilute  nitric  acid  it  gradually  dissolves  as  nitratn,  with 
evolution  of  nitnc  Oxide,  and  separation  of  sulphur.  The  Hnely  di\id>.d  sulphide 
treated  with  ^fuminq  nitric  add  ia  completely  oonvartad  into onlphate  of  lead ;  but  if  any 
portion  of  tlic  sulphur  remain?!  unoxiaisod,  a  corrpspondinpr  qnnntity  of  the  lead  is  con- 
verted into  uitrute.  By  strong  hydroohhric  acid  it  is  couvt-rted  into  eldoridt*  uf  lead 
with  evolution  of  aolpbjdric  acid  Sitro-hydrochloric  acid  convtrtH  it  into  chloride 
and  sulphate  of  leaoT  <MmM  dooonipoaea  it  aloadj,  ibnniag  ohloiide  nt  iead  and 
chloride  of  tmlphur. 

Veravlplilde.  A  aolution  of  a  Icnd-salt  mixed  with  pentasulphide  of  potassium 
yialda  a  iMOtpilata^  which  has  at  first  a  fine  blood-red  colour,  but  quickly  loses  this 
colour,  eT<>n  while  immersed  in  the  liquid,  and  is  rp«Alv('d  into  the  proton uljihidr  and 
&ee  sulphur.  Higher  sulphides  of  lead  are  also  said  to  be  ftomod  by  the  uctiuu  of 
aalpltjuia  aeid  on  tha  aeaqaioande  and  patanda  of  laad ;  but  dMaroonpoaHaoiihaiikot 
been  made  ont. 

XiBim,   STJIiPHOCARBOWATi;   OF.    See  SuLPUOCARnONATKS. 

HBAPf  SUXiPBOCBXiORZOi:  OF.    If  a  lead-salt>  e.g.  aqueous  chloride  of 
load,  be  pneipitatad  bv  a  mixtofe  of  aqueous  sulphydric  and  hydrocnloirio  adda,  than 

IS  produccil,  first  a  yelldW-ish-rcd,  and  tln-n  a  rea  precipit.iN'  !•  >ntairiing  .ibont  56  per 
cent.  (3  at.)  of  lead-sulphide,  and  ageing  Tei;y  neany  with  the  formula,  PpbCl'.31*pb^ 
An  axoeaa  of  sulphydrie  add  toxna  it  bladt  and  oonrerta  it  into  pore  sulphide  of  lead; 

the  same  chanL'i'  is  pntdueed  Tiy  Vioilin;^  wifli  water,  '^vliieh  extracts  the  chlc'ride  ;  the 
compound  is  also  blackened  by  potash,  which  extracts  the  chlorine  (Kiioefeld,  J.  pr. 
Ohem.  TfL  37).— IHien  sulphycufo  aeu  gaa  ia  passed  tlmmgh  a  aoltoUon  of  |  pt.  lead- 
acetate  in  100  pts.  of  water  mixed  with  10  pts.  of  hydr«  >ehh  <rii-  ucid  of  specific  gravity 
ri68,  a  boautiful  carmine- coloured  precipitate  of  sulphochloride  of  lead  is  produced. 
If  the  solution  contains  1  pt.  of  lead -acetate,  112  pta.  <A  water,  and  14  of  strong  hy- 
drochloric acid,  8ti!]>hydrie  acid  produces  a  yellow  precipitate,  whieh  ^ives  up  chloride 
of  lead  to  Loilinj^  uiiter,  while  Mark  pmto^ulphide  of  lead  remains  behind. — If,  instead 
of  14  pta,  of  strong  hydrochlorie  ucid,  we  use  14  pts.  of  n  mixture  of  2  pta.  of  strong 
l^dlOchloric  and  1  pt^  nitric  acid,  prepared  two  days  Def  jre  and  containing pemi trie  oxida^ 
the  suh'hv'lrie  aeia  produces,  after  a  while,  first  a  yellowish-red  and  then  a  cinnabar^ 
red,  graauiar  preeipitat.-.    If  the  stream  of  sulphydrie  aeid  na.s  were  continued  for  a 
longer  time,  tiie  [precipitate  would  become  first  cannine-eoluurod,  then  biowtt,  and 
lastly  black.    The  rod  fjnmular  preeipitate,  when  boiled  with  water,   gives  up 
u  considerable  quantity  of  chloride  of  lead,  and  is  converted  into  a  browrn-rod,  floe- 
culcnt  powder,  wnich  then  undergoes  no  further  change,  but  when  heated  akne  in  a 
|daas  ttiho,  pives  off  sulphur  and  sulphydric  acid,  and  fuses  to  a  brown  mass. 
According  to  thi^i  reaction,  the  p«mitric  oxide  must  have  jprecipitated  sulphur  from  the 
anlphydno  add,  and  the  rod  procipitate  is  a  compound  ox  tha  dilmida  with  a  p<Jy- 
tolphide  of  laad.   (Bainaefa,  J.  pr.  Chem.  xl^  130.) 

UBAO,  BTrXiFBOCVAVAn  07.    See  ScLPROCYAKAna. 

X.SAD.  WHITE.    Hydrntcd  cnrbonate  of  I<  nd  \\^<A  aa  a  ptgmeut  (ii.  786>  The 

native  anhydrous  caa-bonutv  is  ;iljio  culled  white  kud  or<j. 

■  I,BAI>~C>I«AWCg.  Syn.  with  galena  (see  p.  bb%.) 
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Vitrum  plumbi. — A  t«nn  formerly  applied  to  perfectly  fiued 
oxide  of  iMd.   Oxide  of  load  is  used  as  an  i&gredieiit  in  Tanooa  kindB  of  glAM^  aa  in 

flint-glass,  cr}  stal-glH««8,  strass,  &c.  (ii.  841.) 

ligAP-O^ A tl8.  Tho  plazo  of  the  more  common  kinds  of  parthenware  consists  of 
an  easily  fusible  Hilicate  of  lead,  prepared  from  a  mixture  of  fiiu-ly  pround  red  lead, 
litliarge,  white  lead,  or  galena,  with  clay  or  sand.  It  melts  more  easily  in  propotCaon 
a.s  it  i<i  richt  r  in  lead,  Imt  when  the  proportion  of  Irad  is  rery  laig^  Uie^MB  iaaaeOB* 
poeed  by  dilute  acids,  which  dissolTe  part  of  the  oxide  of  lead. 

-1 


PobV" 

— A  crystallised  mineral  occnrring,  tog^cther  with  other  ocei  of  lend,  at  LeadhiUs  in 
Scotland ;  said  also  to  be  found  in  Grenada,  in  the  island  of  Serpho,  Grecian  Archi- 
pelapo,  and  in  the  Newberg  district,  South  Carolina.  The  crystals  are  trimetri<% 
exhil»iting  the  plauoa  oofao  (greatly  predominant),  oePoo,  ooP,  |  too ,  |  P ;  i  r*ao; 
J-  P  find  others.  Anglo  ooP  :  ooP  =  103°  16',  Ratio  of  principal  axis,  brnchy- 
liiagonal  and  inacrodingonal  ^  17205  :  1  :  1*2632.  Tho  crj'stals  are  hemihcdrnl 
in  QoP  and  eome  other  planes  ;  henoe  fh^  are  monoelinic  in  n.<:pect,  or  xhonbohedral 
whon  in  compound  m'«tal«.  Clearapo  vor}- perfect  parallel,  to  ooPx  ;  in  trjices  pawllel 
to  ootoo  .  Twins  consisting  of  three  crystals,  with  &ce  of  composition  Poo  ;  also  ptiral- 
lel  to  ooP.  Hardneas  S*5.  Spedflc  grantj  «  O-S — 6*6.  Loatre  of  oaPto  pearly,  of 
the  other  feces  resinons,  somowhat  aoamantino.  Colour  white,  passing  into  yll^iw, 
green,  and  grey.  Streak  uncoloured.  Tran.spareut  to  translucent.  Couchoidal  frac- 
toie  eeafoely  observable.  Bather  scctile.  Before  the  blowpipe,  it  intumescea  at  first, 
then  turns  yellow,  but  becomes  white  on  cooling;  easily  ndueed  on  eharoonl.  It 
efiferrescee  briskly  in  nitric  acid,  and  leavca  a  white  residue  of  lead-sulphate. 

BenwUns  ibmid  in  the  minenl  28*7  per  cent  eulphate,  and  71*0  etnonate  of  lend 
(=  99-7):  Stromeyer  found  2S-3  Rulphate,  and  727  carbonate  (-  100);  the  ftfmnln 
requires  27"44  Hulphato  and  72  o6  carbonate.    (Dana,  ii.  371.) 

XAAS-MATT.  MaiU  deplombe.  Bhistcin. — This  term  is  applied  to  the  mix- 
toree  of  enlphide  of  lead  with  other  metallic  solphidei^  chiefly  sulphide  of  iNiii  obtained 

in  the  metallnrgie  tzeatment  of  lead-ores  (p.  492). 

XILAA-OCKSB.    Native  protoxide  of  lead  (p.  5q0.) 

&BAl>-PXiA8TBS.  A  mixture  of  the  lead-soaps  of  fatty  acids,  used  in  modi- 
cine  as  an  ixttrnal  application.  It  is  prepared  by  heating  9  pts.  of  olive-oil 
(sometimi>s  also  lard  or  rap^il)  nearly  to  ite  boiling-point,  then  adding  by  degreea 
5  pts.  of  powder.'d  litharge,  incorpomtin|£f  thoroughly  with  a  f^patula.  adding  from 
time  to  time  small  portions  of  warm  water,  and  continuing  the  heating  and  incor- 
poration tin  a  few  drops  of  the  mixture  harden  iriicn  thrown  into  water,  and  form  a 
glutinous  mass  between  the  fingers,  f^imetimes  n  mixture  of  litharge  and  white  lead 
ia  used  instead  of  litharge  alone. — Woll-prepared  lead-plaster  forma  a  whidah-yeUow 
homogeneous  mass,  somewhat  flexible  and  tenacious  in  summer,  hritlJe  in  wimteiii  whea 
gently  heated,  it  melts  to  n  tliick  liquid,  wliich,  at  hjglMr  tflni|pentna%  tUBO  InOVl^ 
and  finally  blaek,  giving  off  irrifating  v;i|'nmr*. 

TiW /I "D-HAPXCl^ESt  OSOAJTZC.  These  compounds,  the  series  of  which  is  at 
present  far  from  complete,  are  obtained  by  the  action  of  the  iodides  of  the  alcohol- 
radicles  on  lead  or  its  alloys  with  p^>ta.«<8ium  or  f!o<1ium,  or  of  zinc-ethyl  on  chloride  of 
lead.  Tho  formation  of  ethyl-compounds  by  the  first  of  these  processes  was  first 
ohMVfpd  in  1853  by  Lowig  (J.  pr.  (  hem.  Ix.  301;  Ann.  Ch.  Phann.  boxfiiL  818X 
aoOB  afterward.**  by  C  a  hours  and  Kiche.   (Compt.  rend,  xxxvi.  1002.) 

The  iodide  of  the  radicle  Pb'(C»H*)»,  or  Ppb(C*H*)»,  was  sejparated  by  Lowia,  who 
deaignated  the  radicle  methpltiMbethyl,  and  studied  eeTeraf  of  its  eomponnS,  hat 
did  not  obtain  it  in  tho  fireeatate.    It  li.i'*  siiiri-  Im  ch  i-^olnt.>(l  nsr,o)  by  Klipj  r  l 


epouding  methyl-comDound  by  Cahoura  in  1861  (Ann.  Ch.  Phys.  [3]  bdi.  267 ;  Ann. 
Ch.  Fhann.  cndi.  481  iA»  likcviio  obtained  by  ita  dacnnmoeition,  the  oonmonnd 
FbXOH*)PevP:pb(dP>>. 

Vlmnbotriamyl.  3f.  th pin yn In >»f/I.  Pb'C»H«  -  Pi.b(C»H" )» = PpbAm'.— Prepared 
(like  the  corresponding  ethyl-compoond)  by  distilling  an  alloy  of  lead  and  sodium 
with  iodide  of  amyl,  shaking  up  the  dutiUate  with  etlier,  distilling  off  the  ether  after 
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•dditioQ  of  a  little  alcohol,  and  treatio^  Lho  residoe  with  a  lai^  quantitj  of  water. 
PlamboCrimiijl  tbantfpiiiiitefl  m  s  yellowwh,  oily,  non-ToIatUe  liquid,  tnodoRMW  in  tht 
colli,  snullinir  li'kt' pluiubotrirthyl  when  warm:  If^  vaj'out- cxiTtH  ;ni  irritating  Hctioii 
on  the  mucous  membranes.  When  set  on  fire  it  burns,  with  separation  of  k«d-oxtde. 
With  fttming  nitrie  add  il  detonates,  intli  caii«aioB  of  light  and  ttstt. 

The  chloride,  PpbAmT],  is  obtained  tuetliQgtlw  oiida  (n0w)indi  bjdxoddorio 
add.    It  enrstallises  in  white  needles. 

The  iotUde,  PpbAm*!,  in  oMatned  in  white  needles  by  adding  iodine  to  the  ethereal 
solution  of  plumbotriaiiiyl,  till  the  colour  becomes  permanent^  and  evaporating  the 
filtrate.  It  u  more  stable  than  the  corresponding  ethyl-eomponnd,  melting  at  100^ 
without  decomposition,  snd  solidifying  in  the  cr>-KtRlline  form  on  cooling.  It  is  ineo< 
Inble  in  water.  It  unites  with  mercuric  iodide,  forming  the  douUe  salt  Ppb.\m*I.HhgP, 
which  erystallises  ia  goLden-yaUow  luniBii^  insohiMa  in  water,  wgtaai^  aolablo  in 
alcohol  and  ether. 

Oxide.^Bf  ag^tii^  the  alcoholic  solution  of  the  iotlide  with  recently  precipitated 
oxide  of  silver,  emporating  the  filtrat«,  and  treating  the  residue  with  water,  oxi  !<  .if 
plumbotriamyl  et  panU^s  as  a  fiiintly  yellow  viscid  mass,  insohible  in  witter,  nulubie  in 
alcohol  and  ether ;  tha  alcahalip  mmtiam  haa  a  Mnt  alkaliBa  nattioD,  and  picc^iitetM 
ferric  salts,  l>ut  not  copper  or  silver  salt*. 

The  9ulph4ite^  obtained  by  heating  the  oxide  with  dilute  sulphuric  acid,  is  a  viacid 
WMTatelliiablaiaaM.  (KlappaL) 

Ethy  I  'CO  M pou  n  ds. 

VlttmbotrletHjn.  Pb^CIl  *  =  Ppb(C^Y-It>^E«.  Lowig'a  Mcthplumbi  thj/L-^ 
Lowi|^  by  acting  on  an  alloy  of  C  pta.  uaa  and  1  pt.aodinm  with  iodide  of  ethyl,  obtained  ^ 
a  niixrufe  of  several  lead-compounds  of  ethyl,  wrach  he  was  not  alL-  to  st-paratc.  Tin'! 
mixture  was  ^erfect^  coloadeaa,  toletably  mobile^  Tolatile,  and  had  a  powerful  odour ; 
did  not  ftmo  in  the  ai>v  hat  when  set  on  fliahnrnt  and  gave  olP  deoae  donda  oif  oadda 
of  lead.  It  took  fire  wli.'ii  strong  nitric  acid  was  poured  upon  it,  and  exploded  with 
great  violence  in  contact  with  nxUne  or  bromine.  It  was  insoluble  in  water,  but  dis- 
8(^ved  nadily  in  alcohol  or  ether;  and  the  solutions,  when  exposed  to  the  air,  deposited 
an  amorphous  powder,  insoluble  in  water,  alcohol  and  ether,  but  ca[  nMo  ut  forming 
crystallisnble  salts  with  acids,  while  in  solution  there  remained  a  strongly  alkaline 
base,  the  oxide  of  plumbotriethyl,  the  radicle  of  which  appeared  to  constituto  tho 
greater  part  of  the  product.  This  radicle,  however,  Lowig  did  not  succeed  in  kK>latinQ(. 

Klippol  prepares  an  alloy  of  lead  and  sodium,  having  nearly  the  composition 
PpbNa*,  by  melting  3  pts,  of  lead  in  a  hessiun  crucible,  and  after  rt»moving  it  from  tho 
flre,  adding  1  pt.  S'  '.inui  in  '♦mail  pieces  still  moistentnl  with  rock-oil,  and  btirring 
wi?ii  nn  iron  rod.  Combination  then  takes  plnce,  utf.'n>1«>d  with  evolution  of  heat  and 
iuflanimatiou  of  the  rock-oil  (the  gases  evolved  bj  which  protect  tho  alloy  from  oxida- 
tion). When  the  action  is  comploted,  the  crucible  iafiUea  with  warm  sand  and  left  to 
cool  slowly  ;  the  crystalline  lUloy  is  pulveristd  in  a  warm  mortar,  with  addition  «  f  .\ 
small  quantity  of  dry  sand,  then  introduced  into  a  number  ufHmall  ilasks  and  dn  uciu  d 
with  iodide  of  ethyl,  and  lta.sks  are  immediately  oonneeted  with  a  condensing  tub*.-, 
to  prevent  lo«<i  of  io'lidr  of  >'iliyl,  wliich  disfils  over  in  ».'on«'<vitifnff»  of  tlio  lirat  cv.  ^Ii  .^  l 
by  the  violent  a.-lirm  wliirli  iiiiuuHliuUly  tnk^s  place.  Tiio  iodiJe  uf  tlhyi  i.^  uduvvcd 
toflowhaek  into  tlio  n.i-^ks  as  long  as  any  action  goea  on,  and  when  it  is  completeil 
the  exceira  of  iodide  of  ethvl  is  distill. ■<!  off  over  tho  WHtpr-Vcitli  :  tln>  retnaniini:  li'inid 

Soured  out  of  the  tljuikb  into  a  dry  glass  cylinder  and  whaken  up  with  ether,  which 
iMolvee  the  plumbotriethyl ;  and  the  ether  is  distilled  off  afler  addition  of  a  UtUa 
water:  the  phnii1).»tnftliyl  thr^n  «;rpfirf»te<»  as  an  oil  at  tin-  iMift.mi  of  th.'  wnter. 

Plumbotnethyi  is  a  yellowish  mobile  oil,  of  specific  gmvity  1  ijl  at  0",  ui»uluUe  in 
Wtikr,  easily  soluble  m  Seokal  and  tihcr.  It  volatilises  undecomposed  in  small 
qnantify  with  <  th.  r-vnponr,  but  cannot  1»-  distilled  alone.  By  the  action  of  light,  or 
by  prolonged  boiling  with  water,  it  decomposes,  with  separation  of  metallic  lead 
^Kltppel).  When  «noaed  to  tha  air  in  ether^  aolatfam,  ft  ia  conrertad  into  oxide 
(Low  i<.'\  carlK^nate  ^Klippel).  0doHn»'wa,Ur  dceomipOMt  lit  with  aapsraliQa  of 
chloride  of  lead.  (Elippel.) 

Bromid«  of  vlumhotrieihyl^  PpbEUr,  is  obtained  by  adding  an  alcoholic 
Solution  of  bromide  of  potassium  to  a  8o1nti<jn  of  the  sulphat*-  in  ali'onol  containing 
sulphuric  acid,  agitating  the  whole  with  ether,  then  with  watir  to  wpnrate  'tho 
ethereal  solution,  and  evaporating  the  ether;  it  then  crystallises  iu  luug  needles. 
(Lowig.) 

The  chloride,  PpbE'Cl,  is  obtained  bv  addinir  cidorid.  of  1),irium  to  a  solution  of 
the  sulphate  in  alcohol  contauning  hjdrocnloric  acid,  agitating  with  ether,  separating 
tht  Hherad  iohition  bj  watnv  ana  laaring  it  to  ef^oxate  ^diri^ ;  by  aaittnlisiqs 
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tho  oodde  or  carl>oiiat<>  with  hytlrot^hloric  acid  (Klippel) ;  or  by  th(^  action  of  hy«irr)- 
dUotk  ucid  gas  on  plumboMrethyl  (BucktOO,  M8).  It  ory-sf)illim>M  in  Ix-autifiil 
long  nt't'dles,  having  a  hiu'h  h^^*tro,  and  pivinj?  off  a  strong  odour  of  oil  of  mustjinl 
■when  gently  heated.  Whfii  ht-uted  in  a  glas>f*  tube,  they  detonate  slightly,  oven  at  a 
modorato  heat,  jMiHing  chloride  of  lead  and  metallic  leftoL  (Lowig.) 

The  chl oro  mrrcv  ra  ( i\  PpbEH  U.IIhj;Cl',  sepanitcs  from  n  hot  alcoholic  (fiolutioii  of 
the  1-unjpoui.ut  salts  in  wliite  nacreous  scales;  the  chloroplatmate,  2PpbE*Cl.l*ptCl*, 
ill  ec)|>{)er-red  aftU^  ipiniifly  mIoUb  in  vsteiv  won  mntj  in  aleohol  and  9thgr. 

(Kli  jtpel.) 

The  cyanide,  CH'^l^b*  »  PpbE'Cy,  is  obtained  hr  heating  cyanidn  of  {Kitassinm 
with  an  alcoholic  solatioB  of  ehhmde  of  j4ambotriethj^  for  a  considerable  tini«,  in  % 
pealed  tube  placed  in  a  water-bath,  mixing  the  p>siilfin^  bVuxl-red  liquid  with  water, 
and  recrystallising  the  resulting  whit«  precipitate  from  ether.  It  then  separates  in 
prismatic  erjratali,  whidi,  when  heated  in  a  tahe,  melt  and  deeompoee,  wMi  dettagntka, 
•cparation  of  metallie  le.i<l.  and  evolution  of  inflanimalile  vapours.  (Klippel.) 

The  iodide^  PpbE'l,  formed  hy  the  action  iodine  on  plumbuthethyl  (Klippel^ 
or  by  the  reaetkm  of  iodide  of  polaaiitim  and  Mdpaat«  of  phimbotrieth^'l  (Lowig),  la 
soluble  in  etlier  and  very  lui'itaMe,  the  ethereal  solutinn  (piiekly  yielding  a  deposit  of 
iodide  of  lead. — If  the  compound,  while  jet  uudecomposed,  be  distilled  with  water,  iodide 
of  lead  sepenttM  ffimtfdiiittlji  and  the  water  whieh  pawea  cmr  u  aacoaipaniad  ly  n 

colourless,  muliile,  Vrry  pungent  liquid,  no  longer  prone  to  ■polltaBIWWli  d<WIOlBipiMitMW»>  . 
and  having  nearly  tiie  composition  (PpbE*)*I*.  (liowig.) 

Oxide  of  pi  umbotriethyl  is  obtained  in  the  hydratcd  state  by  adding  n  solution 
of  nitxate  of  silver  mixe<l  with  alcohol  to  the  alcoholic  solution  of  the  mixed  radibles 
as  long  as  metiUlie  silver  is  precipitated  ;  filtering  from  the  silver;  agitating  the  n^sult- 
•  ing  solution  of  uilnite  of  |iluml>otriethyl  with  alcoholic  potash  and  afterwards  with  ether ; 
amUngaanfflcient  quantity  of  water  to  separate  the  ethereal  ;<olution  of  the  oodde;  and 
pvaporntiiig  the  t  ther  in  a  retort.  IIy(!ratt  <l  oxide  of  plumbotriethyl  then  remnin.H  in 
the  form  of  a  thiik  oily  liquid,  which  solidifies  after  a  while  in  a  cr}'Hlalline  mass, 
alipperv  to  tli"  touch,  like  hydrate  of  potassium  (Lowig).  It  may  also  be  pn  pared  hy 

C dually  adilinir  iodine  to  tho  ethereal  solution  of  plumbotriethyl  till  the  colour  no 
ger  diMappear.s,  and  imraediatel[y  agitating  the  liijuid  with  moist  oxide  of  silver.  An 
alkaline  i^olution  is  thus  obtained  which,  on  addition  of  water  and  xemoral  of  the 
alcohol  and  ether  by  distillation, de])0.sit.«i  hydrateof  plunibof  rfct'iyl  as  a  nearly  colourless 
thickish  oil  (Klippel).  It  is  vulaliie,  and  forms  wliitu  fumeb  when  a  rod  moistened 
with  hydrochloric  aeid  ll  held  over  it  When  heated,  it  giyea  off  white  vapours,  which 
excite  powerful  sneezings— ♦property  which  also  belonyrs  to  the  nulii-le  itself  and  many 
of  ita  oomponnde.  The  Iqrdrate  dissolves  sparingly  in  water,  readily  in  alcohol  and  in 
ether;  has  a  strong  alkaline  reaetion,  and  a  sharps  disagreeable^  eaostie  taste  (L9wig, 
Klippel);  .'iapcnnfies  fats;  precipitates  the  oxides  of  iron,  copper  and  silver  from  their 
snlte;  also  alumina  and  oxide  of  sine,  both  of  which  it  rediasolrea  when  added  in 
csBSMk  (Klippel.) 

Oxygen-salts.    The  oxide  unites  readily  witli  nrids,  forming  crj'.stallisable  s.alts. 
The  acetate^  bentoate,  and  butjfrate  form  needle^haped  ciystals»  soluble  in  water, 
aleohol,  and  ether. 

Ccirh.utili\  (PpbE*)*CO'. — The  hydrated  oxide  rapidly  nl)sorb.s  carbonic  acid  from 
the  air,  and  by  leaving  the  alcoholic  solution  to  uvaponite  in  the  air,  the  carbonate  ia 
obtained  in  small  hard  crystals  (Lowig),  or  it  may  Ik-  prepared  by  passing  carbonic 
anhydride  into  the  solution,  and  separated  by  addition  of  carbonate  of  ammonia,  caro 
being  taken  however  to  avoid  an  excess  of  tho  latter,  which  wouhl  give  rise  to  the  forma- 
tion of  an  eiisily  soluble  double  salt.  Carbonate  of  nlumbotrielhyl  has  a  strong  burning 
taste,  is  nearly  insoluble  in  water,  sparingly  soluble  in  akolKd  and  eUuCL  Aloohol 
containing  hydrochloric  acid  ilis'-olvc  a  it  with  elTervesceJloa.  (Lowig.) 

Fonnatc  of  jihnnhotriithyl  re.-(  nildes  the  acetate. 

The  nitroir,  PjibE'.NO*,  is  obtained  by  decomposing  the  alcoholic  solution  of  tho 
mixed  plumbethy is  (L('» wig,  n.  561),  or  the  ethereal  solution  "f  jiun'  plumbotriethyl 
(Klippel)  with  nitrate  of  silver.  It  remains  on  evaporation  as  a  colourless,  viscid 
liquid,  which  smells  like  butter,  ha<j  a  burning  taste,  and  solidifies  after  a  while  to  a 
crystalline  unctuous  mass.  It  is  decomposetl  by  heat,  with  sliuht  detonation.  It 
dissolves  readily  in  alcohol  and  ether;  the  alcoholic  solution  wlien  evaporated,  dej^josita 
a  small  quantity  of  nitrate  of  lead.    ^L  5  wig.) 

The  neutral  oxalate  forms  sealv  laminar  ciyatlll^  which  whsil  dried  0?cr  oilof  vitaol, 
contain  CTPpbE')'0«.H«0.  (Klippel) 

A  fthMpkaU  (I*pbE")H*PO',  is  obtaiBed,  by  saturating  the  oodde  or  earixmate  with 
phe^pljorie  ,ieitl,  in  stellate  groups  of  crystals  whieh  di^^solve  readily  in  water,  alcohol, 
end  etlier,  and  aru  oxidised  with  vivid  deflagration,  when  treated  in  the  diy  stale  with 
ftuttiiig  aitrie  aoid.  (KlippeL) 
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Sn^phat'\  (PpbE*)®??©'.  — Wli.-n  siiTpIimic  aoiM  is  a.ilod  by  drr.].s  f..  an  alcoholic 
solution  of  tlie  oxide,  leaving  the  base  in  excess,  a  dazxlinir  white  crvstalUo*  pcecipi* 
tata  of  Ae  sulphaM  ia  obtained,  wbieh  mvMt  he  «atrii«d  tnth  ideolioT  and  aftermnis 
v.  Uh  <  thi  r.  The  salt  h  nearly  insoluLlo  in  w  ifi  r.  iibsoluto  alcohol,  tind  ofhor,  but  dis- 
Boives  readily  in  alcohol  mixed  with  suiphuric  or  hydrochloric  acid.  From  tho  acid 
•eltttbtt  it  erystaUiM  in  tolerably  large,  hard,  shining  ootahedral  crystals  (Low if?). 
Klippel,  by  d)>?f!(jlving  the  carbonate*  in  iilcolnjlii-  sulphuric  acid,  obtained  tlio 
wilpiuite  in  crraUls  like  thoae  of  quartz.  Buckton,  by  decomposing  the  chloride  viih 
■nmnirte  aeia  <tr  nthliate  of  diver,  obeained  it  in  asbestiform  needles. 

The  add  farlrale,  C'iI*(PpbE')0»  (at  lOtP),  forms  sady  Untinar  ayttalik 

Su^phidi:  of  pin  iuhntrit:tJi!/l  is  i>li(;»inc<l  V-y  troafini'  a  solution  of  the  oxide  or 
a  salt  of  pluialK>tri<  rhyl,  with  i»uiuhYdric  acid  or  stilphidc  of  ammouium,  as  a  wliito 
pndpttato,  which  is  !i<  irly  insoluble  m  water,  alcohol,  and  etber,  and  blaekem  quickly 
with  separation  of  sulphidf  <>f  load.    (K  1  i  p  pel.) 

The  9  nlfhoet/a  naie  is  fonnod  by  heating  an  aloohi^  Mention  of  the  cblorido  with 
MOMrtlj  proeipitated  snlphoeyanate  of  silver  to  100^  in  a  aealod  tabo.  It  dtawlvea  in 
wator,  alcohol,  and  etlx  r,  and  er}'sf  iilli.i<>H  from  the  otlMVeil  ooliitioa  in  the  nme  form 
an  iiuiphocyaualo  of  potastfiarn.  (Klippel.) 

Vlnmbotetrethyl.  Pb»C«H"  -  Ppb(C-K^)»  or  PpbE«.  DkthuUde  of  lead, 
IhmhodktiifHit  (Baek  ton),  -ProdiiQad  1^  tiM  aetum  of  ame-etl^l  onduorida  of  lead : 

When  dry  chlorido  of  load  is  addi  d  to  zinc-ethyl,  decomposition  takes  pla4»i  imni 
di  itoly,  attended  with  separation  of  metallic  lead,  I  -ilight  rise  of  fempc  r.itiir«' :  and 
OH  adding  an  excess  of  the  lead«chluride,  and  wanning  gently  for  a  few  minutes,  a 
c\w,iT  liqaid  may  be  decanted,  apparently  consisting  of  several  lead-radidles  oombiiK^l 
with  zint'-ethyl,  which  cinnot  be  eoinpletely  reini>v<'<I  digestion  with  fxf»r«?«i  nf  lead- 
chloride,  but  niay  be  expelled  for  the  most  part  by  distillation.  The  liquid  rcmainiutf 
in  ttia  retort  at  I40<'-io0<'  yields,  when  treated  with  water  and  hy^boeUorie  ad£ 
heavy  colourless  drops  of  ji  llipiul,  the  f:;ro;iter  part  of  which,  consi.-,tin<2;  of  plumlxt- 
tetrethyl,  distils  over  between  Itib'^and  202'^;  but  the  compound  is  most  eaaily  obtained 
in  the  pore  state  by  distSlation  in  a  rarefied  atmosphere.  (Bnekton.) 

Plumbotetrethyl  in  a  transparent  eolourli  sri  lirpiid  of  speci Ac  gravity  1'82.  Under 
the  ordinary  pressure  it  boils  with  partial  decomposition,  at  a  few  degrees  abore  2(MJ^, 
but  under  a  preosnre  of  7*6  inehea  of  netenryit  boila  wiAoot  deeompoMtion  at  162^. 
Wh<^n  spt  on  fire,  it  'hani'<  wltli  jxde-^^r -on-bordered  flame,  emittiri;,'  a  fume  of  load- 
oxide.  In  a  stream  of  hydrochloric  acid  gas,  it  is  (inverted  into  chloride  of  plumbo- 
tristl^l,  wfth  evolnllon  or  hTdrida  of  ethyl : 

P^C  II  )•  -I-  Ha   -  Ppb(0*H^     C>H*.H.  (Bnekton.) 

PlombolrimetbyL  Pb'C*H»  =  Ppb(CII»)«  -  PpbMo'.— This  compound  haa 
not  yet  been  obtained  in  tho  free  8tat«v  but  its  salts  are  produced,  with  evolution  of 
hydride  of  methyl,  l)y  treating  plumbotetramethyl  with  acids:  0.g.  with  hydrochloric 
acid,  the  K'action  i  l  ing  precisely  similar  to  that  which  takes  phice  in  the  case  of  the 
ourresponding  ethyl  compound,  as  represented  by  the  equation  jtist  given. 

Chloride  of  plupibotrinuthyl,  PpbMe'Cl.  thus  obtained,  separates  from  the  solution 
on  cooling  in  long  needles  very  mucli  like  chloride  of  lead.  If  the  txiiling  of  tho 
pltimlxitetramethylvitb  bjdrodilorio  add  be  too  Img  continned,  cUocids  of  lead  is 

upif  to  b<'  funned. 

Bramide  of  i'lnmh^  trnnHhyl  is  somewhat  more  soluble  than  the  chloride. 
The  iodide.,  I'pbMrU,  is  olrtained  by  addinjr  iodine  to  plumbotetmm«»fhyl  till  the 
colour  beeumes  permate  tit  (iudnle  of  methyl  Leiug  probably  formed  at  the  tsumu  time : 

I'pbMu*  +  P    =    PpbMe'I  +  Mel). 

The  product  is  a  white  solid  mass,  mixed  with  yellow  iodide  of  l«id,  sparingly  soluble 
in  water,  easily  in  alcohol,  and  crystallising  in  lung  eolouriess  needles,  which  rn.iy  ]>o 
sublimed.  l>y  distillatiiui  ean<*tic  potash,  it  yirlds  tho  hydrate  of  pi  um  bo- 
trim  ethyl,  h.h  a  strong  buaic  od,  smelling  like  od  of  mustard,  and  solidifying  in 
priamatie  needies.  (Cano  nra) 

PltunDotetrametbyl.    Pb*C'H"  =  PpTifCTP)*  •  PpbMc*.— Prodneed  T^y  tho 
action  of  iodide  of  methyl  on  an  alloy  of  6  pts.  lead  and  1  pt.  sodium,  or  better,  by 
treating  diloride  of  lead  with  aine-metbyt   It  is  a  eolovrless,  mobile  liquid,  Imving 
^  8  eamphor-likf  odonr,  insoluble  in  water,  buf  .soluble  in  aleolio!  and  eflu  r.    If  boils  at 
160^,  deoouposott  at  a  few  d^^cees  abore  that  Uunpentturo,  but  naay  be  diudlul  with- 
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out  ulteraUon  in  a  gas  which  does  not  act  upon  it  (Cahours).  Acoordbg  to 
Butt Iffrov,  homtrtr,  it  nBeUa  like  sfcicvbentM  or  sMMud,  act  at  all  Hke  camphor, 

boils  at  lon'',^  ami  when  five  from  zinc-m.  tliyl,  niuy  \»'  <\\>*\\h'<\  without  decompo- 
sition in  contact  with  air;  in  a  aealed  tube  containing  chiorocarbonate  of  ethprl,  it  may 
be  heated  to  SOO^  without  deeonpontiQO.  Ita  T«^mr>defiintj,  determined  by  Gay 
Lussac's  method,  is  9  66  at  llA*, aod  9*62  at  13nO;  calculation  =  It  hjip.Mrs 

then  that  the  command  ia  coBVWted  into  a  perfect  gas  at  a  temperature  reiy  little 
abore  fta  boiling  point.   (B  nttlero  w. ) 

Plutiibotetramefliyl,  like  the  corresponding  othyl-romj>ound,  doc*  not  unite  directly 
with  oxygen,  chlorine,  or  io«Une,  but  is  deootnpoaed  tberebj,  yielding  oiMnponnda  in 
which  part  of  the  methjl  Is  replaced  by  the  actniff  elemciitai  Mt  belonging  to  the  tame 
type  as  plumbotetramethvl  itself;  r.y.  iodide  of  plumbotriethyl,  Pnb(CH")'I,  by  the 
action  of  iodine.  Treated  with  ad4«,  it  yields  hydride  of  maUqrl  ana  a  aaltof  plombo- 
triethyl.  (Cahours.) 

UUkS-MAM.  Lead-salta  of  tho  llit-ttelda.  Commoii  lead-plMlw  (p^  MO)  ia 

a  prep;iration  of  this  kind. — Palmer  in  1846  patented  the  prep-imtion  nf  n  lend-scwip 
for  greusiog  the  axles  of  railway  carriages,  &c.  It  is  prepared  by  heating  the  impure 
oleie  add  mfeained  from  the  manufacture  of  stearin-candlea,  and  stirring  uthav|^  into 

it  as  long  aa  the  Ktharge  is  dissolved.  Before  a.«c  it  is  mixed  with  a  certain  quantity  of  oil 
or  talluw.-.^oonpound  of  lead-oxide  wiUi  the  acids  of  linseed-oil,  prepared  by  deoumpos- 
ing  the  potash-aoapof  lineeed-oil  with  solution  of  aeetate  of  lead,  aorrei^  when  disBOtved 

in  oil  of  turpentine,  for  printing  on  wall-paper,  previous  to  pildintr  it  with  pold-leaf  or 
Pnteh  metal,  or  dusting  it  with  'vroi>!->tiearing3  for  tlie  jTuduetion  of  floek-patterns. 

XBAS-8VBIS8.  The  metulJurgical  name  of  certain  prudocta  (ditained  in  tli<- 
voximig  of  lead'Ores  containiag  anenie  or  antimony.  The  fbUoving  table  exhibits 
the  composition  of  two  lead-spptf;«:f^s  analysed  by  r.ij<1emann :  'r,  fmm  Clanathal;  ^ 
from  Andreasberg,  and  another ;  c,  by  Ahreud  tix>ui  tlie  Lower  Hurtz: 
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>VXTSXOZi«    Sulphate  of  lead  (sec  Sulpuates). 

8co  CsLOiBomu.  (L  MS). 
8ae  EBmsonRU.  (ii  506). 

See  XAliTHOPHTIX. 
consists  of  the  skins  of  animals  prepared  by  a  proeess,  or  mther  series 
of  processes,  callinl  tanning,  by  which  they  are  j)n^serv<Hi  from  putrefying  while 
moist,  and  rendered  ftoft  and  pliable  when  dry.  The  skins  an>  first  freed  mm  epidep* 
mis,  fatty  matter  and  hairs,  Viy  steepin;^  tli.  m  in  milk  of  lime,  or  in  an  acescent  in- 
fusion of  Ijarley-  or  rye-meal,  or  8pent  tan,  which  sets  up  a  slow  fermentation ;  hy 
either  of  tiieoe  modea  of  treatment,  the  epidermis  and  the  cellular  tissue  in  which  the 
hairs  are  n  oted,  are  disintepr  it,  b  ^o  that  the  hair  and  epidermis  can  then  W  easily 
removed  by  scraping.  The  bkin.s  t  hus  prepared  are  then  steeped  in  an  infusion  of  some 
•abstance  capable  of  oiiiting  with  th«  troa  akin  and  ooomting  it  into  leatiier.  The 
materials  xised  for  this  purpose  are  : 

1.  Tannin  or  tannic  avid,  in  tlio  process  of  tanning  properly  so  called,  which  is 
applied  chiefly  to  the  stonter  kinds  of  leather,  made  from  we  hidea  of  osca  and  borsea. 
The  true  skin  of  animals  is  a  tr'-bitinous  tissue  (ii.  826)  and  pelatin  unit- s  with 
tannic  acid,  forming  a  tough  insoluble  substance  possessing  the  properties  of  leather 
(it  706).  Sereml  subataneeo  are  naed  by  the  tanner  aa  aonroee  of  tannie  acid ;  but  the 
most  valuable  and  most  extensively  used  of  all  is  oak-bark.  The  following  sub- 
stances are  also  used,  sometimes  alone,  but  more  generally  as  additions  to  the  oak-bark : 
-.Snmaeh,  item  tiie  bark  of  RktucoHnu*  otSSmceHmrtM;  eateehn,  or  TVrsJispe- 
■»ira.  chiefly  fh>m  various  spedes  of  Acnrin  (i.  816);  diridivi,  the  crushed  pods  of 
CasaliMMia  corimia;  mimosa,  from  the  bark  and  pods  of  various  kinds  of  Progoms,  a 
genua  of  legmniBOtw  plants;  ▼alonia.tiw  aoom  of  the  great  priLkU  .  upped  i  oak 
( Quercuft  J^ji^cp.i)  ;  and  nut-galls. 

2.  Mum  and  common  tailf  in  the  process  called  tawing,  which  ia  applied  chiefly 
to  liia  l^ter  kmda  of  akin,  namdy  theae  of  sheep,  goats,  and  ealvca. 

♦  TfcU  »ioinn|t  polnl  differ*  from  that  of  pliiinlKXPircthyl  (ulioiif  ?i  f '  ^  l>y  90".  or  24•.^  fur  flilT.  rrnci'  of 
CH'  III  the  f  irmiila'.  wherra*  thf  boilfng  point  of  plumlKttHrAincth)  1  ri>uti(i  br  Cahmirf;,  *ix.  I>.(i'-.  itifTfrt 
from  3>  0  by  <mljr  40°.  or  by  \(P  for  ea'  h  dlfTerence  of  CH*  in  the  formula.  Now  on  romp.irlntr  ttir  dif- 
fswiiSM of  bolltoa poteU In  the  corrrniondiDg  mcthyU  and  ethyl-componndt  of  phoiphorui.  Artrnic,  null. 
HMNif.  aad  tm,  ttls  Ibond  Uuu  tbm  diUfercnce  alwajra  amouoU  to  a(P  or  upwardi  for  Mcb  moliH-ule  of  V  H* 

MwHhaaaloirUuBiiliZMsniMbyCalMMii*.  , 
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3.  0(V  for  the  preparation  of  chamois,  shamoy,  or  wash-leather,  wliuh  is 
prf>parti<i  from  the  skins  of  the  goat,  doe,  or  obamoL^  and  is  a  soft,  spongy  leat  liur, 
ettpable  of  washing. 

4.  Linw,  f(ir  parchnif^nt,  whir-h  in  prepund  flecm  Calf  or  aheep  akiii%  Kodio*  the 

sUxjnger  kinds,  from  ajiiM:a'  or  pig'i^  ukin. 

For  th«>  detaib  of  all  these  proceiwes  we  must  refer  to  Unf4  DSetionOfjf  4^  AH$f 

(ii.  674— 686X  and  tlie  HanJwvrh  rhurh  drr  Chemie  (iv.  792—810). 

X.I2CAX70RTC  ACXS.  C'^irU)'?  L'ranorhi.  a-O/w///--  add.  (Schunck, 
Anu.  Uli.  Piiaiiii.  xii.  157  ;  liv.  261  ;  Ixi.  "2. — Uoclilcdor  uud  lli-ldu  ifnd.  Ixviii.  1. 
— tStcnhouse,  if/id.  Ixviii,  61;  Ixx.  218. — Strcckcr,  ihid.  Ixviii.  Laurent 
and  Oerhardf,  A-m  Cli.  Phys.  [3],  xxiv  31.5.— Kubiquet,  Ann.  Ch.  I'hvs.  xlii. 
236  ;  Gm.  xii.  377.;  l'n'\>i  ttubstance,  which  was  (iis^^Hjwred  by  Schunck  in  lb*2,  is 
extracted  horn  several  lichens  belongingto  the  gener.i  L'ccnora  and  VMelaria,  Tha 
lichens,  in  the  state  of  fin*'  ]x>wder,  are  exhanHttnl  with  ether  in  a  pf*reolator,  nnfl,  on 
evaporating  the  ether,  n  r>  liiiiue  is  obtained  wliich  is  to  be  waah^d  with  ethi-r  on  a 
large  funnel  till  it  i-c<tourle&s,  then  exhausted  with  water,  and  ciystaUiaod  ftoot 
alcohol  (Schunck).  Rochlfilir  and  HeMt  i-xhaust  ihc  licli.-n  {Er-rnut  pnninsfn) 
with  a  mixture  of  ammonia  and  alcoliol,  dilute  Ui»  aieuhol  with  u  lUird  of  its  ruiume 
of  water,  and  «atarate  with  acetic  acid.  Lecanoric  acid  then  separate^)  in  grey  Hoeka, 
which  nro  wa^ihrd,  dried  at  KM)'*,  di>S()h'cd  in  a  amall  qaanU^  of  boiling  absolute 
alcohol,  and  puritied  by  recrybUiiluwjtiou. 

Steohoaee  macerates  the  lichen  (lioccella  tineioria)  wiA  watep  nixed  with  slalied 
lime,  prfcij  it.ttes  the  filtered  liquid  with  hydrochlori  -  ;irid  ;  cashes  and  dries  the 
gelatinous  nrecipitate,  and  digt't>t«  it,  when  nearly  diy,  with  ab»jlutc  alcohol,  t^dung 
care  not  to  nml  the  liquid,  wuch,  on  cooling,  denants  tlv  add  in  crystals. 

Lecanoric  aoid  cr^'stallises  in  o.>]<.uirli  s<  sfcnatc  in  .  (!lt  s.  sparingly  soluble  in  cold 
WiUenad  in  cold  aioohoi;  moderately  soluble  in  boiling  alcohol,  soluble  iu  eiher  and 
in  tteeih  tuid,  Aeooarduig  to  Sditmnc,  1  pt  of  lecanorie  ndd  rvqairea  for  solation 
2,500  pU.  of  br-ilin^' wal.  r.  I.')')  \>\^  of  idcoh(>!  uf  SO  p.  r  (vnt.  at  lo"^  ;  .01.5  pts.  of 
boiling  alcohol,  and  80  pts.  etii*'r  at  1«>'5°.  Xhe  solution  reddens  litmus.  The  czys> 
talltSMl  add  does  not  lose  weight  at  100^. 

Lfvanorio  a«  id  ^'ivt-s  by  analysis  59"46  to  60*69  carbon,  and  4"40  (o  a  00  liydm;:!  ii, 
whence  Stenhouse  dedac«d  the  farmala  Q^'WH)'^  which.  Gerhjirdt  altered  to 
C^WKy(W^7  per  erat  C.  4-40  H,  ud  SS-iS).  This  latter  formnla  readily  explains 
the  conversion  of  lecanoric  into  orsellic  acid  (ii  fra). 

Lecanoric  add  yiekb  by  (by  distillation,  a  visdd  oil,  togftber  with  ordn.  It  dit*. 
solres  readily  at  oidinary  temperatures  in  Umeowntcr  or  baiyta-water,  and  is  p:  < '  i|<i- 
tuted  therefrom  by  acids  in  the  form  of  a  jt  lly,  and  without  alterHtion;  but  if  the 
saturated  solntion  be  boiled,  the  iecanoma  of  iMnum  or  caldum  changes  into  the  much 
nuxra  Minlila  orsdA'Mft*.  If  the  abullition  be  prolonged^  carbonate  of  Mrivm  or  osldna 
ia  pneipitated,  and  er«Ai  fcnaina  in  acdntion: 

Lecanoric  OncUlnlc  Otela*  * 

aeM.  aeU. 

A  solution  nf  h'oanoric  add  in  nqn.  ous  ^ffliwsai'tt  aeqtdres  by  exposure  to  iho  air  a 
finp  pnrj'!«-  colour,  due  1'>  t'n'  f.irmation  of  orcein.  In  oontfirf  with  kt/pochlorite  of 
c<il4;tUM,  lecanoric  acid  iinin<  ciiat<dy  ti'-sumes  a  red  tint,  quickly  tlian^'ing  to  brown  nnd 
yellow.  The  add  heated  with  «i<7/;nMr»catirf,  is  gradually  convert  >d  into  ore  in.  J'.'iiling 
nitric  acid  convert«  it  into  oxalic  acid.  Boiling  arrtir  ncid  diss^ilvi  s  it  r«  adily.  and 
deposits  it  in  small  no<-dl<  s  on  cooling.  By  boiling  with  alvokoi,  it  in  cunvtrted  into 
onellata  of  ctfiyL  The  Kume  change  is  produced  by  pas«ing  hydroeldoric  add  gai  istO' ' 
a  solntion  of  lecanoric  acid  in  absolute  alcohol,  sntnraffd  at  the  boiling  heat. 

The  ammouiaeal  tiolution  of  lecanoric  add  forms  white  predpitttti^  with  ImHic 
acetate  of  lead  and  nitrate  of  silver  ;  but  the  silver  pr.-ci}.i(at«  is  quickly  reduced.  The 
nlcobolic  solutioJi  gradually  producfs,  with  an  iilcoliulio  solntion  i>t  inffufr  nf  cojyptT,  a 
light  apple-green  predpitate.  It  does  not  precioitate  the  alcoholic  solutions  of  neutral 
acetate  of  Inid,  merennc  chloride,  ehloride  of  gold  or  nilmte  ef  micmt,  A  few  dvopa  ot 
ffrrif  rhloridt  impart  to  it  a  d^rp  puTjilo  colonr. 

The  lecanorates  graduallT  decompose,  tspeciallv  win  ji  luuted,  yi«  Iding  (^rscllinio 
Mid,  and  ultimately  orein.  Tike  boHum-Mlt,  C"H"Jia(),  is  obtained  by  dimilvingthe 
ncid  in  »old  baryta -water,  passing  carbonic  acid  info  the  li<jnid,  and  treating  the  pre- 
dpitate with  alcohol,  which  disfiolveB  the  lecanorate  of  barium,  and  depo«its  it  in  small 
Stellate  nesdies.  Aeoording  to  Stenbooee's  analyds,  it  contains  49-27  per  cent. 
S-81  H,  and  19  40  baryta  ;  tla  fonnnla  requires  49  87  C,  3-37  IT,  hi  t!  19  73  barjta. 
The  ca/oium-*o/t  a  gelatinous  predpitate,  slightly  soluble  in  water  and  alcohol* 
obtained     mixLug  au  ammoiDBCal  iototioii  of  the  aoiairi  Tin 

* 
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Icad'talt  18  precipitatrd,  acconlinp  to  Rochlcder  and  HeWt,  on  mixing  tho  boiling  al- 
roboUc  solutions  of  leeanoric  ucid  and  aceUUe  of  Itmd ;  the  precipitate  Urns  obtauBed 
pKvtwUj  Qonnetv  for  the  aMwt  part  of  ofMlluiftte, 

UCMlSOWOti  Syn.  irith  lacAiTOKio  Aca>. 

XECITHIM.  Goble/s  Maiiirevisqurn.v.  (OoMi  y.  J.  Tli  im  [3]  ix.  1,  83, 
161 ;  xi.  409;  xiL  6;  zvii.  401;  xviu.  107;  xix.  406;  xxi  241 ;  xxx.  241 ;  xxxiii. 
161.)— Tbe  (negi  and  milt  or  mlt  roe  of  tilie  carp  and  herring,  the  jcXk  of  ponltry-egcKt 

tho  iiraiii  of  tiK'  (l(iiii»'sf  if  fowl,  of  ni;iii  ami  of  tlu-  slu-cji,  Vt  nuus  blo<:»1,  ox-biI<',  iin<I  tiie 
fat  of  tUo  garUca-soail,  contain,  U^cLbcr  witii  cbolesti^iin,  oleiit  tmd  mai^arin,  a 
TiBoovfl  snntanee  irhieh  m  deeoin|M)8«d  by  boiluig  irith  addnlated  irater,  jieldiag 
rrrobrin,  olfic  acid,  niargaric  acid  and  phosphoglyceric  acid  (ii.  891).  Of  thest'  products, 
Uobley  rp^garda  tbe  eeri  brin  as  adveutitiouyB,  the  other  three  a«  resulting  from  the 
deeompomtion  of  a  non-iaolable  snbttaace,  leeiikin,  Tba  portion  of  pig's  bile  tolable 
in  hIooIioI  an<l  not  j.r.  i'ipitable  b^ctlior  contains,  beside*  cholestcrin  and  ordinary  fats, 
a  phospUoretted  tat  corresponding  with  Oobley's  lodthin,  and  resolvable  by  boiling 
■with  Imryta-water  into  phosphoglycerale  of  barinm  aind  insolnble  barium-salta 
(Strecker,  Ann.  Ch.  Pharm.  cxxiii.  35G).  A  constitaent  of  yolk  of  egg,  rescmblinff 
lar-wax,  dcscrilx-dby  Kodu  eis8  (AnaPharm.  lix.  agreeaftlMinpiopertiaawita 
the  KuI)«t«nco  described  V^y  Gobb-y. 

Wlicn  curjis'  eggs  arc  ejthaustcd  with  ether  or  boiling  alcobd,  and  tlie  solution  is 
CTaporatcd,  there  remains  a  r.  iMi^!) -yellow  aoft  ma'^s,  wliu'li  when  redissoived  in  boiling 
alcohol,  leavtia  a  Bmall  miaut  ity  uf  uil,  and  separatea  js^ain  :ih  a  viscous  mass  on  cooling. 
It  may  alao  be  obtaine<l  in  the  same  manner,  Imt  less  pure,  from  yolk  of  egg  (ii.  36 1). — 
Wfu>n  t)u>  commitrnt.  J  and  piurtially  dried  milt  of  thi  carp  is  shakt  n  up  with  ether, 
the  ether  takes  up  t  hi-  gri  mier  part  of  the  viscous  matter,  aiul  i  he  rest  may  be  obtained  by 
repeated  buling  with  alcohol.  On  ovnporatinir  the  aieoholic  solution,  transfenilig  the 
vincouH  mattt<T contniiii'd  in  the  rLsIJiK  lo  .  tin  r  l^y  a:_Miatiuii  flu  rrwith,  and  orapwitint; 
the  ether,  tho  viwx)us  matter  is  obLaiucd  free  iVuui  Lii*j  Uken  up  by  tho  iilcoUol, 
which  remain  in  the  lower  waiezy  layer  of  liquid. 

Till  \  i-i  t>us  matter  ia  rnlotirb'ss,  or  has?  mrri  Ij  a  f.iint  yollow  or  oninge  tint ;  it  is 
Hoft,  neutral,  and  haii  for  the  most  part  the  o<iour  of  the  material  from  which  ithasbeeu 
prepared.  It  ia  f)r«qiieRtlT  contaminated  with  earthy  pho^atea  and  albvmin. 
It  swells  up  whf'ii  h'lititJ.  (•iia'*s  without  mHtin;r.  pivosi  off  ntnnioniaeal  AMpoui-s,  and 
leaves  an  acid  oarbonuccoua  residue  ^ntaioing  phosphoric  acid.  When  exposed  to  tho 
aM%  it  doea  not  t«uni  add,  and  afterwaida  yidda  the  aame  deeompomtion-prodtiels  aa 
that  which  has  bi-.  u  ]>rq-.nnd  witliout  oxpo'^iiPf  to  tlic  nir.  "Whi'U  sliakrn  uji  with 
water,  it  Ibrma  an  cmulaiou  which  does  not  become  sour  or  exhibit  the  presence  of 
pho8p)ioglyc«rie  add,  eren  after  12  hottra*  boiling,  bat  on  boiUng  it  with  water  eontMH 
ing  sulphuric  or  hydrixMoric  acid,  oleic  and  tnanL'  iru-  acids  are  formed,  whi.  h  rls  t<> 
the  Borboe  aa  an  oil,  and  phoapbogljreeric  acid«  which  remains  dissolved  in  tbe  water. 
Additl<«  of  alcohol  aoeeleratea  thia  deeorapodtion,  which,  in  Tiaeooa  matter  fipom  jttXk 
of  ej.'g,  takes  placi  :il  flu-  mere  heat  of  the  water-bath,  but  in  that  dr  rivnl  fron»  of!.,  r 
eourcea^  not  till  after  half  an  hoai'a  actual  boiling.  The  oi^gen  of  the  air  has  no 
influence  on  the  decompodticm.  Beddea  tiia  prodvela  above  mentiooedt  tiiere  are 
obtained  cerehrin.  and  sometimes  also  cholesterin,  olein  and  margarin,  which  however 
•re  r^^arded  by  Oobley  as  acci<lontal  admixtures. — Aqueous  alkalis  and  alkaline  cat- 
bonatft  at  the  boiling  heat  produce  the  saroA  decomposition  as  the  mineral  acids.  Wfaen 
the  Tiacona  matter  of  yolk  of  egg  is  shaken  up  with  water  containing  potash  and  heated 
in  the  water-bath,  acetic  ari  l  .separates  oleic  and  margaric  acids  from  it ;  with  the  viscous 
matter  of  the  brain  or  frciu  any  other  source,  boiling  with  alcoholic  potash  is  necessary 
to  flfifeet  the  dooonposition.  Carbonate  of  potassium  also  dooa  iKyt  decompose  tlio 
viscon«»  matter  m»>rt  fy  at  ihy  li.  at  of  tho  wat^-r-hatli,  but  only  on  actual  bi>ilii)^. —  Six 
hours'  boiling  with  uciHic  (lactic  or  tartaric)  acid  dues  not  pruducf  any  decompiJiiitiou, 
12  hours'  iHkilinp  only  an  imperfect  deeonposition  of  the  viscous  matter;  but  by  24 
honrn'  K/ilin;;.  it  eomf^a^  deeompoaed,  with  fiamatioii  of  phoaphoiie  add  and 
glyctriije.        0  bi  ey.) 

From  tha  eaanldon  formed  by'ttfa^^,  whiohfroUui  like  aoap  (GobUjX  ^  ^  pwdifi- 

tated  by  commnTi  salt.    ( K  u  il  u  e  i  .><  s.) 

The  viscous  matter  dissolves  sparing^  in  cold,  easily  in  boiling  alcohol  i  it  is  also 
adnbla  in  Hher.  (Ooblay.) 

XBOOarTZTB.  This  nam-  \<  pivon  by  "W.  H.  Taylor  (Sill.  Am.  J.  [2].  xxvi. 
373)  to  aa  alkaline  sal|diate^  found  by  Le  Oonte  in  the  oaTam  of  Laa  Piedns,  near 
CVumayagna  in  Hondnma,  and  probably  ftmned  Unmb  the  exermflnla  of  bate,  which 
frequent  the  CAvern  in  large  numbei-s.  The  mineral,  when  freetl  from  adhering  organic 
matter,  is  colourless,  permanent  in  the  air,  and  has  a  saline,  bitter  taste.  It 
forma  priamatic  crjrstua^  which,  according  to  Dana,  are  trtmclric  combinations, 


Digitizcu  by  Google 


TJBDEBKRITE— LEEK, 


607 


o? .  crT  .  00^2 .  i  Pao.  ooPoe  .  Angle  oeP  :  ooP  «  103°  12';  aoH  :  00^2  =  115^ ; 
^^00 :  I  Pco  oyer  the  principal  gsds  «  80'  to  128^.  HudneM  —  2  to  2  5. 
Aooording  to  Taylor'w  analyBiB,  it  conlaiiis  12  TM  i>.  r  n  ut.  (NH')'O,  2-G7  K-'O,  17-56 
Nft'O.  4i  97  SO^.  10-45  water,  2-30  org&uio  reaidoe^  aud.a  trace  of  phosphone  acid, 
ugnn  iug  with  tlia  temnU  m30*.H*0. 
Tim  mm  ct  this  mhttuMtt  agrees  psscntiul^  with  that  anqgnad  hj  Mitaehorlieh 

(Pbgg;  iju.  ML  4W)  to  tiM  aait  ^^J|80*8TO.'  (Jabrate.  UU,  p.  72».) 

liZiSERZlAZTi:.  A  minoral  fruzn  Cap*  Blomidon,  Nova  Sent  in,  hanng  the  form 
of  gmelinitf  (  it.  924)  andtht^  H:une  furmula,  but  witli  only  one-third  the  arnomitt  of 
-wntt'f  SjMLifii-  uravitv  2  1  r>9.  Analysis  bv  Hav««8  (Sill.  Am.  J.  [2],  xxv.  78): 
49-47  jx-r  ct  nt.  SiO-,  21  4b  Ai^O*,  11-48  Ca*0,  3-^4  Nu*0,  O  U  1?V0,  3*48  F'O*  and 
8-MiRal<r(»  96  «7> 

UHMBSSS&  8|fii*  with  8ynjMiiii 

milTAVWao  MA  OfPHy^^f  (K  Willi^^k,  Aon.  Ch.  Ffijon.  Ixnr. 

363. — Knchlfilor  and  fchwnrtz,  ibid.  SriH.)  — A  rnrioty  of  tAnnie  add,  ol>f:iiii«d 
from  the  leaves  of  the  marsh  wild  rosemacy  {Ltxjium  palustre).  It  ie  preuured  by  pre- 
cipitaKagllie  akoholie  deeoetioii  of  the  leaves  vitii  watvr,  after  dMriBfrig  <MFtiie  akonol ; 
prwipitating  tho  filtrate  with  nontral  iic*  fato  rf  li>n<l;  fUssolving  the  {  n  oipitat*^  in 
dilute  acetic  aeid;  filtering  again,  precipitating  the  tUtrate  at  the  boiling  hent  with 
haste  aoetate  of  lead  \  deoompoaing  the  pnK:ipitate  tmder  water  with  eulphvdric  acid ; 
and  fTajmrating  the  filtrate  in  a  stroam  of  oarlionic  anhydrirlf  (^ocn leder  and 
Schwartz).  Leditainnic  acid  then  remains  ae  a  reddish  inodorous  powder,  easily 
soloble  in  water  and  in  aleohoL  The  a(|tteoQB  solntieii  ia  eokmred  OMk-green 
ferric  chloride^  and  ibcma  yellow  pfedpitatea  with  ««etate  «f  lead  and  atannis 

fhloridf'. 

l»KttiTK  Alf  TgHf .  A  yellow  or  red  pulreruUnt  substance,  produced  by  boiliug 
aqneovs  kditanntc  acid  with  mlphtiric  or  hydrochloric  acid.  According  to  Willigk,  it 
contains  Cni^O',  and  is  therefore  jiroduced  from  leditannic  acid  by  elimination  of 
water:  CH***)'*  -  SH'O  -  4C'H*U^  It  dissolves  easily  in  alkalis,  and  when  dis- 
solved in  alcohol,  forms  a  red-brown  precipitate  with  an  alcoholie  aolutian  of  neutral 
acetate  of  lead*  By  dnr  diariUatiflw,  yielda  aa  oil  and  enrttala  of  pgnoealaehin. 
(Willigk  > 

&BS17SC,  OZ&  INT.  The  statements  of  different  o1>serT(  r<i  respecting  tliis  oil* 
whidi  ia  obtahied  hy  distilling  the  lea?ce  ri  Ledtmi  pahtstrf,  or  the  ennre  plant 

at  flowering  tim*-,  with  wafer,  ixhibit  eousidcniMi'  Jivoi>iti<-s.  AcforJiiip  luWilliirk 
(Wien.  Akad.  B*-t.  ix.  d02\  it  consists  fur  the  most  port  of  a  hydrocarbon  isomerie 
with  oil  of  torpentine,  ana  of  an  oxygenated  oil,  O^^H^K)*.  Aoeotding  to  Graas* 
mann  (Repert.  I'hartu.  xxxviii.  ^il]'^,  it  cotisi.'-ts  nf  1  j  t.  volatile  oil  and  2  pts.  camphor 
or  steait^tene,  which  mav  bo  separated  by  slow  distillation,  the  volatile  oil  passing 
over  flrst.  The  oamphor  lOTtnn  eolonrless,  slender,  tnuMparent  prisms,  which  melt  at 
A  gentle  heat,  and  sublime  at  a  stronger  heat,  difi^ising  a  pungent  odour,  whidi  pro- 
duces head-nche  and  giddiness.  The  eamphor  consists,  according  to  Buchner 
(J.  Pharm.  [3]  xxix.  318),  of  a  hydrocarbon  isomeric  with  oil  of  turpentine,  and  a 
hydrate  of  that  hydrocarbon,  0»H"0»  «  6C'«H'«  3H-0.  It  is  neariy  insoluble  in 
water,  dissolves  easily  in  hydrochloric  acid,  less  in  acetic  acid,  and  is  quite  inaoLtthle 
in  aquiH)Us  ammonia,  but  dissolves  readily  in  alcohol  and  ether.  (Buchner.) 

According  to  A.  Frohde  (J.  pr.  Chem.  Ixxxii.  181).  the  oil  obtained  from  the  plant 
'by  (listillation  is  rrddish-yellow,  has  an  acid  reaction,  smells  like  the  flowering  plants 
i»  slightly  soluble  in  watar,  easily  in  alcohol  and  ether,  and  does  not  deposit  any  solid 
camphor,  even  when  eooled  to  a  v<  ry  low  temperature.  When  heat&d  with  strong 
pota^h-lfy,  it  gives  vp  to  the  alkali,  beHiiles  small  quant  it  ie^*  of  aeefic,  butyric,  and 
vnkrianic  acids,  an  oily  acid,  having  tlie  peni  trative  odour  of  tlie  pluut, and  consisting 
probably  of  OH*^*,  a  formula  closely  related  to  that  of  ericinone,  CH^'O'  (ii.  600), 
which  substnnre  likrwii^e  exists  in  the  }>lant.  The  portion  of  the  oil  which  doefl  not 
mate  with  potaah,  yieUbj,  by  rectilicatiun  in  a  etxeam  of  liydixigeu,  a  portion  boiliug  at 
160^*  and  faameric'with  oil  of  tarpentine,  while  between  -i  lO^aad  m^aaaajs/m»t«d 
oU  paaaei  om,  having  the  oompoeition  of  erioinol,  C'*JEL"0. 

A  mineral  fonnd  near  Leeds  in  Yorkf-liire,  containing,  according  to 
Thomson's  analysis,  71*9  per  cent,  sulphate  of  calcium  and  28' 1  sulphate  of  barium. 
It  appearstohemanlyaBoehattifialBtizhDeof  thetwo.  (Dana,  ii  607.) 

XtSZUC.  The  bnlbs  of  tliis  plant  yield  0  46,  the  stems  0-84  per  cent,  ash,  contain- 
ing. aMovding  to  T.  Biehaidaon  (Aon.  Ch.  Pharm.  Ixrii.,  Appendix  to  Part  8): 
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Ferric 

K-O       Nii«0     Cn?0     Mg«0    SCP       Si()»      P^O*    phntplute.  K4CI 

JBtilb  ,  82-35  8-»i  12-66  2-70  8*34  3-04  16  09  13-29  4  49  »  100*00 
Stem  .  18-98  14*48  3fi*10  tne»  16*50  1977    .  .      10-Oe    tfaoe  -  99*84 

^.■■■-■inM   QjyQ^  ^|]|  ^usnniTA  (p.  141). 

xmmMBfff  or  Ve^ftabh  Ouein^  wm  ^aoawend  hy  Sinhof  in  180A,  md.  wtm 

call.'cl  l>y  him  viQito-animah'  (N.  allgera.  J.  tl.  Ch.  v.  A.  GcliKn,  vl.  126.  r)48).  n.> 
found  it  in  DMM,  OMna^  and  lentils.  A  nmil&r  nitrogenised  substance,  extracted  from 
MTMt  ttad  mttir  almwdt  tuid  temnd  mMmitn^  lam  b«en  uiT««ti^iitod  bj  Provat, 

}I.  Vogel,  Boullay.  im^l  ollicrs.  who  consMt.'reil  t!u'  snlst-ance  in  qaestioa  to  be 
klentieal  with  animal  casein.  Braconnot,  and  afterwards  J«i«bigL  hinr«  arrired  a( 
tbe  Mme  TeBvlt;  lliey  find,  indeed,  that  kgninitt  and  eumn  «n  {MrfeeUj  idnitacal 

ill  composition  and  properties.  Dnmna  and  Cahour.s  on  th.'  other  IihihI,  always  ob- 
tained a  substance  containing  less  carbon  iukI  more  nitrogen  than  casein,  and  pos- 
sessing somewhat  different  prq)erties.  "Hieir  analyses  agree  Ytstf  dosdy  with  one 
another,  but  it  is  highly  probable  that  the  substance  analysed  contained  sonte  foreign 
body,  perhaps  arising  from  the  partial  decomposition  of  legumin.  It  is  abto  not  un- 
likely that  legumin  prepared  by  the  ordinary  methods  is  not  a  homogeneous  substance. 

Prtparation. — Dumas  and  Cahoiini  MII|Aogr  the  foUoviag  »eUu>d  for  the  preparalioo 
of  Iccniniin,  IIk-  nir.<t  advant^igeous  source  of  which  are  p^'as  or  swi't  t  almonds: — The 
brui.sL-d  suU--luiu'€  is  digested  for  two  or  three  hours  with  tepid  water;  the  product  is> 
then  crushed  in  a  mortar  so  as  to  form  u  i>u!}< ;  and  to  this  is  added  about  its  «fWll 
weight  of  C(<M  wuffi-.  AfU'V  the  whole  has  been  macerated  for  an  hour,  if  is  throwa 
on  a  cloth  aud  prvsmHi,  auJ  the  liquid  portion  on  standing  deiH)!.;!^  a  i<  rt.iiii  (juaiifity 
of  stiiivh.  The  solution  is  now  clarifit>d  by  filtration,  ami  af.-tic- ackl,  diluti-.i  witn 
8  or  10  tiiiif-';  its  wpifiht  of  water,  is  gradually  added,  liaumliati  iy  on  the  addition  of 
the  acid,  u  ixrlf  clly  white  Uoccnlout  precipiUite  is  foriiiL-d,  whicli  may  be  eiwily  collectfld 
on  a  filter  aud  wash»'d  with  water.  Care  must  be  taken  to  aroid  an  excess  of  acetic 
acid,  in  whioli  h^riiruin  is  readily  foluT>Ic.  TIw  h-^nirnin  is  then  washttl  m  ith  alwlwl, 
dried,  pulverised,  and  digest«Hi  with  ether,  which  removes  all  UlUty  matters.  Th© 
{nmdvet  is  aftaia  dried  in  vacuo  at  140*'  (Gerhard t,  TWiiM,  ir.  491).  Harioot>b«aw 
cTiiiiift  well  Vk'  .«iiV>stitiitcd  for  the  aborr'  snibstanfo,  sincr  they  contain  a  fritmniy 
nmtter  which  renders  the  filtration  and  washing  exceedingly  tedioua.  According 
to  Ldwenbarg,  the  pvodnet,  obtahied  aa  alwns  ia  a  nuxtnre^lefi^ui  and  alhtmiii. 
and  riftor  it  has  hci  n  waslu  tl  with  boiling  wator,  rnntaiiis  a  dfCunifMisitiou-jiro^bict 
of  legumin,  mixed  with  albumin.  The  separatioii  of  tJtesa  two  suLetances  may  bo 
cdfasted  hf  diMolrit^t  tlie  nutiire  ia  amnoDiat  evaporating  off  the  escees  of  amiiumia» 

adding  fhh>ndi'  uf  sodium,  iMiiHiu:  iHr.  n'nir,  and  pri'L-ipilaliny  \]w  fdfmi  ■  witli  acvtio 
add.  The  precipitate  is  washed  fij»t  with  cold  water,  then  with  boiling  alcohol  and 
ether.  1%e  iniwkm  of  peas  and  ahnooda  ahm  eQ■ltai^ks  a  third  body,  wbi<ft  is  pveo- 
pitated  by  acetic  acid  ;  it  is  iiiw(lu1d»>  ia  excess  of  t!if  acid,  but  soliiblo  in  puiv  water. 
The  ammoniacal  solation  m  partly  pcecipUated  by  boiling  with  chloride  of  sodium  after 
erapomtiiig  the  ezeesa  of  alloiK. 

Kochleder  purifies  legumin,  pn'pared  by  tL«^  fii-«t  method,  by  treating  it  with  con- 
centrated potash,  which  readily  dtsaolves  the  legumin,  uid  leaves  a  flocculent  residue 
of  anoth^  snbetanee.  The  solntion  is  allowed  to  staod,  decanted,  then  filtered  and 
precipitated  by  acetic  acid.  The  well-washed  precipitate  ia  diiaolTed  ia  aainUHiia» 
filtered  again,  and  ropreci pitated  by  acetic  acid, 

Propertifs. — The  solution  of  legumin  does  not  coagulate  by  ebullition ;  bat  when 
ttVaporttted,  becomes  covered  with  a  pellicle,  like  milk  (Lie big).  Farifled  legomin  is 
insoluble  in  cold  water;  with  boiling  water  it  yields  a  product  richer  in  carWm.  s^olidilf 
in  water  and  insoluble  in  acetic  aciu,  together  with  a  less  carbonised  body,  iijst>lubl«  in 
watar  (Lowonberg).  The  body  analyaed  bgr  Dumas  and  Cahours  had  the  following 
properties: — When  precipitated  from  a  concentrated  snhition  by  weak  nettle  acid,  it 
always  presented  a  nacn  uu-j  and  iridescent  appearanee  ;  from  a  weak  solution  it  is 
depomted  in  flakes.  It  is  insoluble  in  cold  nJcoho!  and  ether;  also  in  boiling  water 
and  in  weak  boilinp^  aleoho!.  If  di-solves  lar^t  ly.  however,  in  cold  watsr,  ai)d  when 
the  liquid  is  heated  almost  to  boiling,  it  coagulates,  and  gives  a  precipitate  of  cohering 
flakea  fvry  like  eoagnlated  alhnmin  (Oerh.  vt,  498).  Gerhardt  thinks  that  liehigaMgr 
hiire  experimented  with  the  aqueous  extract  of  lepum in  obtained  directly  from  pen«,  &e., 
whieh  pruhably  contaiuit  that  substance  in  eombinaticn  with  alkali,  forming  an  inco- 
arriilable  solution  like  the  aliodine  albuminates.  The  fresh  aqueous  extract  of  the  Ihut 
>>f  tlie  h  iTTmiinosfe  is  always  neutral ;  the  le<itimin  jnveipitat.-d  tlieivfmm  Lynn  aeid 
alwiiyt*  i*eddens  litmus,  even  after  pmlonffed  waahin^.  Wht^n  tliis  solution  ii>  left  to 
itsidf,  it  coagulates  in  24  hours,  at  a  t*  ni[H  rature  of  15  or  20**  C,  yielding  a  gelatinous 
pn  eiiHtAto  like  the  coiigulum  of  milk.  The  mothe^li^QOT  IS  decidodlj  acid,  and 
app«'ars  to  contain  lactic  acid.    (Lie  big.) 
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In  tbe  foUowiug  aualy^t-s  ihc  ash  is  deducted : — 


Carbon  . 
Hydrogon 
19itr(^en  . 

Sulphur  . 
Oxynvn  . 

Purified  kgumin  Boniotimcs  contains  as  mnch  as  7*1  per  cent,  ash  (RochlederX 
TIm  ash  is  pevftctly  white,  has  an  alkaliM  x«aolkni,  and  eontains  a  largo  quantity  of 

^totash,  partly  in  combination  with  phosjihorio  arid  Tho  insolul-lo  portion  of  tlit^  ;ish 
is  composed  of  phosphate  of  oalaium  aud  maguesiom,  as  well  as  a  little  plKwphate  of 
iwiL  (Liebig.) 

Volckpr  (Rl'p.  Brit.  A^sol-.  1857,  pr.  60  ;  .T.  p.  Chom.  Ixxr.  320)  found  in  loijumin 
prt^iMu^d  from  peaa  and  beansy  the  following  percentage  of  ash,  phosphorui^  and 
i$ulphur : 

  Pho».  StiU 

LmSMdIo*  Atfl.         phnru«.  pliur. 

From  proon  peas  MOO       1  383  0-870 

The  same,  precipitated  with  a  small  quantity  of  acetic  acid  ,  *.  1'880  0*571 
Th«  same,  precipitated  iritli  asMfla  <x  aestus  add     .      ...       2*180  0*881 

Frotii  white  p.-as  1'46  I'SliO         .  . 

From  white  I'nneh  beans   0-7 1         1*780  0-590 

Korton  (Pharm.  Centr.  1847,  p.  466  ;  1848,  p.  240)  also  touu«l  iu  legumin  prepared 
from  peas,  sweet  almondjs  and  oats,  from  0*8  to  2*8  per  cent,  phosphoroa.  The  lari^ 
amount  of  pIi')s|>horus  found  by  ViilckLT  ainl  Norton  n-mlcrs  if  j>r(»l)iihle  that  legumin 
contains,  or  is  associated  with,  a  eouipouud  ul  phosphoric  acid,  perhaps  phosphogljcerie 
add. 

DrfnmjviRliJnns. — WHu-n  Ipffiimin  is  su1>ji'c'tril  to  dry  distillutiDn,  it  swells,  yi'Mn  a 
Tellowisb  distiUaite  containing  carbonate,  sulphide,  and  acetate  of  ammoBium,  aud 
leavea  « tesidns  of  shining  charaoaL  (Brneotinot) 

Lr-ixuniin  distilled  with  acid  chroma t<  ,,f  indmmnn  and  dilnfr  sulphuric  rtr/V  yields 
an  acid  liquid  whii  li  smells  of  pruasic  acid  and  bitter  almond  oil,  contains  a  comd- 
darafale  qvaatity  of  ]  rusaie  add,  with  a  small  quantity  of  formie  add,  but  does  net  give 
thf  n  acfiun^i  of  tlie  aldehydes  wifli  ]M<ta«li  or  with  nitrate  of  silver.  When  rectified  uvt^r 
mercuric  oxide,  the  first  portion  of  the  distillate  exhibited  a  more  aromi^c  and  etlie- 
nal  odoor  than  Hw  original  liquid  ;  the  second  portion,  which  was  cowred  with  a  thin 
layer  of  oil,  oontninr-d  benzoic  acid  (4  pts.  to  1,000  of  legumin)  valerianic,  hutyrie,  pro-- 
pionic^  acetic,  caproic,  and  probabljr  also  caprvUc  acid  (Friihde,  J.  nr.  Chem.  Ixxrii. 
800).  la  a  i««»Msmaiof  e^MrinMB^FrDndplbin^ 

of  legumin,  valeronitrile^  aoatomtiila  (not  distindfy  xeoognuwdX  and  a  thud  mtrila^ 
probiiUy  propionitiile. 
All  0008  coagohite  the  sohition  of  legnmin ;  the  precipitates  rediasdlTa  in  eaneM  of 

the  acid. 

When  legnmin  is  boiled  with  dilute  gulphuric  acid^  leucine  is  formed.  Dry  legumin 
satnmted  with  concmtmt^  sulphuric  and  diasolTes  dowly  and  fimns  a  brown  solation, 

but  no  glycocine  is  produced. 

Concentrated  nitric  acid  dissolves  dry  legumin,  with  evolution  of  nitrous  fumes. 

Dilute  hydrochloric  acid  precipitates  legumin  like  acetic  acid.  The  concentrated 
acid  dissolves  it  with  Uie  characteristic  blue  tint. 

When  gelatinous  legumin  is  placed  in  contact  with  concentrated  acetic  acid  it  absorba 
the  acid,  and  swells,  becoming  scmitranspHrent.  The  product  is  completely  soluble 
in  boiling  water.  ^  gummy  resuliie  of  legnmin,  solubU'  in  water,  is  obtained  on  cva- 
porHtion.  A  <iolution  of  legumin  is  immediately  precipitated  hy  dilute  acetic  acid,  and 
the  precipitate  is  redissolved  by  an  oxcetw  of  the  acid,  forming  a  perfectly  clear  solution. 
This  is  reprecipitated  by  adding  atnmonin ;  the  precipitate  dissolves  in  an  excess  of  the 
acid  (Dumas  and  Call  ours).  Liehifi;  found  Ic^imin  insolnb!-'  in  weak  acetic  acid  ; 
Lowenberg's  li  gumiu,  which  is  iuHoluble  iu  water,  dissolves  iu  an  excess  of  acetic  acid. 

Solution  of  legumin  is  precipitated  by  tribaaie  pketphoric  acid,  also  by  oxalic,  tar- 
tnri<\  t,i(i?ir,  and  citric  acids ;  the  jire -ipitates  are  readily  soluble  in  excess  of  acid. 
Leguniiu  is  dissolvcii  in  tho  cold  bv  potash,  soda^  and  ammonia.  Heated  with  fixed 
albili,  it  eralwa  anunoniai  and  au^oida  of  ammonittm  is  finrmad  in  tbo  adntioii. 


•  TheeaitMiaadtfttraiM  htkeetbwwMlyMi  of  lllt.]>iiau»and  CriM«rs«dlM«aeatlMM  tva 

analvtei. 

f  rrev joii^ly  pur  flt»<l  l>r  Rochli'ilrr's  tnelluxl 

%  The  kiibfiance  tiM  rc>di>!>olv e.i  in  ammonia,  precipitated  bjr  acetic  add,  and  exbauited  bf  bolUnf 
alcohol  Niiil  I'thfT. 
I  Fttrifled  bjr  Lo««nberg*i  process. 
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Baryta  and  Uvu  form  in^iluble  compouada  with  kgiuiuB,  m  trith  cuoiii'  Like  casein, 
aolntioD  of  k^min  preeipitstes  maasf  cirtiij  and  nctaUie  nlt«,  but  dow  not  prmpi- 
tate  solphate  of  rai^nesium,  or  the  aoetatc,  or  otlicr  salta  of  calcium  in  the  cold  ;  on 
Applying  a  nlight  heat,  the  Uquid  rabidly  ct^gulutes.  liraconnot  attributes  the  banii  n- 
uig  of  vegotaUcs  cooked  io  teUmitie  imten)  to  the  formation  of  th^  Uroe-compoumk. 

A  oODcentrated  aolntion  of  legumin,  to  which  rennet  han  been  added,  does  n<»t  Ix'^rin 
to  conciliate  for  several  hours ;  after  24  hours  all  the  legumin  is  precipitated.  Tho 
ofiugulution  does  not  appear  from  this  to  be  due  to  the  free  acid  containcil  in  the  rennet 
(Dumat  andCfthours).    Putrefying  legnmtn  acta  aa  a  ]M)Wi  rfiil  f>  niu-nt. 

Dry  bean",  p*»«!»,  Irntil-*.  i^e.,  contain,  on  an  average,  about  25  p«  r  e.  iit.  of  nitro- 
gcniaed  matter  (ieguuiiu,  alLuutiji,  &c.),  and  are  the  mt^t  nutritive  of  vegetables.  At 
the  Mame  time,  their  am  deficient  in  starch  and  filL  Thejr  are  not  generally  a  very 
\vholefir)in<>  fx>4  in  hirije  qnautit y,  oxcept  for  men  enjoying  robust  healtli  and  engaped 
in  severe  labour.  i>egumiti  uppvani  to  be  much  more  iudigca>tible  tluw  insulublc  cu»eiii, 
aifaaainiatevMreiiMligeafiuelAantheflbitttorn^  a  ELK 

TTiirfffff  f  Native  duNKnate  of  lead  (L  9S4). 

^BBSBACHZTT:.  f>'  l<'uiili'  of  im  n'ury  and  lead  from  Tilkerode,  near  Lchr1>a«^1i ; 
probably  a  mechaaical  mixture  of  the  two  aelenidea,  inasmuch  aa  apecimeiia  from  dif- 
ferent part*  of  tliA  aatoa  rein  ekhlbiti  vcty  diUbvent  proportioaa  of  lead  and  m«if«niy 
(aeep,M8). 

x.sz]>nrFiiosT3  PRSiroiiicivoir.  This  term  is  sometiaM  aiipUed  to  tha 

splieivtdal  state  ul  Uqiudit  (p.  bit;,  tirbt  obtM;r\     by  Leidenfruttt. 

ABBCVA*  Dnrhofrd. — F^nts  of  this  gemis  are  Tery  rich  in  inorganic  substances, 
and  have  accordingly  1>eon  recommended  f^ir  use  m  manure.  In  a  B{)ecimen  of  I.rr/ma 
thim.r  growing  in  the  mw  £iu«,  in  f^Nae^  Herri  Maagoa  (laatit.  1861,  p.  107) 

fuutid : 

Ciinbusilblc  matter  Phucphoric     Otitrr  mhMrat 

(wUlMut  nitroaai).  HltiaiMk     Site.  I.tHi         add.  twwtHwais. 

6M  S-e         0*7  8*i  I'l  lO'S  »  100 

Llebig  (Aim.  Ok.  Fliarai,  er,  109)  ebtained  flwD Xflmta  IrMni  flrowing  fa  a  nanh, 

Ifi-r,  p,T  Ci  ut.  nsh,  and  from  a  litr.-  of  tlio  surmnndiriij  wntor  0-n.5t;rni.  <>f  smI'Im- 
residue.  100  of  the  eli^tJy  ignited  plant -ash,  a,  and  of  the  saline  rcaidoe  of  the 
watftr,  b,  contained: 

CiH)     Mg«0      NaCl       KCl         K»0      tfiK)      Fc'0»»     ptO»       80'  S|()i 

a,  1632     608     6  90     l'4d     13-16     .   .     TU     87S     ODO  12-85 

am  12^  1010   .  .    m  0*47  e-Ts         8-27  t-u 

MMWtAV  MAMVU,    8pkra^id4?.—Th@  Awu4m  v^ffofflt  of  fhe  Oteeki.  A 

yellowish-grey  carfh  or  clay  frfqiieritly  uiarMcd  Nvith  rusty  spots.  Pr.Il.  Fnicturo 
line  earthy.  Meagre  to  the  touch.  Adheres  slightly  to  the  tongue.  Wlu^  plunged 
in  water  it  iiSk  to  pieces,  vith  diaen^^ageaieBt  or  air-lnibblflB.  Ita  ennstituenta 
ure,  66  filira,  \15  alumina,  0  25  mrij^noia.  0  25  linio.  3  5  soila,  G  oxuli  ,  f  iron,  R  5 
water  (Klaproth^  It  haa  hitherto  been  found  only  in  the  Island  oi  Siaiimene 
(anctcDt  I«einnoe).  It  is  redcoiwd  a  medieine  in  Tnrkejr;  and  ie  dng  op  only  once  n 
year,  with  religious  sol<  ninific»,  cut  into  spindle-shaptHl  i>lcc.  s.  and  stamped  with  a 
seal.  In  ancient  timo8  it  w  an  cstevmeni  an  aalidote  to  poison  and  the  plague.  U* 
X.E1MCOar.    Bee  CiTiit  s  (i.  1UU3). 

Xt£irTIXM  Ervum  Lrns.  Tho  air-dried  seed  of  this  leguminous  plant  contains^ 
according  to  Krockcn  (Ann.  Ch.  Fharm.  Iviii.  224),  from  34  to  35  pereeat.  ataidL 
Horsford  {ihid.  199)  found  in  100  pta*  of  tlie  aee^  80^  pta.  yn-^aaotiaed  nattci^ 
to  2*6  ash  and  U  0  water. 

Poggialo  (J.  Pharm.  [3].  xxx.  180,  266),  and  Free enive  ftnmd  bi  100  pta. of 
«ir*dned  lentila^  the  foUoving  eonatitueiita; 

CcUulota. 

Much.     OVBk    SafMr.  LapaaHa.     Fat.    Peciln.  ftc   Anh.  Water. 

44  .  ,       29-0       1')        7  7       2-4       15' 1  Pofnn'nTe. 

36-5       7  0       W       25  0       2  6       12  0       2'8       14  0       Frc«.  nius. 

Levi  fonnd  in  lontil-aeeds  from  Woma  S*06  per  cent,  asb  of  the  composition  given 
below. 

The  straw  «rf  lentils  contains  0  01  per  cent  nitrogen  (Boussingnulf) :  fho  nir- 
dried  atraw  eenlaina  27  per  eent.  water  and  84  per  oent.  substances  eoiuble  in  dilute 
alkaline  ley,  67  per  ociit.  iTOO^y  flbre^  and  8<9  per  Mbt  iab,  baviqg  the  ftOoviiiig 
eompoeitMMt : 

•  With  U»c.»  ofalumiiu. 
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Pbtaah  . 
Soda     »  • 

IdlDO       •        •  > 

Qxidaof  inuigsneBe 
Faizio  osida  • 


C<mjmrf<on  of  LmtdHuk 

Seed.  Straw. 
94-6  10-8 

6-3 


8*6 
2*0 


523 
3-0 
0-9 


SOiea  . 

Phosphoric  acid 
Sulphuric  acid 
GUotidaof 


IS 
7-9 


17-9 
12rS 
1-0 
S*l 


According  to  Schwarz,  a  licctarc  of  pt  uii  l  yit'ltlM  aliout  1,860  Idlogramines  of 
aecd  aad  3,700  kiki^iuDmes  of  straw ;  the  ibrmer,  Uiereibr^  cootainiiig  30,  the  latter 
144,  and  the  vfaolc^  174  Tdkmamm  ot  aaaml  eonatitoBiita  (Handbu  d.  CImb.  tl 

wm-  

ILSmzH Jt'i's.     A  rari*  ty  of  fiom  tlic  prijTnatift'  of  La  Vilate  near 

Cbautrloupe  (Hiiute  Vieuae),  of  a  clear  brown  colour,  tender,  but  not  plastic. 
Befbre  the  Uowpipe  it  beoomea  xeddiab,  but  do«a  not  fbaa.  It  ia  deeompoaed  oy  hot 
suliiliurio  acid.  Contains,  necnrding  to  Sal  vi' fat  (Ann.  Ch.  Phys.  [3]  xxxi.  102  i, 
36'36  per  cent,  nlica,  36  00  alumina,  1*95  ferric  oxide,  and  21*50  water  (agreeing 
tiaarij  with  the  fomida  SA1^.8SiOMIB]H>X  bnddaa  O'lS  mngnceia,  0-M  aUc^ 
3*0  gelatinous  silica,  and  1'^  i  qiKirtz  (■•tOl'62). 

ZiBOWHA&OITB*  A  hydrated  snicato  of  oalcium  and  aluiiiliiiinri.  nrnimnpr  at 
tSchcmniu  in  Hungary,  and  at  Copper  Fidits,  hakv  Superior,  iit  iiioiKK  linic  crystals,  in 
whieh  osP:  ooP  =  83^  30'  and  96°  30';  oP:  opP  •  IW.  Cl^ava^:.'  i>arallal  to«»P, 
xery  prrfect ;  Lasal  imperfect.  Also  columnar  and  pranular.  Hardness  =  ^  to  ti  n. 
Specific  erarity  a  2*25.  Lustre  on  cleavuge-&ces  pearly ;  elsewhere  vitrenus. 
Colour  wnite!,  aometiroes  veUowiah,  seldom  browniaih.  Subtninslucent.  It  oauaDy 
M-liitMi.'i  on  Pxpo<mrp,  liko  Liumontit^^;  I  nt  t ho  variety  from  Lak«'  J^uporior  does  not. 
liefore  the  blowpipe  it  ejd'oliates,  froths,  and  easiljr  melts  to  an  enamel.  It  dissolves 
is  aeida. 

L<'onharilIf«'frv)m  fx'lifmnitz  lias  lioon  analysed  liv  "Del  ffs  and  v.  Babo  (Po^.  Ann,* 
lix-  336,  83y),  that  from  Copper  i'alls  by  bum     (^iU.  Am.  J.  [2]  xv.  440) : 

Co|ip«?r 

SehuaaUx.  F«llt. 
•  «4*M  M-A> 

.  22-49  21W 
.     005  10-50  lO'M 

.  i3'M        la-ao  n-n 

lOO-OO 


SOJea  . 

AHimioa 
Lime  . 


10S'16 


Tha  aaaljaaa  do  aat 

ra!  n£rro<>8  npproximat< 


well  together.  The  first  analysis  of  the  Hungarian  mine- 
wit  h  the  formula  f:?(VO.4Si(n.l(.\l»O».38iO0+ 15I1»0, 
which,  howPTer,  is  improbable;  that  of  the  American  mintral  ujuv  l>e  rcprcscntwl  by 
the  mucli  simpler  fenrala  (Oft«O.SiO»).(Al«0».SSiO')  +  SU'^O,  or  2CuAU^'Si»0«.3H'(>, 
vliich  is  tlidt  uf  H  mrtasilieato,  and  differ*!  from  tlh'  fornnda  i>f  Lmniojitit<-  ( ji.  472) 
ouly  in  the  amount  of  water.  AccurJin^:  (u  ilrooke  and  Alili«»r,  luouhardite  agrt  »i4i  iu  form 
also  witli  lanaMDtita.  Delfflt  found ui  tlie  mineral  13  55  to  13*81  percent,  water;  it  gara 
(-AT  irni  per  cent,  at  100".  Aocordiii^  to  KcniiL'ott,  li'ouIiuivliFc  is  identioal  with 
capordanite.  (Dana,  ii  303 ;  Bammelsberg,  Miticraichanief  p.  806.) 
laomaPIIIM.  a  apoH«d  felifMi^le  mek,  oeeonii^;  at  Ohailotta,  H«tfkTeii* 

burgli  County,  and  in  tlic  f^tcclo  Mine,  MnntgnnK-n-  County,  Nortli  Canilina,  and  ro- 
et^ised  bj  (lenth  (Siil.  Am.  J.  [2]  xxxiii.  197),  as  a  true  porph^iiy,  spotted  with 
iirai-  and  laanganaaa  cnmpoaads.  Tha  oyptcHcrjataUiiM  fol^pathie  baae  ia  into^ 
qMaadviftbanaUciyatabof  aatlMxjaaaaiidqiHnte  Aaa^jn^^nra: 


AHO* 

14-47 


0*88 


UtflO 
009 


Cm^O 

0-03 


4*96 


K*0 
4-01 


Loubjr 
(gnUioo. 
0*64  -  lOO-OO 


76-92 

agreeing  very  nearly  with  tlwMnpoaitioB  of  Hansen's  normal  traohytte  substance. 

&BPAMZWB.  A  Tolatilebase  containing  the  clomont^-  of  1  it  diamvlamine  and 
1  at.  lepidine;  C"'H»N.C'*fl»N  =  C»H'-2i-,  produced  by  tiic  action  of  iodide  of 
amyl  on  lapldiiM  (jk  097% 

XiBPABOnZC  AC1X>.  Pyn.  with  Anchoic  acid  (i.  280).  Arpp*-  has  latelj 
ahown  (Ann.  Ch.  Phann.  cxxiv.  86^  that  Laurent's  Azdaic  acid  (L  477)  has  the  sama 
eompoaiftiaii  as  lepaig^-lic  or  anelioie  add:  it  appoam.  howerer,  to  (Ufler  w>  raaeh  flroai 
the  latter  in  melting  point,  solubility,  and  the  prujx  rf i.  s  of  somo  of  its  salts,  that  the 
two  adds  oan  acarcel;  be  r^gparded  aa  identical  (which  ia  Arppe's  view),  but  onlj^  aa 
isomena. 

aaally  oUained  Igr  heating  eaator^  with  8  pta.  of  nitric  acid, 
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of  specific  f^nivify  1  2  —  1-3,  addLtl  l>y  sniiiU  portions,  coutiuuiag  the  operation  for  12 
hotirs,  tlii  ii  M  p  iratiiit;  tha  aeid  liqui>l  tVoni  tJie  remaining  oil,  adding  Hmh  Mid,  and 
contiruiiii^'  thi-  oxidation  for  another  day.  Tlie  aoiil  liquid  is  then  to  5<*pa  rated  from 
the  oil  and  addtjd  to  the  former  portion,  tUu  whole  e\-aporated,  with  addition  of  water, 
and  iVt  i'd  from  oil,  which  then  separates,  hy  means  ot  a  tap-funnel.  The  clear  acid 
Bolution  duly  corn'r  iifratcd  yitMs  a  wliiti-  granular  mass,  Which,  when  freed  fn>m  oxalic 
acid  by  washing  with  cold  and  recryHtallibatiou  from  warm  water,  and  from  other  more 
■ofaible  acids  by  melting  the  eryvitals,  palrerising  the  fused  ma-ss,  and  treating  th« 
powdiT  Mith  water,  leaves  a  mixture  of  azehi!'.-  and  Mibfrii'  acids  ;  and  on  treating  tliis 
reiiidue  with  cold  ether,  the  aaekic  acid  is  dissolTcd,  while  the  suberic  acid  remains 
behmd.  The  ethOTcal  •olntioa  ia  erapomted.  tiia  Maidve  ia  dianlved  in  hot  water,  and 
the  solution,  fr^od  from  any  oil  that  may  still  rcniain,  is  ovajxiratfd  to  the  crystullipinj* 
point. — AxeLuc  acid  is  also  obtained  in  a  similar  manner,  together  with  several  other 
aeid%  Irom  almond-oil,  spermaeeti,  and  oleio  add  (Arppe,  Ann.  Oh.  Fharm.  ex*. 
288;  Jahreslur.  ISGl,  p.  357V 

Aaelaic  acid,  prepared  as  above,  has  the  composition  CII'*0*.  It  crystallises  on 
cooling  from  a  modimatefy  coDeentnted  aqneoiu  aolvHon,  aometimea  in  laxge  lamuuB, 
sometimes  in  lon^:  flattened  needles  sfv oral  incheM  long;  th  <  :  v  tals  are  transfiar.Mst 
and  colourless,  witk  vitreooa  Instre,  but  of  no  determinate  form.  From  a  very  dilute 
aolntion,  it  separatea  in  amaller  huinsB,  which  under  the  mferoseope  exhibit  aevetal 
forms,  vix.  oblique  rhombic  prisms  with  acute  angles- of  about  22°,  s  jiian'  taMes,  and 
thin  flattened  prisms.  It  dissolves  in  700  pts.  water  at  15*^  ^lopurgylic  or  anchote 
acid,  according  tu  Buekton,  in  217  4  pts,  at  18°);  it  is  more  solnblc  in  ether,  and 
still  more  in  alcohol.  It  nn  Us  at  106° (lep.argylic  aeid  at  114 — 116°,  Buekton;  par- 
tially ut  116**,  completely  at  124*^,  Wirz^ ;  and  volatilises  with  partial  decomposition  at 
higher  temperatures ;  the  vapours  excite  coughing,  but  not  so  strongly  as  succinic 
acid.  Heated  vifli  caustic  ban'ta,  it  is  resolved  into  carbonic  anhydride  and  hydride 
of  hepfvl.  cnV-,  together  with  pmnll  qnuntitii  s  of  otlier  hydrocarbons ;  Cfl'H)*  — 
2C0-+  C'H"".    (li.  S.  Dale,  Chem.  ^>jc.  J.  xvii.  201.) 

The  aselaates  of  the  alkali- and  alkaline-earth-metals  are  soluble  in  water,  the 
calcium-salt  beinrj  ♦he  h  ast  sohiM»- ;  thos;.^  of  the  heavy  metals  ar- in-  luble.  Thoj 
are  all  decompotecd  by  dilute  iutru-  acid,  with  separation  of  crjstiuimc  axelaic  acid. 
The  neutral  salts  form  with  chloride  of  calcium  a  co])ious  cxystaUiue  ptecipitaite,  with 
ferric  t  hhiritJ,  a  lirick-rod,  and  with  cnpric  svfjilnff  a  blue-green  prrcipitate. 

Burium-iMlis. — The  ucid  salt,  C"Il'*BuOV  is  obtained  by  neutralifciiig  a  hot  solution 
of  the  ncid  with  carlx>nate  of  buittn.  [Bnckton  did  not  succeed  in  preparing  an  acid 
anohnato  of  haritun.] — A  wnrm  concpiitnited  solution  of  the  ncid  neutralised  with 
hydrate  of  barium  yields  a  granular  precipitate  of  the  salt  ClI'*IJa*0'.CH'*BaO\ 
which  may  be  crystallised  from  water,  ERit  iHieo  ^Pidied  nitili  hoi  water  ia  ooaverled 
into  thf  nnrfral  saff,  C*H'*Ba'0*. 

The  ca/CTwm-aer/i,  C*H"Ctt*0\  isvery  8parind|yK>l«U©.  The t^ppfr-Wi,  C"H"Cu*0*, 
IB  a  bine-green  precipitate ;  the  Ifm-MiH,  0*jEP^Fh>*0*,  ft  vhite  predpitata  Tha 
magnesivm-salt,  C'H"*Tg'''0*.3H''0,  is  cfflnrr«?cpnt,  and  separates  from  solution  in  w  ith 
water  by  evaporation  ia  ciystallioe  crusts.  The  mangawse-aalt^  C*H**Mn»0*,  is  a 
white  rasible  medpitata;  the  minbl-sal^  an  apple-green  crystalUne  precipitate;  tlra 
silver-salt,  C»H'<Ag»0«,  a  white  powder. — Tlic  stri'ntiinii-Kiilt,  CII'*Sr'^0*.2H*0,  sepa- 
rates by  evaporation  from  its  warm  aqueous  solution  in  ciystaliine  crusts,  which  when 
dried  in  the  rataieeator,  gire  off  half  thabmrtar,  leaving  granular  eratab  containing 
CH'WOMT-O.  (Arppe.) 

_  ZJBVZSXarB.  C'^H'N.  f O r.  Will i a m s.  Kdinb.  Phil.  Trens.  xxi.  [.S]  377  ;  O m. 
xiv.  103.)— A  volatile  organic  base  hoiaologous  with  chinoline,  and  obUiincd,  together 
with  that  baa^  and  several  others  of  the  series,  by  distilling  ^nine  or  ciuchonina 
with  water  and  hydrate  of  ]i"ta.>-sium  (i.  80*1).  The  1>a<»es  are  first  separated  by 
fmctional  distuiatiuu, — the  [lortiou  which  distils  above  199°,  eivpecially  tliut  between 
216*^  and  243°,  consistini;  of  chinoline  «&d  Icpidine^  the  latter  being  found  chiefly  in  the 
ixirtion  iKMling  above  270^, — and  tiie  aapantioii  ia  con^letad  by  fraetiional  cqmtal* 
ligation  of  th>  ir  platinum-salts. 

A  base  isomeric,  and  originally  supposed  to  be  identical,  with  lepidine  is  contained 
in  co;il-tar  oil,  antl  nnw  be  peparaffd  by  eollcefing  and  rectifying  the  portion  which 
dts»tilt»  between  'li>ii°  and  2G7*^,  and  completing  the  purification  by  fractional  ctystalli- 
sationof  the  platinum-salt  us  above.  This  baae^  now  called  irido line,  is  distingaished 
from  lepidine  by  its  luwer  l>oiling  point,  by  certain  differ<'nees  in  the  chnra  'ti  jf 
itK  hiilts,  Kumi  of  which  tirj-staliise  less  easily  than  the  corTcspouding  salts  ot  kpidiue, 
and  in  particular  by  the  rsactioii  of  its  amyl-derivatrre  with  ammonia  (p.  673). 

I.ei>idin.-  is  an  oily  base  resembling  (•hinollne.  of  specific  ^Tavity  1*072  at  \rp, 
boiling  between  2<i6^  and  271°  (iridoline  boils  between  262°  and  267°).  Vapour- 
dmuity,  obs.  •  6*14,  eal&  »  4  M. 
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Iieindine  Is  somewhat  decomposed  by  boiling,  jrieUing  pyrrhol  au  1  carl  onafrv  of 
unmonia.  Bj  iodide  of  methyl^  ethyl  and  nmyl,  it  w  ooarert<^d  into  iodide  of  mt  tlij  1-, 
«thyl>  and  a]B7l>lppidjl-ammoniua  (p.  673). 

Both  lepidine  and  iridoline  form  crystallisable  salts ;  the  iridolinc-saltfl  smell  of 
naphthalene.  The  kydrochloratejs  of  botli  basws  C'*H»N.HC1,  form  small  colourless 
needlea,  which  do  not  mi  lt  at  100*^.  They  form,  with  chloride  of  cadmium,  crystalline 
doable  salts  containing  C'*H»N.HC1.2rdn ;  nnd  with  dicMoride  of  plafinum,  the  snlt 
C'H'N.HCLPtCl',  which  is  insohibl,-  in  alcohol.  The  pUtinum-Balt  of  iridyliue 
cryKtallises  less  readily  than  that  of  It-nidine. 

The  V  a  rates,  CH^K^O*,  fiwrn  hutd  pnans  wfaieh  anpemaaeiiiiii  tb*  ai^  and  do 

not  melt  at  100°. 

Acid  ehromat«  of  Upidim,  2C'«H»N.H«0.2Cr«0«,  oyitallises  in  long  golden-yellow 
ne4>dle8  which  decompo^r  at  100'^  when  nioist,  but  not  when  drv.  and  leave  chromic 
oxide  when  ignited. — Acid  chromate  of  iridoUru  is  an  oily  compound  whidi  does  not 

Dtrivativtt  of  Lepidint, 

AamMmMlM.  C^H•*N»Njc*•n^--Th•]74riod«toclllli8bM^wb^ 

am^Mepidyl-mmiam,  C»»H»NI  •  N[(OH«»XC«H')H*]I,  is  obtained  liy  bating 

Ifjiidiiir  with  ioflidf  of  am  yl,  in  small  cry^till.H.  blightly  soluble  in  water.  TIiih  {(xliila 
treat*  ti  with  potash  or  ammonia  is  converted  into  a  apuudid  blue  compound  (Qr.  Wil- 
liams), cftUad  iodldo  of  pehtmine;  Uie  Maotion  ia, 

2C'*II*NI  +  KHO   »   C"H"N'I  +  KI  +  HW. 

Iodide  of  sBvl-  lodldsof 


When  treated  with  naist  onde  of  aOvw,  it  yields  the  bane,  and  ftom  this  the  o^<t 

salts  of  pi'lainino  may  bo  obfain«  d  (soo  PKr.AmsRV  Tin-  crude  dtNtlllate  from  cin- 
cfaonine  treated  with  iodide  of  amyi  nnd  potash  yields  a  similar  blue  compound  (known 
eomineidally  aa  ^Mnolim  Uu«  or  eyanine  (t.  873X  whidi  eooeiitt  nninly  of  iodide  of 

Selaminn,  together  with  a  jiniall  quantity  of  the  homolojxoiis  comporind  C'H^NT, 
orived  in  a  similar  manner  £rom  chinoline.    (Hofmann,  Gompt.  rend.  It.  849; 
Ptoe.  Boj.  8oe.  zii  410). 

DiamyllMii  lapMlna  or  IbapaaalM*  0*"H*^il»  »  C*fH*"K.O*'BV,  or  perhaps 
(C»H")») 

(C'H*)"  N».  (Gr.  Williams,  Uhem.  Soc.  J.  xvi.  875.)— When  lepidine  is  cohobated 
H*  ) 

with  lodiJi'  of  amyl,  a  T)rown  synipy  liquid  ih  obtained,  whii-!i  .soIidifi.-H  i<>  a  triads  of 

Srstais  on  cooling.  On  repeatedly  boiling  thi«i  masa  with  water,  the  greater  part  di^ 
res,  yielding  a  soln^m  of  iodide  of  anyMepidyl-ammoninm.  A  oonmdoable  portion 
Jiowfver  remains  undis'^olved,  and  this  poition,  if  t;u1>j<  ctod  to  prolonged  ebuUiti<'n  in  a 
retort  with  caustic  alludia,  decomposes,  yielding  a  distillate  consisting  of  mJtiet  and  ou 
oiL  The  hitter  dtSMtfea  for  the  most  part  in  hydraebtorie  add,  nnd  the  eolation, 
evaporated  to  a  moderate  bulk,  forms  two  lay<  rv,  tlu-  upju  r,  wliid)  appear*  like  ii 
colourless  oil,  solidifying  on  cooling  to  a  muss  Msfimbling  paraffin,  wiiile  the  lower  is 
merely  a  saturated  aqueous  eolii^n  of  the  same  sabetanoe.  The  paraffin-like  hydro- 
chlorate,  treated  with  alkalis  and  distilled,  yields  diamyline-lepidine  as  a  volatile  Ikw**, 
which  may  bp  dried  with  sticks  of  potash,  and  rendered  nearly  colourless  by  rectificji- 
tion.  It  luiB  a  fragnint  odour,  and  when  perfectly  dry  distils  at  about  176°.  Vapour- 
density,  obs.  -  10-40;  calc.  -  in  lis. 

Ht/*rochl»r<ite  of  lfpamin>\  C"*IP-N''.2HC1,  melts  below  100°,  is  sparingly  soluble  in 
water,  and  must  be  dried  in  a  vacuum  before  being  heated  over  the  water-bath. 

ChloropUtUnate. — On  adding  an  excess  of  strong  hydrochloric  add  to  a  aolution  of 
the  {jasf»,  w>  as  to  obtain  the  hydnx'hlorate  as  an  oil  floatintr  on  tlie  sur&ce,  and  then 
a  <-onsidembie  excess  of  dichloride  of  jilatinnm,  an  !ulhesivc  yulluw  mass  is  formed,which 
Diav  \>c  waah«i  by  Station  with  col«i  water,  dried  over  od  of  vitriol  for  a  daj  or  two 
and  then  ovpr  the  water-bath.  It  ia  pecfBctij  soluble  in  alcohol,  and  haa  the  eomposi- 
tion,  C«H'^«.2HCl.PtCP. 

€hld-^i, — Oq  adding  tridiloride  of  gold  to  a  solution  of  the  hydrochlorato,  a 
nhoeolntr'-colnnr'  d  y  reeipifatt^  is  formed,  which  ^nicldy  chaQgM  tO  bright  gieen  }  it  ia 
soluble  in  ulcohul,  funiiing  h  greeu  solution. 

Lepamine  disadred  in  strong  nitric  acid  yielda  a  led  aoitntion,  ftom  whioh  on  diln- 
tion,  a  red  oil  srparates,  probably  a  nitro-compf)nnd. 
By  heating  lepamine  with  iodide  of  eiAjfl  in  a  sealed  tube,  a  syrupy  liquid  vi  obtained 
'  whm  diiUDed  «ith  polaih,  ^^Ids  a TohttOa  0O7  baaa,  prabaUj  atbyl-lepMaiiM^ 
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it  distfolres  roadil^  in  hydrochloric  acid,  furmi^g  a  mh  wUflh  i«  maek  moce  diffifult 

to  crystallise  than  bydrochlorate  of  lepamine. 

aiHyl-topldlAA.  0«H^  •  C'*H*(C*}P>N.— The  fajdriodats  at  tiiif  basts  or 

ioffidr  of  t(h>/f-lrpi<h/f -ammonium,  [(C^n*XC'*'II*)H*]NI,  is  obtain  ^  l  y  he;ifin^r  l.^pi- 
dino  with  iodide  of  ethyl,  in  loown  n^dU-s,  which  after  recrystHlH^tion,  exhibit  a 
iMaiitiAil  eanary-prelW  aolosr,  bMoming  tnmaisntly  lilood-nd  at  100".  Tiraatud  wMi 
nioi^t  oadde  of  .silver,  it  yi'M's  tlu"  corresponding  liydrato,  which  whrni  trt\ito<i  with 
hydrochloirie  acidaod  dichloride  of  plotuaam,  yiokis  the  platioom-salt,  C"JQ.'*NCLPtCP, 
■oft  at  flx«kt  bat  00011  becoming  crystalline. 

Mottoyl-l.epidine,C"H"N  =  C'»II'(CH»)N.— The  hydriodate,  or  iodide  of  virfh>jJ. 
lepidyl-ammoMim,  C"ii'*lil,  is  obtained  in  ciyatala  bjr  beatiiig  lepidine  with  iodide  a£ 
methyL 

XJWXSOOROOtTB.  NecdU  Iron  ore. — A  hydratad  ferric  oxide  of  the  same 
oompositiou  as  gothita,  FeH)'.H-( )  (ii.  940),  occurring  at  Spring  Milk,  Montgomery 

County.  Pi'iinsylrnnia,  in  miniifc  railiatiiiLT  crystals  or  f^mnn!:ir  st^ie^,  and  fratheiy 
aggreguliuus,  iiabydJcd  in  tibruiLb  red  oxide  uf  iruu,  lUid  in  nodules  of  chalcedony. 

XA9ZI>OUTB«  Lithia-nuca,  found  at  Rogena  and  Iglaa  in  Moravia,  iu  the 
idaiid of  Utoik*  Swaloi,  tad  in  olih«r  kcal^^  (SeeMicuL.) 

TUKPTDOTItSi'ltA.ISTi.  A  variety  of  mica,  caHr-d  ffnm  its  scaly  ntructure  and 
black  colour  (Aevis  uud  f^i^),  consisting,  according  to8oltmann's  analyaia  (Fogg. 
Ann.  1.  064)  of  87*40  eiliea,  11  "60  alnrntna,  87'66  ftrrio  oxide,  12*48  femnu  oxioe^ 

9-20  ix>ta8h,  0  ?fi  lime  and  maciK'sia.  and  O'CO  WMtcr,  CMrrespondini,'  wifli  tlie  furmulii 
(FeH^.K'OUAI'O^;  JbV0').2SL0',  which  is  reducible  to  that  of  an  orth<wlicate. 

The  mineral  forms  cnide  masses  of  granular  scaly  stmcture,  consisting  <tf  small 
■cake,  Knnetimes  eidiibiting  the  ftra  of  six-eided  tables ;  according  to  Wonler,  it  w 

compleh'ly  d'-cDnipoaed  by  hot  hydrochloric  or  nitric  acid,  the  silica  .•^epanitiiif:  In 
crystalline  scales  like  th(»e  of  the  nuncnL  It  is  Suml  onljr  ia  ooo  loeali^  in  Swedtea, 
pxobabfy  »  Benberg,  Wenulaod. 

IMOUra.  flee  Anummw  (i.  808). 

^BPTTirxTB.  OfonuiUttK  JBuriU»  Agnankreoaapoandof  ftlbpnvvithqaart^ 

eotiv'tir-."-!  f^'>>it"iry'TV'  ramet. 

I,BUCAWXI.XWXL  C»n"N».  (A.  W.  ITofmann,  Proc.  Roy.  Sor.  xii.  ?  :  .Tri!ir"H- 
bcr.  1862,  p.  31.)— A  base  produced  by  the  action  of  reducing  iigouu  uu  rumiutliut), 
and  xdated  to  it  in  the  mmoa  manner  as  indigO'Vliite  to 

RossailliM.  liSocMUilea* 

It  may  be  I  t  iined  by  leaving  hydrochloratc  of  ronuiiline  in  contaet  with  metallic  zinc, 
or  more  ea-^iiy  by  digesting  a  salt  of  rosaniline  (or  commercial  fuchidnp  op  map  rit  with 
sulphidt)  uf  ammonium.  A  yellow  resinous  xntiss  in  then  formed,  wiiicU  to  be  liuciy 
pnmiiMd,  waehed  with  waU-r  and  diesolTed  in  dilute  hydxoehloric  add.  The  aohition 

forms  with  concrjitrateil  Iiy<!rnrhlnric  acid,  !\  cnpioiis,  (•ry<?tal!inc,  brown  or  yt*Uow 
precipitate,  of  impure  liydruelilutaU;  of  leucauiiiue,  wUivh  iiiuy  be  purilied  by  rtspeated 
solution  iu  dilute,  uud  precipitation  by  cunoentoited  iiydraduocic  add.  It  cryataUiaee 
from  boilinc  dilute  hydrochloric  acid  in  rery  small  rectangular  plates,  whirh  aro 
obtaijaod  quite  pure  by  recrjHtaiUfiuLiuu  from  water,  or  by  precipitation  of  the  atcohulic 
eoltttion  with  ether. 

Leucaniiine  is  precipitated  from  the  solution  of  the  hydroclilorate  as  a  white  powder, 
acquiring  a  fiiint  rose  lint  on  exposure  to  the  air.  it  is  nearly  insoluble  in  culd, 
eperingly  soluble  in  boiling  waiir,  whence  it  separates  in  small  crj^tala,  slightly  soluble 
in  tthn;  t-asily  in  alcohol.  If  tiini.H  red  wlim  he.iteJ.  ni  1  rnelts  at  100'*  to  a  dark-n  d 
transparent  liquid,  which  solidities  to  a  lighter-coloured  ma^ti  on  cooling.  liy  oxidising 
agents,  such  as  pfioxide  of  bsrinm,  fctriedJorlde.  and  cmedally  dbronmteof  potaaeiani, 
it  is  e;w>ily  ci;nverti  d  into  rusaniliiic.  Tf  nnites  witli  ."iidpfiide  of  carl'uii,  chlorulo  of  Ttec- 
auyl,  and  several  other  bodies  iorming  compounds  which  hare  not  yet  been  examined. 

Tlw  aalte  of  leneaniKae  emtalUee  well,  eapecially  the  sulphate ;  they  are  all  eohilde 
in  water,  and  are  j)recii>italed  by  acids.  The  }iij(Jr<>clih>raU\  C^H-'N'.SHCLH'O,  gives 
ttp  its  water  only  when  hooted  for  a  long  time  in  a  stxoam  of  hjdro|pen.  On  boiling 
its  solution  with  raeeas  o€  lencantUne,  the  latter  asparatee  out  in  splendid  crystals, 
without  fonnlnfr  a  le^^  acirl  salf.  The  chloropiatinatr,  C*H^'N*.3lIC1.3PtCl='.HH>, 
is  sparingly  soluble  in  cold  water,  deoompoaible  byboiling  water,  and  gives  up  its 
water  wifih  difficulty,  even  when  heated  above  lOO".  Tha  nUnOe,  C*£D"M'.IeNO'.H'0, 
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forms  v,hlte  noedlcs  Bolable  in  water  and  in  alacrfiol,  bol  Bot  in  «t]t«r,  only  flparinglj  in 

nitric  iwid,  and  decomposing  at  100°. 

TrtpH— jl  towwnllino  ■    C'"II>*(C'H*)W.--Obtuined  by  the  action  of  rvdu(nng 

apr'tiTs  on  triphenyl-rosaniline.  The  Muc  polution  of  tho  hydro.  1ilor.it f  of  ♦Ins 
itfdecolorisml  by  zino  and  hydroehioric  atnd,  and  the  clear  liquid  trt>at«;d  with  water 
yteldl  n  precipitate  wtmh  may  he  purified  by  solntioii  in  ether.  The  moM  ooraponnd 
18  obtaliii-d  as  a  lirittli-',  non-basic  rt'siii,  1»y  the  rtftnm  of  snljihidi  of  nmmonium  on 
Inrdrocbiorate  of  triphenyl^XMiMuUne.  It  i»  anhydrous,  and  when  treated  with  oxi- 
dwiiig  agents  Is  MoraTOted  into  triphenyl-voMpiliae.  (Hofmnnn,  Oompt  vend. 
Itii.  25.) 

&XnrCAZOX.ZT2H:iJr.    See  LiTXVS. 

UlircaTairSSKaXTa.  A  rariety  of  chlorite  (i.  914)  from  SUtouat  in  tha 
VnJL  BreitluMipt  regatda  it  m  an  alttfiwd  dkloritai  Komonen  found  in  it  onJiy  8  62 
yer  cent,  ^tor  iust.-ad  of        tfie  p«K«6ntago  in  nofinnl  ciiiorita.  Knnagott  ng^tdm 

it  as  a  disf  iiu't  s]>«''Mf^M. 

ZXUCXC  .^Cis.  CH'^O*.  (Strecker,  Aim.  Ch.  Phanu.  ixriiu  5a  ;  tr OS  smau, 
ibitLxtLlU;  Whuk'',  iW.  cxviii.  Thudichum,  Chem.  Soc.  Uu.  J.  p.  xiv.  .107; 
Frankland,  Vroc.  Jioy.  Sec  xii.  HDO  ;  F ra nkland  an»l  D n ppa,  ihid.  xiii.  I  Hi.) — 
Aa  aciil,  homologous  with  lactic  acid,  pruduoed : — 1.  From  leucine. — a.  When  nitric 
oxide  gaa  in  |  a.s<*d  through  a  solution  of  leucine  in  ationg  nitric  acid,  nitro{^tn  is 
evolvi'^l  aii  l  loiidu  acid  ut  formed  (St rock i-r).  Thr  samf*  reaction  takes  phuv  whin 
nilrouB  acid  is  paasud  throagb  a  volution  of  loucino  in  warm  water  (Thudichum),  or 
mttt  aligh^jr  addnkfted  with  nitzie  aeid  (Wnag«): 

0«H"NO«  +  HNO«   -   C«H"0«  +  »■  ♦  H«0. 

leucine.  Nliroui  Lfude 

•cid.  avUL 

Cahour?  bn'l  previously  obst  rvi'd  (C<>nipt.  rrnrl.  xxvii.  368)  that  a  peculinr  rund  ia 
formed  when  an  aqueous  dilution  of  leucine  is  ictlt  to  ititQl£^/9.  When  chlorine  |pi« 
not  ia  exoMs  is  cautioody  paaaed  throagh  a  solation  of  leneuM  in  OHUtie  aoda,  bade 
iu-ii!  is  r.irtn<  il  aixl  nuij  be  .<ippnnited  from  mtxhtre  in  tha  MBM SMIIlMr  M  bMiO- 
glycoiiic  acid  (i.        from  hippurio  aeid.   (U  uabmann.) 

%  FtamcmMk^  ethtfl,  by  the  aotioa  of  dne-etlwL  Tha  dixMt  prodnct  of  Una 
Mtion  io  piobnblj  gin^li  uoio  ether,  •  bod/  not  iadated,  tiina : 

OTW  +  l^^^^  «   (OT^Zn<OT)0'  +  ZKOT»)0. 

Ox.ilatp  of        llnottllfli  SIncoUucIa  EthylHto 

etb/U  tttli«r.  of  siuc 

TbB  dnooloMie  «lh«f  ii  ooDTOctod  lij  the  notion  of  water  into  lenoie  other : 
C^'«Zn(C«H»)0»  4-  B^O   -   e'n"(C«H»)0«  4-  ZnHO; 

Ztiicoleucic  ether.  Loticic  vtber. 

and  from  this,  the  barium-salt,  and  thence  the  acid  itself,  is  easily  ubtaiucd.  (Fruuk- 
Innd.) 

Prf-paraf'i'-<n. — 1.  Pitrf  Icucinr  is  dissolved  in  boiling  water  sliphtly  acidulatrr^  with 
nitric  acid  ;  nitron-^  acid  tras  is  passed  through  the  warm  solution  .is  long  as  nitrogen 
continues  to  ^>-(.Mpc:  th.-  litjiiiil,  whieh  tunut  brown  nnd  Lrnuln.illy  deposits  brown  flatea, 
is  left  f>j  cool,  then  agitated  «>  \iTaI  times  with  <■[!).  r:  and  the  etfjer-'al  (xtrnrt^  nrf 
evai«>mted.  Tiic  residue  is  a  hii^wn  oily  liquid  not  miscible  Mith  water,  wiiicli 
gradually  aoHdifies  to  a  radio-crystalline  mass.  Tlie  aqueous  solution,  freed  from  lencic 
acid  hv  r<-p'  rit.'d  airitation  wit h  cth-'r.  h  fl  m  rrnj">ratiivii  a  r»>n«irlrraV!A  quantity  of 
nitTo-leucic  acid. — To  purity  the  crude  leucic  acid  tiius  obtained,  it  is  dissolvotl  in  a 
large  (quantity  of  water  (a  amaUop  qnaotlty  diaaolvNi  it  but  imperfectly) ;  the  boiUng 
liquid  18  mixed  with  an  iupicon.s  ^olntion  of  acptat«>  f)f  zinc  ;  ainl  the  pn'ci|.irat"<l  h  ucato 
of  zinc  ia  washed  on  the  tUter  with  water  (which  dissolves  but  a  smuil  quantity  of  it), 
purift4*d  by  reerystelliaation  fW>m  alcohol,  then  fuspended  in  watef>,  and  deootnpoecd  bj 
sulphtireffed  liydro^ren.  The  flUered  s(,liiti(in  I.s  Imt  very  slightly  o>l<nired.  and  when 
eTa|>orated  to  a  avrup  and  left  to  stands  yields  leucic  acid  in  colourless  netniies.  If^  on 
the  otiier  hand,  the  lineHnlt  be  eoapanded  in  aleohol  and  dsoooipoeed  by  sulphnrelted 

hjdrogeti.  the  .loid  is  oLf.iiiied  in  hard,  bn'ttie  pn^ni.s.  (Wa.ifie.) 

2.  Thudichum  pacses  nitcoue  acid  gaa  throiudi  a  warm  aqueous  solutioxi  of  leucine; 
evaporatee,  with  aciditkm  of  lonoine^  to  nentci&e  the  free  nitrie  add,  and  pverent  it 

from  oxidi.'^uii^  the  ]•  ucic  acid;  agitaU'S  the  syrupy  residue  %vith  ether  (or  extracts  the 
kudc  add  from  the  a^aeone  edution  by  agitation  with  ether,  without  ^vioiw  evupora- 
Mtioii ;  in  whfdi  eaop,  bowevnr,  the  treatment  with  ether  moet  be  tepeated  a  ^at 

number  of  times)-  .md  purifies  the  crude  leucic  acid  from  adhering' brown  oil,  either 
by  solution  in  cold  water,  filtration  andrecrystallisation  -  or  by  strongly  pressing  tho 
eobured  crjstala  between  bib«lom  p^er— or  by  pi  Aipitating  the  aqocous  solution 
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yiith  acctAto  of  lead,  dc^mposiiig  the  waahcd  precipitate  with  snlpburettvd  hjdrogen, 
and  evapomtin^  the  Ultrate  duMr  oner  the  iratosbalh  at  a  vny  aaodeanBte  heat,  or 

ater  sulphuric  hotM. 

8.  Oxalic  ether  ia  mixed  vith  its  own  t[ eight  of  zioc-eth^i,  in  a  vessel  sur- 
romided  bj  ecM  water,  to  prevent  riae  of  teaaperatare  and  the  eomeqvent  oeeomnee  of 

n  socontlaiy  reaction,  aUcn(1t  <1  witli  evohitinn  of  largo  (juantitic.H  of  ethylene  and 
hjdride  of  etl^l;  towardu  the  oad,  however,  the  reactiuu  rcquirtis  to  bo  assiated  by  the 
application  of  a  gentle  heat  The  mizttne,  which  geoml^  remains  floid,  ia  mixed  after 
cooling,  with  its  own  volume  of  water  (whereupon  torrents  of  hydride  of  ethyl,  ilt-rivfil 
from  excess  of  zinc-ethyl,  are  evohred)^  and  subeequoitly  dii^tilled  in  a  wutcr-bath. 
Weak  alcohol  containtnir  an  ethereal  oQ  in  aolntion  tiien  <m»r,  and  a  ftirther 

quantity  of  the  oil  may  Be  obtained  by  adding  water  to  the  residue  in  the  retort,  and 
continuing  the  distillation  on  a  sand-bath.  The  oil  b  precipitated  from  the  alcoholic 
distillate  by  water,  added  to  that  which  floats  on  the  surface  of  the  watcrv  distillate, 
then  dried  over  uliluride  of  calcium,  and  rectified.  The  principal  poctioo,  vhieh  distilf 
between  17  1°  and  176®,  eonsit'ts  of  leucic  ether.  (Frankland.) 

The  process  nia^'  be  greatly  siuipliBed,  and  a  laij^r  product  obtained,  by  geuerating 
the  zinc-ethyl  during  the  reaction,  namolj  hj  heating  »  Bkiztwe  dt  amalg^maliwl  giiw» 
iodide  of  ethyl,  and  oxalic  ether  to  tlie  npofssaiy  temperature.  The  operation  may  be 
considennl  complete  when  the  mixture  Ixhh  solidified  to  a  resinoos-lookiag  mass;  and 
this,  when  treated  with  water  as  aliore,  and  diatflbd,  Tidda  a  eomidarable  qaaatil^  of 
leocic  ether.    (Frn  n  k  1  a  n  d  and  1)  u  ppa  ) 

The  leucic  ether  beuted  with  hydrate  of  barium,  in  conrortod  info  letieate  of  barium, 
•odthis  when  decomposed  hy  <liliite  ^ulpharie  add,  yields  a  .'solution  of  leucic  acid. 

I^njvrthn. — Leucic  neid  tornis  culriurlfss  nefdles  (Streeker);  needle  or  hard, 
brittle  prisms,  of  the  trimetric  or  monoclinic  syj^tera,  according  to  the  mode  of  prem- 
ration  (Waage);  radiaiy  groop  of  needlM,  having  a  mother-of-pearl  lustre,  with  a 
branttfnl  rariety  of  eoTicentric  markinps,  like  those  of  SDino  kinds  of  hm  h-agarie 
(Thudichnm);  it  is  heamr  than  water,  and  cuts  like  hard  soap,  almost  like  stearw 
acid  (Thndiehnm):  ithaa«n  aeidtute^  and  reddens Ktmn8(Thndichtim);  a  bitter 
taste,  and  stmncr  aeid  reaction  (Wnacf'V  It  melts  Vielow  100'^  and  .solidifies  otieoolir  c; 
•  (Thudichum);  melts  at  73^,  uid  sometimes  solidities  at  a  few  degrees  below  the 
melting  point,  aometiniee  remaina  Hqnid  even  when  eooled  to  0"  (Waage).  It  ia 
easily  soluble  in  u-afrr  and  in       ^  'f,  solnlde  also  in  <(htr. 

Ikwrnposiiioiis. — 1.  Leucic  acid  volatilises  at  100^,  apparentlj  without  decomposi- 
tion, "^en  it  ia  placed  on  a  wateh-glaaa  and  heated  wn  the  water-bath,  the  sided  of 
the  glass  I  t  i-onie  fringed  with  crystals  of  th<>  suMIuird  acid,  whieh  dissolve  easily  in 
water,  leaving,  however,  a  few  flocks^  probably  consisting  ot  the  anhydride.  The  niasa 
which  remaiBa  in  the  nriddle  of  the  watdt-ghiaa  ia  syrupy,  (HaMnVea  in  water  onlj 
after  prolonged  boiling,  but  is  easily  soluble  in  alcohol  and  ether;  it  prohahly  also  f->n- 
aiats  of  leucic  anhydride  (Waage).  The  acid  heated  for  some  time  in  the  water-oven, 
continually  gives  olF  ncid-smelling  vapours,  and  does  not  afterwards  solidify  on  cooling, 
but  remains  in  the  form  of  an  uneirstallisaUe,  duk-brown,  smeaiy  syrup ;  the  anhy- 
dride, which  has  a  very  difsnqrcmbfe  odour,  remains  unchanged,  even  when  left  over 
oil  of  vitriol  for  weeks,  and  is  nearly  insoluble  in  wat^-r,  separating  fi"om  it  like  an  oil 
and  sinking  to  the  bottom*  A  amaU  quantity  of  this  insoluble  compound  ia  likewise 
formed,  when  the  aqneon«i  solution,  even  if  dilute,  is  heated  to  the  Ifnilinp:  point  or 
evaporated  (Th  udiehuni).  I^nric  acid  may  be  boilod  with  water  without  deeoin|H»- 
aition,  and  traces  only  of  it  distil  off  with  tiheirater  (Frankland).— 2.  Leucic  acid 
strongly  hfatr^d  in  the  air,  gives olT  thiek  fnmcs  and  blaekons,  then  takes  fire  and  hum« 
with  H  yellow  smoky  flame,  leavine  a  small  quantity  of  chaxcoal,  which  is  qmckly  aod 
eaaily  eonanmed.  (Thndiehiim.) 

Ztoucfttea.  Lmcic  add  forms  crystallisable  salts,  the  compot^ition  r>f  moat  of 
which  may  be  reprr'^ented  by  the  formulsi,  C*H"MO*.  An  acid  silver-salt  appears 
however,  to  exist,  which  is  perhaps  Cll"AgO*.C*H'*0*.  Bui  according  to  the  larger 
atomic  weights  now  assigned  to  most  of  the  metals,  the  formula  of  the  acid  should  be 
C'»H"0«,  and  that  of  its  normal  sAt^,  r"n^M"0«.  The  acid  sdvor-sa^t  will  then  lie 
0'*H"AgO*.  The  salts  are  for  the  most  part  obtained  by  toiling  the  aqueous  solution 
of  the  acid  with  t  he  ooweeponding  carbonates  (T h  u  d  i  e'li  \i  m ).  They  aie  lew  eohiUe 
than  thelaetates  in  water,  more  Bolnble  in  alcohol.  (Waago.) 

Leucaie  of  Ammonium.-  The  acid  slightly  supersaturated  with  ammonia,  and 
evaporated,  leaves  a  thick  horaogeneona  residue,  in  which  no  tmee  of  crystallisiitioa  can 
he  dheorred,  even  after  drying  for  several  weeks  over  oil  of  >'itriol.    (Th  n  d  ioham.) 

Leucate  of  Bnritf  VI,  C'W^BnO*  or  C'-II■^]^aO^— 01.faine<l  by  dipestinjj  the 
aqueous  acid  with  carbonate  of  barium,  or  by  heating  leucic  ether  with  hydrate  of 
baiinm,  tapuaiing  the  cnseaa  of  baxyta  Igr  carbonie  .add,  fllteriog  and  CTapontfog 
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(Fr*i>kland,  Waage,  Thudieliiixn).   It  dissoirm  with  moderate  facility  in  waim 

wtifcT  riti.l  ililutf  alcrthol,  and  wppMrnt.  s  fri,in  Isoilinjr  alcohol  in  beautiful  colourless, 
hiiky,  iaminHrcrjaUilti,  wiiidi,  like  moal  IvxicaUb,  retain  sometljdDgof  tho  appearance  of 
kneiii*.  (W aagt*.) 

Lcv^aff  ofCafriu  m,  0*TT"rnO*  or  CnPTcn  0«.— An  aquemis  solufjoti  of  the  acid 
Dnutraliscd  with  chalk  or  milk  of  lime,  and  left  to  evaporate,  jieida  the  calcium-salt  m 
fine  medlw,  easily  soluble  in  water  and  in  aleolioL 

Lnicate  of  Cobalt,  C*H"CoO"  or  C'^'^CooO*.— The  dilute  aquoons  acid  boiled 
with  f'xcess  of  cnrbonate  of  cobalt,  then  filtered  and  eiraponited,  depusite  li^t  crusts  of 
a  J.  ink  colour  while  moist,  but  of  a  very  pale  rose-colour  or  almort  white  when  dry. 
The  salt  is  but  sparinglv  soluble  in  cold  water,  and  not  much  more  soluble  at  the 
hniltn,:  hoat.  It  crystallises  in  needles,  which,  under  the  micaKWoajpe,  appear  to  be 
arranged  in  globular  masses.    (Thudichu m.) 

L9ueat»of  Copptr. — When  a  dilute  aqueous  solution  of  leucic  acid ie  tr«  :i  f  c  il  with 
n  ililuto  solution  of  rtmTnonlo  .'-iilphate  of  mpper,  tlie  colour  df  t hp  copper-salt  changes 
to  light-green.  On  boiling  the  liq^uid,  it  becomes  oaler,  and  on  cooling  deposi's  light 
green  granule*  of  leucate  of  copper.  Under  h^lt  powers  of  the  microscope,  these 
pMiitiles  appear  as  halls,  fomipil  ]>y  .1  radinry  nrranfrc-mrnt  of  in-«'tll('s  (Thndichum). 
A  solution  of  leucic  acid  ntixi  d  with  acetate  of  copper,  Ibrnis  a  greiju  lluecuU'nt  pri'cipi- 
tete»  xmj  sparingly  soluble  in  water,  even  a(  the  Ix^ling  heat,  but  easily  crystallised 
fmrii  hoiliiiir  ah-ohol,  from  which  it  sepanite?*  in  rcrr T'cnmifiil  lic^hr  Hue,  shining^ 
bulky  scales,  which  do  not  undeigo  any  diminution  in  weight  at  100'^.  (Waage.) 

L9ueat9  of  Lead. — On  adding  Sieetate  of  lead  to  a  eolution  of  leneie  add  or  » 
leucate,  a  copious  whitt>  fl:il<y  jirt  ciiiitat  /  is  forme<l,  which  on  Loilintr  <lis-olvi  s  nlmo><t 
eutirelj  in  the  Uquid.  Any  portion  reniainiog  nndiseolTed  melts  into  a  white  maas, 
wbiehiaaofk  Bb"  leoo  w1itkwinn,lmt  heeomealnittle^s^  Thin 
substance  18  hwolnble  in  water  and  alooho],  even  ca.  boiling,  and  aeeiM  to  he  a  baaie 
aalt. 

If  the  aohitton  of  lead  is  added  to  a  boiling  solution  of  llie  add,  no  prpri|ntate 
ensues,  acid  vapours  are  evolved,  aiij  thi-  lif|iiiil  in  comes  milky  on  (vxiliiij^.  In  a  t-hort 
time^  it  depoaita  the  lead-aalfc  aa  a  light,  granular,  white  mass,  which,  under  the  micro- 
seope,  appears  to  be  made  up  of  a  nraltitnde  of  strongly  reftaeting  spherical  masses,  of 
the  size  of  Luniaii  1  ilo<>d-corpu?-clcM.  Tliis  salt  is  more  easily  soluble  in  an  excess  of  the 
acetate  than  in  water.  It  is  easily  soluble  in  spirit  of  wine^  mfticalarJ^  in  boiling 
spirit  Even  in  tb«se  solutions,  bwne  salts  are  easily  fermed.  The  addition  of  walw 
to  these  solutions  i  n^dncrs  a  precipitate.     Ti.  n  !  i  ch  u  m.) 

Li  ttcftfr  of  Mna,},.'<ii>in.—  ^!jjiuxa^  soluble  in  water,  deposited  in  crusts  m 

evaporation.  (Thudichura.) 

LBUcai«9  of  Bfereury. — Wmmrie  LeneeU  may  be  prepared: — <r.  Directly,  by 

dissolving  frr  shl_v-precipifnt< :d  mois-t  mf>rcnric  o:xidc  in  ai|ni'<ins  Icnrir  arid.    A  flaky  ; 

predpitate  graduallv  ensuoa,  which  on  beating  becomes  red  and  granular,  aud  adherca 

to  the  sid«i  of  the  (jflass.  On  eooling,  a  new  precipitate,  consisHug  of  whitish  i^boles, 

i-;  ih  posit*  il. —^/.  V>y  a-IJinp  nicn-uric  nitrate  to  an  uijurons  nolntion  of  h-ncic  a'-id.  a 

wlutish-rcd  predpitate  is  formed,  which  dissolves  on  boiling  and  on  cooling  is  again 

depomted  in  rsdmsh  granuloi. — e.  By  addmg  the  mereurlal  swition  to  the  leucate  ^  an 

alkali-raetiil. 

Mercwroua  Leucate, — Wh&x  a  solution  of  mercorous  nitrate  is  added  to  a  solution  of 
lende  add  a  slight  toibidity  entnes.  The  addition  of  carbonate  <rf  aodium  produces  a 

ro]n>MH  rcddiKh-iArliitc  pr<'cipitn^^  whioli,  on  boiling  beoottsa  Md,  thco,  dull gF^,  and 
deposits  metollio  mercury.   (Thudichu m.) 
The  leuettes  ef  meremy  have  a  great  tenden<7  ^  beeome  vedncsd.  The 

fialf  easily  pa.«fi('H  into  the  mercurous  salt.  The  mercuric  salt,  aunrsorer,  has  a  great 
tendency  to  become  basic  and  insoluble.  (Thudichura.) 

Leucate  of  Potastium  \<,  produced  by  the  action  of  aqueous  potash  on  leudo 
ether,  and  separates  as  a  semi-«olid  soap  on  the  anzflue  of  ua  potanMmltitioii,  if  the 
latter  is  concentrated.  (Frankland.) 

Leucatea  of  -StJi  tr.—fl.  Neutral -salt,  C«H"AgO»  or  C"H«Ag'0«  ia  obtained  by 
adding  nitrate  of  silver  to  the  solution  of  the  acid  neutralised  with  ammonia,  or  Iqr 
l>oiling  tho  acid  with  oxide  of  silver,  ami  ni?iy  be  reiKlcred  quite  colourless  hy  r^cr}s- 
tidlisation  from  boiling  water,  in  which  it  is  moderately  soluble.  It  is  anhydrous 
(Wnaga).  Nitrate  of  silver  added  to  a  warm  solution  of  kucnto  of  ammamhim,  potss- 
fiium,  or  sodium,  forms  a  copious  white  en-«tal!inf  prcoipifafe. -wliich  inrrences  a«  the 
liquid  cools,  and  blackens  if  lef\  in  tli«*  ii)oJli€r-li4Uor  (T  h  n  di  cb  um).  it  coutiiins 
4i'*2  percent,  silver  (Waage);  4114  (Thudichura);  calc.  t.Vll)  per  cent. 

Acid  salt,  C'^^'AgO*.-  A  hot  dilute  solution  of  leude  add  deoompoeea  reemtl^ 
Vol.  III.  P  P 
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IJfiMsipitated  carlvonatc  of  silver,  with  dStfTMcenee.  The  excess  of  the  carbonate  of  silver 

and  u)e  ninlissnh-ed  portion  of  the  lencate  become  bLu  kish-^Ti'V,  hxii  tho  add  is  not 
entirely  nt  utniliscd.  The  hot  filtmte  forms  no  depoait  on  cooling.  The  attempt  to 
•▼aporiito  it  nv.T  the  water-bath  produces  a  black  precipitate  of  reduced  silver.  It 
niiisf,  therefore,  bp  evnpomtrd  in  vncno  over  oil  nf  vitriol.  Aff<  r  prolonged  standint;, 
a  few  crystals,  of  a  gliuM^*  lustre  and  appearing  uuder  the  microscojp©  as  groaps  uf 
rhombic  plates,  are  deposited  at  the  maxgitt  of  the  dish.  The  liqud  llieii  beoomes 
rorrrpd  \rith  a  pellicle,  and  evaporation  is  impcflod.  At  a  lat-T  sfnc^e  con frlom orates  of 
nivdlis  are  deposited,  which,  when  carefully  dried  over  huljilmrie  ucid  in  vacuo^ 
l^>pcared  a  little  blackened,  like  most  silver-salts,  but  are  not  dt  .  (.nii.osod.  Silver  by 
analysis  2()-97  i»t  cent. ;  the  fDnnuIa  requires  20'1  per  cont,    (Thud  ichTtm."^ 

Lcucate  of  Hodium. — The  aqueous  acid  neutralised  with  carbonate  of  sodium,  and 
entporttecl,  l«aT«i  ft  e^pj  residue  covered  with  a  cryvtftUinft  enwt  When  this  ijrap 
is  loft  orrr  nil  of  vifrml,  cryjHt.il.-^  funii  in  it,  whieli  uiuh  r  the  niiertjsoopr-  .-xliiliit  :\  clia- 
vacteristic  tub-shapt*,  with  riiombic  plates  intcrspersi'd  litre  and  there.  ^^Tli  vid  i  o  h  u  in.) 

Leucatcof  Zinc,  C«H"ZnO«  or  0**H«ZznO«.— This  salt  is  obtained  by  ucuinil- 
iHQg  th«  dilute  add  at  the  boiling  heat  with  carbonate  of  zine,  and  filtering  at  the  Bum« 
temperature.  The  solution  deposits  a  thin  crust  on  cooling.  Ev^oratf<l  ovor  the 
water-bath,  it  soon  becomes  covered  witli  a  crust,  and  on  cooling  deposits  bulky  masses 
of  needles,  wliidi  must  be  sefMuated  by  filtration,  piv-ssed  between  bibulous  paper,  and 
dried  by  exposure  to  the  air  or  over  the  water-bath.  The  bt  sf  orys(;il8  iire  cibt;iinr<l 
from  a  solution  contaiuiug  excess  of  loucic  acid  (Thudichuui).  i'ur  Wiuigt'b  mode  of 
^pnration,  se*  pftgs  576. 

The  salt  is  snow-white,  with  splendid  silky  ln«tre ;  e.\hibit.«;  under  the  micro«!ope 
the  appearance  of  masses  of  needles  (Tlmdichuiu) ;  extjtmtly  light  scales,  of 
dasUng  whiteness  and  silky  lustre  (Waage).  It  is  sparingly  soluble  even  ii»  boiiiug 
water,  less  in  euld  water  (Thudichtim) ;  dissolves  in  15(H)  |  ts.  Avat<  r  ,it  \(\  \  ;ind  in 
201  pts.  boiling  wiit.T.  more  soluble  in  ulcuhol  (^Waag e).  Ihu  air-dried  ^dl  cuiitains 
2C«H"ZnO».H-0  or  (  '  H'-ZznOMlK),  and  gives  ofi*  its  water  (51  per  cent.)  at  lOOO 
(Waage).  The  aiiliy^lnnis  salt  gives  bv  aiiidy.'sis,  1f?-R7  per  rent,  carbon,  G-39  hyilro- 
gj-n,  and  i20'I0  ziiu-,  the  formula  n-quiring  li  ul  caiLuii,  hydrogen,  and  19  92  zinc 
(Tluidichum),  Sulphydric  acid  precipitatys  the  rinc  completely  (Waage) ;  according 
to  Thudichum,  on  tlie  enntrnry,  the  ]>r''eipitatioa  ia only  partial^  <ffi0B  aftar  tha  aolntioD 
has  been  repeatedly  saturated  with  the  gas. 

SdRPOlO  anas.  LtmaUo/Btkffl,  CI*pO*  «  0*H"(C2n')0*.— The  fbrmation 

and  preparrition  of  this  conipouiid  by  the  aetlon  of  zinc-etliyl  on  oxalic  ether  have 
already  been  dej!K.>ribfd  (p.  67i>).  It  is  a  colourless,  tcausparcat,  somewhat  oily  liquid, 
poflseesing  a  peculiar  penetrating  ethereal  odotir,  and  a  sharp  taate.  It  is  inaolnbw  In 
water,  but  dissolves  readily  in  alcohol  and  ether.  Specific  gravity  0  9613  at  18  7*^. 
Boiling  poiatk  ^76*'.  Vapour-density,  oba.  —  6*2il ;  calc.  £-528.  Treated  with 
bydmte  of  barium  or  potasatum,  it  yields  the  oonesponding  calts  of  levde  addt 
(Frankland.) 

&BirCXlVDZXf<4iinbFHlimXC  ACI1>.    See  iKDIK-SITLratrBIC  AdO  (p. 

unroixri:.  C*H"iiO'.  Formerly  called  Aposcpedme md  Ou$ou»  6tzMjtf.(P rousts 
Ann.  Qtu  Piivs.  [2]  x.  40;  Braeonnot,  4bUL  siii  119;  Kuldei;  X  pr.  Cnem.  xvi. 

290;  Bopp.'Ann.  Ch.  Pharm.  IxiT.  20;  Lmirent  and  G.  rlnrdt,  Ann.  Ch.  Phys. 
[8)  xxitr.  321 ;  Oahours,  Compt  rend,  xxvii  265;  Limpricht,  Ann.  Ch.  Pbann.  xcit. 
243;  dSaananii,  ibid,  xe.  184;  xeL  129;  fltreeker,  ihH,  Ixrin.  54;  Gm.  zL  429.) 
— This  .su1)sl;iiiee  w.is  fir«t  observed  by  ProuKt,  in  1818,  as  a  product  of  the  putrefaction 
<tf  cheese;  and  Braeunnot  in  1820  found  it  among  the  produces  of  decomposition  of 
aainial  anbetaa<we  by  sulphnrie  add ;  Hnlder,  in  1888,  mowed  that  the  two  aobflteiiera 
thtis  obtained  were  identical. 
It  is  homologous  with  glyoocine  (CM*NO')  and  ala&iue  (C>H^KO>X  ftnd  may  be 

^ — — 

manner  aa  ^jeaasM  to  slyeolHe  add,  and  alaniniri  to  Uetie  add. 

Occurrcnc'- .—In  old  cheese  (Proust).  In  fr.'sh  eidfs  liver  fLiebip.  Clirni.  Briefo, 
3  Ao^  463) ;  alao,  together  with  tyrosine,  in  the  hunum  livej;  iu  oertuia  cases  of 
disease,  but  not  In  the  healthy  liTer  (Frer!eht  and  Stideler,  JahreBber.  18M,  p. 
073).  Aoeonlln;;tolut<  :  :  ■  ■  iirches  by  these  du  nn''-T.«  {ihiJ.  1856,  702;  1868,  650),  leu- 
cine and  tyrosine  are  reij  widely  dif^ed  in  the  animal  oi^ganism.  L^ncine  also  exists, 
tog^er  with  taurine,  inodte,  and  uric  add,  in  the  tissoe  of  the  liini-s  (A.  OloStta, 
Aim  Ch.  P1i;irni.  xeii.  280).  According  to  Gorup-Besanez,  Ann.  Ch.  Phann. 
xcviii.  7),  it  occurs  in  many  ports  of  the  olandular  sy^em,  viz.,  in  the  th^Taoid  and 
thyioulglanda,  in  tbettm;  and  eapadaUyin  the  pancreas.  It  has  been  found  alsoia 
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the  brain  of  oxen  (W,  Miiller,  Ann.  Ch.  Pliami.  cVu.  131);  hi  the  pancrrrj?  nf  oxen 
(Scherer,  Jahresber.  1859,  p.  610);  in  tUe  sti^mach  und  intestines  of  the  pupic  of 
WtrrflieK  (Schwarzenbach,  ibid.  1857,  p.  and  in  the  fly-agaric^  j^drkmtmm- 
carii'.<.    (Ludwig,  ibid.  180'2.  p,  616.) 

^  Formation. — 1.  In  the  dtH^oinp>sition  of  geld  tin,  mnscolar  flesh,  legumin  or  wool  (or 
white  of  egg,  ;i(  (^ording  to  Mulder),  by  sulphuric  acid  (Braeonnot) ;  together  with  a 
Bmall  quantity  of  glyoocine  (Mii1<1't).  Gnrup-Eofinnpz  al-^o  (Ann.  Cli.  I'hamu 
cxviiL  230),  by  treating  wool  with  feulplioric  acid,  obtained,  togetlier  with  roiatilc  acids 
and  a  laiffe  quantity  of  ammonia,  about  3  por  cent,  of  tyrosine,  and  a  mtlter  lai^ 
rjjinntity  of  leucine  containing  sulphur.  The  Icncinn  wns  oUuined  free  from  pnli'lnir 
by  dissolving  it  in  rather  dilute  pula«h-Iey,  foiling  it  with  a  solution  of  lead-oxide  in 
potash,  filtering  from  sulphide  of  load,  m  utralisiujz  the  filtrate  with  sulphuric  acid, 
evit;v>r:it;npr  to  drmoesi  bailing  tha  polTaiiaed  xeiMnoirilih  akoho^  and  leaTtug  the 

soluti'Mi  to  crystiilliiki. 

2.  In  hi  ufiiig  horn  with  dilute  sal^ttric  acid  (Hinterbcrger),  also  topther  with 
tyrosine,  by  heating  elii.stic  tisstip,  r^'ipr'cially  tho  cervinil  ligament  (Zoll  i  k  ofi  r"),  or 
kath.Ts.  hedge-hoes'  spintH,  huninu  hair,  the  wing-casa^  of  codcchafers,  or  globulin  and 
haiiTiittin  from  OK<Uic»od  (Lcyor  and  Koller,  Ann.  Ch.  Pharm.  Izxxiii.  8S2),  or  rilk 
(Hint  orliorgpr,  Wien,  Akad.  Ber.  xi.  450)  or  rnn.'liiolin  (SohloH.sbcrgpr,  Zi  itsohr. 
Ch.  Pharm.  IbUO,  p.  424),  with  dilute  sulphuric  acid.  Erlenmeyer  and  8ch offer 
(ZettMhr.  Ch.  Phsnn.  1869,  p.  315),  by  boiling  1  pt.  of  yarious  albuminous  and  gela- 
tinous fnV«ttnnce8  with  5  pts.  of  a  mixttirf  of  1  pt.  sulpliuric  acid  (H'-'SO')  ami  \  \  pts. 
water,  obtained  the  following  miantities  of  leucine  and  tyrosine:  Cervical  ligament 
yield^pd  \  per  oent  t^rrarine  ana  38  to  45  per  cwnt  leuoine;  Uood'flhrin,  8  par  eroli 
f^Tn«<ino  (on  evaporating  the  m-ntral  liquid  to  about  108  to  MO  specific  prnvity\  tlu  n 
14  [>er  &tnL  leucine;  flWi-fibrin,  not  quite  1  |per  cent.  tTrosine^  and  about  18  per  cent, 
tawine ;  white  of  hen'a  tgg,  1  per  cent.  tyro#in«  and  about  10  per  aeot  leodne ;  honi 
ftrrafrd  irith  10  pts.  of  the  abovo  acid  mixture),  3-0  per  ci-'ut.  tyrosine,  and  almol 
li»  per  cent,  leucine.  The  sevend  bul>6taneC8  were  decomposed  by  time  hours'  boiling 
with  the  acid  as  completely  as  when  the  boiling  was  oontmtted  ftr  88  or  40  hoiu& 

3.  T!y  The  action  of  ^iilute  acids  upon  indic.m.    (Schunok,  p.  217.) 

4.  By  boiling  white  of  gelatin,  or  flesh,  with  potosh-lej,  glycocine  being  fonned 
at  the  sama  lime  (Mnlda^  Henee  also,  when  tha  juiee  of  mangaM-wntMl  is  baled 
with  liinc.    flTochstof  tor,  J,  pr.  Chcm.  xxix.  36.) 

b.  liy  melting  albumin,  fibrin,  casein  (iiopp),  or  horn  (Hinterbcrger)  with  bydrato 
of  potassinnk. 

6.  In  the  pntrefaction  of  cnivfln  or  gluten  undrr\raftr  fPmn'^t.  ^Tnlrli  r):  <nvw 
tines  abundantly,  sometimes  only  in  traces  (Cahoars).  Also,  together  with  tyroBiue, 
amnMttia»  bntyne  add,  and  laotio  add.  by  the  polrdhetioii  of  yeasi  (A.  H filler.  J.  pr. 

Chcm.  Ivii.  162,  J47).  Uiit  according  to  Hew  so  (J.  pr.  Chem  Ixx.  ^i),  the  Mul-stanco 
regnrded  by  Miiller  as  leucine  contains  8  or  4  per  cent,  solj^ur,  and  ia  more  solubis 
IB  aleohol  than  leodne  (see  p8ainK>i.xiToiini,  p.  682). 

7.  Br  the  action  of  hydrocyanic  acid  and  dilu'i-  bydroohlorio  acid,  uith  \h<-  aid  of 
heat,  on  valcral-ammoiiia  (Parkinson,  Ann.  Ch.  Pharm.  xc.  144 ;  Limpricht,  ibid, 
xehr.  S43): 

HOPJCFSPH}  <f  GNH  +  HOI  +  —  OfffVO*  -i-  NH*Ca. 

U  was  stated  W  QossaMuni,  Hait  thiaMiiia  is  oooTcrted  into  lendna  lij  tha  action  of 
aoiBi  ailTersiside,  according  to  the  equation  : 

C«H'«NS*  +  %AffO    -    0»fl"NO»  +  2Ag«8; 

l-Tit  acconliiiu'  tu  TTofmnnn  (riicm.  Soo.  .T.  x.  198^  tikialdine  thus  treated  giree  off 
the  whuit;  of  it«  nitrogen  in  the  form  of  ammonia. 

Prtjtaration. — 1.  Finely-chopped  beef,  .wmsh<»d  with  water  and  then  strongly 
pressed,  is  mixed  with  an  equal  weight  of  nil  of  vitriol,  and  gently  h.  at* d  till  It  is 
completely  diasolTcd ;  the  tal  is  skimmed  ofl'  after  cooling ;  the  mixture  diluted  with 
wuter  amoonting  to  8^  tinua  the  weight  of  the  meat ;  the  liquid  boile<l  for  9  hoon, 
witfi  frequent  re nrvtal  of  the  water;  tfic  sulphurlo  acid  removed  by  clialk  :  tlic  filtrate 
evaporated  to  an  extract ;  this  extract  repeatedly  boiled  with  alcohol  of  34^^  ijnu ;  the 
zeovltinfr  alooholie  tindnra  eTnporated ;  the  diy  vesidBe  ezhanated  with  cold  aloeiiol ; 
the  residual  mixture  of  lenciiic  and  a  small  quantity  of  matter  procipitable  >)y  t;tnnin 
dissolved  in  water  i  a  eolation  of  tannin  carefulW  acUkd  to  it  by  drops  aa  long  as  any 
precipitate  ensnea;  and  ttw  liqtttd  illtwad  aflw  a  Uiw  aaoondi^  then  evapomted 
(IVraconnnt).  The  Icmiaa  pn^aicd  faj BnMMttnot npptaM  atill  to  have  aontataad 
gly  eocin  e.  (Mulder.) 

2.  I  of  diy  albiifflin»  flfarin,  or  eaada,  free  from  fat,  is  bofled  with  4  pts.  of  oil  of 
titriol  and  12  pts,  of  water,  in  an  open  tc^scI,  tha  ebuUitioa  beiiig  oontinned  £ar  a  day 
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and  tltp  Trnt-'-r  crmlimMllj  r^'nowril  Or,  bftt-ert  1  pf.  tlio  !iu1.-t;u,ri'  is  (lis-i/lvol  In 
4  plB,  of  strong  hydrocltloric  acid  ;  (lit-  ii(juid mixed  with  3  or  4  pt*.  of  oil  of  vitnol  and 
eraporated  orcr  the  wntcr-bath  till  the  greahv  pnt  of  the  hydrochloric  add  w  expelled, 
an*!  thr  rf-rnniniiiL:  black-bro^^  n  ]iitchy  or  ajTupr  mr5«5,  in  whioh  minute  crystals  fnrm. 
in  «lis,«olvtHi  in  hot  water.  Either  of  thei>e  acid  liquids  is  boilt."d  with  excess  of  milk  of 
lime  to  expel  ammonu,  tlien  strained  through  a  linen  bag;  the  clear  filtrate  treated  witli 
stili  otii  if  acid  to  precipitate  the  lime  wlii.-Ii  is  held  in  a  solution  bv  a  product  of  do- 
composition  ;  the  fXC«'«H  of  lU'id  precipitated  Lj  acetate  of  lead,  and  the  excess  of  lead 
by  sulphydrie  add;  and  the  filtrate  eraporated  to  a  syrapt  from  trliieh  in  a  few  days 
l«>uciiio  and  tyrosine  crj-stallipr'.  Tho  rt^stals  arc  freed  from  the  synipv  m  iflK  r-Iii,u"r 
by  digestion  in  86  per  cenL  alcohol,  and  the  leucine  »epanvted  from  tiie  tyrosine  and 
brown  matter  by  treatment  with  irater,  bydnted  oadde  of  lead,  and  animal  diaNoal, 
as  in  the  fiOli  in'xb'  of  jTeparation. 

3.  1  pt.  of  cow-horn  shavings  is  boiled  with  4  pts.  of  oil  of  vitriui  and  12  pts,  of  wat/r 
for  S6  hoQifl,  the  water  being  renewed  from  time  to  time,  the  liquid  then  supersaturatt  d 
with  milk  of  Hmf  ;  the  whole  !'oil»d  fw  24  hours  in  an  \i>>n  {.'■t,  flien  !-fr:iiiit  tl  tliron^-lj 
a  conical  bag  and  squeezed,  and  the  Itq[llidinixc>d  with  a  very  elight  excess  of  «ulphurio 
add,  ftliered,  and  eraporated ;  it  then  yields  at  first  spherical  etyatallioc  massea  of 
tyrosine,  and  afterwards  larainatetl  mn^srs  of  lou-nif.  Tln'  l;ittr>r  nre  proj^^  rl  brtween 
paper,  freed  from  bro^wn  matter  by  washing  with  ubsolutt?  alcohol,  and  crj'stallised  from 
aolQtton  in  a  anull  quantity  of  hot  water.-tyrosine  then  separating  first,  and  the  mother* 
liquor  ,1  ft i  r wards  yielding leur-:iu'.  t<'l.  r.ibly  pure  but  not  tjuito  white.  It  must  therefore 
b*^  di5t«oived  in  hot  water ;  digc$>ted  with  a  small  quantity  uf  hytlrated  oxide  of  lead ;  the 
liquid  filtered;  the  filtrate  freed  from  lead  by  sulphydrie  acid,  and  the  crystallised  leucine 
further  trrntrrl  wlfli  animal  charcoal  (IT  i  r.  t  <■  rborger,  Arm.  Hi.  Pharra.  Ixxi.  72). 
JI.  Schwanert  (thid.  cii.  221)  boils  2  lbs.  of  horn- shavings  with  6  lbs.  sulphuric  acid 
and  18  Iba.  water  far  24  hours,  renewing  the  water  as  it  evaporutea,  then  eapematumten 
with  lime,  and.  nff  '  r  filtpring  off  the  gyps^im.  .  Tn;  mmtes  the  filtrate  to  12  lbs.  and  ttiix.  B 
it  with  a  quantity  of  oxidic  acid  sufficifnt  to  produce  a  slight  add  reaction.  The  liquid 
filtered  from  ealeic  oxalate,  and  evaporated  till  a  erystallitte  film  fimna  upon  \Xn  surl'ace, 
dciMjsits  proupH  of  yellowish  lamina^  of  h-ucine  inix-  d  with  tyrosine,  m'^ro  of  « liicli  crystals 
may  be  obtained  by  evaporating  the  mot  her- liquor.  The  cr^'stalline  mass  is  then  dis- 
aolred  in  eneh  a  cpiantity  of  hot  water  that  the  solution  on  cooling  yields  crystals  of 
tyrosine  only  :  tlir  Im -inc  so!iif  inn  is  tli^n  decoloris<'d  with  aniniiil  cnarcoal,  evaporat^^d, 
and  the  leucine  which  separati^  is  purified  by  pressure  and  rccrystallisation  from  liot 
alcohol.  Wa  age  (Ann.Cn.  Phann.  cxriii.  296)  proceeds  in  the  same  way  as  Schwanert, 
exc«'pt!rij7  t'mt,  .iftcr  ]  ror-ipitating  the  last  portions  of  litin'  \\\\\\  ariil,  ln'  iiiixes  tlie 
filtrate  with  sulphate  of  copper,  precipitates  the  coppt-r  with  sulphydrie  aeid  ;  eva|«oratt!S 
the  filtered  liquid  which  is  then  neuly  colouriess,  to  the  crystallising  point ;  recr}-.«tal- 
lisrs  flu"  "ppanited  leucin-'  fr.nn  watrr  nnd  dilute  al^^)Il"I ;  aiul  finally  decolorises  it  by 
boiling  with  a  small  quantity  of  hydrate  of  lead,  and  removing  the  lead  by  aulphy- 
dric  add.  The  levdne  thus  prepStred  still  retains  2  per  cent^  ash  and  a  trace  of  sulphur. 

4.  White  of  egg.  gelatin,  or  flesh,  is  iMHed  with  potash-ley  till  it  is  compb  t.  ly  de- 
oomptMied;  the  liquid  neutralised  with  sulphuric  add,  and  evaporated  ;  and  tlie  leudue 
estraefed  with  aleohol.  (Haider.) 

3.  1  pt.  nf  the  powder  of  dr\*  alVnTnin,  fi!ir!n,  or  ca.srin  free  from  fat,  is  added  to  1  pt. 
of  hydrate  of  potassium,  heated  to  fusion  in  an  iron  crucible  of  25  times  the  capacity; 
and  w»ter  caraMly  added  after  half  an  hoar,  when  the  Tident  frothing  arising  from 
the  escape  of  wat.  r  and  .inmi  niia  h;i.';  snTisiilrd.  and  thf  1in''\vn  colour  wliich  tlir  mix- 
ture at  first  exhiiiits,  is  changed  to  yellow;  if  the  liquid  be  then  Maturated  with  acetic 
add,  filtered  ho^  and  gradually  cooled,  it  yields  tnfts  of  needlea  oomdctdng  of  t^-rosine. 
These  crystals  completely  flil  the  filtrate,  when  the  procc*??  is  woll  conducted;  on  tho 
other  hand,  they  are  lees  abundant  the  longer  the  fusion  has  been  continued. — The 
liqnid  decanted  from  the  crystals  of  tyroaine  is  eraporated  till  a  crystalline  film  appears 
on  llir  Mirfnrr:  Thrn  set  aside  for  24  hours  nnd  fxlmnsted  with  .•^tmnir  ali'nliol,  which 
"leaves  crystals  of  leucine  and  the  still  remaining  tyrosine;  the  Jiquitl  i.«*  mixtid  with 
alcoholic  snlphnric  add,  and  decanted  from  the  OTatiUtiaed  mlphate  of  potassium ;  the 
alcihol  s-.-'pnrated  from  it  by  evnpf)nition,  the  stil[i!iiinc  a<^tl  1  y  1<  ad,  ;ind  then  the  lead 
by  sulphydrie  add ;  and  tlie  solution  iiually  evaporated,  whereupon  it  yields  cxystals  of 
lendno  and  a  greasy  syrup,  the  quantity  of  wfaidi  ia  leas  in  poportioB  as  theftHHOn 
ha.«  born  lonprr  rontinn.  d.  To  purify  thn  ltnirin<'  frn-m  tyrosino  and  a  small  quantity 
of  brown  colouring  matter,  it  is  dissolved  in  such  a  quantity  of  hot  water  that  only  a 
fOiall  quantity  of  leudne  may  separate  on  cooling,  together  with  the  tyrodne;  the 
mothor-liquor  is  digestrd  wrth  hydniti  d  <ixide  of  lead,  which  removes  the  rolninni* 
matter  together  with  a  small  quantity  of  leucine  ;  the  filtrate  is  treattHl  wilU  suijihydric 
add;  and  the  filtsate  thus  obtained,  whidi  baa  merely  a yellovisli  colour,  is  evaix>rated 
in  a  fiaak  tiU  a  eiiTatalline  film  fonna  on  its  atti&co*  it  thoiif  on  cooJiqg^  jialdiCiTatalB 
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of  1.  uoino,  which  must  be  wanhed  ynHh  eold  water  and  alcohol,  and  decolorised  by 
treatmeut  with  animal  charcoal  and  rporystallisation. — If  tlu'  o!  j.  ■  t  I)o  mon  ly  to  dlitain 
leucine,  and  not  tyrosine,  it  is  safficieut  to  heat  the  potash-mixture  till  the  titrougost 
intumefiCfnce  is  over.  At  that  stage  of  Uie  pirooen^  llie  nma  qiiaatiljof  kndiie  ift 
ftrmed,  but  no  tyrosine.    (Bo  pp.) 

8.  One  pt.  of  cheese,  muscular  flesh,  or  white  of  egff,  is  left  to  putrefy  with  30  pta. 
of  water  for  six  weeks  at  a  temperature  somewhat  ^ove  20° ;  the  resulting  tnmd 
solution  boil.  <l  with  a  small  quantify  of  milk  of  lime ;  tlic  lIun'  |>re>  i|.it;ittHl  hy  ii  vrrv 
blight  excess  of  sulphuric  acid;  tht- liltratc  b(jiled  <luwn  lunl  ja.  ripitatt-d  by  neutral 
Metatao#lcad;  the  decantudlk^uid  treated  with  sulphydriciui-l  ;  th.  lilt  rate  evaporated 
to  a  synip  ;  and  tht»  leucine  which  crystftllis.'s  tin  n  fruni,  is  free*!  fn)ni  tho  r>'iiiainiii<» 
tiyrup  by  means  of  alcohol,  and  puritird  by  sohition  in  water,  trfutau  ut  with  hydratod 
uxido  of  lead  and  sulphydric  acid,  crystallisation,  and  washing  with  cold  water  and 
alcohol.  When  tlu'  ;\'"ive-nientioned  alfi  liolic  solution  of  the  syrup  i.s  ova]><<nilod  to 
complete  drj'ncss.  aud  iht*  residue  dissolwd  in  aLiioluto  alcohol,  iho  soluliou  fctiU 
deposits  a  small  quantity  of  leticine.    (Bo pp.) 

7.  The  cenncal  lipinu  nt  of  the  ox,  afti  r  lu  ing  fre«  d  from  thn  surrounding  fibrous 
tissue  by  boiling  with  watt  r  containing  acetic  acid,  and  subsequent  scraping  with  a 
knife,  and  (if  necessary)  from  fat  by  di^;estion  in  ether,  ii  boiled  for  48  50  hovn 
with  dilute  sulphuric  acid  (8  pts.  oil  of  vitriol  to  12  pfs.  water),  the  water  ]>ein?  re- 
placi-d  as  it  eraporates.  The  resulting  solution  is  mixed  with  a  slight  excess  of  thin 
milk  of  lime^  um  ttoiled  for  some  hours ;  the  filtrate  exactly  neotnUsed  with  snlphnrio 
aeid  and  evaporated;  and  the  liquid,  after  filtration  from  the  sepanitod  sulphate  of 
calcium,  is  again  evaporated:  it  then  yields,  especiailv  on  cooling,  impure  leucine, 
wfaieli  nwy  be  forifled  hy  recry stall i satkm  from  hot  aloohol.  Thie  process  is  peculiarly 
advantageous,  as  the  acid  mother  liquors  crystallise  to  the  last  drop,  3'ielding  nothing 
but  leucine.  (Z 0 1 1  i k o f 0 r,  Ann.  Ch.  Pliarm.  Ixxxii  162;  compare  Goaamann,  idid, 
zeLm) 

8.  Valeral-ammonia  is  boibf!  in  a  retort  with  hydroryninc  and  hydrochloric  acitls 
till  the  oily  layer  consisting  of  the  fused  ammonia-compound  has  completely  dis- 
appeared ;  the  solstioii  ie  tMD  IdH  to  iteelf  till  the  greater  part  of  tiie  reralHng 
chlcriilc  of  ammonium  has  crystallised  out ;  the  hydrochloric  acid  removed  by  means 
of  hydrated  oxide  of  lead,  and  the  lead  by  sulDhvdric  add ;  the  filtrate  is  evaporated 
over  the  water^bath,  and  the  veeidiie  diflidhrtd  in  hot  dflnte  aleobd :  the  aolntion  thva 
obtained  yields  cn.-stals  of  [  urc  !•  i;cino.  (Limpricht.) 

JProptrties. — Leucine  crystallises  ^m  alcohol  in  soil  aacreooa  scales,  lighter  than 
wMer  and  mnnbling  eholeoterin.  It  sal^nea  eompletdy  at  170^,  in  eottoo-ltko 
flodti  witlj  iif  fusion  or  decomposition  (Mulder):  according  to  Scliwanert,  on  the 
eontrary,  it  melts  at  170^.  It  ia  sparingly  soluble  iu  cold,  but  dissolves  easily  in 
hcA  water;  spaxit^j^  ia  aloohol  of  ordinary  strength  (in  658  pts.  of  cold  aleobol  of 
tpecifie  gravity  0*828  according  to  Mulder),  very  sf.arin^ly  in  absolute  alc»»h(>l. 
jUcwrdins  to  Zolllkof er,  it  disaolvea  in  abottt27  pis.  of  cold  water,  in  10-10  pts.  of  cold 
alediol  of  96  per  cent,  and  in  800  nln  hot  aleolnl  of  98  per  cent.  It  ia  insolnble  in 
ether.  Its  solubility  in  vatoT  and  ueohol  ia  inereaaed  by  the  preaenec  of  aoetie  add, 
or  an  alkaline  acetate. 

J)teompotiiion$,-^l.  Leoeine  heated  to  180^,  yielda  a  yeUow  dietiHate  baring  an 
amnioniacal  odonr,  and  solidifying  in  the  cold,  whib>  a  brown  resinous  nia>s  re- 
maina  in  the  retort.  The  alcoholic  solution  of  the  distillate  haa  an  alkaline  ri  action, 
and  when  treated  with  hydrodilorie  add,  giree  off  carbonic  anhydride,  and  yi<  Ida  a 
solution  containing  hydnn  lil  >r  itc  of  amylamine,  together  with  Kal-ammoniac.  The 
resolution  of  the  leodne  into  carbonic  anhydride  and  amvlamine,  which  ia  the  princi- 
pal reaction,  ia  aimSar  to  that  of  phenyl-eaibamie  add  uto  oarbooie  anhydiiaa  and 
phanylanineb  and  ihowi  tluit  leodne  nuj  be  legarded  aa  aayl-eaibamia  acid: 

C*H'*XO'   -   00*  -f  C»H»«N.  (Schvanavt.) 

I.tiitiiio.  Amylamln*". 

^2.  Leucine  heated  iu  contact  witii  the  air  burns  readily,  and  with  a  white  flame. 
•-8.  An  alkaline  solution  of  leucine  exposed  to  the  action  of  o:one,  yields  carbonic  acid, 
butyric  acid,  and  otlier  volatile  fatty  acids,  ammonia,  and  probably  aUo,  in  the  earlier 
•tage  of  the  decomposition,  cyanic  acid  and  vuleraUhhyde  (Goru p- Besan ez, 
fi^rm^  Ch.  Fharm.  ezxT.  210). — 4.  Leucine  is  decomposed  by  chlorine,  forming  a  hard 
brawn  body,  similar  to  that  obtained  with  glyocine  (ii.  OO.'O.  and  a  red  volitile  liquid 
(Mnlder)!  \NTien  chlorine  is  parsed  into  water  in  which  leucine  is  susixnded,  cjir- 
bonie  anhydride  is  eyolred,  and  a  turbid  solution  is  formed,  from  which  an  oily  liquid 
sep  irates,  consisting  of  .1  mixture  of  valeronitrile  iwA  chli.ro- valeronit rib-  (C'H*C1N): 
the  Bolut  ion  contains  hydrochlorate  of  leucine  (S  c  h  w  a  n  e  r  t). — 5.  Sulphuric  anhydride 
ia  rapidly  abaovbed  by  lendnr,  ftnming  a  brown  nadd  lipoid,  whidi  at  100^  givca  off 
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carbonic  tuid  sulphurous  auli^dridis,  and  if  then  distilled  with  wtit«r,  yields  a  fra- 
grant liquid  boiling  at  97^,  and  forming  crystalline  compounds  irith  the  mad  miiphiti'a 
of  the  alkali-iiier;il«5 ;  proiul-ly.  tlicn  fort",  valonildfliyde  (Sch wanert). — 6.  Lt-uciiio 
heated  fur  n^me  time  with  a  sufficient  quiiutity  uf  mtric  acid,  is  completely  rv<>ulvi4 
into  (^es,  but  so  long  aa  the  de<»>mpo8ition  is  incomplete,  the  still  remaining  portion 
exhibits  the  characters  of  nitrate  of  leacine  (ITu  laer).— 7.  ^\'Ti*m  nitric  oxide  is 
passed  into  a  solution  of  leucine  in  nitric  acid,  nitrogen  is  erolired,  and  leucic  acid, 
0^"0',  ia  fanned  (Strecker,  p.  675).  The  same  acid  is  formed  when  ddoriiMW 
passed,  not  in  excess,  into  a  dilnte  solution  of  leucine  in  caustic  sodn  (Oopgrnann). 
—6.  Chioxine  gaa  passed  bo  saturation  into  a  solutioa  of  leucine  in  carbonate  of  potas- 
Am^tBfeBBB  eluoricb  <ot  cyanogen,  viUriaaie  add,  and  TilMMritaOft  (OSaamann). 
— 9.  Jyeucine  distHIed  with  pnoTideqf  nutnganem  and  dilnte  nipkitHiB  mid  jvMm 
valerouitrila  and  carbonic  anhydride : 

C'-NH  '0»  +  0«    »    C4i«N  +  CO'  +  2H'0. 

When  itrcmger  sulphuric  add  is  ined,  Talmuiie  acid  passn  over,  and  the  randae  con> 
tains  ammonia.  When  leucine  is  distilled  with  peroxide  of  lead  and  water,  only  a 
trace  of  valeronitrile  passes  over,  but  a  large  quantity  of  bttQrral  and  then  ammonia, 
which  crystallise  together  in  the  form  of  butyruUammonta. — 10.  By  permanganic  acid 
it  h  resolved  into  ammonia,  OB&lic  acid,  an<l  valerianic  acid  (Nenbauer,  Ann.  Ch. 
Phfirra.  cvL  69). — 1 1.  Leucine  fused  with  hydrate  of  'potassium,  gives  off  ammonia  and 
hydrogen  and  forms  %'alerate  of  potassium  (Lie big,  Ann.  Ch.  Pharm.  Ivii.  127). 
12.  An  aqueous  solution  oi  U  uoiiie  cniita  a  very  oflmsive  odour,  and  forms  a  peculiar 
acid,  perhaps  Ifuclc  acid  (Cahours). — In  a  racunm,  the  nqupons  solution  of  leucine 
ap|>eiir8  to  remain  undecomposed  (Gossmauii). — 13.  Wiuti  u  solution  of  1  nt.  of 
leucine  in  water  is  sot  aside  for  some  weeks  in  contact  with  a  quantity  of  moist^iftriii, 
which  in  the  dry  state  would  woi^h  ^  pt.,  jitit refaction  takes  place,  tlu-  punter 
jiart  of  the  leucine  is  decomposed,  and  arauiouiu  is  pruduct-U,  together  v»*ith  bueh  a 
quantity  of  valerianic  acid  aa  oaanot  be  wholly  produced  fh)m  the  fibrin.  (Bopp.) 

Comhinations. — I.  With  acids.  Leucine  dissolves  eaiiily  in  acid,  forming  crystallis- 
able  salts.  The  htfdrocMvraU,  C*JI'*N0'.HC1,  forms  crystals  very  soluble  iu  water.  The 
Hitrate^  C*H'*N6^nN0*,  called  ttlso  nKrolMKrfo  aetd^  forms  colourless  needles,  yitrate 
(f  h-ticine  (md  harhtm  contains  \  \  per  cent,  baryta  (Mulder).  Nitrate  of  Irucine 
and  cak'ium  furms  nianimelliite<l  ■iroupa  containing  water  of  crystallisation,  yitrutc  of 
leucine  and  inaffmsium,  forms  !?mall  <^nnhv  eijstals.  Leucine  also  forruH  a  crystalline 
salt  with  nitrate  of  silver.    These  salts  hnve  pro!,ably  tlw  formula  C«n"NO^.M  NO*. 

2.  With  bases.  Leucine  dissolves  readily  in  caustic  tdkalitt,  but  without  neutralising 
them.  The  aqueous  solution  of  leucine  doea  not  piMqpilale  Ibe  solntion  cf  any  mctallte 
Knit  excepting  basic  acetate  of  lead- 

Cu^ric  salts. — Hecently  precipitated  cupric  oxide  dis-solves  readily  in  aqueous  leucine^ 
fbmmng  a  bluish  liquid,  which,  on  cooling  depoaita  crystalline  grains  or  laminae 
having  the  colour  of  ammoniaoal  aolphate  df  ooppei^  and  "ff"ta"iiTig  QvPOJG'ByViQ^ 

or  C'^n^'CeuN'O'.H^O.  (Oossmann.) 

Ltad-sidts. — On  cautiously  adding  ammonia  to  a  boiling  aqneoos  solution  of  leociiM) 
and  neutral  acetate  of  lead,ttaerM08  scales  are  depoeited  oontataing  Fb^O.SCH^WO*  or 
C"H"Ppb''N^'0«.H*0  (St recker,  Ann.  Ch.  Pharm.  Ixxli.  89).  ( m  ..mann  obtained  a 
salt  of  the  same  couipottition ;  but  in  one  experiment  perhapa  iu  cunaoqoeoce  of  a 
peculiar  degree  of  concentration,  he  obtained  gnyopa  of  ci7>Ui]a  leaembling 

lepidolite,  and  containing  »PW.2C^H'»N0*. 

Mercuric  salt, — Recently  precipitated  mercuric  oxide  dissolres  very  rcttdQjr,  and 
in  considerable  quantity  in  aqneous  Kmcinc  :  and  the  solution,  when  evapontad, 
poaitl^  fint  crystalline  ^^nmules  an<;    :TM-war<ly  l  imiii.'e  containing  47 '.'^  per  eent  map* 
curie  oxide:  therefore  Hg«0.2C«NH'H)-  or  C  H-«]lhur"N«0'.H-0.  (Qdssmann.) 

Aqueous  leucine  is  not  precipitated  bj  mercuric  nitrate  or  chloride ;  but  on  addition 
ct'  potash  or  ammonia,  a  white  bulky  pmdpttate  is  formed,  whidi  dia0olf«a  in  exces« 
of  pMta.sh  :  the  precipitate  gradually  becomes  gelatinous  and  deeomprws  during  washing 
(OoBtiiaann).  According  to  11.  Hoffmann,  on  the  contrary  (Ann.  Ch.  Pharin.  Ixxxvii. 
123),  pure  leueina  to  precipitated  by  mercuric  nitrate  in  white  flakes,  without  red 
cointirinpr  of  the  <<nperQatant  liqind,  the  pradaifiCioo  of  tndi.  •  eolonv  tBidifitting  tba 

preseucc  of  tyrosine. 

Aqveous  leucine  added  to  a  aohitton  of  manmcm  nitrate  throws  down  an  aban- 

danee  of  whit flocks,  the  supernatant  Hqnid  acquiring:  a  red  colour.  (Braeonnot.) 

VamUloleaeUie.  Thia  name  is  applied  by  Ueaae  (J.  pr.  CSiem.  Ixz.  34)  to  a 
sulphuretted  compound  veaily  related  to  lenemc^  Ibimd  by  A.  MAllep  among  the 

produi  fs  of  the  docon^ position  of  yf  a^t  fp.  570).  It  contaim*  3  or  4  per  cent  sulphur, 
and  is  perhaps  (J**WS*0'*a,   It  is  more  soluble  in  alcohol  than  leucine^  and  when 
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purified  as  completely  ab  possible  f  rms  a  white  f^ponpy  mn^n  composed  of  shining 
lamioa.  Wlie&  cautiously  heateii,  it  sublimes  aintost  without  decompositiou.  it 
neha  at  310°,  lad  vhen  distflkd  in  aa  •tmoephere  of  carbonic  anhyarida,  yield% 
top.  rher  with  more  roLitile  compounds,  containing  nitrogen  and  sulphur,  a  woolly 
mass  of  acieolar  ctystaltt  rosomblins  phlorizin,  having  the  composition  C*ll"NO,  and 
diaolvingin  dilute  soda-ley  with  erolirtion  of  ammonia ;  this  8ub«taneeli  designated  by 
ITcssc,  leu  CO  n  i t  rile.  The  ollior  products  of  the  dry  distillation  of  psotiddli  iicine 
are  sulphydric  acid,  hydrocyanic  acid,  a  brownish,  tarry,  fetid  substance,  and  several 
-volatile  baaM;  indiidmg  amwiflniis  milliylniiiafl^  dim«tliyliaiiiii«^  tritylamine,  and  a 
considrraMe  quantity  of  amylamine. 

ZiBUCXTS.  A  silicate  of  ulnminium  and  potaannm,  {£All)Si^O*|  oocnrring  in 
moooniebrie  eiystals,  tha  vmal  form  bang  the  ilroei-tftnliediQB  or  tnpefldheuon, 

hence  called  leucitohedron  (Jig.  180,  ii.  126).  Cleavage  cubic,  very  imperfect;  surface 
of  crystals  even,  but  seldom  idiining.  The  mineral  of^n  occurs  disseminated  in  graii^ 
rarely  in  granular  masses.  Hardness  «■  5'5  to  6.  Specific  gravity  «  2'488  to  2*49. 
Lustre  vitreous.  Colour  ash-grey  or  Hmuke-gmj,  white.  Streak  uncolonred.  Translu- 
eent  to  opaque.  Fracture  conchoidal.  Brittle.  Infusible  before  the  blowpipe,  exc«'pt 
vith  borax  or  carbonate  of  calcium,  with  which  it  melts  with  difficulty  to  a  clear 
globule.    Gives  a  fine  blue  with  cobalt^solntion. 

Analysei. — a.  From  Albano  near  Rome  (K  lap  roth,  Beitr.  ii.  39).— A.  From 
Pompeii  (K  la  pro  th,  ibid.). — c.  From  Somma  (Awdejew,  Pogg.  Ann.  Iv.  107). — 
d.  From  Yeeuvins,  eruption  of  1811  (Rammelsberff,  t6/<f.  xcviii.  143). — '  From 
T'^snviiiP,  PHiption  of  l8i/>  (KiiTn melaberg^  tbid,),-^/,  FxvBO.  J^^^f^  on  Lakd  Laaeh 
(iiihukui^  Chem.  Ou/iot/it,  iL  2288): 


a. 

b. 

d. 

/ 

Silica 

64 

646 

66  05 

66-25 

67-84 

66-22 

Alumina  . 

23 

23-6 

23  03 

23-26 

22-85 

23-07 

PotMh  . 

19-6 

20*40 

2004 

12-46 

13-26 

Soda 

•  • 

• 

102 

0-43 

6-01 

6-40 

0-32 

0'20 

0-23 

Ferric  oxide 

•  a 

•  « 

•  « 

•  • 

014 

0-48 

I4MS  tqr  ignition 

•  * 

0-69 

99 

9^6 

100-60 

100-30 

100- U 

99^ 

The  formula  (Kin«)8i*0*  or  B?O.Al|0»4SiO*  leqniws  66-68  silica,  23  16  alumina,  and 
21-26  potash.  The  potash  is  sometimes  replaced  to  a  considerable  extent  by  soda,  as 
in  e.  and  /.  Abich  found  in  a  specimen  fixim  Vesuvius  a  still  greater  amount  of  soda. 

Leucite  occurs  in  volcanic  formations,  both  ancient  and  modem ;  it  is  abundant  in 
trachyte  between  Lake  Laach  and  Andemach  on  the  Rhino ;  the  finest  and  largest 
crystals  are,  however,  obtained  tvom  Vesuvius.  Near  Rome,  at  Borghettu  on  the 
north,  and  Albano  and  Frascate  to  the  south,  some  of  the  older  lavas  appear  to  be 
almost  entirely  composed  of  it.  This  leucitic  laTa  it  ii  1  to  form  millstoilM,  tnd 
millstones  made  of  it  have  been  discovered  in  the  excavations  at  Pompeii. 

Leucite  occurs  altered  to  felspar,  nephelin,  and  kaoUn.  Leucite  altered  to  glassy 
Ibbpw  baa  been  obaervad  on  Bomma  lij  SoaeehL  (Da  ni,  fi.  281 ;  BammeU porg, 

3fn/' rii^''-ht'i}ifi\  p  ri4-'»  ^ 

ZiSIJCOCTCZiXXS.    r^yn.  with  APOPBTLUm 

HOOdAUNMnn.   Syn.  with  Hasviira. 

XXnCOUVB.  An  organic  base  ol-taiiiid  from  coal-tar,  isomeric  with  cliiiiollno, 
CH'N.  The  two  bases  having  this  composition,  the  one  obtained  by  the  dry  distil- 
lation  of  quinine  and  dnohonine,  the  other  among  thoee  of  the  distillation  of  ooal, 
were  formerly  thoiight  to  be  identical,  and  the  name  chinoline  was  applied  to  Loth. 
Sub(«<^nc'nt  researcnes,  however,  having  pointed  out  important  difTerences  between  the 
two,  esp  e  cially  in  their  behaviour  with  iodide  of  amyl,  the  base  obtained  from  eindio- 
nino  is  now  distinguished  as  chinoline,  and  the  coal-tar  biM  (ori^aallgr  OiUled  ktud 
by  Runge,  who  discovered  it)  as  Icueolino  (see  i.  869). 

Each  of  these  bases  has  a  series  of  homologues  corresponding  with  it,  and  diflbring 
in  a  similar  manner  from  their  isomers  in  the  other  series.    The  following  names 
have  been  proposed  by  Ore vi He  Williama  (Cham.  Soob  J.  zri.  877)  to  diatinipuBh 
Uie  isomeric  bases  of  the  two  series:  • 
Coal  uriet,  dmehoniHt  tcritu 

Leucoline        .      .    C'H'N      .      .  Chinoline 
Iridoline.      .      .   C**H*ir     .      .  I^pidiaa 
Oyptidiiia     .     .  C**H<*N    .      .  DiipdHna 

TIte  higher  homolojn I  s  of  cliinollnt",  ft.q  far  as  C"H*'N,  hart-  l*t  on  <(iitained;  the 
eorrMponding  bases  in  the  leucoline  series  are  at  present  unknown,  (i'roa.  iioy.  Soe, 
ziit  812.) 
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&SirOOZiXTE.    Syn.  with  FrcKiTB. 

TtBUCOKM,  Si*H*0\ — A  white  f^ult^t m.^i^  ^'litiiinc-*!  l-y  tiff  dccora]Xv«?itu)n  of 
siiicoDe,  8i*H*0',  onder  the  iuUueuco  of  iigUt  and  wtiter  (Woliier,  Ajiu.  Ch.  I'Liirui. 
CKxrii  268%  See  Smonnt. 

UVCOXa'XC  ACZB.  Oxifcroconic  acid,  C*HK)».  (Will,  Ann.  Ch.  Pharm.  cxTiii- 
117;  Lerch.  ibid,  cxxir.  20.)— An  add  produced  ftom  eraoonic  add  (iL  110)  bj 
oxidiition  and  assiunptiun  of  watar : 

When  a  solution  of  evooooate  Af  potatfiim  it  treated  with  chlorine  or  nltrfe  add,  it  b 
f].  r.  l.  rlM  a  :iiiJ  ix>nTeited  into  lenooDatoof  potaarinm,  in  tlie  latter  oaae  villi  eroln- 

lioii  uf  nitric  oxide. 

The  add  [?  prepared  by  doemnposiiig  tlie  1>ai4imi-a«lt  with  snlpfanrie  add]  forms  a 

i»r>lr>iir!es8  Hyrup,  which  whi  ii  hi nf  t  il  above  100^  tarns  yellow,  and  is  converted  into 
croconic  acid.  It  is  tribtisic,  and  lurms  white  or  palo  yellow  niilts,  which  are  *ipata.t>^ 
being  easily  oonTerted  into  croconates,  especially  in  presence  of  alkalis.  (Lereh.) 

The  finrtP'Tt-^nff,  C*lT*T^;i'0',  is  olitainfil  ns  a  flx-r^nl.-nt,  vtllow  islt-wliit^-  pi'i^cipJtate 
by  adding  bar}'ta-watt>r  to  the  bolution  of  the  potassium-salt,  prtparud  m  aburc,  till  it 
bJwmes  alkaline.  (Will) 

The  kadsalt,  C»H*IW,  aiii  flio  sih-<  r-.^aft,  C»H»Ag*0»  ar»  li-!  it -yellow  prorii.if  at, 
Potassium^U.  When  a  solution  of  croconate  of  potaefiium  d«x>loriscd  as  abore 
with  ehloriiM  or  nitric  add,  is  nentnliasd  with  caustie  potash  or  carbonate  of  potasnan, 
the  liqiiiM,  jtiKt  at  tho  jyilnt  of  saturation,  exhibits  a  trnnsit  nt  p!;»y  of  c.)l«Mir>i,  ftMni 
colourless  to  pnrolo-red,  biuish-rcd  and  yellowish ;  and  it  the  solution  is  concentrated, 
an  abvn^ttt  jdlowish-wlute  predpitate  is  fbrm^d  at  the  saae  time,  iriiidi  rediieolvM 
in  a  large  quantity  uf  w;iter.    This  precipitatt-  w:(S  fmnd  livanaVysis  to  have  t1j<' t-.  .tn- 

Cjeitioa  C^H^KO",  but  the  lead-salt  obtained  from  it  bv  precipitation  with  acetate  of 
ad  exhibited  the  normal  oompodtton  O^'H'Pb'O*,  wheaoe  tt  ie  probaUe  that  the 
sj.ariiiL'ly  m)UiI>1<.<  ]iota'=''inm-salf  witli  1  at.  niftal  really  consist  <t1  of  tlio  tripotas-io  >a!t 
mixed  with  tree  ieuconic  acid  ^  W  i  1 1).  According  to  L  o  r c  h,  the  solution  of  the  uurinal 
potasdnmHMlt  is  deeomposed  by  niratnilisation  widi  potMh,  yielding  n  small  quautitv 
of  n  Mack  ^alt,  j ir.ilial >ly  diliydr.x-arlK>xyIate  of  potHMhUtt  (jf,  190X  together  wita 
ovahtf*'  w}  T  coloiu"]«  Hs  crystalliN.  il  pota-siiim-sjilt. 

i.£UCOiJXTSXZtXl.    A  product  of  t lit;  docuuipositiou  of  p*«>udol<  udne  (p.  58.'^). 

XiEncOPBJklffZ:.  A  silicate  of  glucinnm  and  calcium,  oocurrlug  iu  ii.^L>uito, 
tog«*thcr  with  ailiite,  e]%o1ito  and  yttrotantolite,  on  a  snudl  rocky  islet  near  the  mouth 
of  the  Laiif^fMirulfior.l  in  Norway,  where  it  was  found  1y  Ksmnrli.  It  is  trini<-trii%  with 
imperfetl  l  ieavago  iu  tkn  c  directions  inclined  to  oue  auutht-r  at  aiiglvs  uf  oy^-"  ;uid  iiGj'', 
but  usually  ocevn  massive  and  columnar.  Hardaefls  ■»  3'6  to  4.  Spedfic  gravibr  * 
2*974.  It  is  more  or  less  translucent,  with  |>al<'  dirty  prrern  or  Ji^iif  wine-yellow  colour, 
and  yields  u  white  powder,  strongly  phosphorescent  whtsu  heated  or  struck.  It  like- 
wise beeonif  9  eU  etric  when  heated.  It  is  optically  biaxial.  Before  the  blowpipe  it 
melts  to  fi  .'li  ar  b«  ad  with  a  tln^r.  of  violet,  becoming  turbal  by  flamliip.  T)lH.m>lv.-8 
easily  iu  burax  to  au  amctiiyst-coloured  glass;  in  phoephonis-salt  it  kavi  s  a  slct  U  luu  uf 
silica ;  and  with  a  smaU  q|iiantitj  of  carbonate  of  soaium,  it  melts  to  a  turbid  bead, 
which,  with  a  larger  qunntity  of  carbonat«'  of  .sodium,  sinks  into  tlj«>  clian  oal.  With 
fused  phosphorus- suit  in  an  open  tube,  ii  gives  the  nutcUon  of  duoriue.  According  lu 
an  andytna  by  Bammalabevg  {MkumdckmUt  |u  7MX  ^  wnlains: 

SiO»  F  r.?0         AI'QS         C««0         llglO        K.-O  K-O 

47-0?,      6-57        ll)-70       lo;j       23-37       0'17       il'J6       030     »  10013 

with  traceei  of  fi-rric  and  niaugauous  oxidts,  a  curapodtion  which  may  be  represented 
by  the  formula.  4NaF.;{i  2Ca«0.2G«0.3.SiO«). 
M  ff  jinpham,  ttooi  the  aaroon<^eaite  of  Nocmj*  ia  neariy  related  in  fifuififftilff*  to 

ji-ucophanc. 

Z.x:ucoFUYXtXt.  A  colourless  substance  isomeric  with  ohlorophyll,  supposed  by 
Saci-  (.lahresber.  1869»p.  561)  to  be  contained  in  those  parts  uf  plants  wbidi  axo 
capable  of  tumiuc^  prf^en,  and  to  undergo  this  change  under  the  influmco  of  oxygen 
rendered  active  by  the  agencv  of  light.  The  existence  of  such  a  substHuc.  i<  rendered 
prolmble,  acecnding  to  mce^  by  the  fact  that  the  plasma  of  those  vt  tahli  odis  wUdi 
quickly  turn  f^retn  on  eTpo«!HT.'  to  lii:ht.  confains  a  sultstatiro  wliioh  itistautlv  a<»^imrs 
a  bright  verdigris-gr»>en  colour  »luu  brought  in  rontactwith  strong  sulphuric  add, 
and  that  the  same  t  action  is  exhibited  by  the  roady-formed  light  green  granules  of 
chloniDhvU  itself  whereas  the  {dasma  of  cells  which  do  not  torn  gieen  in  Ufi^tt  doen 
not  oxliibit  it. 
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xaooOFTXTTB.    Notiw  ptoto-BinMuda.  of  Imii»  FoJU  or  FAAo*,  alio  eaUei 

Mncno*idcr>  f  (« -a  p.  368).  ' 

ajRfCOSCSXir.  As  ammoniacal  nolution  of  orcein  slightly  addulated  with  hj« 
drodilorie  add,  is  completely  deooloriaed  by  iminenting  a  piec«  of  zine  in  iU  If  am- 
muniH  bi<  then  added,  a  white  pmnpitate  called  leucorce'in  is  furmod,  which  Oil 
ezpoattre  to  the  air  becomes  violet,  and  finally  purple.    (See  Okcf.in.) 

XtBUOOVinUO  ACJZS.  Laurent's  Uximide.  ^Schlidper,  Ann.  Gh.  Pharm. 
In.  i.)— Formed  when  an  aqiaoas  sobitioii  of  aUazuuo  add  (L  188)  \a  rapidly  boiled 
down  to  a  sTriijc  cold  wal.  r  is  tlii-ii  added,  wliii-li  leaves  the  l»'iieot"urio  acid  undissolved. 
It  in  &  vhito  crystaliine  powder,  insoluble  in  cold  walor,  olowiy  but  rather  abundantly 
•olnble  in  IxtfltB^  water,,  v^enee  it  efyttalUaM  on  eooling.  It  is  nadily  mIuMo  in 
aqiii-oUrt  alkalis,  hence  it  Is  pr  •  i; 'fnted  by  mineral  acids,  and  by  the  aid  of  heat  de- 
compoeea  alkaline  carbonates,  ike  potash-soliUion  is  decomfooed  by  keeping  or  by 
gontle  betti  anuMnna  iMing  ofolTed,  and  ootalie  add  formed  almidaiitlj.  'Hie  am- 

monia-polutitin  yield-n  on  ovap>or:iti<jn  crystals  of  tin-  ammonium-salt,  Avliose  solution 
precipitates  nitrate  of  silver.  Iieucoturic  acid  is  not  de(»»npo8ed  by  boiling  milk 
■bong  nitric  add.  It  appears  to  ba  monoifaaaie.  SehUeper  frand  it  to  eontatn  91*15 
per  cent,  carbon,  2  S()  iijiinjiren,  nnd  nitrogen,  whence  he  deduced  the  for- 

mula C*H*N^O',  rcf^uiring  31-30  carbon,  2*61  hydrogen,  24*35  nitrogen,  and  41-74 
oxygen.  Oerliaidt  pointed  ont  the  improbability  of  this  femuda,  aa  it  contains  an 
uneven  number  of  atoms  of  hydrot:'-n  and  nilro^nMi.  Baever  hu;_'fr«"'ts  tlu^  formula 
C*H*^*0\  which  requires  33*98  ^  cent,  carbon,  1*89  hydrogon,  26*41  nitrogen,  and 
37*78  oxygen.  F.  T.  O. 

XflnrOHTSAV  or  UBVTJ&OSAV*  a  product  of  the  decompoBition  of  oano- 
oagar  by  heat^  having  a  laevo- rotatory  jjower  of  16''  for  the  transition-tint  (ii.  864V 

XiBVZOATZOir.  The  mechanical  jvocees  of  grinding  the  parts  of  bodies  to  a 
fine  paste,  by  rubbiae  them  batwcAn  the  flat  iiioe  dr  a  atone  oalled  the  mnll«r,  and  a 
table  or  slab  called  the  stone.  Sume  liiiuid  is  always  added  in  fliis  {.roeess.  The 
advantage  of  le?ijg;atioa  with  a  stone  and  mulla:  over  that  of  trit uniting  in  a  UKulur 
^  that  the  maljMnala  can  more  eadly  be  aenmod  togethair  tttd  subjected  to  the  aetion 
of  the  muUer,  than  in  the  other  case  to  that  of  tha  poaUe ;  aa^  from  tliailataiess  of  the 
two  surfaces,  thev  cannot  elude  the  ratissture.  U. 

A  figure  and  description  of  a  mill  fx  lorigating  lithatoa  in  mnm  ttndar  Iau» 
(p.  5U> 

&BVn7S.  A  hydrated  siL'cafe  of  caleitim  and  aluminium,  occurring  in  rliombo- 
hedrai  ciystAls  truncated  bv  the  basal  Coco  oii,  which  greatly  predominates,  and  always 
in  twine  compoonded  pataual  to oR.  Aa^B:B-106(>4';  oR:B«>;188<>l';  TaOo 
of  jirineipal  to  secondary  axes  =  0-835?< :  1.  The  crvstal.s  are  oft^-n  stiiated  and  often 
in  druses.  Hardness  <■  4  to  4  Specific  gravity  a  2*09  to  216.  Lustre  vitreooa. 
GoIoiu]««i»  wbitcv  nddiah  or  yelloiriih.  Tkaaapamit  to  txanalncaDtk  Bafbia  the  bloir- 
]  »ipo  it  melts  to  an  opaqme  blebbj  g|aa&  When  palToriaad  it  dinolTeB  in  adda  with- 
out gelatinising. 

Alutpm,  a,  4l  frooiFaioSk  bj  BeiidinB;tf.frani  Sl^e^  by  Comial;  i,  fron  bclan^ 
by  Damoqy  (Jgtf  iwairfiftify  V  JCasrttfclww^  p.  802) ; 


AI*0» 

Cii<0 

Na«0 

K«0 

Mg»0 

I1SO 

a. 

48-00 

2000 

8-35 

2-86 

0-41 

040 

19-30 

_  99-32 

h. 

47*50 

21*40 

too 

4-80 

•  • 

•  a 

18*10 

a.  M-79 

e. 

46-30 

22-47 

9-72 

1  66 

1-26 

•  • 

19-51 

d. 

44-48 

23-77 

10-71 

1-38 

1-61 

17  tl 

Beoelius*  analysis  gave  the  formula  of  chabasite.  Damour's,  which  contains  less 
dliea  than  the  rail»  Mds  to  the  ftnnida: 

wfaidk  ia  thai  of  a  hydrated  orthonHeata. 

Levyne  is  found  in  amy;^daloTd  at  Ohnarm;  on  ITatfield  ^rn.xs,  I?enfrow.«hire ;  at  fa- 
lanyfren,  Faroe;  at  Godhavn,  Disco  I.-^land,  (  Jrcenland;  and  at  Skaga^lniud  in  Iceiaml. 

UnotSOUTS.  A  variety  of  augite  from  Lake  Lherz  in  the  Pyrenees,  where  it 
oeeaza  both  crystaOiaed  and  lamellar,  and  of  a  deep-green  or  oUve-green  ooloiii; 

IftATBIS.  According  to  W.  Procter,  jun.  (Am.  J.  Pharm.  xxxi.  666),  comarin 
n-vttrs  in  microscopic  |<nsiiis  mi  the  di-iod  leaves  of  LkMi  0doratit$inut,  a  plant 

gfowini:;  in  the  Sonthern  States  of  North  America. 

ZiZBSTBSHTZTS.  Anativcpbosphateof co{)per,4Cn*0JF0*  +  aq.orCa'PO'.CuUO, 
iband  at  Libetbni  in  Ilattgaiy,  and  other  loodiitiea.  (Sea  FaoaraAtnBi) 
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MMnonOMtB.  8m  Fvwuno  Aom  (il  741). 

UCHSVZV.  C^'*0*.  (Om.xv.ll9.)— AsubetanceisompricvnthrtarchiOCCTimng 
in  HCTenil  species  of  moss  and  lichen,  especially  in  theBo-called  Iceland  moss  {Crtraria 
tjilandica),  which  is  really  a  lichen.  According?  to  Maschke  (J.  pr.  Cliem.  Ixi.  7),  it  is 
formed  from  starch  bj  ue  action  of  the  free  acid  in  tho  plant.  It  is  extracted  from 
Iceland  moss  by  macerating  the  chopped  lichen  for  twenty-four  hours  with  a  large  quan- 
tity of  cold  water  containing  a  small  quantity  of  carbonate  of  sodiam,  and  continuing 
the  treatment  till  the  liquid  no  longer  tastes  bitter.  It  is  then  boiled  with  water,  and 
the  boiling  decoction  is  strained  through  a  linen  doth.  The  liquid  on  cooling  coagulates 
to  a  kind  of  jelly,  which  dries  up  to  a  hard  brittle  mass  (Berzelins).  Pay  en  remoTea 
the  bitter  inaUtT  by  washing  the  Uc^n  sncoessively  with  fther,  alcohol  of  specific 
gravity  0-83  and  0-90,  cold  water,  very  weak  solution  of  carbonate  of  sodium,  aqueous 
hydrochloric  acid  of  the  strength  of  1  percent.,  and  pure  water.  Davidson  (Ed. 
N.  PhiL  J.  aucviii  260)  macerates  lU  lbs.  of  Icehind  moss  fur  a  fortniglit  with 
potHsh-ley  prepared  from  4  lbs.  of  pearlash,  or  for  six  days  with  milk  of  lime  ]»reparod 
from  6  lbs.  of  lime,  then  washes  with  dilute  hydrochloric  acid,  and  tliiuliy  with 
-water.  (%lorid<  of  lime  magrako  be  used  for  the  maceration.  Kaop  and  Schnedei^ 
mann  (Ann.  Ch.  Pharm.  Iv.  164)  treat  Iceland  moss  witli  a  larpe  quantity  of  hydro- 
chloric acid,  uiid  precipitate  the  solution,  after  dilution  and  t>training,  with  sleohoL 
The  precipitated  lichenin  is  then  freed  from  water  and  rendered  friable  by  r<  }>i>ated 
trcatmei^t  with  absolute  akohol,  and  fteed  horn  adhering  hjdKoeUucio  a«id  by  iai- 
mersion  in  ruuniug  water. 

Lidienill  in  the  dry  state  forms  a  hard  brittle  mass,  tasteless,  but  having  a  faint 
odour  resembling'  that  of  lichens.  In  cdld  waU-r  it  swlIIs  uj)  witliouf  dissolving, 
dissolves  in  boiliug  water,  and  is  depoaiit'd  in  the  form  of  a  jt  lly ;  h^'  j  rolougod  boilins, 
bowerer,  it  loses  the  pmpcrty  of  gelatinising,  and  is  converted  Jnto  a  giiniBy«nD> 
stance,  probably  J>  xtrin.  W!n  n  tin'  Kulutiuii  In  Tmillnnr  wattT  i.s  left  to  ertipomte,  tho 
lichenin  separates  as  a  ruugh  p«liicie  on  iho  surfuco.  Licln  iiin  is  iusuluble  in  alcohol 
and  ether. 

Dilute  acids  dissolve  Ii<»henin  and  mnvort  it  into  j^laeo'^o.  Nifrit'  and  hi  af<'J  wifh 
it  converts  it  into  oxiiiic  acid.  Pure  liclieuiu  in  merely  coloured  yellow  by  twitnc ;  but 
a  green  or  Uoe  ooloar  is  often  pcodneed,  ftom  adnixtnn  of  BtaidL 

UtCSRBVS.    The  following  enumeration  of  tli<>  pp:>ximata  iMHMlJliHBlti  yi'l^t 

is  mven  by  fiochleder  iu  G-mclin's  Handbuch,  viiL  94 : 

Bifomyoeg  ro»etu(,  Pew.   See  analysis  by  Brandes.    (BerL  Jahrb.  xxv.  1,  38. J 

lintiora  lucida,  Ft.  Contains  usuic  acid.  (Knop,  Guttingi  gdahita  Ansngeu, 
1843,  2  u.  3  Stuck,  16;  and  Ann.  Ch.  Pharm.  xlix.  103.) 

G  traria  aculmta,  Fr.  Contains  no  cetrarin,  but  moss-starch  (lichenin)  and  lichenic 
(famaric)  acid.    (Weppen,  Pharm.  Centr.  1838,  No.  12.) 

Cetraria  iglandica,  Ach.  Contains:  fum&ric  acid  (Schodler,  Ann.  Ch.  Pharm. 
xvii.  87)  and  cellular  substance ;  starch  not  deposited  in  granules,  but  uniformly  dis- 
tributed among  tho  cells  (lichenin) ;  cetraric  acid,  lichenstcaric  acid,  tallochlore,  fat, 
sugar,  gum,  yeUow  extractive  matter,  a  brown  sabatanee  formed  from  cetraric  acid, 
and  a  body  not  exactly  determined  (Knop  and  Sehnedermann,  Iv.  144).  This 
lichen  always  contains  alumina  (Knop,  J.  pr.  Chem.  xxxviii.  347).  It  contains  a  large 
quantity  of  a  cufbohydrate  (Ikhenin)  convertible  into  ffqgar.  (0.  Sehmid^  Ann.  Ql 
Pharm.  li.  29). 

Cladonia  digiiata,  Hoflm.  ) 

CUtdonia  maeUtnta,  HofTm.  L  contain  itarcfa.  (£aop^  he,  cAL) 
Qadmia  tmehtata,  Iloffm.  | 

Cladonia  pi/xidnta,  .S|)r.   Contains  a  latge  qaantity  of  a  OttliohjiiKate  oooTortibla 

into  i«ugar.    (C.  Schmidt, /wtr.  eit.) 

Cladoniar  angifirina,  IToffm.  {Uekm  rangi/rrina,  L)  Contoiiu  usnic  add 
(Roohleder  and  Heldt,  Ann.  Ch.  Pharm.  xlviii.  13).  and  alavgo  qaaBti^<^  cu^bi^ 
liydrate  convertible  into  sugar.    (CX  Schmidt,  loc.  cit.) 

Kvtmia  farfufocca,  Mann.  {Parmdia^  Aok.)  Contains  twnie  acid  (iiochledcr 
and  Helot^  he.  cit.).  See  ta  naalywui  of  thia  Uehen  grown  on  a  pine-tKo,  1^  John. 
(Chem.  Schr.  vi.  41.) 

Evemia  ochrolcuea^Tr.  (Parnulia sarmcnto$a,  Adi.)  Contains  uj^nic  add  ^^Knop, 
he.  eit.) 

Errmia  prtrnasfri,  Ach.  rontains  nnmc  and  evemie  n<Mi!s  t  o  n  h  o  u  o.  Plill.  ^la^. 
(3j  xxxii.  3UU).  Koi-lileder  aud  JIcKlt  found  leaiuuiic,  but  nuL  a  trd>ct  of  uamc 
acul. 

Em^rnia  vulpina.  Tho  experinif  tifs  o(  Bt  b.  rf  (Ann.  Ch.  Pharm.  ii.  342)  on  the 
eo-called  vulpulin,  seem  to  show  that.  Uiia  lichen  coutmus  chrysopluuxic  acid.  (Berze- 
liun,  JahNober.  jsiL  SM.) 
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Gvrophora  muiulaUt,  Ach.  (Umiciliarta,E.onja.)  From  Norway.  Contuiiis  gyro, 
pborie  Mid.  (SteahoiiaA,  FluL  Trau.  1849,  p.  4M.) 

Iridium  caraltinum,  Ach.  Contains  a Uagequntitjof  OEakte  oCcalehuB.  (Braeoii- 
not,  Ann.  Cb.  Phjs.  £2]  zxrilL  319.) 

Leeanora  Banm,  (Parmditi,  Sehaer.)  Ooateiui :  flam lUhi,  tnmfai,  pttrcl- 
lic  acid,  lecanoric  acid,  chlorophyll,  and  gum,  whiVli  <iiv<  ;<  a  preouish-bluc  colour  with 
iodine  (Schnnck,  Ann.  Cb.  Pharm.  liv.  257).  Iha  several  apmeti  of  Leeanora  con- 
tain leeaaorie  Mid.  (Selmikak.  <MdL  sU.  167.) 

LedJia  cmvUda,  Ach.     {Psora,  Dm.)    fWltafaa  »  ItlgB  qMBttty  <lf  Onltto  Of 

flaldam.   (li  i  ;i c o n  n  ot^  /oc:  ci't) 
LteUUa  go  ^  raj  Jura,  8dia«r.  Vwm  tiw  Btodten.  Oontaina  wnie  add.  (Kb op, 

loc.  at.) 

Parmelia  cilia  ris,  A  ch.  {Bomn  etUorii.)  Bee  analyaiB  bv  J  o  h  n.  (Chem.  Scbr.  vi.  39. ) 

Farmlia  paridma,  AoL  OoutidM  dhrpophanie  aeio,  a  yellofr  nonnayatalHaabla 
eolonring  matt<»r  (Kochleder  and  lie  lilt,  hK\  cit.),  and  a  carbohydrate  convertible 
into  eugiir  (C.  Schmidt,  /be.  cit.)  This  lichen  contains :  a  yellow  and  a  red  oolottring 
matter,  vox,  cr>'8taIHne  stearin,  dil(m>phyll,  soft  leain,  gum,  lichenin,  regetaMe  nnip 
cilage^  BUgar,  cxtnu'fivi'  niattor,  traces  of  volatile  oil,  and  [ilioHphato  of  calcium  (HeS> 
bargain  fiuchn.  liepert  xlriL  179);  compare  Sander  {Ueber  die  WaMeekU, 
Sondenhansen,  1816 ;  and  Kastn.  Arch,  viii  431);  Honnh^Tdt  {Dismi.  tUt,  Lobarim 
jHirictijuP  Anali^sin  chivi.  Kieloniae,  1818);  SchrSder  (T5trl.  Jahrb.  1819,  p.  44); 
Markowitz  (Scher.  Ann.  i.  438);  Thomson  (Ann.  Ch  Pharm.  UiL  262  and  260). 

ftifwwifa  fhysodes,  Ach.  Contains  crystalliflfKl  physodin.  (Gerding,  AreK 
Pharm.  bcxxrii.  1.) 

ParmeUa  saxtUiiit,  Ach.  Contatna  a  imall  qnantitj  of  carbohydrate  conyertiUe 
bto  tagar.  (C.  Schmidt,  toe.  cit.) 

Patdlaria  htmatoma^  Hoff  m.  (Parmelia^  Aeh.—Pahllnria  nAra,  H  of  fm.  -  Par- 
melia, Ach. — PaUilaria  ventota,  Dec.— Parmelia,  Ach.)  Contun  large  quantities  of 
oxalate  of  calcium  (Braconnot,  loc.  cit.).  P.  hematoma  and  P.  ventota  contain  nsaia 
add.   (K nop,  loc.  eit. ) 

PaU:Uaria  tartarea,  Dec.  {Parm<rlia,  Ach.)  Contains  large  qnantttiee  of  ozakte 
of  calcium  (Braconnot,  loc.  cit.)  In  a  specimen  from  Norway,  Stenhou8e(&)C.CT<.) 
found  gyrophoric  acid.    St  o  analysis  by  N,  t.  Eserbeck  (Ber.  Arch.  xtL  186). 

Pel  tit/era  eanina,  Hoffm.  'Ckmtaybis  A  owfaoiiydKate  oonvertibla  into  aogar. 
(C.  Schmidt,  loc.  cit.) 

PitrtHMiia  eommunis,  Dec.    Contains  a  large  quantity  of  oxalate  of  calcium. 

Ptacodium  ochrolrucum,  Dec.  (I'nnudia  m.ricld,  Ach.)  and  Placodium  radiotwmf 
Dec  (^Parme/ia  radiorn,  Ach.)  Contain  veryiurgu  iiiuintities  of  oxalate  of  calciam. 
(Braconnot,  Itjc.  eit.) 

Ramalina  calicarit,  Fr.  vnr.  fa.'iiiffiata.  Contains  lar{:<>  quantities  of  starch,  colour- 
ing matter  and  bitter  subbtance,  and  a  small  quantity  of  saecharie  add  (Berselim^ 
Sdber.  Ann.  iii.  97).    Contains  u.snic  acid.    (KochU  dor  and  Heldt,  loc.  eit.) 

namalina  calicnris,  Fr.  \&t.  fra.rinfa.  The  ash  contains  a  large  quantity  of  ferri© 
oxido,  but  scarcely  a  trace  of  potash  (John,  Chem.  Schr.  vi.  37);  soluble  and  coaffa> 
lable  albumin  (Berzeli«a^  SdMT. Ajw.ljU.908);  ]ioheaiB,aBd«Biaadd(]UebUra 
and  Helot,  loc.  cit.) 

Hoccella  Montagnei,'Bc\en.    Contains  crjthric  acid.    (St  enhouse,  foe.  ciV.) 

Boecdla  Unetoria,  Ach.  This  lichen  (var.  fticifvrmia,  from  Angola  and  Madagaa- 
car)  contains  crythrie  acid  (Iletron's  erythriri,  Kane's  erythrilin,  ii.  602),  a  fatty 
substance,  roccellic  acid,  a  brown  substance  extractablo  by  potash,  chlorophyll,  and 
ash-constituenta  (Sohunck,  Phil.  Mag.  J.  [3]  xxix.  194).  Iloecella  tinctoria  from 
South  America  -was  found  by  St  on  house  (I'liil.  Maj?.  [3]  xxxii.  300)  to  contain 
o-orsellic  acid  ;  the  same  lichen  from  the  Cape  of  Good  Hope  contained  j3-onieUic  add 
and  roccellinin.  Stenhouso  and  Scovlav  are  of  opinion  that  the  JtocdsBa  HmBUfrit^ 
YfiT.  fuci/ormis  analysed  by  Schuiick.  vrm  roally  /i*.  Montnfjnci. 

S^aviaria  eltgans,  F^e.  Contains  chrysophanic  acid.  (Thomson,  Ann.  Ch. 
Ibaan.  liit  266.) 

Squamaria  h-ntigrra,  Dec.    {Parrnelia,  Adk)   Crflft^"*  ft  imgrklga  qimsfel^  of 

oxalate  of  calcium,   (Braconnot, /oc.  e<V.) 

.^7 1'  la  pulmonaoeOf  Adb.  CmnlaSm  fioheom  and  a  bitter  principle  (W  e  ppaa,  Fhana. 

Ceutr.  1M38^  No.  12)  very  near  cetraric  acid  in  composition,  and  named  sti  cticacid 
by  Knop  and  Schuedermann  (J.  pr. Chem. xxxix.  303);  compare  John  (Ohmi. 
Schr.  vi.  89). 

UUrularia  e^cuhnta,  Ach.  Contaimi  •  ]iiga  qoantitj  (18  p«  oant.)  of  gmn> 
(Kirchhof^  Sober.  Ann.  iii.  213.) 

Ulceohrtm  mmjfom  eonlidaa  a  kigc  quantity  of  oxalate  of  oaleiaB  (Braeonnoti 
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Umea  barbata^  Fr.   Contains  nsnic  acid  (Boehlttder  woA.  Reldt^  kc  cU^  and 

licheoin.    (Borzclius,  S^lu  r.  Ann.  iiL  205.) 

Usnca  barbata,  Fr.  Tar.  jiorida.  {U»nca  fiorida^  Hoffm.)  Containfi  nsoic  acid 
(Knop,  loc.  cit.\  and  a  amaU  quantity  of  oubolqrdzato  eonfextibb  into  augai^ 

(C.  S  I-  h  ni  i  d  t,  loc.  cU.) 

Usnea  kirta^  Hoffm.  (17.  barbata  na.pUcata,  Fr.)  Contains  iisnic  acid  (Kno|^ 
leceU.),  bitter  principle,  gum-sogai^  lifih<min  and  a  soil  gMieton  (Be  rzelin^  Sdiev. 
Ann.  iii.  203).  Containa  •  iai^  qiiaiiti^  of  carbobydmle  eoiiTiertahla  into  aogar. 
(U.  Schmidt,  iac.  ctt.) 

Viviolaria  amara,  Ach.  CoBt«na  picroliehenin  (Alms,  Pbarm.  2ieiL  1832,  No.  2, 
17  ;  Ana.  Ch.  Ph.irni.  I.  fil.)  Cuctiu'ns  chlorophyll,  and  a  colon rle?';,  crj'stalli.suble, 
bitter  substanod,  forming  with  ammonia  a  red  non-bittor  rtain  (Gregory,  J.  Phurra, 
lain  1885y  S14;  Pbann.  Ceatr.  18SS,  Now  88).  Geo  tains  picroliehenin,  two  re»in% 
ohl<:-mplivll,  jXTuri-sngar,  bittor  extractive  nuittt-r,  oxalate  of  calfium,  siiiere  acid,  iron 
and  ccIiiiloBe  (A.  Miiller,  Pharra.  Centc.  Ibi4,  No  47);  compart)  Filhol  and  iiou- 
ehardt.  (J.  da  MM.  de  ^RMdonae^  ^  201»  and  Phatn.  Centr.  1844,  89.) 

Variolaria  commt'Tji.'t,  Ach.  (grown  on  n  iime-trec).  Contain?  waxy  matter,  green 
c(riouring  matter,  a  bitter  and  acrid  principle,  uneivstallisable  sugar,  oxalate  of  cakimn 
(4*7  per  eentX  a  sniMtaaoii  Maemblinf  animal  golatin,  &&  (Braeonnot,  Ana. 
Chim.  Phys.  [2]  vl.  132.) 

Varioiuria  dmibata,  Dec.  {Ldcken  dealbatiu,  Adi.)  See  analysis  by  Kobiquet(Aiui. 
Ch.  Phys.  [2]  txii.  236X  ^bo  finind  variolaiia  in  ti^  Ikfaan,  and  prepared  araa  mm  it 

On  the  colouring  matters  of  lichens,  see  Arcuo^  EBmrmc  acid,  Evkbmc  actd, 
Gybophobio  aou),  LaoAaioBiq  Acm,  hauvat  Obssi.ijc  acid,  OBOor,  Utuac  acid, 

UCHX:ivsT£AIlXO  ACXS.  C'*H^«0'.  (Schnederman n,  and  Knop,  Ann.  Ch. 
Pharm.  It.  149.) — An  acid  existing  in  Iceland  mow  i^Cciraria  islandica\  ami  pEobablj 
a]«o  in  t]ae  fly-i^iario  or  toadstool  (Agarieua  mutetinus)  (BoUcy,  Ann.  Ch.  Pharm. 
lx.xxvi.  50).  To  prepare  it,  Icelana  moss  is  boiled  for  a  quarter  of  an  hour  in  alcohol 
containing  carbonate  of  potassium ;  the  strained  decoction  is  mixed  with  excess  of  hydro* 
.  cblorie  and;  and  fhe  whole  is  dilated  with  4  or  6  Tohiroes  of  water.  The  precipitnta 
thereby  formed  is  washed  with  water,  and  afterwards  boiled  three  or  four  times  with 
alcohol  of  42  to  46  per  cent.  On  cooling  the  alcoholic  solution,  a  mixture  of  lichm- 
itearic  and  eelTarie  adds  with  a  third  smtstance,  is  separated,  fknn  which  the  Itchen- 
stearic  a<  iJ  taken  up  by  boiling  rock-oil,  and  again  deposited  on  cooling,  or  more 
comuletcly  on  partial  distillation.  Pniificatioa  ia  e&obed  Igr  nciTStaUiaiag  fton 
alcohol,  wil^  the  help  of  animal  charooaL 

Propertits. — The  acid  forms  a  loose,  white  moss,  consisting  of  delicate  ciystallioe 
latniuse  having  a  pearly  lustre.  From  a  solution  in  very  dilute  alcohol  it  is  obtained 
in  small  rhombic  tables ;  on  concentrating  the  solution,  partly  in  oi^  drops.  It  is  in- 
odorous, has  a  rnncid,  harsh,  not  bitter  tast(>,  melts  at  alioat  withmut  kaa  ti 
weight,  and  solidifles  to  a  crystalline  mass ;  is  not  volatile. 

It  is  perfectly*  inaolttblo  in  water,  but  dissolves  readily  in  alcohol,  ether,  and  oiU,  both 
flxod  and  volatile. 

The  salts  of  lichonstearic  acid  are  permanent  in  the  air,  and  are  decomposed  bj 
adds,  with  separation  of  lichonstearic  acid.    Their  solutions  froth  up  on  boiling. 

AinmoniuTnsaU. — The  easily  prepared  solution  oi  the  acid  in  warm  aqneons  ammo- 
nia forms,  on  cooling,  a  white,  clastic  jelly,  appearing  under  the  microscope  to  contain 
a  quantity  of  long,  extremely  delicate  crystals.  The  salt,  when  dry,  is  white  and  silky, 
and  onlv  partially  soluble  in  warm  wattr,  witli  loas  <rf  ammonia. 

The  barium-ga/t,  C'*H"BaO*,  is  obtained,  on  pr»»cipitarinpr  aqueous  lichensteainite  of 
sodium  with  a  soluble  barium-salt,  as  a  greyish'  while  prc-ci^^  ilate,  which  cakes  together 
in  boiling  wat<  r. 

The  kad-talt,  C'^H^'PbO',  is  obtained,  by  precipitaliii^i  !ho  aqueous  sodium-snltwith 
neutral  act^tate  of  lead,  in  white  flakes,  which,  ou  boiliiig  iht;  liquid,  melt  to  u  yellow, 
semi-fluid  mass.   It  is  brittle,  softens  between  the  fingoi^  and  baoonMa  aemi-flnidat 

100^,  at  which  tempr  mfure  also  it  app*  ;ir«  to  dpr^ompose. 

Potassittm-talt—X  dilution  of  tho  acid  iu  a^ueuus  airbonate  of  potassium  throws 
down,  when  concentratwl  l)y  evaporation,  yellowish  flakei^  which  are  soluble  in  water; 
but  insoluble  iu  alkaline  liquids.  If  the  solution  I'O  evaporstod  to  dryness,  and  tlie 
residue  extracted  with  boiling  abtiolute  alcohol,  u  part  of  luo  salt  is  obtained,  on 
cooling,  as  au  indistinctly  crystalline  powd<-r ;  and  the  remainder,  on  otnoentiating  the 
solution,  iu  the  form  of  a  b^tud.  It  di-'-'nv<"4  •'^a.'^ily  in  water,  forming  aa  alkalina 
liquid,  which  tastes  like  suap,  and  froUts  up  on  builiiig. 

The  ailtMT-Mli  is  thrown  down  flrom  a  1  u'  ion  of  the  sodium-salt,  by  nitrate  of  silror, 
aa  a  ^preyish-white  orecipitAte,  turning  violet  on  espoanre  to  lights  and  caking  together 
ia  boding  water.  It  dcoompoees  btlow  lOU^. 
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Tlio  .'''■•Ji'Oii-SdIf  is  olif.'iinml  5ii  fho  samo  manner  as  the  [:>rtf.i«;si'anWMJti    A  CtmoOl* 
trtiti  d  nrjiK'Ons  solution  throws  ilowu  wliitc  ^n-unules  on  ht;inding. 

X.x£a£jr£i£.ixi:.  A  Bilicato  fouutl  in  a  red  felspar  porphjiy  on  Momit  Vicaena^ 
Flcimspf  valUy,  Tyrul,  cn'^^tallised  in  six-sided  pnnas,  witlumt  distinct  di^arage. 

Hurdnpss  =  3  o.  Specific  gravity  =  2'IS.  Colnnr  {rrrrnish  tnTv.  Fractun*  s'pliiitei^'. 
Before  the  blowpipe  it  whitens  antl  iiituiuesc**!*,  Lut  duvn  nol  iuse.  Contains,  according 
to  Marignac  (BibL  univ.  ir.  157),  44  66  per  cent  silica,  36  51  almnina,  1*94  ferric 
oxide,  MO  niug^ncf-ia,  9'90  pitn^li,  0  92  i^odti,  and  r)-05  water  100-3S).  M.irignac 
regiir.l.H  it  iis  piuito  (q.v.) ;  ari  urdiiii'  to  Elum,  Jireithaupt,  and  lluidinger,  it  is  apteu^ 
doiiiurpli  of  nepbelin.  It  has  also  been  regarded  w  ait  idtarvd  didbioite.  (Dftaa^  ii, 
22G  ,  Kim  1  <  I  berg's  MincraJcheuUe^  p.  837.) 

Xl£BiGiTx:.    Cak'io-uranic  earbonate.    See  CAnrsoT^ATES  (i.  7P8). 

liXMXJMm  A  snbstance  containing  63*71  per  cent,  carbon,  B  j  hvdrogon,  4-$2 
mtrogen,  and  83'62  oxygen,  found  by  Scherer  (Jahmber.  1861,  p.  oj7)  in  tb»  fluid 
of  tlie^Ieen. 

XXXiVltZTS.  Praitr.  Y,  ,)'if.\- .\  silicHto  of  iron  and  calcium,  occurnng  in  tri- 
mt  trie  cryijtal«  in  whicli  acl*  :  ^  110°  12';  oP  :  f  oo  146°  20';  ratio  of  principal 
axis,  brachy diagonal  and  macrodingonal  =  0-66  :  1  :  1-46.  Observed  combination, 
ooP  .  P  .  oop2  .  00^2  .  ODPS  .  xV\  .  .  crVzn  .  V  .  nfzc  .  2^x>  .  ^Pao  .  2p2. 

LaUrel  fiices  usually  striated  longitudinally.  Cieavai^  |mraliel  u>  the  longer  diagonal, 
ittdiBtilMCb  Also  columnar  or  compact  massirc.  Hardness  =  6*5  to  6.  Spodfle 
gravity  «  3  8to  4-2.  Lmtrc  srib metallic.  Colour  black,  of  various  kIkhIc.s.  !^trfnk  black, 
iBclimog  to  grey  or  brown.  Fracture  uneven.  Brittle.  Before  the  blowpipe  it  melts  eaailv 
to  amapietio  ^obnle.  It  is  mmly  and  completehr  deoompoaadlij  hot  Jiydroehlorio  adfL 

b  erg  ijbid.). — 3.  AV  a  c  k  t-  r  u  a  g  e  1  ( ibi</. ) ; 

SiO«         IV«0»  IV-O        Wu^O         Ca'O        AHO>  WO 

1.  EfUk   29-28       23  00       31  90       2  43       1378       0*«1       127    -»  101-27 

2.  „      29-83       22-56       32  40       1-50       1244       .    .       1-60    ^  10032 

3.  „      29-46       25-79       28  00       O'Jt       15-49       .     .       .     .    -  100-27. 

These  reaolta  do  not  agree  vezy  closely  with  ainr  simple  fonuola,  but  thej  may  be  ap- 
pt<oxi]iwt«l7  wpPBacnt^d  by  9lP0.2FoH)*.68iO< 

Lievrlto  occurs  in  tlit-  Islaml  of  Elba,  in  large  solitary  orvsfals  ami  a^cr'/gal'  il  i'r\<- 
taUiwtions  in  compact  augite.  It  ia  also  fimnd  at  Foosum  and  8keen  in  >iomay ;  in 
Siberia ;  ne«F  Anfflvashflrg  in  the  Hiarts;  naar  IVedaaao^  an  the  Tyrol,  in  granite  -  at 
Bdineeberg.  in  S.ixony  ;  and  near  "nvtowii,  C  inaila. 

Kobell's  Wehrlite,  a  maseire  granular  mineral  from  Szurraskci  in  Hungary, 
eontaining  84*00  per  cent  atliea,  0*12  almnina,  42*88  frrrie  oxide,  15-78  fenmu  oaride, 
0*28  manganous  oxide  }  Him.',  and  1-00  wafi-r.  is  soim  firucs  rci^anb  il  as  lievrite. 
It  ifl,  liowever,  harder  (hardness  s  6  to  6*6),  fuses  with  difficulty  and  only  on  the  edges, 
and  ia  bat  impwcleetly  ttdubla  in  addiL  (j^ ftna,  ii.  268.) 

UOOT.  U^t  is  the  agent  which  makra  na  acqvamtecl-with  the  f^aaabmob  of  bodies 

through  the  organ  of  sight.  It  islike^-isf  one  of  tho  niosl  Important  nfs  of  chemical 
ehauge.  Planta,  with  few  exceptions,  are  absolutely  dependent  upon  it  for  their  exi»* 
lenoe  and  derelopment:  the  gmter  nnmber  of  aninala  are  inoapabis  <tf  living  in  health 
ail'!  vI;^^oxir  lui^  sq  subjn  ted  to  it«  influence;  and  a  rarii-ty  of  chcnioal  pocesiea  both 
natural  and  artificial  depend  in  great  measore  upon  ila  agency. 

The  aereral  Tiewa  which  haT»  been  entntainra  Mspeetin^  the  natnre  of  light  may 
be  rang!  <1  luiilirtwo  lieatls,  tlic  system  of  cin  ission,  and  tlic  system  of  u  n  <1  u  I  a  t  i  u  n 
The  former,  suggested  in  ancient  times  by  Empedoclps  and  Bcmocritus.  afterwards 
adopted  by  Gassendi,  md  bronght  to  the  ntinost  degree  of  completeness  of  wWch  it  is 
Kusecptiblo  by  Nrwtoii.  sii|«pos.  s  lii^flit  to  lonsisf  iif  minute  partieh'S  eniitlfl  from 
luminous  bodies,  and  travelliug  through  space  with  immense  i»pidity  till  thc^  reach 
the  eye.  The  latter  theoiy,  tiie  genn  m  which  may  be  ftmnd  in  the  writrafis  of 
Aristotle,  snijiiiost  s  that  objects  are  rendered  visible  hx  riVirations  excitrcl  !)y  bimir.ons 
bodies  in  an  elastic  medium,  called  the  E-rHBB,  pervading  all  space,  and  fiUinu  up  the 
interrala  between  the  moleenTea  of  ponderable  bodira.  Ideas  rimflar  to  this  were 
advocated  l>y  Descartes,  Mani'bninene,  and  Grimaldi ;  but  it  w.is  in  t!ie  liai  .Is  of 
Hi^yghens  that  the  theory  first  a&Aumed  a  definite  shape,  and  was  rendered  capable  of 
aflbralDg  an  esaet  exphuiation  of  known  fiiets;  ana  by  the  anbeMineot  lahoora  of 
Young,  Fresnel.  Caiiehy,  and  others,  it  has  l>."en  bno-.L-^bt  l>i  ^ii'  li  a  state  of  perfr'^tion 
that  it  is  capable  of  accounting  for  most  of  the  phcuumenu  of  light  in  their  minutest 
detaili^  ai^  nai  even  anticipated  many  important  renilta,  snbeequently  conflrmed  by 
oliaetvatlon ;  wliracas  the  theoiiy  of  emiaaioo,  thongii  it  gare  a  satifilhctoty  account  oif 
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xnosc  of  the  phenomena  known  in  Newton's  Ilm.\  is  filtnp:rthfT  unaM/»  to  ao^yrrmf  for  a 
HuA  iraiaber  of  facts  which  have  smco  been  discovered-  The  wavc-theoiy  is  th«Tcior« 
now  tmimrMlly  accepted  as  tho  titi«  wpremaaMif%  of  the  phonomeiMiii 

The  <'\i.st.'ii*'f  of  fluid  or  inoHiim,  such  ;i«  the  Ihrorv  s\ippn>r<;  to  rxi«f  in  the 
eolasttal  apao«a,  maj  bo  regarded  almost  aa  a  matter  of  certaistj :  tor  the  mutiuns  uf 
eomets  are  fiyond  to  be  ntaotded  fn  a  nuunw  whieli  eannot  bo  adMontcd  fer  on  wuf 
other  hypothesi*.  This  phenomenon  lias  he.  ii  j>?i!f ii  iilirly  stutlifd  in  tin-  case  nf  KnrV.^  g 
comet,  which  revolve*  about  the  sun  in  a  period  of  three  years,  iiow  tiiis  period  in 
jbnnd  to  be  continually  dhmntshing,  showing  that  tho  ooin«t  it  gradnally  approadring 
the  sun,  an  effect  which  can  only  l>o  aecounteil  fur  l>y  s>i[  posing  if.s  iiu>tjoii  f<.  So 
retarded  by  the  action  of  a  resisting  medium.  Moreover,  as  the  light-wavca  are 
transmitted  freely,  not  only  through  tn«  edwtial  Bpaees,  biit  aJaotkMOg^  air,  water. 
dbuN^  ami  otht  r  tnirisp!tr»>nt  media,  wo  must  likrwiso  HUpposi"- tli:i1  the  spao-  s  iM-twi  fn 
the  molecules  of  these  bodies  are  filled  up  by  the  ether.  It  wiU  hereafter  be  shown 
that  the  elasticity  of  the  ether  is  diiferent  in  difTerent  madfaL 

In  the  present  article  after  speaking  of  the  sources  of  light,  wr  shiill  tml.  av mr  to 
show  how  the  wave-thoory  is  applied  to  explain  the  several  plienomenaof  Kadiatiojv 
Interference,  Roflcction,  Refraction,  Absorption,  aad  FolftrisatioB. 

Tim  dMniaa  aetioB  of  Uf^t  will  bo  tMttod  in  «  aepainto  Mlido. 

Sources  of  Light. 

The  Hiiu,  the  fixed  st.irs,  certain  meteors,  and  tiTrciitxial  bodioii  in  Uio  btatcs  of 
ioeandescence  and  phosphoivKcence,  shine  by  their  own  light ;  all  other  bodies^  t**- 
rr->!ri;il  or  Cflfstial,  arc  vIsIMc  only  wlifii  ilii'  W^hi  of  a  j>i'If-himirjon$  body  falls  ujxjO 
them.  Uur  knowledge  of  the  peculiar  conditions  which  render  bodit^  salf-luauiioM 
is  not  vary  exact;  but  Mnuaii^  tlukt  Tinon  ia  poadneed  by  aadnlatiooo  in  an  a]t> 
pervadiiij^  ol.i-fic  medium,  wi-  must  suppose  that  tt  lulations  nrr  cxcitf '1  ^y 

vibratory  mo\'eraents  in  the  particles  of  luminous  bodir.<^.  ihis  supposition  is  more- 
orer  in  aeeordi^nce  with  the  eoodnnona  dodoecd  ftom  tho  phonamcna  of  heat  (p^  131). 
T]i>'  {lartirlcs  of  all  ln»<lii-s  are  supposed  to  bo  in  a  stat<'  of  constant  motion,  arnl  it 
depends  upon  the  intensity  and  rapidity  of  this  motion  whether  the  effect  produced  on 
oar  aenaea  fay  the  nndQlanom  thereby  ezdted  in  th«  anmiuidtnff  ethoTNU  medinm,  is 
tfiaf  of  hr-.it  alone,  or  of  lirat  accompanied  hy  li^lif.  We  shall  sec  hcrcaftrr  that 
the  non-luminous  heat-waves  arc  of  less  rapid  vibraUon  than  those  which  likewise  pn> 
d«w«  Kf^t  Aeooadini^  wfasn  tho  teanpeiatmo  of  a  body  is  gradually  raised,  it  fiivi 
piv.  soiit  heat  unaccompanied  by  li^^Iit ;  l»iit  at  a  c-  Hain  tt  inpcr.itur.-.  (he  vil.rai  !'>ii:^ 
become  rapid  enough  to  excite  in  the  ethereal  medium,  vavoa  which  produce  in  our 
organs  the  sensation  of  red  light,  and  at  stiU  higher  temperstntes  Wbtatiens  aw 
proiltiocd  of  a  rapidity  c<jrr<.spomlinp:  to  those  wliicli  <'xcit<»  the  sensation  of  yellow  ami 
of  blue  ligbtk  which,  togiether  with  the  red,  produoa  tha  combined  aeaaaiioa  of  white 
light.   (See  Ranuitoif  or  Hnar.) 

A  \Hn\y  may  l>e  raised  to  tin-  temperature  necessary  to  render  it  luminous,  either  by 
chemical  action  (oombostion)  going  on  witlxin  its  own  mass  (c.  g.  the  burning  of  metoli^ 
wood,  hydrocarbons,  Ac),  or  by  heat  imparted  to  it  from  without,  as  by  the  combustion 
of  a  ii.  ighbonring  body,  by  the  electric  current,  by  mechanical  agency  audi  as 
fri<^OD  or  penmssiOD,  or  by  the  sun's  rays  concentrated  upon  it  by  a  lens  or  mirror. 
Matter  in  cnhnr  of  the  three  states  of  sohd,  liquid,  and  gjis,  may  be  brought  to  the  in- 
candescent or  self-luminous  state;  fiame,  indeed,  is  merely  incandescent  gas;  but.  as 
explained  in  the  article  Combustion  ( i.  10*.) 4  \  solids  brcoine  luminous  at  a  much  lower 
temperature  than  gases,  and  give  out  mucli  more  lij4ht  at  any  pi v en  tem|»eraturc : 
hence  the  brightest  flumes  are  those  which  contain  suspended  partides  of  solid  matter 
laised  to  a  very  high  temperature  by  the  ht  at  of  the  combustion. 

The  light  of  the  sun  and  of  the  fixed  stiirs  is  in  all  probability  duo  to  incandescence; 
indeed  nesnt  obaerrations  have  shown  that  tho  uminoas  atmosphere  of  the  sun 
contains  many  r>f  the  metals  which  exist  in  onr  own  ^obe^  and  nauhur  observations 
have  been  made  uu  scrcnd  fixed  stars. 

PAosjBiloresositsa—lbnj  bodies,  nndor  pranlisr  eirevmstanees,  are  tbrawn  into 

ftnrh  a  state  of  vibration  that  they  emit  li^lif  vvitliont  perceptible  evolution  (jf  hi  :it. 
Fhosphoru-',  in  the  state  of  slow  combusUon  which  takes  place  on  exposing  it  to  the  air 
at  ordinary  tenipmtnm,  gtres  off  add  vaponrs,  whieh  snine  In  the  dsrk  wi^  a  fiiint 

bbii'^li  lii^ht  :  heni-f  the  feriii  y/'/..,vyi/;  r  .s-'  ]ia<  been  extended  tO  uU  Itodies  winch  ex- 
hibit a  Kiniilar  luminosity,  &om  whatever  cause  it  mar  arise.  XIm  phosphorescence 
of  decayod  bodies  of  plants  and  animals,  as  of  dead  wood  and  pntrid  sea-ftsb.  is 
fami!iar  fi>  rv.  ry  one.  The  tl.>wers  of  certain  living  plants,  especially  those  o*"  a  bright 
yellow  or  red  coluur,  aa  CtUcnduiaoJ^iHtUiSt  Tropmoituit  nugus,  McHoHtkMiUUiitiu^aad. 
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Papavfr  ori'-ninlc,  Tiave  hcon  oKsfrvefl  to  emit  a  sadden  flashing  ligTit  on  fine  f^unnnt-r 
ereniugs,  a  little  after  sunset.  Some  plaats  also  emit  in  the  dark  a  SaisX  ooutmuovs 
light,  probably  arising  ftom  the  epwdrewicm  of  mne  tnhitenoa,  sndi  m  a  hydnwarbon, 
eiiiiftid  from  tlnin  ;  tin's  phenomcncju  lias  lucn  oLfi<'rvfJin  tln'  leaves  of  Thj/(>>hix:cadt' 
MUMtrOiWhich  shine  at  night,  sometimes  with  bluish-green,  sometimes  with  yollowish-grc^a 
Hght.  TIm  aerid  milky  juioe  of  Oifo  th  Omumum  (»  Brsd^aa  plant,  probably  of  thft 
€upliorl)iai"eou8  ordi'r)  emits  liglit  for  seviTal  lionrs,  nf^cr  floM'ing  from  ii  wound  in  the 
|»lanL  JRiiMomonha  iuUerrcMea,  a  phint  which  grows  iu  mint's,  emits  light  from  its 
wliola  mrfiui^tmt  espeetany  from  Inewiutish  growing  iH>int8,  and  a  simnar  phono- 
mcnon  has  been  ol>sfn'iHl  in  oth>T  subterranean  plants. 

A  moro  familiar  lund  of  phosnhorescMice  is  that  exhibited  by  many  livuu^  animals, 
as  by  the  glow-wom  and  ibe-flV,  and  iHm  inimberfms  small  mariaa  anunsM,  such  as 
Crustacea,  meilu^r,  polyponi,  ;inJ  infusoria,  wliioli  give  rise  to  the  phospliorcscc  net  of 
the  sea  at  night.  In  many  animals  the  pboi^wescwice  is  an  act  of  the  will ;  iu 
otiMn  it  talwi  plaoe  at  a  paitienlar  period  of  Ufa. 

In  nf'iirly  all  pha*<plior('scent  plants  and  tmimuls,  the  phoKpl.orosconoc  iippcars  to  bo 
due  to  chemical  action,  in  fact  to  a  slow  oombu8ti<m:  for  it  increases  in  bxightness  in 
pars  tisjKen  gas,  and  eeasea  altc^ther  in  a  Taonnm  or  in  nitro^  or  eamoie  add 
gun:  til.-  pt  us^^atatecned  cf  deeayingflrii,  liowgw,  tatoi  place  in  mtrogsn  as  as  in 
air  or  oxygen. 

Phosphorescence  may  be  exeited  artificially  in  a  lanre  number  of  bodies  b^r  anjtaraaa 
which  sets  their  particles  in  rapid  vibration;  tml,  hj  kMt,  ^  dtctrte  d$tckarye,  hf 
mtchamoal  action,  and  bv  iiuolation. 

1.  Many  soKd  bodies  become  phosphorescent  when  thrown  upon  a  beatad  surfHce ; 
such  is  the  case  with  diamond,  chnlk,  certain  vai-ieties  of  fluor-spar,  oyster-shells, 
puper,  flour,  especially  that  of  mataeb  and  indeed  with  moet  wcU-dricd  oi^nnic  sub- 
stances. This  efTect  is  not  to  be'oonlbnnded  with  incandescence,  for  it  takes  place  at 
temperatures  much  below  an  ordinary  red  heat ;  and  the  light  emitted  ia  gsaMoaUy  of 
a  blue  or  violet  tint,  instead  of  tlie  dull  rod  of  incipient  incaadesoence. 

2.  A  lump  of  sugar  through  which  a  powerftil  electrie  disdiarge  is  pu&sed,  shines  for 
several  seconds  afterwards  with  a  beautiftil  violet  light:  and  a  similar  eflect  is  pro- 
duced on  many  non-conducting  minerals,  but  not  on  metals  or  other  substances  of  good 
eondnctinpr  power.  Substances  which  have  loHt  thefeoulty  of  becoming  phosphorescent 
by  li  f  ■  l>y  insolation,  recover  it  after  tln\v  iiave  been  subjected  to  repeated  electric 
discharges.  There  can  be  but  little  doubt  that  the  immediate  eflfect  of  the  disohargo 
is  to  throw  the  particles  of  the  body  into  a  state  of  rapid  vibration,  which  is  then 
communicated  to  the  summuding  ethereal  medium. 

3.  The  phosphorescence  produced  by  friction,  p^cnssiGn,  and  oUier  mechanical 
actions,  generally  lasts  only  as  long  as  the  disturbing  cense  eontinnra  to  act  In  many 
cases  a  development  of  electricity  takes  place  at  the  same  time,  and  to  this  the  li^ht 
may  be  partly  or  in  some  cases  wholly  due ;  sometimes,  however,  the  light  emitted 
appears  to  be  a  direct  consefjuence  of  the  vibratory  motion  communicated  to  the 
particles  by  the  mechanical  disturbance.  Adularia  struck  with  a  hammer  so  as  to 
split  it,  emits  at  each  crack  a  light  which  may  last  for  sevwil  minutes ;  and  when 
ground  in  a  mortar,  it  appears  all  on  fire.  Quartz,  fluor-spar,  ri^ck-salt,  and  sugar 
likewise  exhibit  light  when  broken  or  pounded. 

Light  is  often  emitted  during  the  chanpc  of  sfat^*  of  bodies,  especially  in  the  passage 
from  the  amorphous  to  the  crystalline  state,  uud  the  separation  of  crystals  from  a  solu- 
tion (i.  20(»). 

4.  Insolation,  or  expo^tire  fo  the  sun's  rays,  develops  phosphorescence  most  easily  in 
substances  which  are  bad  conductors  of  heat.  Most  calcareous  substances  are  capable 
of  becoming  phosphorescent  by  insolation:  9.g,  OBibonati  and  ndpbate  of  edcinm, 
fhior-spar,  petrifactions,  shells,  and  pearls. 

Canton  «  photpJumu,  pre^rcd  by  heating  calcined  oyster-shells  with  sulphur,  emit.s 
after  inaolatlni  a  ToUmr  light  bright  enough  to  show  the  time  by  a  watch.  The 
phosphor«M?ence  may  even  be  excited  by  exposure  to  the  light  of  a  candle.  The 
j}ol<^nian  phosphorus,  prepared  by  strongly  igniting  heavy  spar  with  gum-tragacanth, 
emtts,  after  insolation,  a  oright  light  wliidi  lasts  for  moro  than  a  day.  Saudoin'a 
phnifpkorftif  ( fused  nitrate  of  calcium)  emits  a  white  light.  Dijimonds  sometimes 
remain  phosphorescent  for  an  hour,  after  exposure  to  the  sun  for  a  few  ssetMids  onlj. 
CerUin  organie  mbotaaesib  t,ff,  HaoTf  iagv,  gnin,  white  mcM,  and  fcaln»  abo  shine 
after  insolation. 

From  recent  researches  by  E.  Bec(^uerel,  it  appears  that  the  number  of  bodies 
rendered  plH>q)horescent  by  insoktion,  is  nmch  larger  than  has  hitherto  been  supposed, 

E'lorescerc*^,  lastlncr  for  n  few  seccnd^,  rvr  mrely  for  a  few  minutes,  being  exhibited 
aerous  minerals  and  salts,  chiefly  with  alkuUnc  or  earthy  bases.    (See  Daguint 
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For  nnriK  roai  ddaiib  nktiiig  to  phogpTiaweape^  aee  Gmrlim**  Hmiboak 

(i.  181—209), 

Th»  EbtMo  £«^iU.— TTie  piwag»  of  clrctricitj,  wlien  it  mMto  intli »  eerCmn  miiit- 

antv.  is  iir.")Tni>.ini»-il  hy  lijr'it,  more  or  less  bright  in  r-rop-.rf  inn  tn  thf  stron^'tli  .  f  ilm 
chitrgc  and  the  degree  uf  resisUooe.  A«  the  discharge  in  uil  cases,  oven  in  the  mo8t 
higlily  mrafied  atinmplievet,  meh  tm  GsMiot^s  tube's  (ii.  891),  tek^i  plaev  tbnmgfa  the 
me<liu:n  of  matonal  particl.'-J.  w-^  may  suppose  in  this  cjise  iil-in  that  tbe  light  OWM  ttft 
origia  to  ribntion*  excited  in  these  particles  bjr  the  eXectric  action. 


^  vndantelld  th0  manner  in  wliirh  the  TlbrattODs  of  Itiminnti';  Wdios  Mv  tnoui- 
mitteil  in  waves  or  undulations  through  the  surrounding  ether,  it  will  K  ni'Cf^><i\ry  to 
oonaider  shortlj  the  nature  of  undulations  in  geueraL  A  wave  or  undululiQH  i» 
•  distnfbaim  eseit^  in  one  jwrt  of  ft  liodj,  ud  coBBinniiiMited  to  the  other  parts  in 

regular  succession.  F«ir  .  Xiimple.  a  Ftonc  thro'srn  into  water  depresses  the  wnt.  r  nt 
the  pert  where  it  is  thrown  in  ;  the  portiou  so  depressed  exerts  u  lateral  pressure  on 
thoee  imniedntely  lommnding  it ;  and  these  again  exeit  an  upward  prMsitre  on  the 
part Iclfs  external  t  >  them,  aii^l  f  >rm  a  ni.sfd  cirWo  ;  aftrrwarJs  th.  Sf  porltnns  fall,  nnd 
in  falling,  push  up  other  particles,  situated  external  to  them,  and  thus  the  unduhUion 
emithivalij  sprMoe  evtwwde  m  ooneeiitrie  etrelee  till  it  extends  to  the  vhole  eorttee  of 
V.w  liijiiid.  Now  if  in  im[x<rf;irit  to  notice  tliat  fhr=;f' particles  have  no  pr->pT.'--ivo 
morion  ;  they  merely  move  up  and  down,  m  uiay  be  seen  by  ubBenrtog  the  motion  o£ 
a  light  body  floating  on  them :  there  ia  an  appeareaee  of  progrceaTe  notion,  hut  it  is 
only  an  appearaii'"'-.  arisin^i  fn  iin  the  sanic  t'orni  or  state  of  mot  inn  Ix  ing  successively 
eommunicated  to  the  different  partis  of  the  liquid.  The  ware  travels  onwards,  petham 
for  mili^  or,  as  in  the  etee  of  the  ocMua  tide-wave,  all  iwmd  the  globe;  bat  the 
individual  particles*  of  wat.  r  merely  move  in  rertieal  lines  thr.  uiL'h  j^paees  not  excell- 
ing a  few  feet  Again,  in  the  case  of  the  wavea  in  air  which  prodooe  aoond,  the 
individual  particlea  of  ttbrVNiefy  nore  baokwarda  and  Ibrwuda  thivii(^  maU'intmmla, 
the  motion  being  first  excited  in  the  particles  immediately  in  enntact  with  the  ^oiui  ling 
bodj,  aftorwards  commiiDieated  bj  tiieee  to  the  nex^  and  so  on,  and  thia  oonunuuica> 
tien  of  the  libratory  motion  from  paitide  to  partide  eonstitntee  %  wve  of  aoond. 
Heie  again  the  progress  of  tlie  wav.-  must  be  earefuUy  disf  in^^niished  from  the  motion 
of  thf  individual  particles.  Sound  travels  Uirott|^  the  air  at  the  rate  of  about  1100 
feet  iu  a  second ;  now  if  the  individnal  partielMi  of  air  whoee  Tibntion  |ifodiiee8  the 
■oimd  wnre  to  rash  <nwRrds  at  that  rate,  eveiy  aoond  ironld  be  afipnmpanied  bj  s  dio- 
tnrhinrc  of  the  nir  amounting  to  a  hurricane. 

Tims  it  iti  alsu  in  the  case  of  light.  The  motions  of  the  IncBvidiial  pardcles  of  the 
ether  tidce  place  through  iitimcasurably  small  ppaces,  but  are  oommunicated  witli 
immense  mpi  lity  to  the  next;  from  these  to  those  beyond  them,  and  so  on,  even 
through  the  v;usL  distances  between  the  heavenly  Ixjdies.  So  long  as  the  ether  thn>ugh 
which  the  light- wave  trav  i  ls  is  of  uniform  density — us  we  must  suppose  it  to  be  in  firae 
space,  and  in  media  of  uniform  constitution,  such  as  water,  glass,  aud  other  nncrrs- 
tullifted  bodies— the  wave  spreads  with  equal  velocity  in  all  directions;  cont^equenfly, 
aJl  the  particlf«  to  which  the  motion  extends  at  the  same  instant  are  situiiteil  on  tlie 
imrfaee  of  a  sphere  having  the  luminous  body  in  its  centre,  and  the  illumination  eiten<Ls 
in  lines  at  right  angles  to  this  wave-surface,  that  is  to  say,  in  straight  lines  radiatii^c 
from  the  luminous  ^kxIv:  these  lines  are  caUed  rays  of  1  ight.  When  any  chaoflce  of 
density  tak»  s  plaee  in  the  medinm,  the  wave-surface  is  no  longer  perfectly  splif  rieal.  and 
the  rays  are  lir->ken  >  n-  iMirved  uecortlmg  as  the  chang"  of  density  is  sudden  or  i^niduHl, 

The  vihrat  ions  uf  tlie  particles  of  an  elastic  medium  may  be  of  two  kinds  :  1 .  Dirrct 
or  hniffitudinal,  when  the  line  of  vibration  coincides  with,  or  i«  parallel  tn.  tlip  direction 
in  which  the  wave  trwels  onwards,  as  in  the  case  of  80und-vv.i,vi',s  in  air.-  2.  Trnvsv^rse 
or  nernnnl,  when  the  particles  vibrate  in  directions  at  right  angles  to  the  motion  of  the 
\rare.  as  i>  the  case  with  wnve««  in  water,  and  with  the  vihrationa  of  astvptched  cord 
set  iu  motion  by  drawing  a  bow  across  it,  ^ 

Suppose  A  particle  ti  an  clastic  medium  to  l>f  disturbed  in  any  direction  whatever. 
This  dir.  <  )iiiii  will  in  general  be  oblique  to  the  line  joinincr  thif  pnrtiele  with  the  next, 
and  the  actual  velocity  of  the  particle  may  be  re*>lv«Ki  into  tliiw  others,  one  in  the 
Erection  of  the  line  of  junction  between'  the  two  partidcs,  that  is  to  sav,  in  tho 
direction  in  whif-h  the  \rn.ve-niotion  proceeds,  th>'  other  two  in  a  plane  nt  richt  angles 
to  it  The  firet  comp>nont  determines  the  longitudinal,  the  other  two  the  Intend 
motion  or  vibntion  of  the  poitiele :  and  the  relative  distances  to  which  these  two  kinds 
of  vilir:ifi'in  are  propjgnfed  d'"'penils  upon  t he  jHTiiliar  eiin>rif uf ion  of  flie  mrdimn. 
"When  the  air  is  8«t  in  motion  by  the  vibratioiis  of  a  sounding  Iwdy,  it  is  the  longi- 
todinal  vibcationa  which  travel  onwavdi^  prodacing  a  acriea  of  conpfvsaiDM  and 
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dilatations  of  the  air  along  the  lino  of  the  vave,  an<l  these  motions  nltimately  reaching 
the  ear,  produce  the  effect  of  sound:  the  latsnU  ▼ilmitiODS,  on  the  otlu  r  haiul,  artpoar 
to  be  qnicklj  pxt!iij^uislic<l  ;  iit  all  pvpnts,  they  produce  no  effect  upon  the  ear.  With 
the  vibrationfi  of  the  luminifi  ruus  ether,  howerer,  the  case  is  exactly  reversed  ;  for,  us 
will  be  seen  hereaftov  the  phenomena  «f  polarised  light  show  plainly  that  the  transverse 
viLrations  of  tho  ether  are  the  only  ones  which  afft-et  our  visual  organs.  With  regard 
to  many  phenomena,  however,  the  partioaLar  directions  of  the  vibrating  particltj^  may 
be  left  cot  oi  couSdention. 

To  explain  more  dearlj  thi-  modo  of  tmnfmiission  of  the  transTrr'^  ■r-l^ntions  of  tho 
ethflc-molecu^s,  suppose  that  a  row  of  these  particlesi,  b,  c,  d  {Jig.  64  U  ),  f^ituated  in  a 
homogeneow  medium,  is  brought  by  any  distnrbing  force  into  .  ^ 

the  position  n  h'  c' (T.    Th-  humi  of  \\w  fonvs  wliich  liold  the 
parUoles     n,  of  the  contiguous  rows  in  their  places  will  then  be  •     •  •  • 

altttred.   If  the  dS^heement  itself  ie  email  in  eonparison  witii  ^ 
the  distancf-s  lulween  the  molecule.",  tlii>  furces  at  rij^lit  angles  •     •  •  • 

to  the  line  of  displacement  will  remain  unaltered;  but  the 
ivpobioii  exerted  hy  h  upon  It  in  ^e  dir<<cti<m  of  displacement  •  ^  ^  • 

incrKis<-d,  w  hile  that  of  c/  up<>n  v  is  kliminished.    Tlie  same  *•  ^ 

is  true  with  respect  to  wt,  and  all  tho  particles  in  tho  same  •     •  •  • 

huriaontal  row,  which,  therefore,  soon  more  in  the  same  direo- 
tion  as  a,  A,  c,  d.  This  latter  row  of  particles  is,  however,  urged  back  to  its  original 
position,  with  a  force  equal  to  that  with  which  it  set  tho  other  particles  in  motion ; 
so  that  its  velocity  in  the  primary  direction  is  gradually  destroyed,  and  it  returns  to 
its  original  poeitioDt  which,  however,  it  paiM  bflyond,  in  conseoraenoi  of  tho  momentum 
which  if  hafl  noquircrl,  thus  performing  a  succession  of  small  oscillations  like  those 
of  a  pendulum.  Similar  oscillations  arc  pf^rfurmed  successively  by  the  secoud,  third, 
and  other  roiw  of  particles;  and  if  by  the  time  that  the  first  row  of  particles,  ^tl 
{fig.  64 IX  has  oomplet.  d  n  sitiL'h^  "Hfliitii>%  baekwaids  ami  f '^n j^di^  tha  libEatoiy 
motion  has  extended  as  far  as  the  jj- 
rows  of  particles  l»(  t\r.  *>ii  a  a  and 

b  b'  inclusive  will  exliibit  all  pos-  ^  •  *  *  *  •  * 

able  phases  of  the  movement    The  •••• 
<tliifallice  a  b  between  two  layers  of  • 

corresponding  phase  i- tf.i-  length  •*      ^      ••^  ,* 

of  a  complete  wave;  therayr«,  «  ^     »**  *ta^***^>. 
or  tiio  '«aT»4nirfhee  iionnal  toit,  ^ 

traverses  this  distance  In  the  time  ••**••  ****• 

in  which  the  row  of  particles  a  a'  *e****  , 

perfbnnaaeomplehioaeillKtiaD.  Hie  ^ 

greatest  distance  .'\1tuin<d  hy  any  w 
jpartide  from  its  poaitton  of  eqiulibrium  during  the  time  of  a  complete  oecillatioQ,  is 
called  iSb»  amplitade  of  the  Tibratfon.  It  is  propo^omd  to  the  greatait  velocity  of 
the  particle  during  its  passage  through  its  position  of  equilibrium.  The  intensity  of 
the  light  is  pn^ztional  to  the  vi»  viva  of  the  Tifaiatosj  pactMl«%  and  tbeteftce  to  the 
square  of  the  amplitude  of  the  vibration. 

iTalaeHy  Sight.  The  rate  at idiSdi  avave  tawnti throu^  aa  elaetie  nedini 
bateetfamof  ilaeiaitieifyaiid  deadly,  aod  triiatt  th«M  am  kBl0Wl^  aa  in  the  Mse  of 

■omd,  tha  icte  of  pcopigilioii  may  he  calealalcd  «  frtoH,  hf  the  ftmak  •  - 


(see  p.  41).  Bnti  in  the  eaee  of  Ik^t.  theoa  elements  are  unknown^  and  fhweflna 
ttie  velocity  can  aolt^  ba  detoniBad  %obacsnwtioiw  The  liiUowiag  melfaoda  hma  been 

adopt«>d : — 

L  By  mtrmtimt  o/OgEBUpsM  ofJufUtf*  Sat^iliti$.^ThS»  aiothod  waa  prapoaed 

and  cirried  out  by  the  Bauish  nstrononier  R<"ni  er  in  1676.  Re  found  that,  when  the 
enth  is  between  the  sun  and  Jupiter,  that  is  to  say,  at  its  least  distance  from  that 
planet^  the  neareet  of  Jnpltei'a  ftor  moona  entere  the  shadow  of  the  planet  at  {ntemla 
of  42h.  2fi'  3/5".  Now,  eah^djif Ing  from  this  the  time  at  whi(_h  tlie  lOOtli  eolipKc  fhonhi 
take  place,  observation  showed  a  retardation  of  16  minutes  behind  the  calculated 
time.  Bst  {n  the  aim*  iuterfal,  the  earth  had  Icavelled  aboBt  half  nmnd  ifei  oiMty  and 

had  therefore  infreused  its  distance  from  Jupiter  by  nearly  half  the  diameter  of  that 
orbit.  This  then  was  the  dirtance  which  the  light  from  Jupiter  had  pnt^scd  over  in 
ISaiintttee;  aad  thenee  tibeTeloeity  of  light  was  found  to  he  77,000  leagu.  s,  or  167,600 
geographical  miles  per  second.   At  this  rate  it  takes  8'  13"  to  reach  us  from  the  son, 

4h.  10  from  Neptunr,  and  about  10  years  from  the  nearest  fixed  star  (61  Cygni), 

2.  By  the Mterraiion  qf  the  Fixed  Stars, — The  motion  of  Uie  earth  in  its  orbit,  com- 
hlMd  mi  that  of  iha      eoniag  from  tha  alaa^  eaima  theni  to  appear,  not  in  theic 

Tok  nL  Q  a 
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true  jtlaoea,  but  in  tiie  direction  of  the  resultant  of  these  two  motions.  The  appareot 
poiitadm  of  all  the  §ta»  are,  aflooidini^,  ahifled  in  the  diraetiaii  in  which  th«  «a>th  w 

moving.  Each  8tnr,  in  the  course  of  the  oarth's  annnal  rorolution.  doscriVf h  small 
ellipse  ronnd  ita  truo  place;  for  a  star  in  the  pole  of  the  ecliptic,  this  ellipst' m  nearly 
«  ebde  of  20*445"  apparent  difunetar.  Tim  tangent  of  this  angle  g:irefl  the  ratio  betweim 
thf  vdix-ity  of  light  md  that  of  the  farth  in  its  orl  i>  :  :in(l  the  latt«'r  Leing  known  by 
independent  oba^ation,  the  velocity  of  light  ia  thence  found  to  be  166,072  geographioal 
inflea  Mr  0eeoiid»  ft  Twidt  differing  fron  that  «f  Bft^  It 
nrnst  also  be  obsen-txl  th:,t  r!  nier's  mothod  gives  the  volooity  of  reflect rd  light  iaHEM 
space,  whereas  the  alK-mition  mothoil  gives  the  velocity  of  direct  light  in  air. 

3.  Measurrnient  of  the  vdocUy  of  lUfkt  by  tmall  distances.—  a.  Fizcau'e  method.  A 
tootlMd  iHbeel  having  its  teeth  of  the  sama  wUtth  aa  the  intervals  between  th«Ba  is 
made  to  revolve  rapi<^ly,  ?o  that  its  tet-th  may  pn*-'^  through  a  beam  of  light  proceeding 
fix>m  a  lamp  or  other  source^  the  light  being  thus  mteroepted  br  the  teeth,  and  passing 
through  only  at  intervals.  The  %ht  whidi  passes  betwwti  me  teeth  of  th«  viieel  la 
reflected  perpendi  iilnrly  from  a  plam  mirror  placed  at  a  gr-  at  distance;  Ir  then  return.^ 
along  the  same  path,  and  again  passes  between  the  teeth  of  the  wheeL  ^ow,  during 
'  the  time  occupied  by  the  li^ht  in  tnvi^ag  twiea  over  i3m  vj^m  between  the  wheM 
and  the  mirror,  the  w}ieel  will  have  performed  a  certain  part  of  its  revolution ;  and  if 
it  tarns  with  a  due  degree  of  velocitj,  the  light  whii^  has  passed  in  the  first  instanoa 
betw6«tt  two  of  the  teeth  will  strike^  at  its  vetuni,  on  tiie  ISm  of  *tooth  inetead  of  a 
space  between  two  teeth,  so  that  an  observer  looking  throtigh  t])in<vlieel  in  the  direction 
of  the  mirror,  will  not,  in  that  case,  perceive  any  light.  Ib»  liau  whidi  the  light 
takes  to  paai  from  the  vheel  to  the  mirrar  and  retnra,  ii  Hamttan  eqoal  to  that  in 
which  a  tooth  of  the  wheel  moves  into  the  place  previously  occupied  by  the  space 
immediately  preceding  it^  which  tiia«  ia  eanly  ealeuiated  from  the  known  Tebeity  of 
the  wheel  w  liie  asaibsvcf  ffei  teetih.  K  tw  «nmple,  the  wheel  has  ft  teeth  and 
makee  i  xavolntinia  poMeoon^  each  tooth  will  paat  inlo  the  plaea  of  A»  pteoeding 

tooth  in  —  of  ftioooiidLMd  into  Ilia  plaea  of  die  apaaa  wagt  pnMmg,  in  y~  of » 

sec  nd.  Fizeau's  ezpcrinanla,  in  which  the  wheel  and  miiNrwisM  placed  at  a  distance 
of  8633  nietrt>s  (between  Tnresnes  and  Montmartre),  gave,  ns  the  velocity  of  light  in 
air,  78,{i41  lea^^  of  4  kilometres  each  per  secoucL  llomer'«  method  gavo  77,000 
leagues. 

l  'i/.eau'«  mrfli'ir]  ynight  be  apjilied  to  phow  that  rays  of  light  of  all  colours  (like  wave* 
of  Niund  oi  t'vt  ry  pitch)  travel  with  the  tianie  velocity.  This  conclusion  mav,  however, 
be  1  <  I  i(»d  as  established  by  the  fact  that  all  the  stars,  whatever  maybe  their  colour, 
exhibit  equal  aberration,  wiww  ootdd  not  be  the  oaseif  lagpacf  dii&mit  eoknr  tcavaUed 
with  different  velocities. 

fi.  By  means  of  a  Revolving  Mirror, — This  ttetkod,  pvopoeed  by  Arago,  and  carried 
out  indejx-ndently  by  Fon  an't.  and  by  Fi/'rni  nndBregnet,  is  simihir  in  principle  to 
that  by  which  Wheatstone  determined  the    iocity  of  electticity,  and  afiforda  the  meana 

Fig.  642. 


of  measuring  the  velocity  of  light  in  a  space  not  exceeding  four  metres.  A  line  of  light, 
S  (fiff'  642),  procetHling  from  a  very  narrow  rect^ugular  aperture  ut  right  angles  to  the 

Jtlane  <rf  the  dgure,  after  passinf  tinoa|bt]weonni^inBa<ttiromatic  lens  K,  wmch  would 
brm  Ml  image  of  it  at  S',  falls  upon  a  plane  mirror,  mn,  capaMi-  of  revolving  on  a  vert  ical 
axia  passing  through  o  on  the  lino  S  S',  which  reflects  it  to  a  point  svmmetrical  with  S', 
aanfafdsthemiiMr*  At  thia  point  it  plaoed  a  oooeara  nhecical  miiiQrt  sL  wnoao 
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centze  of  figure  ia  in  o.  The  light  &Uug  oa  thU  mirror  r«fl<^ctad  back  afoin  aloDg 
A«  Mnne  path^  so,  to  tiie  |)lBoe  ainor,  mn,  which  again  nfl«ete  it  to  8  in  s  Mun  «oi»- 

adiB<^  with  th«>  incicU'iit  bght.  Tliis  will  be  thf  case  in  all  positions  of  tho  mirror  )un^ 
noridAd  tbe  light  is  reflated  from  it  to  M.  As  the  imiige  thuB  avni  back  to  8  woald 
M  flonftmided  with  ineidsBt  b««m,  n  nnrilTwed  plate  of  glu&s,  a/^,  is  placed  in 
raeh  a  podtion,  that  the  light  fulling  npun  it  in  th<>  direction  oS  may  be  partly  reflected 
to  M,  where  it  maj  be  observed  bjr  aa  eye-pieoe  famiahed  with  a  verticnf  wire.  If  the 
mirror  mn  be  made  to  revolve  slowly,  an  eye  placed  at  a  will  see  the  image  of  the  line 
light  at  intemds,  but  if  the  mirror  mak»9  more  than  10  turns  in  a  second*  tha  image 
will  be  sicen  continuously;  nnd  if  the  eye-pioce  bo  adjusted,  so  that  th^  image  shall 
coincide  with  the  wir*ji,  when  the  mirror  makes  from  20  to  30  revolutions  ^x"r  secood, 
Jt  inll  be  seen  to  deviato  in  tiM  dinotian  cf  tite  rotation  when  the  rate  is  increased 
to  sereral  hundred  turns  per  second  ;  if,  for  ^ftmplo,  the  mirror  turns  in  the  din  ction 
of  the  arrow,  the  image  will  be  dispkced  from  8  to  R,  or  from  «  to  r.  The  cause  of 
the  displacement  is  that  the  mirror  mn  has  time  to  rev<dTe  through  a  sensible  a&gle^ 
during  the  time  occupied  by  the  light  in  tmrclling  from  o  to  a'  and  from  «'  to  o,  so  that 
the  b^emi  of  light  at  its  second  r^ecUoo  from  mn,  is  defleeted  Crom  its  first  dizectiox^ 
forming,  mlih&uadcinfclMam  8^  an  Mfi^  eqoal  to  twiM 

the  mirror. 

The  mode  of  calculating  the  velocitf  of  light  from  the  obeerred  deviation  is  as 
ftOovf}— Lefe  Se  »  r;  e*  «  I;  «iC  -  f;  the  are  «f  derislioB  fiR  op  er  *  d;  aleolet 

«  be  the  number  of  hxm^  pf^rformed  1  y  thp  mirror  ;wm  in  ft  second,  and  T''the  velocity 
of  the  Ijghk  The  mirror  Tnn  having  movud  into  the  position  m'n',  hj  the  time  Uiat 
Hie  tuy  leieetod  fnm  H  nhinM  to  it.  Ae  deviation  Wwd  be  equal  to  the  angle  SoR, 

if  the  ray  were  not  deflected  by  the  ler.s  rTT,  or,  wliich  comes  to  the  same  thing,  if  the 
point  0  coincided  with  a.  Suppose,  first  that  this  is  the  case ;  then  the  SoR  is 
eqnal  to  twice  the  angle  a,  through  whim  the  mlmr  revolves  during  the  time  occupied 

2/* 

bv  the  light  in  parsing  over  the  epace  2o3'  ™  2F,  Tliis  time  is  -r^r,  and  eince  the 
mirror  makes  n  tiirn-  m  n  <?econd,  the  angle  a  =  — p-.  The  angle  ot  detiection  of  the 
zaj  is  therefore  -p-,  and  the  eorreeponding  arc^  whose  radius  is  oS  —  r  -t-  ie 

«  -  u.u.^  -  s^fj^ 

But  the  reflected  ray  is  actually  defleeted  hf  iSkB  lens  K.  Smnt  fife  thiM^  the 

optic  centre  c  and  the  point  li',  which  is  the  image  of  js'  in  the  mirror  m'n'.  The  image 
r  f  K,  formed  by  tlie  fens      will  then  be  at  £,  and  the  angle  of  deviation  will  be 

&E  »  Iw   Koir  tlm  o^'^'f         S^^^  f^^^  ^'^3'  »  sin  8  -  ^  -       ;  nnd 

mu  Br«fir  •  ifaft  2«  Senee^  veplaoiiig  the  iiidM(vfaich  are  m maU) bj 

llNirMii«i^Mdml»fcifeBftfa«i»S«ltevih^  aad  isr  the 

araSE  «  D  «  %wt9i 

^  -  P(7T7) '  •  JJiury 

a  formula  wliich  gives  the  velocity  of  light  an  a  function  of  the  deviation. 

The  same  method  serves  als.<j  to  measure  the  velocity  of  light  in  water  or  any  odier 
liquid,  a  tiibf  T  intaining  the  liquid,  and  closed  at  the  ends  with  flat  glass  plates. 
beu^{  interposed  between  the  mirror  mn  and  M'.  As,  however,  the  liffht  would  be 
nAaeted  hj  tiie  fiqaidi  ind  therefore  the  focus  would  not  Call  on  11^,  s  diveiging  lena 
is  placed  at  L  to  cnmp.-^nsati^  fir  *hp  dodnti  iii  th*  nce  arising. 

Moreovo^  as  the  column  of  water  do<^  not  occupy  the  entire  space  between  the 
miBNM*,  theineloei^  eaknlated  ta  above  from  the  ohaoved  deviatitm  is  onty  the  naan 
vehx-ity  of  light  in  a  spsice  oocu]  1  V'  '  '"'^y  by  water  and  partly  by  air.  Let  17  be  this 
mean  velocity ;  w  and  a  the  Graces  occupied  by  the  water  and  air  reepe^ively ;  V  and 
V  flie  corresponding  real  veloeiliea.  The  tinea  ceonpied  by  the  light  in  tmvetsing  the 

spaces  a  and  w  are  y  and  ^„  and  the  whole  time  is  ^— p^^.   Hence^  dividing  tfie 

total  space  a  +  tohj  the  tam^  we  find  for  the  mean  velocitj : 

Bjr  this  method  it  is  ibazui  that  the  velocity  of  light  in  water  is  kee  than  iu  air,  a 


uiyitized 


UGHT:  INTENSITr. 


Mmlt  nldAt  M  iriU  Iw  Mm  htwtftw,  it  in  aco<»daj}M  with  tiie  wfe-thaoiy,  trfiib 
it  is  dtreelfy  o|i|KM«d  to  that  wldoli  would  ibUow  fton  tlM  tfaeoiy  of  mSmkm. 

Intensity  of  £lgbt.    The  inteositj  of  tht*  light  peo^ucd  \>y  n  surface  from  nny 
giveu  tsouree — that  is  to  sap,  the  quantitj  of  light  remTed  by  a  unit  of  the  sufaice — 
deponds  partlj  on  its  diatuoo  tom  that  ■omw,  partly  on  tm  obliquity  ai  wltfdi 
ligut  falls  upon  it. 

1.  Th4  inteimty  qf  ligki  mamting  from  a  point  wtrit*  invtr*«l^  as  the  square  of 
ik§  dfotefioff.  For,  at  vho  widtilitMttt  ccKeited  by  tho  InmiBcma  Mrane  tn^  wiOi 

C(|ii!il  velocity  in  all  dirrt-tions — f-upposiug  the  medium  uiiifonn — they  may  be  re- 
garded as  Quwadiug  out  in  concentric  spherical  snr&ces  of  conttnuaUT  increwui^ 
toagnitads ;  and  aa  thcae  auAwea  «r»  to  one  ano^ar  as  the  flqttaree  of  mt&r  ndOf  it 
follows  tluit  tbr  quantify  of  light  rrccivcd  by  a  unit  of  .turfaee  yn\\  vary  inversely  a« 
the  sqimro  of  the  radius  of  the  sphere  of  which  it  iorma  a  part — thftt  is  to  say,  as  the 
SQTuuw  of  ita  diahnoo  ftoin  tho  Kiminoiis  point. 

If  the  luminous  liocly  is  of  finite  dimensions,  tho  preceding  law,  being  applicable  to 
th«  light  emanating  from  each  mint  of  ita  sarface,  must  likcwioo  hold J^ood  with 
r^(^ara  to iJie  whole,  prondod the  Dody  is  sufficiently  distant  to  adndt  of  allita  points 
1 1.  inp  regarded  ns  equally  distant  from  the  illumined  surface ;  and  since  the  apparent 
diameter  varies  inversely  as  the  distance,  the  intensity  of  the  light  vrill  vary  in  direct 

fifoportum  to  the  square  of  the  apparent  diameter  or  to  the  apparent  surface  of  the 
uniinous  body,  unnerstanding  by  this  last  teo^  tho  OOttioal  MglA  of  ft  00110  OIITOilap^ 
ins  the  body  and  having  its  vertex  at  the  luminous  point. 

2,  7%e  intensity  of  the  light  received  by  any  surface  utriea  as  the  cosine  of  the  angle 
which  th,-  incident  tms  make  with  tht  nuniud  t"  thgi  wmtfate.  For  suppose  A.  9 
{fig*  643)  to  beapoitian  of  the  illuminated  surface,  so  small  that  the  rays  falling 

upon  it  may  be  regarded  as  parallel.    Tho  quaa- 
94iS*  tity  of  light  received  by  A  B,  is  tho  same  as  thai 

which  w  ould  fall  on  its  projeetion  Ht  C,  on  a  plane 
8  perpen  lieular  to  thedirectioa  of  the  my8,  and  theco- 

fore  export  d  tu  thoir  Ml  offeoi;  henoe  the  intenaily 

of  tl)c  li^ht  fulling  on  these  two  surfSftces  i^s  invcTsely  as 
their  a  reas ;  but  B  C  -  AB.  cos  AB  C  -  A  B.  cos  «B  N, 
tlie  sn^lo  whiflh  the  incident  rqra  make  wift  the 

normal  15  N. 

3.  Tlie  intensity  of  the  light  cuuinatitig  fr&m  a  self- 
luminous  surface,  is  proportional  to  the  cosine  of  the 
angle  which  the  rays  make  with  (he  normal.  This 
.  proportion  may  be  demonstrated  in  a  similar  manner 
to  the  pieeedinff,  and  the  zeaolt  may  be  Tidied 
by  looking  through  a  small  nperturo  at  an  ineanneseent  surface,  as  that  of  red-hot 
iron,  and  inclining  it  more  and  more  to  the  direction  of  the  ra^'s  proceeding  from  ft  to 
th»  f>ye.  ta  a4M)Ordaaeo  with  thia  law,  it  ia  ftoad  iSbak  tike  bri^ttoeoi  of  n  IwniiMMM 
Kurface  is  ind.  pt-n>lent  of  its  form  and  of  it>  position  with  regard  to  tho  visual  rays, 
the  impreesion  produced  by  it  on  the  eye  b^ing  the  same  as  that  produced  by  a  plane 
mrflwe  of  eonid  intrinaie  hiataw^  wbioh  la  the  projectiav  of  the  original  avnhci  on  « 
plane  perpenclimlar  to  tho  viaoali^:  *  ted-hot  bAU,  fat  foam^  aeeiifronadiitaikea 
hMkajast  like  a  flat  disc. 

Oomfmimn    ik$  HUtiuity  qf  Iwa  iMmhiom  Sw«raw ;  PBovomntT. 

The  eye  is  r  t  (  i  le  of  jndging  directly,  with  any  great  approach  to  accuracy,  of 
the  relative  iuU'iiiiity  of  two  lights,  but  it  can  peTceive  with  great  nicety  whether  two 
contiguous  sur&ces  or  portions  of  the  same  surface  are  Lquully  illuminated,  or  whether 
two  contiguous  shadows  have  or  have  not  tlie  wamc  depth.  On  this  principle  are  con- 
structed most  of  the  instruments  called  FkoUmeter*,  for  meMaziqg  too  seutiTe  iaten- 
BiLy  of  different  sources  of  light 

Bnmford's  Photonutrr,  which  is  very  easily  constnoled,  consists  of  a  Pinall 
wooden  cj'ltnder  f-et  npright  in  front  of  ;i  «!ief  t  -f  white  pnpcr,  also  placed  vertically. 
The  two  lights  to  be  eomparod  (a  candle  arul  gu.s-ilame,  for  example)  arc  phvccd  at  tht» 
aaaie  height  in  front  of  the  paper,  and  in  such  a  maiUM*  that  the  two  shadows  of  the 
wooden  cylinder  which  they  ca?t,  eliall  fall  on  the  paper  close  together,  and  that  the 
rays  from  both  of  them  nhall  meet  the  paper  at  the  same  angle.  Eadi  shadow  will 
then  be  illuminuted  by  only  one  of  the  lights,  while  the  rest  of  the  surface  will  reeeiw 
the  mvfl  frotri  loth,  and  the  two  shadows  will  he  of  the  same  depth  when  the  surface 
ul  the  mper  is  eqitaiiy  illuminated  by  both  lights.  If  then  the  stronger  light  be 
moved  &rthcr  off  till  the  shadows  are  equally  dark,  tile  inttliiilitn  at  ibe  two  will  be 
dirtily  aa  the  aqnareo  of  their  diatanoea  froia  th*  wmm  tdim  4Mfc  eoaditio*  ia 
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TId*  |ilioiaiiM«#r  givM  rtitf  «SMt  nanlta  in  vutnj  cues;  Unt  ia  applying  it  to 

determiiH'  flie  rr t  itivr-  illiiminjitirig  powi-r  of  a  gaa-fluTno  and  a  canvile,  a  tlifflimltj 
ariaes  teom  th«  ili^er«nt  coloois  of  tbe  two  ahadows,  that  of  the  gas  bemg  Uuiah- 
htamif  vliifo  that  of  tiie  eaadle  ii  joIknriih-bMnni.  In  all  aooE  caae%  Bonaoa'a 
photonK  t«i^  whoaa  inJicatiniia  do  not  aepnd  on  depth  cf  iluidow,  fa  zmuh.  bmm  eon- 

Bnsaan'e  JPIoloiMfer  eomdala  of  a  aereen  of  thin  writing  pnper  gtretched  on  a 
fnmie,  and  saturafwl  witli  a  BolutioD  of  spermaceti  in  oil  of  turpentine,  except  a  spot 
in  the  centre  abont  the  size  of  a  shilling.  A  light  of  constant  intensity  being  placed 
at  a  fixed  distance  behind  the  screen,  the  ongreased  spot  appcun  darker  than  the  rest 
of  the  soreen.  One  of  the  lights  to  be  compared  is  then  placed  in  front  of  the  screen, 
so  that  its  reflected  rnys  may  be  addod  f><  th<'  lif^lit  tnmsmitted  from  behind,  and 
adijasted  so  that  the  ungrea.si  d  npot  siiull  be  iliuiuinaU'd  just  as  much  as  the  rewt  of 
tho  aniftce,  and  shall  there  ton  lo  no  longer  visible.  This  will  be  the  caso  wkok 
T  +  r  —  '  +  /?,  denoting  by  T,  t,  the  quantities  of  lipht  transmitted  by  the  un- 
covered part  of  the;  screen,  and  the  part  cuvered  by  the  disc  respectively,  and  by  R,  r, 
the  qaaimtiai  reflected.  A  precisely  similar  ozperiment  being  than  made  with  tho 
other  sonire  of  light,  the  intensities  of  the  two  vriW  be  to  one  another  as  tho  squares 
of  their  distance  from  the  screen  at  which  the  Uiiiapp<'Rranoe  of  the  disc  takes  place. 
Sometimes  the  grease  ia  applied  only  to  a  small  circnlur  spot  in  thoeantra  of  tho  aere«l^ 
which  then  transmits  more  lifrht  than  the  re><t  of  th<-  surfiro. 

Maaaon's  Electro-pkotomcter.  This  apparatus  has  the  advantage  of  admitting  of 
tho  ooonpaciaMi  of  It^ta  of  diffOTOOt  <K>lourB.  It  oonaiata  <XF  a  circular  dtae  dividad 
into  white  and  black  sectors  of  equal  .size,  and  set  in  mntinn  Tij  cloi'lc-wnrk  at  a  ■uniform 
rate  of  250  to  300  reTolutions  in  a  second.  If  it  be  then  iiiumimited  by  a  constant 
aomea  of  lig^  anob  aa  a  lamp,  it  appeara  of  a  nnifonn  ^y  Unt,  in  oanaeqnence  of 

the  duration  of  the  visual  imjirossion  on  tin-  rye.  TTut  if  it  br  illnminati-d  by  an 
inatantaneoufl  light,  such  as  tho  electric  spark,  the  black  and  white  sectors  become 
^Katihedy  TfaiUf^  and  appear  aa  ff  tbay  vna  ized,  beoavae  Aey  haia  not  lame  to  mora 
through  a  Rensilde  ani;lo  during  the  extremely  short  interval  f.-r  ■whicli  the  .sjvirk  con- 
tinnea.  If  now  the  intensity  of  the  light  afibrded  bj  the  spark  bo  gradually  diminidhod, 
aa  fomoving  it  to  a  greater  distance,  the  aonrco  of  oonatent  ught  atiu  remafnii^ 
the  increa.se  of  illumination  which  the  cipark  affords  to  the  disc  ultimately  I  ( ( umes 
too  feeble  to  render  the  sectors  visible,  so  that  the  disc  still  continues  to  exhibit  a 
uniform  grey  tint  The  relative  intensities  of  the  constant  and  instantaneous  lights 
at  which  this  limit  is  attained,  OYidently  depend  upon  the  nnmber  of  tho  aeetoEa  and 
the  Tclooity  of  rv'volution. 

The  relative  intensities  of  two  electric  sparks  are  as  the  squares  of  the  distances  to 
which  tliey  n^ui^t  be  removod  from  the  djsc  to  cause  the  sectora  to  disappear,  while 
tho  disc  is  illuminated  by  a  c^jnstant  light.  On  the  other  hand,  to  use  the  in.'stinnient 
for  comparing  the  intensities  of  two  cuutluuaus  lights,  a  succession  of  electric  sparks 
is  made  to  paaa  in  front  of  the  disc ,  and  one  of  the  oonfltant  lighta  ia  made  to  appioadi 
it  till  the  sectors  cea.'^e  fo  be  distinguishablo.  The  same  experiraent  betnp  thm  made 
with  the  other  light,  the  intensities  of  the  two  are  aa  the  squares  of  the  distimcea 
thna  detannmed. 

By  means  of  this  instrnmcnt,  M.  Masson  has  demonstrated  tho  following  law.'?  re- 
lating to  the  intensity  of  the  electric  light  1.  It  i«  proportional  to  the  coated  aur/ao^ 
hff  1&  4keiMrg»  of  wkkk,  at  a  eom$kmt  ^ktemot^  tkB  '•po'*^  i*  prodveed,   %  It  i» 

inversflif  nn  the  dhianc<  htwon  thnfir  <ttir/ari.%  or  as  the  /«/i'/vf^.s.<f  '>/  the  Jar.  3.  If  i.i 
prcfportionai  to  the  square  of  the  striking  distance,  4.  The  quantities  of  light  in  the 
yart  ore  praporthtm  to  nw  qutmtitim  efketU  dev^oped  in  a  wirs  forming  part  of  tk* 
mme  circuit. 

Gmtral  results  qf  j^iometric  observation. — 1.  By  comparing  the  quantitiea  of  light 
onilted     the  aame  nmntNv  of  flamea  in  amrad  t^i^to  podtiona,  it  la  Ibvnd  l»at 

flame  i.s  perfectly  transparent;  in  fact  the  lunn'noiis  effect  of  a  series  of  candles  placed 
side  by  side^  is  the  same  whether  they  are  arranged  in  a  line  perpendicular  or  parallel  to 
the  dvection  of  the  rays.  In  like  manner,  a  flat  ^-flame,  like  that  of  a  mt'a-wing 
twniar,  gives  the  same  amount  of  light  in  all  directions. 

2.  It  appears  from  observations  by  Bouguer,  made  with  Rumford's  photometer,  that 
one  of  the  shadows  thrown  by  lights  of  equal  brightness  disappears  when  one  of  these 
ia  placed  8  times  as  far  from  the  BOTMli  aa  the  other— that  is  to  say,  when 
the  nearer  light  illuminates  the  screen  64  times  h.*?  strongly  as  the  other.  Hence  it 
appears  that  light  emanating  from  any  source  bt  conie*  imperceptible  iu  prchvnco  of 
another  64  times  as  Ntrong  ;  the  disappearance  of  the  stars  in  daylight  shows,  there- 
fore, that  the  diffused  liglit  of  the  earth's  atmospheia  mnat  be  at  leaat  64  timea  aa 
strong  as  that  sent  to  us  from  any  of  the  stars. 

sTvnian  the  flanea  of  tivo  laapa  or  oaadl^ 

biyilizuu  by  CiO 


Wax  taper  of  100  gim.  •  •  4A'9 
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combiBed  fame  to  gwtogtt«a  tt»  wmof  ft«  iuleuiltfw  of  tiie  »iipwrt»  tomf.  Thto 

t  fT^  <'t,  first  obs<  rv(Hl  by  Franklin,  fippeiir*  to  b*?  J\u«  to  the  incn'iiK»l  li  iiiprraturr  at 
the  part  where  the  flames  uTeriap.  Homford  found  that  a  number  of  flat  cotton  wielu 
inpregnated  with  oil,  gare  *  nndi  greater  amount  of  light  whra  thej  were  placed 
together  m  urly  in  contact,  than  when  they  were  separated.  On  the  same  principle, 
Ango  and  Fresnel  have  constructed  lamps  for  lignt-honsfe,  in  which  a  number  at 
•OiHsentrie  wicks  are  arranged  with  small  spaces  between  them,  through  whidl  %  < 
rent  of  air  is  made  to  pass  by  the  draught  of  a  chimney.  The  flame  bfl&g  i 
a  oonsidemble  amount  of  light  is  thos  obtained  within  a  small  space. 

4.  The  pUoUtmelric  method  serves  also  to  determine  the  illuminating  equivalents  at 
difiRsrent  bght-ghring  matmals.  Bvmfticd  fbond  that  100  pounds  of  wax  buzot  ia  liia 
fbrm  of  a  taper,  were  equal  in  light-pi^'ng  power  to  101  lbs.  of  ttillow,  if  the  candles 
were  well  Hmirtt*<l,  and  229  lbs.  if  tiie  wicks  wt;ra  allowad  to  grow  loua;  to  100  lbs. 
of  olive  oil  burnt  in  an  Ai^nd  lamp,  and  129  in  a  hunp  bttaiag  wnKmt  smoke; 
also  to  1 25  lbs.  of  rBi>«  oil.  and  120  lbs.  of  lins»  cil  oil  in  a  common  lamp.  P«vl<*t 
calculated  the  following  t^ibleof  the  expense  per  hour  of  various  modes  of  illumination, 
yielding  a fMBlily  of  ligliteqpnl to  tJurttflbcded  lgrftg»»j«t  bvoilvK ait Ite xate «f 
i  oentinM  f«r  hoar  t 

Carcel  lamp    .      .      .  .6*8 

randlo  of  82  grm.  .  .  .9*8 
Ciiudle  of  lUgi-m.    .       .       .  12*0 

It  ap^eura  from  tliis  comparison  that  gas  is  the  most  economical  of  all  illuminating 
■aatcrmlH.  The  results  depend,  however,  in  a  great  measure  on  t)i.-  facility  of  access 
of  uir  to  the  flame,  the  form  of  the  wit  k  or  biurner,  snd  the  len^h  of  the  flame.  For 
numerous  determinations  of  the  Uluruinotiuff  equi^-ulents  of  varioia  kinds  of  gaa^  and 
other  light-giving  sulietancei^  mo  IMb  Duk  if  JfU,  ^  VtielM  CoAIi-aM  (L  794) 
and  iLLVMuraTioir  (ii.  493)» 

Wlipn  two  or  more  wflvef  pass  over  tlip  same  part  of  a  nirdltim.  each  of  them  affects 
the  particles  of  the  medium  disturbed  by  tht;  othvr  just  as  it  would  liavc  aftV  cted  the  some 
partldeo  i»  a  state  of  rest  CSoosequently,  the  state  of  any  part  id e  atf<  cted  by  the  two 
warr««  at  onco.  will  bo  the  same  as  that  which  would  have  rosnltid  if  it  had  bpen  first 
disturb*^  by  tUu  one  wave,  and  then  the  second  had  acted  upon  it  while  in  that  dis- 
turbed state.  Thus  the  h^t  of  the  tide  ia  found  tjCTlciilating  the  heights  to  wldA. 
it  wuuld  be  miHt-d  by  the  sun  aad  lij  tho  moott  aotiqg  •apontalj,  and  taJDag  the  ana 
or  difference  na  the  ease  may  be. 

Suppoee  now  two  ^ves  of  eqoal  tanadth  and  (Dtciiaitjr  (equal  hei^t  fa  tiie  eoae  of 
■wat<  r)  to  proceed  fipom  thi^  sanu',  or  nearly  tli«^  same  point,  and  travel  onwards  one 
after  the  other ;  th^  if  they  meet  in  such  a  manner  that  the  phases  or  alti^roatious  of 
die  one  eoincide  with  tJie  phaaea  or  idtemations  of  the  otim^  the  molt  will  be  a  com- 
p^^und  wavo,  hanng  the  sunri  of  the  intensities  of  the  separate  waves  ;  this  will  !>»-  the 
case  if  the  paths  aloug  which  they  travel  betbre  meeting  are  of  equal  length,  or  if  one 
auecda  the  other  by  any  eiact  anadwr  of  lAbla  uididatioB%  aMtnfy.  044 ;  but  if  tho 
phaaea  of  tho  ono  ora  euolilj  oppoaad  to  tho  phaaea  of  tho  other,  wUah  ia  tha 


when  tho  one  wave  is  behind  the  other  by  any  odd  numT>er  of  Imlf-xindulations,  as  in 
Jig.  046,  a  wave  will  be  produced  whose  intensity  equals  the  diflwreaoft  uf  the  iateosit us 

Fig.  645. 


of  the  BODorate  wav^  and  if  these  ore  equal,  the  vibratory-  motion  will  be  oompletely 
destroyed  and  the  partidea  of  the  medium  brought  to  rest  uloug  the  whole  fine  of  Ao 
combined  waves.  If  the  paths  of  the  two  waves  do  not  differ  by  any  exact  number  of 
half  imdiilation8»  even  or  odd,  the  result  will  be  intermediate  between  the  two  just 
fNtfiawlaNd,  tho  iatenaity  of  the  oombinod  wave  being  always  less  than  tho  aom  and 
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gte^vr  than  the  <lil^«nee  of  the  geparata  wavee.  This  compontkm  or  enperpositioa 
of  u!5cillations  is  oa.lle<l  Intorforence.  In  order  that  it  may  take  place  along  a  whole 
line  of  wave,  it  is  dear  that  the  component  wayee  must  be  of  the  eame  breadth,  und 
that  they  met  praeeed  from  points  very  neer  each  other,  otherwiw  thev  paths  will 
intcrsoot  only  at  isolate?*!  points. 

Let  na  now  enquire  whether  these  principles  are  applicable  in  the  case  of  light  If 
lil^t  eonsSiti  of  mtdolntione,  end  toeee  nndnhitioos  are  goremed  hf  ordinacy  me- 
chanical  laws,  it  must  follow  thut  two  rays  of  light  may  meet  one  another  in  sucli  a 
manner  as  to  counteract  each  other's  a^ioo  and  produce  darkness  j  and  such,  in  lact»  is 
ItniBd  to  be  the  eaeei 

Suppose  8,  s'  (Jig.  640)  to  be  two  radiant  points  very  close  together,  and  producing 
ia  the  hunittifnroiiB  ethnr,  waves  of  the  same  length  (of  red  li^t,  for  example)  and 
ehvay*  in  the  same  phase  of 


vibration  at  the  instant  of 
starting  from  these  points. 
Imagine  also  two  series  of 
spherical  wave-eurfaces  hav- 
ing the  points  a,  tf  for  centres, 
and  with  radii  increasing  sue- 
ceMvdlf  bj  half  the  leBgUt 

of.w.^-^.  Th«« 


ften  win  flotthe  phae  of  die 

figure  in  two  system 3  of  arrs, 
which  will  intereect  one  ano- 
ther falHiemainMraftiowii  IB 
the  figure,  in  which  each  twp 
oonseootive  arcsi  one  rqire- 
•ented hv» lUl,  Uie  other  by 
*  dotted  Um^  im  MfNiited 

hj  Ao  Intevfil  ^  and  sMii 

Mir  of  altemnto  arcs  (both 
mU  or  both  dottijd)  by  the 
interval  A,  or  a  whole  undula- 
tion. 

Consider  now  the  point  a,  situated  on  the  line  Xa,  drawn  p^rpeni^icular  to  m',  through 
its  middle  point  A.  The  two  rays  m,  tfa,  b^^iug  of  equal  length,  are  in  the  same 
pfaeee  of  ^hration :  consequently  toeb  itttensities  ^nll  be  added  to  one  another  and  will 
pi-'vlivo  incrp!\«ed  light,  ami  the  same  effect  will  bo  produced  at  f,  r\  and  at  all  the 
iut«ni^>tion8  of  the  continuous  arcs,  where  the  dinerence  in  length  of  the  rays 
peooeediBgftom  the  polnte  s^  /  is  eqtinl  to      omlt^  of  \  or  to  angr  vna  amltipli 

of|.  Bntnt  iiyiiforiwy  flflwrimteweetSoiieflf  a  eontjamow  eaid  •  dotted  aa^  wtoe 

the  diflfaenee  in  lesigth  of  the  rays  sn,  a'n,  &c.,  is  vequal  to  ^,  or  any  odd  mtdtiple 

thereof,  the  ravs  are  in  opposite  phases,  that  their  vihrations  act  against  one 
another,  and  the  aaumnt  of  light  at  those  points  is  less  thas  it  would  be  if  only 
one  of  the  rays  arrired  there.  The  difference  iH-fiTcen  the  points  #,  5' being  very  fsniall 
compared  with  A  a,  the  »urfaeti  attc  is  very  nearly  plane,  so,  that  if  a  white  screen 
be  placed  there^  a  ioeeaaakai  of  faualMlBi  poiati^  s^  e^  vill  be  ftoned  upon  it 
separated  by  dark  spnep««,  n,  ^r<». 

If  the  H<:)urces  a',  iubtead  of  being  luminous  points,  are  lines  of  light  perpendicular  to 
the  plane  of  the  figure,  a  seriea  of  dieaiate  ligBt  aaddadc  baA  fuagea^  tnH  be 
produced  i^kraUel  to  tho^  lines. 

The  conditioQfl  essential  fur  exhibiting  these  effects  are^  that  the  two  luiuiuous 
sources  s,  «'  shall  be  very  near  one  another,  and  that  the  waves  eaanating  ftom  them 
shall  always  be  Bimnltaneoti^ly  in  the  same  phnne.  These  oonditiope  ase  WOBt  eeeily 
fttltUled  by  the  fuUuw  ing  arrangement  devised  by  F  r  e  s  n  e  1 :— • 

▲beam  of  light  entering  through  a  rectangular  slit  in  the  shnfcterof  n  darkened  room, 
and  pas*<ing  through  a  phite  of  red  glasH,  is  eondensad  at  S  to  a  very  tine  line  of  light, 
by  a  cylindriealleua  L  {Jig.  G46)  of  very  short  focus.  The  rays  there  ci-oiiti  each  other, 
aad  fail  upon  two  plane  mirrors  fm,  Im',  placed  together  at  a  very  obtuse  angle,  and 
having  their  line  of  intersection  parallel  to  the  line  of  light.  The  rays,  after  reflection 
from  these  mirrors,  proceed  as  if  they  had  originally  issued  from  two  points  t\ 
ntostod^TniiMtxkalfy  to  the  point  fit  bdundeati^  Tbo  nioNCi  bciiig 
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plaeed  inailj  in  one  plane,  the  pointi  a  /  am  Toiy  close  together,  00  that  all  the 
conditiona  are  iUfilled  Jbr  the  ptodnotuni  of  Uf^  and  daxfc  ftingea  on  the  acreai^ 

a8  above  described. 

Liatead  of  geflerting  1Sb»  ^At  diragiag  from  B  from  two  plane  ntirrca^  it 

be  made  to  pa«?«i  through  a  j^nfls  prism  having  a  vtry  larprt*  n  frH  'ttncr  angle.  The 
fringes  ulso,  insf  cad  of  being  roceivcd  ou  a  bcrcen,  may  be  viewed  thxou^li  a  telescope, 
■ad  their  angular  breadths  estimated  bj  aiicrometrical  measurement. 

If  thf  h  am  of  Vhjht  procft  ding  from  one  r>f  the  pui^iiH  5',  be  inierceptrd,  ih^  vhoh' 
of  the  fringes  disuppair,  aud  the  light  frum  the  other  source  produces  a  uuitorin 
illumination  on  the  screen,  plainly  allowing  that  the  fringea  arc  peodnoid  by  tiw  aoaa* 
hination  or  interference  of  the  rays  proceeding  firom  the  two  sources. 

Meeuntremcnt  of  the  lengtht  of  tJu  fpatvg  of  light. — The  breadths  of  the  fringw 
having  been  asc^ained,  as  above  described,  an  easy  calculation  gives  the  lengths  of 
the  waves  of  the  particular  light  by  which  they  are  produced.  In  fig.  646,  the  1<  tigth 
of  the  wave  X  is  equal  to  the  distance  za.  Now  the  ciunrilinear  triangle  0:0  may  be 
regarded  as  a  right-angled  triangle,  whose  hypothenuse  <ic«d  is  the  dittanee  ftmn.  tho 
centre  to  the  tnX.  bright  latoi^  Mnge.  Moreover,  the  anglM  sea  and  aas'  s  er 
are  aqulp  beeaoae  tbar  aidea  are  respeetivi  ly  porpendicolor  to  one  another:  hence 

X  =^  h  hixx  m. 

fience  to  obtain  the  value  of  A,  it  is  sufficient  to  measure  the  angle  ftw'  with  a  re< 
peating  eirde,  and  the  distance  ae  with  a  mierooNiter.  A  mote  exaet  mode  of  defcer* 
mirriT-nn  \ri1l  }„•  dcst-rihed  hereafter. 

The  length  A  is  proportional  to  the  distance  ac.  Now  the  breadth  of  the  firinges  ia 
Arand  to  be  gveatoet  in  red  and  leaat  in  vivlefc  light»  and  of  latamodiata  bwadtiba  for 
tho  intormt^diato  c-oIouin  of  the  8p<>otriitn  :  hence  alao  it  IblloWB  1^  tkt  itl^ftiht  4/  ikg 
IffaiYS  arc  greatest  in  rtd  and  least  in  vi<-(-  (  lujht. 

The  formula  X  »■      in  which  v  is  the  velocity  of  light,  and  n  the  munbcr  of  vibra- 


tioni;  p(>r  aaeond,  ahowa  that the.Tibatkma.age  moot  xapid.ia  TioIet»  and  leaal  xajtid  in 

red  light. 

The  length  of  the  wave  and  the  rapidity  of  vibration  of  the  patriadae  cf  the  ether 
dctprtiiiuo  thf»  Colour  of  tho  light,  ju^t  m  fho  length  of  the  sound-wave  andthentoof 
vibratious  of  the  particles  of  thu  air,  dotormine  the  pitch  of  sound. 

The  following  taUe  exhibits  the  wavr-lt  ugtlis  and  the  number  of  vibrations  per 
second  of  the  naaa  1*78  of  the  aeveml  eoloma  of  the  apeetnuni  and  of  the  prino^al 
iixed  lines : 


FixedJI^n  and 

\'aluc«  of  A 
in  U^n-mil- 
Honths  of  H 
nilUmclre. 

per  iccond  in 
niIUH>ii«  of 

Line  B  . 

6-88 

Line  C  . 

6-66 

Mean  red 

6-20 

Line  D  . 

6-.sy 

Mean  orange 

6  83 

628 

Moan  jeUow  . 

6-61 

529  II 

linaS  .  . 

•   •  i 

Fixed  linn  and 


Mean  green 
Line  F 
Mean  bluo 
Mean  indigo 
Lino  G 
Mean  violet 
LinaH  . 


1  Values  of  A 
in  ten-mll- 
lioliths  of  A 
roilli]a«tr«. 

Number  or 
vlbraticm* 
p«r  lecond  in 
iiiilHont  of  ' 

512 

601 

4-84 

4-75 

648 

4-49 

680 

4-29 

4-23 

728 

The  expression  b  «   — ,  which  gifoa  the  breadth  of  the  fringW  in  tanna  of  tha 

Sin  9$ 

wave-h-nfrth  and  the  an^lo  w,  shows  that  for  rach  colour  they  arc  broader  in  propor- 
tion wi  that  angle  is  smaller.  If  it  ia  too  laxKHy  that  is,  if  the  distance  «  «'  is  too  great 
in  proportion  to  ji  «^  the  fringea  diaappear  anogether ;  they  am  still  TiaiUa,  fafltwavev, 
Wh«  n  thiK  angle  ha.^  a  magnitude  of  tinvornl  de^yreeg. 

The  fringes  being  of  different  breadths  in  the  different  coloured  lights,  and  white 
Mgfat,  aa  wul  heradler  be  abown,  beiag  •  nisctttPe  of  all  the  eoloDie  cf  the  apeeU  nm, 
it  follows  that  when  the  j^reeedinjj:  oxperlment  ih  made  with  white  light  (sun-lij.'^lit, 
the  electric  light,  or  the  limo-lightX  the  banda  pioduced  are  not  »\m^  blight  and 
daik  altevBatdy,  but  eadubit  s  aoeeeeaion  of  eowm  piodaeed  by  the  eombliwIaaB  of 
the  simple  colours  in  various  prop-trtions,  and  not  e»>panit(«d  by  any  al  solutely  dark 
bands.  Moreover,  these  colour^  fringes  arc  much  la<is  nosu^xous  than  the  aimple 
light  and  daric  banda  prodvieed  by  homog«tteo«a  light,  beeanaa  the  breadtha  of  ttie 
Bimjde-colonrHl  fringes  of  whioh  fhey  arc  ec'nijxjted  do  not  \  ary  proportionally  to  ono 
Huother,  as  their  distance  from  the  centre  increases  ^  hence,  th^  lutinaateljr  beoome 
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mixed,  and  reproduce  white  light.  Eveu  the  simple  fringes  formed  in  homogeneous 
light  become  leas  and  leas  distinct  as  they  reoode  from  the  centre,  and  ultimately  dis- 
appear whm  the  diil^enHiee  bftwera  the  h  u^ths  of  the  rays  which  fonn  thorn  becomes 
c^qual  to  a  Mftain  nmnber  of  half-undulationa.  The  caose  of  this  dis&ppeHrnnon  is, 
that  tlie  light  used  in  the  experiment  is  never  abeohitfly  hornopenwTif*,  and  that  the 
want  of  perfect  equaUtj  between  the  lengths  of  the  waves  which  compose  if,  ultimaielv 
makes  itself  pfigaB^tihlm,  tfie  ftiages  of  different  breadths  overlapping  and  effacing;  earn 
other  in  the  same  manner  as  when  white  li^'ht  is  used,  thonj^h  nt  ;>  -m  ^-h  ^'reater 
ditttanoe  from  the  centre.  Whatever  kind  of  hght  is  emphtytHl,  the  Inngea  are  more 
distannt  and  mmMSOoa  in  proportion  as  the  line  of  light  in  narrower,  prodded  it  b# 
wide  PTioiigh  to  give  the  rcqnired  amonnt  of  illumination;  for  it  is  evident  that  a 
broad  H^x'rtore  may  be  r^punledas  a  number  of  narrow  ones  placed  side  by  side,  each 
pnxhioing  its  own  set  <^niiigM,  which,  as  thsj  do  not  eouieide  in  podtum,  trill  <yv«r%> 
and  efface  each  other  more  or  Icfs  completely. 

If  a  verv  thin  piato  of  glass,  uiic^  welenite,  or  other  transparent  substance  be  placed 
nilbaiit  of  ona  or  the  mirrors  {/iff.  646),  so  that  the  rays  proceeding  fram  on*  of  the 
p, >in*?,  phall  he  ohliged  to  jrass  throngh  it  hefore  reaching  the  screen  or  t«'h 's^cope, 
the  whole  of  the  fiinses  will  be  displaced  towards  the  side  on  which  the  transparent 
pbto  wrftod^  lotbtllieMBtfufringe  a  wfllnoloiig^  S^ppoao 
the  displacement  to  he  townnis  the  right  rf  tl;,  figure;  then  the  line  /a  will  l>o 
•horter  than  so.  Sow,  as  the  two  laya  forming  this  central  friago  must  contain  tho 
•Mue  muBbflr  of  wmTo-lmgths,  it  ftiDowa  that  th«ie  wBT»-leogtiia  avo  IcM  10  the  raera 
highly  refracting  8n^^■tance  (glass,  &c.)  than  in  the  air.  Tlie  velocity  of  the  light  is, 
therelDre,  diminished  in  the  more  highly  refracting  medium ;  and  experiment  shows 
that  the  retardation  thus  produced  is  leas  as  the  refracting  power  is  greater.  TbS» 
result  is  in  accorvlanee  with  the  direct  measurement  of  the  velocity  of  light  in  air  and 
water  (p.  595),  and  Itlcewise,  as  we  sliall  presonlly  see,  with  the  law  of  refraction. 
Moreover,  as  the  velocity  of  transmission  of  ^nbrations  in  an  clastic  medium  is  relat«il 

to  its  elasticity  and  density  hy  the  equation  V*  s=»  ^'     follows  also  that  the  elasticity 

of  the  ether  is  l^t,  or  its  density  greatest,  in  the  most  hkhlv  refracting  media. 
Tb»  fnausmnut  phto  used  in  the  expet^mtjnst  deoerined  moat  be  coctreneFrthui; 

fi*h.  rwise  the  fringe.H  will  disapj)ear  altogi  ther,  juf^t  as  if  an  opaque  screen  had  ]>r>  n 
interposed.  A  thicker  plate  would,  in  fact,  shift  the  fringes  bcvyond  the  snace  in  which 
tiw  two  (^fitons  of  traves  nwM  each  other,  name^,  the  moe  hmdM  hy  tho  two 
Btniight  lines  passing  through  «,  /  and  the  intOMOtlOll,  I,  of  tlM  tBoaOta. 

Slffractloii*  The  principle  of  interference  serves  to  explain  some  very  remarkablo 
and  beautiful  phenomena  which  are  observed  when  light  pagiics  by  tho  edge  of  an 
opaque  body,  or  throu^^  »  email  aperturs.  Tho  effects  thva  produ( -  d  (v>iisi,«t  in  thin^ 
that  the  light  Wnds  to  a  certain  extent  within  tin-  gpomeiric  shatl'Av  bounded  by 
stra^^  lines  drawn  from  the  lumiuoujB  point  (h rough  the  edges  of  the  opaque  body, 
^nat  as  a  wave  in  water  will  turn  the  angle  of  a  wall,  ur  spread  itself  through  a  hole 
jn  any  fixed  obstacle.  Tlio  result  is  the  formal  i'>n  of  a  mimber  of  alternate  bright  and 
dark  bands  or  coloured  Mnges,  sometimes  witiiin  the  shadow,  sometimM  beyond  it^ 
ionetbiee  in  both  pkees  at  oooe^  T1ieeodA«tfl^  Ibnneclyfaiownee  Inflect ioq,  bvt 
now  called  Diffraction,  admit  of  comiilete  explana- 
tioii  on  the  wave-theoij  of  light,  but  are  ^uite  inexpli- 
eable  on  the  theoiy  of  eaiseioti. 

Tho  explanation  of  diffraefi r:.  m  tho  undulatoiy 
theoiv  depends  upon  the  general  principle  first  enon- 
dated  by  Huyghens,  that — 7%§t>&raitom  o/awam 
of  liaht,  at  each  of  iU  pmnts,  may  be  regardt  d  as  the 
retmtant  of  the  ekmcntarjf  mooments  which  tcould  Asj 
communieated  to  it,  at  the  torn  imitmi,  ^  all  the  parU 
of  the  same  wave  in  any  one  of  itspretdoit^  positions. 
For  it  is  evident,  from  the  elasticity  of  the  ether,  and 
the  facility  with  which  vibra.tory  movements  are  trans- 
mitted tmrough  it,  that  its  particles  do  not  vibrate 
independently  of  each  otlier,  but  that  each  may  bo 
regarded  as  a  centre  of  disturbance  with  regard  l<>  all 
araund  it.  ConsequpJitly,  each  point  of  a  spherical 
wave,  mn  (  %  f^t7>,  will  protluce  by  its  vibration,  a 
number  of  6«condary  spherical  waves,  which,  spreading 
out  with  the  same  rapidity,  will  have  ftk  wit  *n- 
veloping  siirfirr  'Viit  it;  '.r,  say,  for  the  grnend  snr- 
fiwe  erf  the  wave  as  jt  spriiada outwards— another  spherical  surface,  win",  eoucentric 
wHk  fhe  tem«p.  HeoM  th«  vibntioB  imparted  to  mxf  point  P,  hy  the  vnre  {r% 


biyiiizua  by  Google 


1 


CU2 


LIGHT:  DIFFUACTION. 


Avhr^n  it  reaches  that  pointy  may  bo  regarded  aa  tho  rowHilt  «f  ftU  th«  MOdbdllJ 
dislurbancea  emanating  fiKMA  th0  aereral  poiats  of  mn. 
To  drttmiiM  dw  mumm  in  vlddi  the  manaimA  flf  P  la  affected  lijr  tha  aereral 

points  <^f  the  wavp  in  any  of  it^  prt^viouii  p<)sition8,  dr.iw  sV,  cnttiuj?  the  vj^Te  //</?  in  A 
C/^.         and  deai^atuig  the  di»Uuice  AP  bj  7.  describe,  from  P  as  a  oeutre,  and 

vith  th»  fadn  7. 7 -i- -i- 2 .  ^x,  7 -I- 3 .  |A,  ^ 
a  numbc'r  of  orcti  cutting  the  wave  in  the  poisti 
Of  b,  c,  d,  .  ,  ,  and  draw  the  rtfai^t  lines  Pa^ 
Pa^  Per,       wUeh  •vidflndy  diAr  from  another 

by  h:ilf  a  wavr-lengtli.  Tlu  n  it  will  bo  fuund  that 
the  iiiterrak  Aa,  ab,  &c.  are  not  equal,  but  con- 
tinually diwfnyii  fimu  A  tmnoedt  flR>  FnOm^ 
for  every  point  in  af>,  tht'r»>  exists  a  point  iu  Afi, 
such  thnt  the  laaee  drawn  ftom  tbase  pointa  to  P 
dHfer  by  ^A,  aad  eenaaqiiantyy  the  vwpetMHUiatiag 

from  these  points  to  Pvrillbo  in  complete  dit^conl- 
aooa*  Haiioe,  if  Aa  were  equal  to  ad,  its  e&cfc 
OB  P  would  b»  completely  neutoaHaed  by  ab;  bofc 
this  not  bein^  tho  case,  ab  can  only  neutraltso 
part  of  Aa,  and  there  remains  a  portion  of  the  are 
Aa,  which  produces  a  oertain  degree  of  fllvMhiap 
tion  at  P.  There  is  a  further  reason  why  ah  neu- 
tralises only  part  of  Aa,  and  tliat  is,  that  it  acts 
more  obliquely.  Similarly,  ed  will  neatralise  a 
part,  bat  only  a  part,  of  Uie  aotaon  of  be.  Hence, 
it  will  be  seen  that  tho  illumination  produced  at 
P  by  the  half  wuvc  Am  is  tho  sum  of  the  effects  of 
tte  eMi  of  nevcn  order  orer  thoae  of  even 
'  orrbT,  counting  from  A.    In  all  eases,  howfrer,  it 

in  ouiy  uecessaxy  to  take  account  ui  that  part  of  the  wave  which  is  very  near  to  the 
line  «P,  ftt  at  a  greater  diataooe,  aa  at  M,  tba  um  id,  Im  become  very  nearly  equal, 
and,  moppov'T,  tht  fr  action  on  P  is  very  ohliqne— for  both  of  whieh  reasons  flieir 
tSSoA  on  P  may  be  neglected.  "Lha  arc  A/t  acUi  exactly  hke  Am,  so  that  if  the 
jUawifnitkm  fwdweid  1^  Am  be  danoled  lij  1,  tint  of  the  eolice  w«v»  em  will  be 
.equal  to  2. 

The  ares  Aa,  ah,  &c.  are  calltMl  elementH  of  interference,  and  tJie  point  A  is 
called  the  pole  of  the  point  P. 

The  direction  of  yibratlon  of  the  ether-molecule  P  at  any  instant  is  determined  by 
that  of  the  first  element  Aa,  of  the  half- wave  Am',  and  if  this  Dortion  were  intercepted, 
the  point  P  would  then  vibrate  in  the  diiertioii  detarmined  1^  the  movement  of  ah^ 
whicli  U  opp<>9ite  to  *h  if  "f  Aa.  Hence,  it  appears  that  the  action  of  Aa  on  P  is  greater 
than  the  r«eultant  acuons  of  all  the  r^maiuiug  eiem«nt(^  ah,  be,  &c.:  fbr  tho  motion  of  P 
changes  its  directi<m  according  as  the  element  Aa  acts  upon  it  or  not  The  aamo  is 
tme  with  regnnl  to  each  of  tho  elements  ah,  ^,  the  MCioa  of  Midi  one  Of  them 
on  P  being  greater  than  the  resultant  of  all  beycoid  it, 

Vow,  suppose  part  of  Ae  half-wave  Am  to  m  intereepted  by  tiw  {nterpontkn  of  ae 
opaqtio  screen ;  then  the  arc  ah,  whieh  d.'Stroyed  a  gn-at  part  of  the  effect  i)f  A*t,  is 
removed,  and  the  point  P  receives  more  light  than  it  did  belbre :  for  the  effect  of  ab 
is  gnatOF  than  that  of  all  the  rest  of  the  wave,  fton  h  outwards,  taken  together.-- 
Kext  ftuppos<'  the  screen  to  terminate  at  h ;  then,  since  ah  dest^^yH  the  great<T  part  of 
Ao,  and  the  rest  of  the  wave  is  intercepted,  P  will  now  receive  less  lifidit  than  it  would 
ifdwioeeDwereiiottheM.  In  die  aane  maonw,  it  wOl  be  fcund  Oat  whetMmv 
screen  is  so  phiood  as  to  leave  an  odd  number  of  elements  of  the  wave  fn-e,  the  p-*int 
P  will  be  more  illominated  than  it  would  bo  if  tho  acrecii  were  oot  thorey  and  the 
omtrary  if  an  em  uuBibor  en  lefk  freot 

TbeMprindplea  lead  immediate^  to  llie  es^lanatioQof  diepheiiflm«iiaof  diAielioo. 

1.  Fringes  prodncrd  ht/  rays  jyfi'^sing  ah»g  (r^<;r  of  a  screen, — Suppose  a  beam 
of  hoanogeneous  light  proceeding  from  a  lomtuouii  polixt  8  (fig.  6491  or  better  from 
ft  fliM  fine  of  %ht  p:u(!iing  through  8  at  right  angles  to  the  plans  of  the  fig««,  to  pass 
by  the  opaque  Bcrt>en  AB,  of  indefinite  extent  towards  B,  and  fall  ujwn  another  screen 
CD,  oovQKd  with  white  paper.  The  boundary  of  this  geometrical  shadow  will  be 
detemuned  by  the  iknuf  ht  fine  SAP.  The  li^  raesKved  it  P  will  pioaeed  from  the 
half-wave  Am,  and  may  be  represented  by  1 ;  and  from  the  preceding  explanations  it 
follows  that  the  points  c.  c\  &e,  so  aituated  that  Aa  •^a^mi  4^;  Ac'—  ae  will 
light  thw  if  t^  aiwn  me  iiot  tlM^  end  «m  ttinftM  be  the  < 
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A»'— fcV«=2X,  &c.,  \rill  r  ooire  less  light  than  if  tho  wratx  were  away,  and  will 
thoreAve  be  the  oentrai  of  dark  firiiups.  ^  The  general  result  may  be  Uuu  stated: 

'JPfaO  piWMMM  of  ft  MXMO  llMIfM0W  tJM  lUlWftBtty 

of  the  light  lit  evory  point  so  situated  that  tho 
fan^Ma  liae  (SA,  Ac*  for  example)  pMMUig  to  H 
from  fOVM  of  light  by  the  edge  «f  Hi*  aerMn 
exceeds  tho  straight  line  (80)  drawn  to  it  din  ctlv 
from  the  luminooB-BOuroe^  by  an  ^dd  number  of  haii 
nndnlatiomi,  and  diiwhifahwi  the  ittttnmtj  of  tiia 
light  at  every  point  so  sitnated,  that  the  broken 
line  (SA,  An)  proceeding  to  it  from  the  Inminotia 
point  by  the  ec^  of  the  Bcreen,  exceeds  the  straight 
one  joining  it  with  the  luminoai  polBl)  hj  an  «on» 
Bwnber  of  half-ondulations. 

In  this  manner,  a  soccession  of  bright  and 
dark  fringes  iire  piodaeed  beyond  the  ^metrical 
shadow  of  AB ;  tney  mny  pither  he  received  on  the 
screen  CD,  or  viewed  by  a  tdtscope  directed  to  the 
At  tti*  ktttt  iMing  of  course  the  better  method 
for  exaipt  menimremeTit.  Th*  y  become  less  and  lews 
distinct  as  their  distance  £rora  the  edge  of  the 
shadow  increases,  becanse  the  sncceesive  arcs  Aa, 
ab,  bd,  &e.  do  not  no utnt !!•••♦*  eiwh  other's  (w*tion 
eompLeii'ly,  m  tlmt  a  small  quantity  of  light  ulways 
mixes  with  the  dark  fringes,  increasing  in  amount  as  tiMj  an  mora  dfartaat  tnm  P. 
Finally,  at  points  t^ituat'ed  BO  far  from  P  that  tho  pf)rtion  of  the  half-wave  intercepted 
by  t  he  screen  is  too  £Kr  from  the  pole  b'  to  prodnoe  a  sensible  ^Boct,  the  fringes  disappear 
altoe<>ther,  and  tiks  nnftM  oftb*  SSMCD  Wmss  nsUhmlj  flhoalnatsdwitii  light  ot 
iBten^ity  =  2. 

The  fringes  are  broadust  in  red,  und  nanowebt  in  noiet  light ;  and  in  white  light 
friezes  of  compound  colours  are  formed,  as  in  the  ezMrhnent  with  the  nlrvors. 

Tue  locus  of  each  fringe,  light  or  djirk,  considerea  at  different  distances  from  tho 
Isminoos  source,  is  a  hyperbola,  haling  the  points  A,  s  for  its  fod.  The  dark  fringe 
u,  ftiP  esmnple,  of  tte  Mth  <»dev,  gives  Aji  —  In  ^  m .  ;  and  snbtwwting  ^era 
equal  jniignitudes  ftom  tb  «A,  we  have  »b  —  An  -i-  hn,  or  sn  —  A  77  -  *  A  —  vi .  i^. 
The  difference  «» —  Ai»  u  tbei«fore  constant^  whatever  may  be  the  length  of  AT ; 
eonseqnently,  Ubii loont  «f pmnt » is  a  hyperbola  whoM  ftioi  «m  A  aM& 

There  is  also  a  certain  quantity  of  light  wiihin  tJw  rjcrvntrhal  shadow.  For  any 
point  p  situated  to  the  right  of  P  649)  recores  light  from  a  certain  portion  of  the 
mm  AMh ;  tok  tiiis  poroon  If  isMiler  ana  flurttber  mn  the  eoneapoooing  pole,  as  p 
is  more  remote  from  P:  heneo  the  briphtnr^s  cf  thr  H:  ht  dlminifihes  ntpidly  from 
the  edge  of  the  shadow  inwatds;  bat  the  diminntion  is  coutiunous  and  no  fringes  are 
pfochusd* 

Frinqts  at  ths  eige  f>f  a  Mirror. — Kays  reflected  from  the  edge  (jf  a  plane  mirror 
iapiined  to  their  diraction|  proceed  as  if  thej  bad  originally  issued  from  a  line  of  light 
ntoated  symmatrloaUy  bwund  the  ra&aw.  The  space  beyond  the  mhror  them- 

fore  ho  compared  to  the  opaque  screen  in  the  exj>erinw  ut  1  ist  described  :  hi  iioe  tho 

fringes  are  produced  towards  the  suz&oe  of  the  mimuv  whilst  a  oontinoons  light  is 
virtue  flat  *  thdik  diattnet  1»«j«id  ft; 

S.  JHsps  ftroitiud  wmrom  rectangydar  apt>rturt9. — ^Light  passing  through  sndi 
an  aperture  may  form  fringes  in  the  b*  am  <  flijulit  if'-nlf  and  in  the  shadow,  separately 
or  together,  according  to  the  width  of  the  slit  and  the  disUnce  at  which  the  fringes  are 
viewed.  They  may  b«  otwerrsd  hf  owtBa  of  •  Teiy  simple  apparatus,  consistmg  of 
tAVo  thin  plates  of  copper  fixed  in  a  small  frame,  one  of  t'lt-m  being  capable  of  sliding 
backwardsand&rwaidSySoastOTaiyths  width  of  the  aperture  at  pJ^  On  lodg- 
ing attibeiameof  ft  MndlaflPOtboainifea  dT  li^it  through  tb«dit»1^^ 
fringes  are  »een  parallel  to  the  edges  of  the  sbt.  These  fringes  are  also  ver}'  dis- 
tinctly seen  on  viewing  the  flame  of  a  candle  between  two  fln^Bxa  held  up  so  as  to 
liftvft  ft  VMiy  uaiiuw  apaea  iMf^Psaii  tiiwB. 

Intcnutl  Frinyis.—\A't  ASi  (Jig.  G50)be  the  slit,  S  tho  source  of  liplit.  r  ndered  homo- 
geneous by  passing  through  a  coloured  glass ;  and  suppose  in  the  first  place  that  the 
eenen  AV,  on  vfaidi  the  light  is  Unown,  is  placed  at  soeh  a  diataaee  that  AB  —  eP 
and  BP  —  oV  ~\K  ;  then  all  tho  points  of  the  part  AB  of  the  wave-surfice  will  be  in 
ftocordaace  with  each  other,  and  there  will  be  a  bright  band  at  P.  The  same  will  bo 
Hm  eaM  «  fortiori,  if  the  screen  A'B'  is  still  farUer  xemofed,  aa  to  AUT*  But  if 
fhft  Mnett  Iw  noved  to  ft  ihoitir  diataoe  ftom  the  ilil^  iMii  tbai  AP-«P  » 


Digitized  by  Coogle 


004  LIGHT;  DiFiilACTiON. 

more  tlian  ^X,  and  eqnul  to  n  times  ix,  then  if  «  Is  even,  cnch  half  of  th«  wave  ATI  ! 
be  divided  into  «a  cren  numb«r  of  elenwotA  of  iDt«c£a«Boe^  wluMie  «ctioat  I 
Ka  Eia  destroy  mA  other  two  I17 tim.  TImio^  tfam  b«  a 

jngtWVm.  dark  band  at  the  ctiitral  point  P.     If,  on  tlu-  itther 

hand,  n  is  odd,  there  will  remain  one  element  whose 
action  ie  not  neutralised,  and  the  central  band  will  be 
bright.  Hence,  as  the  screen  is  gr.vdually  removed 
farther  from  the  aperture,  tho  oontrai  band  will  be 
alternately  bright  and  dark,  uxiiii  the  distance  is  such 
that  AP  -  oP  »  ^A,  at  and  beyond  whiflh  it  wiU  bo 
•Iwa^s  bright.  Tli  •  sunn-  ivltcrnations  may  be  prodnred 
duninifrhing  ihv  wIJili  uf  llic  upcrturc  AB,  whik?  the 
dutsnoe  oP  K'mains  constant 

There  are  also  fringes  in  the  In  arn  of  light  to  thi-  ri^'ht 
and  left  of  P.   Suppose  thiit  the  distance  of  the  i^reen  , 
ii  rooh  that  the  eentnl  buid  is  bright,  and  AP-oP-  > 

iX,  nnd  let  n  ho  n  point  Fiich  that  Bn  — An  —  2  .  iX. 
he  arc  AB  may  then  be  divided  in  a,  so  that 
nB'iMi- HA*  The TihntloiiieoamMuiieated 
tn  «  hy  \hci  two  arcs  An,  7)Ti  will  then  <lf.sfr<H'  one  \ 
another  to  a  great  oztratt  so  that  there  wiU  be  a  dark 
hand  aft  «.  At  «^  so  littiated  that  «B-^«A  —  fx,  there 
will  Iw  fi  bright  hand,  because  the  arc  AB  may  tlu-n 
bo  divided  into  throo  ekmenta  ol  ioteEference^  and  10  on. 
A  precisely  simihur  expfamation  appliee  to  the  ease  in  wbSA  tiie  eeotnl  band  tm  daik. 

The  intetior  fringes  recede  farther  from  the  central  point  P,  as  tlic  dii^tance  of 
the  screen  is  greater  in  proportion  to  the  width  of  the  aperture ;  and  when  the  screen 
is  placed  at  such  a  distance  that  BA"  —  AA"  »  | a,  the  first  dxirk  band  will  be  at  A", 
andeoiiBBqnentl^  there  will  be  no  fringes  within  the  beam  of  light  passing  through  the 
npcrtnre ;  the  dmtanoe  of  the  aoieeii  at  vbidi  they  oeaae  to  be  pcodneed  ia  leaa  aa  the 
aperture  is  narrower. 

External  Fringe*. — The  mode  of  prodoedon  of  these  fringes  is  similaY  to  that  of  the 
internal  fringes  just  eoriMdi-n  d.  Any  point  N,  within  the  shadow  on  either  side,  will 
be  a  centre  of  a  dark  or  a  bright  band,  according  as  —  NA  iis  isJiuil  tu  an  even  or 
an  odd  number  of  times  \K  Tbeaeextemal  fringes  ra^tdfy  loee  their  distinctness  nsthey 
iveede  from  the  edge  of  the  geometric  shndow,  and  disappear  altogether  wh.  n  the  slit 
is  ao  wide  that  the  vibrations  emitted  from  tho^iut  B  are  no  longer  sensible  at  A. 
FortiMahmiltaaeoaaiitodMftionof  eorteniala^  thei«fi»«vtheap«taxe 
anst  be  neither  too  wide  nor  too  narrow. 

The  lod  of  both  the  external  and  internal  fringes  are  hyperbolaa  having  Uieir  fooi 
b  A  tad  All  the  ftinsee  ore  braadeat  in  red  and  namnraat  ia  violet  h^t^  and  in 
white  lightavaaiadaf^otfarig^t  bonds  of  various  eobim. 

3.  Fritiffps  frndnfcd  fn/  two  nnrmw  sUfs  Vi  ry  dose  together. — The  twoheamsof  light 
interfere  and  product  fringtu,  preciwdy  as  in  Freenel's  experiment  with  the  mirrors. 
This,  which  is  Young's  form  of  the  experimenlt  ii  similar  to  that  bj  vhiob  QrimaMi 
originallj  ibowad  that  li{^  added  to       nay  produce  darkness. 

4.  Frirtp'."  j>r<.(hia'd  hy  very  narrow  terrevf. — In  this  case  also  fringes  arf  pro<luc.  d 
boUi  within  uiid  without  the  shadow.  A  hair  or  a  tliin  wire  held  between  th«j  eye  aud  the 
Ifauneef  aeaadle  or  a  bright lineof  h'ght,  exhilnts  theaefriagea  very  distinctly.  Suppose 
that  tho  screen  A  B,  instead  of  being  of  indefinite  extent  towards  B,  as  in  Jt<j.  640.  is  so 
narrow  that  the  light  ^>assing  by  each  of  its  edges  A,  B  {fig.  65 1^  goes  beyond  the 
middle  of  the  geometric  shadow  A^B';  the  rays  w^  theoa  act  upon  each  oth^  so  aa  to 
produce  fringes  within  the  shadow,  independently  of  those  beyond  it.  The  latter  are 
also  moditii  d,  Im  cause  the  points  at  which  they  are  formed  likewise  receive  light  from 
the  opposite  e<lge  of  the  narrow  aenen,  whidi  oontnbatea  to  theSr  Ibrmation;  in  flust; 

on  interposing  an  opaque  body  so  as  to  ent  off  the  light  from  one  edg*-  of  the  screen, 
the  external  fringes  inunediately  alter  their  appearance,  and  the  intenuU  onee  diaaj^ 
pear  altogether. 

Formation  of  t7ir  iyiUrval  fringrs. — Tf  the  porcen  AB  (fi^.  fi.')!)  is  not  extremely 
naxrow,  the  intenMl  &i^j^  difier  but  little  from  thoee  which  would  be  formed  by 
two  eHta  plaoed  at  A  aMil;  Ibr  the  direction  of  Ttbration  at  any  point  fi  within  the 
uliadow  is  then  di  tennined  hy  thn  aetion  of  the  two  elementazy  tx>rtion8  of  the  wave 
immediately  contiguous  to  A  and  B.  When  the  screen  is  extremely  narrow,  the  result 
ia  the  aame,  ex(  i-pting  that  the  efiM;  of  the  flist  dements  of  interference  Ao,  Bo,  of  the 
arcs  Arf,  B<r,  being  nxidifi.  d  by  the  other  portions  of  these  wavea,  which  pavli^' 
tralise  their  action,  tho  point%  a,  0',  from  whioh  the  zeeuitant  aetiona  of  tlietaii 
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ma,y  be  ooas^ered  as  proco(»din^  are  sitiiated  somewhat  closer  to  A  and  B  Uiaa  they 
iraild  1m  if  tiM  porttona  of  lib»  mife  iMjmd  a  and  ^  mm  enft  oft  At  mj  point 

n  within  the  shadow,  th«'re  will  he  :i  light  or  a  dark 


will  he 

band  (in  bomomiieoas  light),  aocozdiog  as  o'n  —  (mi» 
emttl  to  SB  odd  or  erm  nninlMr  of  hatf-wdidatioiw. 

Thf  point  P  in  tlio  micMle  t'f  the  gronu  tnV-  shadow, 
being  perfectlj  nrmm^trical  with  ri^gard  to  the  arcs 
Ad,  Btt,  Nosiris  mm  them  seeordsnt  impulses,  nd  ii 
therefore  the  centre  of  a  liriglit  bund. 

The  fringes  ore  wider  apart  in  ^proportion  as  AR  ia 
smaller,  bf^ause  in  order,  to  obtain  a  given  difference 
of  length  in  the  rays  on,  on',  tho  pnnt  n  nuist  then  be 
tuken  farther  from  P.  This  may  be  verified  by  viewing 
a  needle  held  parallel  to  a  bright  line  of  Ught;  the 
fringes  are  then  aradt  bHwdar  near  the  point  t£an  near 
the  eyp. 

6.  Frimit*  produced  ip  screeM  or  ap€riure*  which  are 
tfery  smm  m  aU  iUr«emm.—-'th»  emoto  in  this  case 

are  much  more  complicated  than  in  those  alxn'e  consi- 
dered, where  the  edges  of  the  screen  or  aperture  are 
Buppoeed  to  be  straight,  and  so  mndi  dongatcd  that  it 
is  sufficient  to  conei&rthe  effect  of  the  cylindrical  wave 
situated  in  a  section  at  right  anslea  to  the  screen  or 
aperture.  But  in  the  case  now  under  consideration  it  is 
necessnrr  to  consider  the  actions  resolting  from  all  the 
points  of  th«i  free  surface  of  the  wave,  and  the  problem  b«H?omeB  too  complicated  to  bo 
trt-utcd  without  the  aid  uf  the  higher  analysis.  We  shall  therefore  merely  enum^ate 
the  effects  produced  in  a  few  of  the  mors  simpls  eases. 

When  rays  proc^'wUnc:  from  a  lurninon«  point  pass  throncch  n  im/i// circu/ar  aprrinre 
circular  fringes  ore  formed,  both  witliin  and  beyond  tho  gooruetric  image.  The 
eizenlsr  sprrture  may  in  fact  be  regarded  ss  n  numl"  r  of  very  nanmr  isetilhtsal 
apertures  nuTlating  from  the  ceiitrf.  In  homogeneous  light  tlie  rings  are  eqiitdistant, 
4Uid  their  dianictors  arc  iuvenicly  as  thut  of  the  aperture,  except in^r  tliat  thi>  distance 
htm  the  centre  to  the  first  ring  is  less  than  that  between  two  ccmhoeutivo  rings.  fHie 
centre  is  bright  or  dark,  acoonliug  to  the  proportion  between  the  size  of  the  aperture 
and  its  distance  from  the  screen,  and  either  tae  external  or  internal  rings  may  disap- 
pear according  to  thess  dimensions. 

A  mtnn  circular  screm  aho  produces  fiingee  similar  to  tho?r  of  t!ie  Tin  nt*  frni!7f>3 
formed  by  a  narrow  rectangular  screen.  At  certain  distauceti,  the  centre  ot  tiie  shadow 
is  SS  briffbt  as  if  the  seresn  worn  not  there. 

A  small  reciangnfar  npertKrr  forma  two  sorio,'*  uf  fringes  at  nVht  anfjles  to  its  sidoa ; 
their  distances  being  inversely  as  the  widths  of  the  a|>erturo  in  all  durectioDs.  There 
is  also  a  gnat  nnndMr  of  small  speetn,  fegularly  distributed  in  ths  angular  spaoes 
Ibnned  by  the  two  smc-3  of  fnnnros. 

Tvoo  tmaU  circular  apertum  placed  at  a  certain  distance  from  one  another,  form  two 
Mties  of  rings  just  as  if  each  of  them  ensted  alone ;  bat  if  thay  an  dose  enough  to 
mako  the  rin^s  overlap,  tho  rayn  pr«x'eedin|:  frrun  the  two  likewise  proiluee,  hy  their 
interference,  a  series  of  vczy  close  rectilineal  fringes  at  right  angles  to  the  hue 
joining  the  oentns  of  the  ap<fftm-08,  togeHisr  vidi  two  ssli  of  cblimft  ftinges  passing 
through  th(>  middle  point  1m  f ween  these  eMifeKSi.  XUs  istii*  flffT^ffJ  eaqmimsnt  of 

GrimaMi  already  referred  to  (p.  6U4). 

6.  Diffraction  thru  ugh  Gratings  or  NetvorJks. — ^When  lights  instead  of 
paitsing  throogh  one  or  two  smsll  aperram,  pawns  tbiongh  a  great  nnmber  of  thein 
very  clo^e  together  and  regularly  diKtrilxit.'d,  some  very  remarkaMe  diflfViKtion  phrno- 
menu  are  produced,  which  were  discovered  by  JPraunhofer.  bach  a  system  of  a{>crtures 
is  called  m  optical langonge  a  grating  (Wmsii,  Fr.;  CKftsr,  Ck(nn.X 

Fraunhof<  r  formed  his  gratings: — 1.  By  winclinga  very  fine  wire  ronnd  two  parallel 
aan/fn  of  e^nal  diameter  and  very  fine  thread. — 2.  By  tcaditt  vezy  fine  parallel  lines 
on  a  film  of  gold-leaf  ibced  on  a  plate  of  glasa — 8.  By  tneh^  lines  wiCh  ft  disinond  on 
a  plate'  of  glass,  the  llnefl  thus  formed  being  opaque,  whil'  Tlie  intermediate  spaces  are 
txansparent  This  is  the  method  now  gensnil^  adopted,  a  dividing  engine  being  osed 
to  snmve  regularity  in  the  Unas.  8Din«(lmes  the  l^es  are  traced  on  glass  corared 
with  a  thin  coat  of  varnish,  and  etched  with  hydrofluoric  acid.  When  great  regularity 
is  desired,  the  number  of  lines  in  a  millimetre  must  not  exceed  300,  and  38  in  that 
spaee  are  snffieient  fcr  fee  complsts  manlfeetatkm  of  His  fliaiiomena. 

Effects  of  Btntlld  graUngg.-'-AliM  of  lig^t  viewed  thiougli  a  grating  ibnned  by 
ptmUel  mm,  sppesn  jnataa  it  mid  to  tlis  naked  cys^  eompting  (hat  it  is  someirhat 
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fiunter;  while  ou  eitlier  side  m  seen  ada^  q[tace  N  (Jh.  662),  ftlllNP9&  by  A 
6»e^li»vi]^(thBVMlfltvitiiiD,aiidilieataBiMpmth^  pifadiMl«sed 

a  n    8    _N  N 


1)e  Mn|]r  diftiogidahed  in  it.  Than  «oiib«  «aollier  dwrk  space  narrower  than  iSt» 

former,  then  wTPml  oth^'r  spt'^'tra  m<yr«  and  morp  eirtendod,  hut  orprlapping  each  other 
more  and.  more,  so  that  their  coluors  become  palejr  uud  finally'  dmppear.  These 
■peetm  may  however  be  M|MMted  br  viewing  them  through  a  pnsm,  toe  fixed  lines 
tnon  appra'rhig.  In  honiog*»neona  light,  nothing  i»  soon  but  isokted  bands  of  the  coloor 
of  thfC  light  employed,  being  in  fact  the  corresponding  portions  of  the  several  spectra. 

Xmsob  baa  obeerved  that  the  eleelrie  Ught  ^0Wtd  tlmvi^  ft  8WN? odUfalti  Mig^ 
lines,  as  when  seen  through  a  prism. 
To  meaauze  the  breadth  of  these  apectn,  the  gratins  o  ia  ^aced  in  fh>nt  of  two 

iHiun  adaiilii  «f  variation.  Two 
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Jnrstcni''  nf  srpoctra  tfe  are  thm  «jff>n,  which  are  partly 
superposed,  but  nmy  be  distinguished  by  placing  one  of  the 
slits  a  little  hi^er  than  the  other.  To  fad  the  ^oaitioii,  or 
:in;r1o  of  deviation,  of  any  given  fixed  line,  thp  shts  must  be 
sepurated,  or  the  grating  moved  further  back,  till  this  line 
bMonging  to  flM  ^ht-hand  epectran  lbm«d  by  tlie  iKi  0, 
coincidps  ^'th  thr  pnmi^  line  a  in  tho  Icft^  harrl  pppotnim  of 
the  same  order  foniuHl  by  the  slit  e.  The  angle  etK,  is  then 
•qnl  to  Urim  tba  angle  of  AsHilMHi  loo^t,  Tk.  ^D; 

and  th«  i^^rt-Migled  triangle  oeo  gin*  tan  ^^'^*  <v]>  * 

taking  the  angle  for  its  tangent.  The  anffle  of  deviation  is 
there^  giv.^n  by  the  diatMMa  1wtm«i  ms  atita  ud  tbelv 
distance  frum  the  gniting. 

By  observations  thus  made  it  is  found  that  : — I.  The  middle 
minti  of  the  sneceesivo  q^Mtn  am  eqvidkbmt,  or  in  other  words,  tha  dofbtiflou  of 
these  middle  points  are  to  one  another  ns  the  numbers  1,  2,  8,  4, 

2.  The  longihs  of  the  succeseire  spectra,  or  tlie  distances  between  two  of  their  coi** 
responding  fixed  Unes,  are  to  one  another  m  Ihe  same  numbsn. 

S.  The  difftirence  of  thickness  of  the  opaqne  and  tninftparent  lines  hat  ao  iaflllSliaa 
on  theposition  of  the  spi^trtk,  but  merely  ntodifies  thtnr  brightness.  * 

4.  Tne  lengths  of  the  spectra  depend  upon  the  snm  of  the  widths  of  an  opaque  and 
tmn«iparpnt  spare  taken  together;  this  sum  is  called  an  element  of  tho  graiing. 
Th<>  deviation  of  any  given  line  is  inversely  as  the  distaiice  between  two  elements,  or 
it  in  propoitionaL  to  the  number  of  elements  in  a  millimetre.  When  this  number  is 
lOQf  the  first  spectnun  baa  th^^  «f.me  width  an  that  prodnop^  by  a  flint-gli88  prifim  of 

6^.  Moreover  the  spaees  occupied  bv  the  sev^al  colours  of 
iSba  spectra  are  asasaHy  equal,  ao  that  the  speebrom  tfma  Ibmed 
may  be  eivlled  n  'norma!  stptctrum,  and  may  pcrre  n«  '^tpndai'd 
of  companion  for  the  irregular  spectra  produced  by  prisms. 

Tlie  pteeeding  laws  may  be  comprised  in  the  general  fonmla, 
D  «=  mfcS,  where  D  is  the  de^nation  of  a  fixed  line  in  the  spec- 
trum of  the  ni'th  order,  K  the  number  of  the  elMieata  of  the 
grating  in  a  iwflKmetre,  aad  k  m  <wmitaiit  dqpwwHng  a|K»  tiM 
•olour  in  which  the  line  is  .situated. 

To  explain  the  mode  of  fbrmatMa  ol  these  difiraction  epectza, 
let  As  {fig.  653)  be  tin  aarfkee  of  tiie  grating,  a,  6,  o,  (t,  s  tfw 
opaque  spaces.  Suppo-'^e  the  eye  placed  ut  C,  and  the  dihtanoe 
C8  of  the  line  of  light  to  be  so  great>  that  all  the  rays  prooeed> 
ing  from  it  to  ttie  grating  may  regarded  as  parallel,  and  Iftta 
surface  of  the  wave  j^iassinp  by  the  point  A.  a*  ef>ineiding  with  Ajb. 
If  the  grating  were  removed,  the  slit  «  would  be  seen  in  the 
direction  G8,  aad  no  li^M  afc  all  mmld  be  seen  in  any  other 
direction,  the  elements  of  interference  on  the  wave  Kf,  neutral- 
iain^  one  another  by  pairs.  The  presMice  of  the  grating  does 
not  impede  the  view  of  the  slit,  or  alter  its  apparent  position, 
and  on  each  side  of  the  slit  there  is  a  dark  space,  jnst  as  if  the  grating  were  nc^ 
thare.  But  at  a  oeitaaa  diatance      anch  that  an  opaqjue  Uae  of  the  giaiiqg  eaaot^ 
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oawen  the  olement  of  tb«  ware  which  would  oofonteraet  the  action  of  the  preceding 
•Imentt  light  tifll  W  wtm  m  Um  diraelioB  Ci^  tiie  distunee  Ad  being  greater  in  po- 
portion  an  the  eyr  is  farther  from  the  grating.  If,  for  example,  th-  anplo  ACd  is  of 
such  a  magnitude  that  t^C  —  oC  oC  —  cC  —  of  the  violet,  the  vibrations  commu- 
Bierted  to  th*  pdtti  0 tlw  dmnt  «^  vOl  B0«  tw  daitro^  W  od;  aa^ 
will  L.  seen  in  «liia  dinotioii  00^  bsigiilcriBEeopoKtionMtlwMgfttldMdaiikipM 
is  nearer  to  c» 

To  «knlato  tt»  tMail«ii  dOA  '»S,  9maAt  Hkt  mnef  teftng  iti  atO; 
tfie  tmai^  dbrglres  tfr  «■  X  w'oS  wn  di  and  fli^poaing  gcf  to  be  CMitained  V  Hmtrn 

in  a  raillimetri',  v.-r  hav-  th  n  1  ^  N.  cci,  and  the  preceding  equation  gives  ain  d  =  N\, 
or  taking  the  angle  for  the  t>me,  d  tm  Na,  which  is  in  fwct  the  general  fbrmnla  of  the 
^fllMelioiHipeetrft  »  niJtN)  applied  to  the  caae  of  the  ftrat  tptttnm.  It  allows 
that  the  deviation  is  independent  of  tho  diff  renee  between  the  opaniU'  and  the  trans- 
pareBt  q^aoaa,  and  that  the  constant  i;  ia  the  length  of  an  nadmatton  oorzeaponding 
to  Ao  eolmir  tnkltor  mmkimilum.  For  the  omar  eoloini^  we  find  ia  fike  lUuuMr 
tr  =  Nx',  tr=  Nx",  &c.,  X  heing  greater  A,  m  l  a"  gT«ater  than  V  &c.  The  colours 
will  therefore  appear  one  after  t£e  other»  at  ai^gular  diatimcee  aeoaifaly  fcoportaonal  to 
A,  X',  A",  &c 

Consider,  in  tlio  next  place,  another  element  of  the  grating  at  snch  a  distance  from 
A  that  the  difi^renoe  <{C  -  cC  2X,  or  in  general  to  mx,  m  beiqg  a  whole  number. 
The  intenral  may  then  be  divided  iato  %m  eliBMirtt  of  fDtnllaeoee  eorrosponding 
to  differencee  of  distance  from  C,  equal  to  ^X,  and  these  elements  being  of  even 
number,  the  aetiona  xeeoUing  from  their  serecal  pointa  would  counteract  one  another 
two  by  two,  if  then  were  no  opaque  s^Moea.  jBnt  it  the  opaque  spaces  cover  an 
nnewm  nta^xr  of  elements,  so  tlutt  an  uneven  nnmher  al^o  remains  free,  one  of  these 
latter  wiU  act  unop|>osed,  and  there  will  be  light  in  the  corresponding  durection. 
triangle  cdr,  then  gires  d  =  mAN,  which  is  the  general  formula  above  given. 

It  nmains  to  be  seen  why  the  light  of  any  particular  colour  is  wanting  between  the 
luminous  band  which  corresponds  to  the  mnerenee  of  distance  »»A  from  C,  and  that 
which  corresponds  to  {m  +  1)A.  Now  between  the  lines  of  the  grating  comsjioudiug 
to  these  two  Danda^  tmkmaam  may  be  found  in  which  the  differenctv  of  distance  from 
the  point  C  increases  from  mS  to  7;*X  +  ^X,  then  from  this  latter  to  »i\  +  2  .  ^x  = 
{in  +  1)X.  The  rajB  emanating  from  the  corresponding  points  of  tliese  two  zonea 
dilTer  in  length  of  path  by  |A,  and  destroy  one  anotfaitt  on  reaching  the  point  €L 
Dark  bands  will  thrr,  f  rv  occur  in  the  direction  of  these  srones.  lu  white  light,  how- 
ever, the  colours,  by  uverlappiug  one  another,  obliterate  all  the^e  dark  biiDds,  excepting 
tlie  fir^  two  on  either  side. 

If  the  Bonree  of  light  is  too  near  the  grating  to  allow  the  rays  to  be  regarded 
parallel,  the  same  mode  of  expUinatioQ  is  still  i^yplicable,  onlv  it  becconea  necessary  to 
tak»  aoeonnl  ti  th»  diAMoee  of  padi  of  tha  owitignoM  OMqoa  laja  at  th*  noneiit 
when  they  roach  the  gmting. 

The  formula  sin  d  -  7//NX,  shows  that  when  Nx  is  greater  than  1,  that  is  to  say 

when  ^,  or  an  clement  of  the  grating,  is  lesa  than  X,  sin  c/  becomes  griaier  than  1,  which 

ia  impoasible ;  in  this  case  therefore  no  spectra  can  be  formed,  and  in  fact  gratinga 
wldch  have  their  bars  too  close  do  not  form  any. 

If  the  spectra  are  observed  in  any  other  medium,  as  when  the  slit  and  grating  ar» 
placed  at  the  opporite  ends  of  a  tube  filled  with  water  or  other  liquid,  then,  if  /  is  the 
Ien|;th  of  an  unaulation  of  violet  light  in  that  liquid,  the  deviation  will  he  d^  ^  Xx, 
whicii  combined  with  the  equation  a  «-  Na,  for  the  deviation  of  the  same  part  of  the 
spectrum*  in  air,  gives  rfj :    ^  | :  A,  iriudi  io  the  ratio  of  the  iadiaea  of  nfiaolioii  ia 


MeasuremenU  of  A.  Tho  equation,  tin  <2  as  Na,  gives  the  meaina  of  measuring 

with  gri»rit  a'N'tirflcy  the  wnve-lengtlis  corresponding  to  the  several  fixed  lines  of  the 
fcpectrum,  which  cannot  be  done  with  the  interference- fringe*  in  Fresnel's  experiment 
(p.  599),  because  tlie  lines  are  not  distinct.  It  ia  iijthia  method  thalBahiaot  dele^ 
mined  the  values  given  in  the  table  on  p.  60(1. 

Irregular  (Jratings. — Gratings  whose  bars  are  totally  deifljtut«of  regular  arrangement 
pamdwe  nothing  but  a  whitish  train  of  lightat  right  angles  to  theban :  but  if  the  in^ulari- 
tkaaia  aalilaetto  a  ««tain  law  and  recur  x>eriodically,  spectra  areprodaoe^  whose  devia- 
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ing  ordHTB  formed  bv  regular  gratings,  because  they  are  obliterated  by  sQp«itposttiao. 
By  looking  at  a  candle  with  the  eyes  nearly  dosed,  to  thM  the  ey»>lAshe.s  torni  a  grat- 
ing, a  horizontal  line  of  whitish  light  is  f^rncrallj  seen,  beoansie  the  f  y(»-l««)ir*  are  for 
the  moet  part  at  uneqttul  dislanoe^ ;  frtsqueally,  however,  Terjr  di«linct  spectra  ar«s  pro* 
duced.  Very  fine  spectra  b*  Mitt  tif  looldlli  «i  th*  ran  or  a  hoffbA  itM  thSMl^ 
the  plume  oif  a  emw'.s  fi'iithfr. 

GraUngt  or  Hitv-ork  with  square  or  round  bant  or  mashes. — Gratings  with  square 
MpeHnvM  may  be  formed  of  two  seti  of  pinlM  ban  erossing  one  aaoliMr.  ▲  pieee  of 
mush'n  or  riLiuid  cxhibit.s  such  n  stmcturo.  Such  jgratiiigs  form  n  gprnt  number  of 
small  soectnv,  somo  di&po&ed  along  the  arms  of  a  crotw jparalic^l  to  those  of  the  timuuree, 
othcn  attributed  obliquely  in  the  four  right  angles.  The  appearance  wregyhBMtatt 
and  mrif'*'  with  the  kiz**  ot  the  mesht  s  and  (ho  distance  of  th*'  himinous  point. 

RcjUctin0  Gratings  or  Stnaied  Surfaces. — When  light  is  reflected  from  vadtem 
ocyvered  nitii  Wbnm  ufconintely  bright  and  dnD,  th«  same  epeetn  «M  pirodneed  aa  -wfaen 
it  is  Iranfimitf od  th^"t^lg!l  ;i  grating:  fur  the  reflected  nxys  ar>'  in  the  sjime  rtate  as  if 
thej  had  been  transmitted  throu^  the  striated  niz&oe  fsom  a  point  as  far  behind  as 
fhe  actual  tttmfnaoa  point  ia  bflbre  it ;  the  !>pectni  are  not,  howeTer,  quite  so  bright  aa 
those  produced  hy  tnmsmission.  The  in'  ^  ■  nco  of  motTior-of-pcarl  is  produced  by 
Teiy  fine  striai  rraulting  fxxm  its  loliated  structure ;  a  cast  taken  of  it  in  soft  wa^ 
ma^e,  or  fbaible  metol,  exliibiti  a  stmilar  frideaoenoe.  FilmniH  gypsma  ochibiti 
colours  due  to  the  same  cause.  Thu  f.  utht  rs  of  certain  birds  likewise  owe  their  bril- 
liant colours  to  diffraction  of  the  light  xefleotod  from  the  -nay  fine  fiJamaata  of  iriueh 
th^  arc  composed. 

Half-polished  metals  sometimes  exhibit  mdest^nt  coloun,  dne  to  tlte  parallel  aiariiB 
produced  by  th<>  hard  powder  used  in  polishing  them ;  but  as  these*  Ptnfc  are  seldom 
r(^;ular,  the  usual  effect  is  merely  a  whitish  line  of  li^lit,  at  the  points  from  which  the 
rays  are  refteeted  to  the  eye.  BartorCa  butt«m»,  iHudl  av»  metallic  buttons  having 
T<  r\  f!no  line^  engnwod  on  their  anzfuiea  fay  a  ^ai^Mm»  nadiiiM^  eodubit  auigpifioemt 
diilmcHon  spectra. 

S«fleetioa  aad  Sefiraotleii. 

When  a  wave  of  light  reaches  the  surface  of  separation  of  two  media  of  different 
di«8itiefl^  its  Tibrationt  are  not  only  prop^ated  onwards  into  liie  seeond  mediuin,  Imt 

likewise  reflcctr  d  hutl;  into  the  firsts  each  particle  of  the  ether  at  the  surface  of  separa- 
tion then  becoming  a  <»ntze  of  disturbance  fiom  which  Aeeh  wares  ^jpread  out  in  all 
direetioo&  To  find  t}ie  direetiona  of  the  reflected  and  tnuHuitfeed  waxes,  let  MN 
(Jig.  656)  be  the  ?-e|)nrating  surface  of  two  media  (air  and  water,  for  example),  and 
8^(/>S'  an  incident  beam  of  Tight  of  infinitely  small  section,  so  that  the  rays  composing 
it  may  be  regarded  as  paralleX  and  the  wave-sturfacc,  be,  perpendicular  to  their  direction, 
as  l^anOi  Now  the  several  points  of  this  waTe>sur£»ce,  cA,  do  iM>t  all  meet  the  surfiMe 
MN  at  the  same  instant,  hut  each  point,  as  it  reaches  that  nnrfaiv,  becomes  a  centre  of 
disturbance  from  wliich  eknieutury  wares  arw  excited  in  Lotli  the  media  bounded  by 
MN.  Horeover,  the  velocity  of  propagatian  of  the  waves  in  the  two  media  is  different; 
because  the  density  of  fhe  eiher  in  the  one  is  preater  than  in  the  other  (pp  "95  GOl). 
•  Suppose  the  lower  nieiiium  to  be  the  one  in  which  the  ether  has  the  greater  density, 

aad  fliat  tiie  Telocity  of  transmission  of  the  light-waves  in  it  is  ^  as  grMt  as  ia  tm 
upper.  Then,  b}-  the  time  the  point  «"  of  the  incident-wave  has  tmrelled  on  to  a,  a  wave 
will  ItHve  spread  out  from  6,  in  each  medium,  of  a  radius  bd  ^  m  in  the  first,  and  bf  » 
1 00  in  the  second ;  also  fimn  any  intermediate  point  e  ((a  being  a  portion  of  wave- 
surface  parallel  to  be),  a  wave  will  f^pread  out  of  radiiL*,  lu  in  the  first,  and  </'  — 
I  oa  in  the  second.  Now  each  of  these  elementary  waves  produces  no  perceptible  effect 
hj  itadf;  a  araaible  distniiiaaea  of  the  ether  or  prodvdSon  of  light  tddng  place  <HiIy 
v  li  rn  a  ntmiher  of  thorn  act  together,  that  is  to  say,  in  the  first  mrdinm,  along  the 
plane  surface  ad,  and  in  the  aeoond  along  e^;  and  straight  lines  or,  br\  aq,  b^,  &c^ 
drawn  at  r^t  aa^es  to  Hieae  aufliecs  from  die  S0venil  points  betwvea  a  aad%  wiS 

give  the  direction  of  the  n-flecled  and  trali.snutted  rays. 

In  the  first  medium,  the  triangles  abc,  add  being  equal  in  every  respect,  the  angle 
«M     the  angle  bac,  tiiat  is  to  say,  tk^  inefdeni  and  refheUd  rays  make  equal  angle» 

ttnth  the  rejUetiiifj  fiurfnct .  and  thi  rrforc  algn  u  i(h  thr  )tor;:ial  !'<;.    Tlie  anyleH  which 

these  rays  make  with  the  normal  are  called  the  angles  of  iaoidenoe  and  reflec- 
tion respectively. 

The  symmetiy  of  the  figure  with  respect  to  the  plane  of  incidence,  t.  e.  the  plane 
passing  through  the  incident  ray  and  tM  MtOuil,  sbowi  also  that  tk»  r^l$ekd  ^ 
V.  ttmiitfned  in  the  plane  of  incidence. 

The  ray  whicn  passes  on  into  the  second  medSoBI  ii  also  contained  ia  the  plane  of 
i&eideoce,  but  is  bent  or  refracted  out  of  its  previnnn  direct  inn,  and  does  not  make 
the  same  angle  with  the  normal  as  the  inetiit'ut  ray  does.  The  angle  of  iueidenoe 
flMwIiaeq^to  tha  ai^ e6«^  aad  tba aqgla  of x«llRKtwnF4y->ria«qvaltoli/; 
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wd  the  rightHUiglad  truog^oie;  obf  give  ac^eh  gin  I;  and  ^r*"^^  ^  **;  tiMnfim^ 


•in  « :  (KB  r  •  A? :  V-  ^  qifteei  00^  4f  \Mimmii  1)j  the  My  id  dw 
«n  t»  OM  nolbw  M  the  niliodti«i  r,  t/ofli^iatiiatvoiaidw: 

Bin  «  « 


That  is  to  say,  the  wmb  of  the  aught  of  incidence  and  ref  ruction  are  to  one  another  in 
a  eon$tmi  rtOlo,  namdy,  that  of  th§  wlooiHm  0/  Vght  in  thg  im  media,  Thti  rrtb, 
whicli  IB  al?<o  thiit  of  tlic  Itnij^fln  of  Iho  wrtves  A  :  A'  in  flu'  t^o  media,  ia  cuUkI  tho 
index  of  refraction,  absolute  or  relative,  according  as  the  ray  passes £rom  a  vacuum 
into  n  poiidaMiibb  Medinait  cr  tma  one  ponderable  medium  to  anotlier.  Th«  abMlnto 
Index  of  rofmction  of  a  nicflium,  usually  denoted  In-  llw  letter  fi,  is  tho  r<'<nj>r<)cril  of 
tbe  Telocity  of  lif^t  in  that  medium  referred  to  the  Telocity  in  a  vacuum  as  unity ; 
Hiadkifaj/egreaittiieml.  U amtMalMolntoindioMCf  t«oooiili^iiOQa  tted^ 
nay  Wider  and  glass,  the  deflection  of  a  ray  pMaing  ftam  di*  ono  to  tbe  oUwr  will  b* 
dtftenmned  by  tl»e  •^natum  g^j^ 


nn  r 


It- 


i^iieh  likewiae  holds  good  if  fs  m'  &re  the  indicet  of  refraction  of  the  zny  la  pauing 
fton  «Bj  one  ni«dnini,  «§  air,  into  imo  otfien,  aa  vntav  and  ^^laaa. 

■When  M  is  greater  than  n,  that  is  to  .siy,  when  the  velocify  of  transmisHion,  or  th<<> 
length  of  the  vave  ia  kas  in  the  second  medium  than  in  the  fin>L  the  ray  ia  x«&acted 
towazdi  tfie  nonnkl;  irlun  ^  ia  leas  than     it  ]a  nfraofeed  tnm  tha  nonmiL 

In  tlio  latter  case,  thr  an^lr  rf  incidonco  may  bo  snch  that  tlif  f«ino  of  thf  anplo  of 
refraetion  voald  be  equal  to  or  greater  than  1 ;  undi  r  such  circumatanceSk  the  ray  dooa 
not'paM  iato  the  aeeood  nadhiniai  aU»  but  imdcrgtK^s  total  rafleetioa  inladie  iMk 
Thn  tabaof  Ae  Umlting  Mitl^  1^  atiriiibh  iilbe^^ 


Ming  explanations  show 

s  al>ovo 


maAML  im  #  ^  —  in  ■> 

i./ r-.itation  of  thf.  rfflecied  and  refracted  rt/ji^.v.— The 
tliat  then*  must  be  reflection  and  rpfraction  in  the  dirprtions  a1>ovo  dptmnined,  but 
they  do  not  show  why  the  reflected  juid  refracted  rays  are  contiued  to  thoe  directions; 
ftvaa^adi  point  of  the  surface  ab  {fig.  655)  ia  a  cantn  of  disturbance,  from  which 
waves  spread  out  in  lieraispheres,  it  wAild  se^^m  ns  if  mys  shonhl  he  reHected  and 
tianamitted  in  all  directions.  And  such  ia  in  £ftct  the  case ;  only,  as  Fresnei  has  shown, 
oB  the  f%^8  oblique  to  the  r^fltoM  mid  rqfrtuSd  60am  rah',  ^m^,  imtrojf^miothet 

fhrir  mutual  {ntfrftmcc. 

Suppose  on,  en'  {Ji€.  654^  to  be  two  parallel  refracted  ray»,  veiy  close  together,  but 
not  fa  thadiwdicndelwminod  tythe  wrftto         ImraaaM  a3  perpondi«nEax 


BB 
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to  M  aTifl  en';  thnn  n  rihnitutn  of  the  ray  .«'T.  in  rcncliin^'  fho  Burfaee  ah,  will  h«f0 
travelled  over  a  space  greater  bj  aa  than  tho  correspondiDg  vibration  uf  the  ny  te ; 
1)q(  irtitB  tfie  two  mm  at  the  iiiHSMe  aJB  of  the  ralrMted  irave^  l»  will  Imw  novod 

over  ft  Npao»^  which,  expressed  in  wavf-lengtha.  Is  .i(<t,  I  v  m  •  iB  —  na.  tli:iii  that 
passoil  ovur  by  m.  Let  •  be  the  angle  of  iucideuce,  mu,  and  f»  thn  angle  of  rcfnic- 
tion,  cafi,  of      my  tm.   Then  die  ngbt-angled  triangles  r/3<z,  faa  give  e9  »  <v>  sin  p ; 

u .     —  as 

fia  =  flc .  sin  1 ;  tlu  rofore  it .  c0  —  oa     a«  (u .  sin  p  —  sin  t) ;  and  ae  =  :  ; — ^ 

vr-        r  />  /*.8inp— Sim 

Kow  the  niya  an,  en  will  destroy  ouv  another  by  iut^rftTc-nC"-'  when  the  diflferencc 

M.e^  —  aa=^^\  therefore,  when  ae  «  — ; — ~ — r—..    Tliis  show*  that  ae  is  smaller, 

M  sin  p  -  Bin  I  J- 

or  the  interfering  rays  are  closer  together,  the  more  the  ratio      ^  diflfers  from  ii ;  but 

vli'-TT  i';  oqual  to  Mi  that  is,  wh^n  tho  refraefed  my  is  in  the  din^  fion  indicated  bj 
tile  iuvv  1 4  tho  sines,  ae  become*  infinite,  and  therefore  there  is  no  interfen  uee. 

A  prteisi'ly  simiUur  construction  and  demonstration,  applied  to  the  reflected  mys 
on'  mT  {Jijf,  W),  abtnm  tlMt  the  coatjgnons  saOaoted  ngr*  daatroj  caeh  otiur  ia  all 


«w»  excepting  when  sin  p  ~  nn  t,  that  is  to  say,  when  tho  reflected  and  incident  rays 
maike  miud  anglm  wMi      nonud.   If,  how«ver,  the  point  a  is  vcfy  doae  to  the 

huiitl  edge  of  tlie  Tiiii-ror.  liie  refloctrd  r.iy  <  n'  will  exist,  :uid  nn  will  wA  \»' 
stroyed.  Hence  if  the  mirror  iK  very  narrow,  the  rays  reflected  obliqnely  to  the  beam 
fv^bn'm  not  eoqnplete^  dffltmyea,  and  tii^  refteetod  beam  becomes  diTergent.  Fresnel 
verified  this  theoretical  dcduetion  by  blackening  the  surface  of  a  mimir,  with  the  ex- 
ception of  a  very  narrow  triangular  smce.  Tho  beam  of  light  reflected  from  this  space 
was  broadest  at  the  narrowest  port  of  the  reflecting  scir£ace,  ao  that  the  image  which  it 
formed  on  a  screen  was  a  tnanfl^a  with  tntncfttad  sanmiit*  in  A  poaition  tha  MVfiaa  of 
that  of  the  refle>  i  in;^  triangle. 

The  reflected  aud  refracted  beams  nvc  ulways  lofw  bright  than  the  incident  beam. 
In  they  would  be  together  equal  in  intensity  to  tho  incident  beam,  were  it  not 
that  part  of  the  hVlit  is  scattered  in  rdl  direction'-,  1>y  nf!.  cf!i>n  fpom  minute  irregu- 
larities on  the  hurfiie<»  of  the  medium  ;  and  second  ly,  iliat  a  pt>rttoD  of  it,  often  very 
aooaidarable,  is  apparently  loet  by  absorption.  This  process  doubtless  consista  in 
a  commnnicfitiun  of  the  viT'rUnry  motion  of  the  ether  t«^  thi>  jurf icl.-s  cf  fhf  pon- 
derable VjoUy  iUt'll",  the  piirticleis  thus  sr-t  in  motion  agalu  acting  m  ceutxea  of  vibra- 
tion, and  exciting  fresh  undulations  in  the  aononnding  ether,  Sierebj  rendering  the 
body  v  i  ibl.-.  TIh^  vibrations  excited  in  the  particles  of  a  ponderoMc  t)»>dy  by  the 
mov<  mcuis  of  tho  ether  likc^wise  produce  niunerous  dia&gea  ia  tho  state  of  the  body 
itself,  raising  its  temperatue^  and  letting  up  certais  ehamieal  actiona  withhi  it^  wtaat 
will  be  afterwards  more  fully  considered.  It  is  tnie  that  the  ether  f  t  i  -^lits  vibratory 
SKMrementa  whidi  vender  bodiea  ho^  and  othexs  which  detenoine  chemical  changes 
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in  them  vrithont  directly  pfindprinsr  them  visible ;  hnf  it  is  proTmWo  that  ttio  himin- 
iferutis  wave8  thomselreu  likowiBo  alter  the  thermit'  .uid  chemical  coujitii^us  of  a  hod^, 
that  is  to  say,  esdte  in  the  moleeoles  of  the  ho-W,  \-fbn\tioiii  irhicSi  result  in  thermic 
and  chemical  fh;inrrr«!,  nin]  do  uot  again  excite-  Jiirniiiif'"jv>ns  warns-  hi  the  ether.  In 
other  word^  a  certain  amount  of  light  is  lost  in  pro<hicing  heal  and  chemical  change. 
In  passing  through  a  tnuMpureiit  medium,  such  as  glass  or  water,  with  polished  sur- 
faer,  Hiul  vcty  little  colour,  the  amount  of  light  ]nsf  1>y  i  [tf,,!)  islmf  sni.ill;  coloured 
media  transmit  certain  ra^M  and  reflect  or  abtforb  otiiei  h.  When  light  falls  on  the 
■bAm  of  an  opaque  body,  such  as  a  metal,  the  path  of  the  r«Aad«d  ray  eaimot  be  fol> 
IgfPBlj^  If'tT""*'*  M  it  is  completely  absorbed  by  an  extremely  thin  stratum  of  thr-  <>nrfnr* >. 

The  flfpncrnl  Imr?  of  rof!i ctl'in  nnd  ^'fraction  hnrinc;  h-cm  csst.iblished,  the  application 
of  them  to  dttermiiie  the  puth  of  n  ri  ti-  I'tctJ  or  ri'fr;icted  ray  under  any  given  circum- 
etsiiices  is  a  problem  of  pure  geomeirv,  into  whifh  we  do  not  propoHe  to  enter  in  this 
articli',  furtlirr  than  In  s|»  a]<  uf  n-fru  tion  tl^^^ttgh  pnODi^  irludi ia  Of  fpaouil  iinpoilt< 
ance  in  the  determination  ol"  iudicta  of  relVactiuii. 

A  priani,  in  optical  language,  is  a  transparent  medium,  bounded  by  plane  mxhcM, 
not  parallel  to  onr  another.  The  t\\<^v  in  which  tii  -e  surfaces  rnort,  nr  would  meet,  if 
produced,  is  called  the  refracting  angle  of  the  prism,  i^olid  prisms  fur  optical  oae 
are  ^nerall  j  made  either  of  glass  or  ci  roek-cryatal,  and  with  tnaagokr  sect  ion .  Sneh 
a  pn*(m  has  three  refracting  :iTi2:'of<,  whioh  may  be  either  equal  or  unequal.  The  faee 
of  a  triangular  prism  opposite  the  refracting  angle  is  called  tiie  base.  Liquid  prisms 
an  made  by  inclosing  a  transparent  liqnM  in  a  wedge-sha|)cd  glass,  hainng  its  in- 
dined  .Hides  funned  r>f  jlitr  One  of  tfaaaidMmay  ba  made  to  move  on  ahinga 

ao  as  to  vary  the  refhu^ting  angle. 

I«tasnoirtnu»theoo«in6of  angrof  lig^thxough  a  prism,  IfBACC/igr.  656)ba 
a  prii^m  of  ^lass  or  :iny  trangpcrant  malwial  of  greater  xenaetiBg  potrar  tfian  the  aur- 
xaunding  mt4ium,  a  raj 
81,  entering  at  I,  and 
making  an  angle  i  with 
the  normal,  KIF,  will  be 
refracted  within  the  prison 
in  the  directitm  IE,  mak- 
ing with  the  normnl  an 
ai){^  r  less  thiiu  /,  TLi^ 
Mj  emenpng  at  will 
p(»«s  An  in  tiie  direction 
Eii,  making  witli  the  i;or- 
mal  to  tha  fisce  AC,  nn 
nnp'le  e  greater  than  the 
angle  r'  which  IE  makes 
with  the  same  nommL 
The  final  result  is  to  bend 
the  ray  away  from  tfa<'  re- 
fracting angle,  or  towards 
the  base  of  tlie  prism  ;  arv  nrdiii^ly  <in  eye  jilrnv  d  ,-it  li  will  see  an  object  S  in  tlic 
direction  BE/,  as  if  it  had  b(>eu  moved  upwards  towards  the  summit  of  the  prism.  g| 
The  angle  Sol  2>  contained  between  tiie  incident  and  emergent  rays  is  called  tho 
angle  of  deviation.  It  is  oridently  e<iii;il  to  the  sum  of  the  aiigh-s  ITv-,  ETo;  tint 
is,  i>  «■  i  —  r  ^  0^  r'.  But  the  triunalo  UiF  shows  that  r  +  r  ^  1¥h,  the  angle 
contMnedLelwatii  tiM  twononnalfl,  and  AeMfore  totlierofiaeting  angle  of  tlie  prism,  a, 
Tkb  deviatioa  i«  thsvefina  giTrn  bj  the  formula: 

D  ^  i  +  r  ~  (7. 

F<ur  a  given  ang^e  of  incidence  t,  it  increases  with  tho  refracting  angle  of  tho  prism : 
tot  aappoae  « to  ba  inereaaed  by  9,  then  since  r  is  oonitant,  and  r  +  r' a^r  most 
(iWy  increase  l>y  3,  and  therefore  e  by  fxS,     Ijeing  greater  than  1 ;  that  ia  tO  uy,  0  in- 
creases more  than  a,  and  consequendy  D  incruasos. 
^Hien  the  refracting  angle  u  constant,  the  deiriation  varies  with  the  angle  of 

incidence,  and  attains  a  .?wt«fniK»l  value  when  the  incldt-ut  and  emergi'nt  mys  make 
equal  angles  with  the  refracting  surfaces.  To  show,  in  tJie  first  place,  Uut  tlus  latter 
csondttion  is  possible,  suppose  that  an  incident  ray  coinciding  wiui  tha  normal  NX  (Jiff. 
657),  is  gradually  inclined  into  the  position  SI ;  the  angle  r,  which  is  at  first  equal  lo 
0°,  will  also  increase  continually,  and  therefore  r  must  diminish,  since  r  +  r'  •»  a ; 
moreover,  since  a  must  be  less  t  han  180°,  and  r  may  increase  to  M®,  Uia  incident  ray 
must  eventually  eoinc  into  a  position  in  whicli  r     r\  and  therefore  i  =i  e. 

Kow  let  PI  and  KK  {fuj.  Oiu  )  be  the  rays  which  inake  equal  angles  with  the  normals ; 
and  suppose  that  SI  moves  iuiu  the  position  S'l  closer  to  the  nomuu;  r  wiU  then  diminishf 

BBS,. 
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•nd  therefore  r'  must  increase  by  the  siuqo  quantity ;  e  will  th«<reforc  alsoiaereaso,  oud 

OTH  »  BUI 

b«<xnii«  greater  than  t.   Bat        w  *      sin  r'  are  greater  than 


sin  r 

fia  i  and  Sia  r,  th*  dUkrmM  bat— Wt  ria  t  and  nn  r'  mnst  be  greater  tban'  that 

between  sin  t  and  sin  r ;  a  for- 
'W*  ^f*  MbK  thorefora^  fha  angles  « tad 

r'  must  differ  more  than  t  and  r. 
The  angle  e  has  therefore  in- 
ewaifKl  man  Htm  4  haa  diaiip 
nished,  and  conseqnentlj  tha 
denataoDy D  »mi  +  t  -^a,  ammI 
alao  haine  ineroaaod.  In  a  ahni- 
lar  way,  it  may  be  sliown  that  if 
the  incideatxa^  enters  below  SI, 
tiie  inenaaa  of  f 'mU  be  greater 
than  the  diminution  of  e.  The 
deviation  is  therefore  increased 
by  shifting  the  ray  SI  either  way 
from  its  position,  that  is  to  say, 
Sf  ''^^  rZf"fVrt^/'»7?  f  >-  a  minimum  vhm 
the  iiicideni  and  emergent  rayt 
are  cqnnJfy  ineHmd  !»  the  surfaces  of  the  primiy  orifitke  normali. 
In  this  caaib  tha  aayaaaiuu  for  the  deTiatioo  beoomM  jD  »  2i~a^  vhidli  g^feat  « 

atao^afaiearaiid/aMaqiBal,  vahafer  w^tliiBoealao: 

sin  r  pin  ^  a  ' 

an  expression  which  gires  the  index  of  re&actioa  of  the  medium  forming  the  prism,  as 
a  ftumoo  of  the  xefmcting  angle  of  the  pSmn.  and  fha  angle  of  minnnum  dsTiadoo. 
This  aiRnda  ana  of  tba  baat  means  of  detesmining  indioea  of  rafraedan, 

Measurrmrvt  cf  the  Tndrx  of  Infraction  r>f  SulUh  and  Liquids  — I.  To  measure  the 
angle  of  the  pri^m :  the  prism  AiiC  iJig.  658)  is  fixed  in  such  a  manner  that  its  edges 

nuqr  be  porpendienlar  to  Hht  dhrldad  eirde  ^  »^ 
theodolite  o ;  and  a  mark  S,  placed  at  such  a  di.-^- 
tance  that  the  rajs  proceeding  from  it  may  bo 
regarded  aa  pandld,  la  viewed  through  the  tele- 
scope-, first  by  reflection  from  AB,  then  directly, 
and  the  angle  8oi^d  is  measured.  The  theo- 
dolite is  then  moved  to  o',  and  the  same  mark  is 
viewed  directly  and  by  reflection  from  AO,  and 
the  angle  S"'oi=<f  is  meafrured.  Half  th>-  f-nrn  of 
these  two  angles  is  the  measure  of  the  uiigle  A. 
To  show  this,  draw  AD  parallel  to  the  direction 
of  the  incident  rays,  and  dividing  the  angle  A  into 
two  parts,  a  and  0.  'I  i  ij  a.  =  S'iA.  —  otB,  and 
therefore  2a  ^  1 8ti^  -  s  .  Out  Sot  m,  4  "  180^ 
—  S'lo ;  thereft  jre  d  =  2a.  In  like  manner  it  may 
be  ahown  that  d'^2fi  ;  consequently  a  -t-  )3  a 
A  =.  i{d  +<f). 

2.  To  measure  the  mininitim  deviation,  the 
prism  is  iixed  on  a  support  capable  of  turning 
on  a  vertical  axis.  A  TCty  diMant  maA  «  (/^.  659)  is  Heirad  vilh  tlia  tii^^ 
first  duraoUy  in  the  direction  om,  then  tiuoni^  tha  prism  in  the  direction  mn" ;  and 

F^.  669,  the  pxiam  is  tnmed  round  till 

^-  tha  ant^nw«'*batwcen  fbeaa 

*  **.,^  two  directions  is  reduoed  to 

its  smallest  possible  magni- 
tndo;  The  angle  so  doter^ 
mined  is  the  angle  of  mini- 
mam  deviation,  provide  the 
mark  is  so  dit«tuut  ihat  the 
rays  proceeding  fton  it  may 
be  n  ;';mled  as  parallel.  A 
di^taiit  lightning-conductor 
ioCinB  n  very  good  ma^k  for 
,.  ,    .  the  pTiTpo?e  in  the  dav-light; 

a  aut  ta  tba  atmtlar  cf  a  dark  room,  provided  the  room  be  h»rge,  may  also  be  uaed. 
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Observations  are  roade  by  artificial  Ii^t,  irith  a  lamp  snrrovnded  bj  a  jadcet  of  tin 

platt)  luivirig  a  vfrtical  §lit. 

In  this  laat  case,  the  m.irk  is  seldom  far  enough  off  to  allow  the  divergence  of  the  . 
ra^-8  to  be  ueplcctcd.   Let  a  be  the  angle  of  divcrgciu^,  and  o  the  angle  m<m".  Th« 
txiangLe  moo  givea, 

ISO*  -  •  4-  0     <18O^-«i''0M)  «  •  -h  e  4>  199^ 

Tixxa  gives  i     ^(<i  -t  o  t  a),  unci  thoroforo 

ein       -t-  o  a) 

The m m>jr be meni<d by temipottfaig the tlModom» to m.  BettieiiTiiy 
mufidoMd  eofieivnt  to  nueeofe  tl»         of  the  poq^id^^ 

«p  and  the  4iitHkeeeitP,  by  ■taCehh«eoOKd frame  toei;  then  feiia»  £p 

A  rfvy  eonrenient  metiiod  of  ebteJnfaig  paranel  rays  is  by  the  use  of  tiie  eolli- 

TTKit or,  ;in  iiisfmmpnt  con^if^ing  of  n  telpscopo-tulio  blaokciu'd  insMi-.  ami  havinp  two 
wires,  one  vertical,  the  other  horizontal,  tixed  within  it,  and  croesiit^  in  its  axis.  When 
the  tobe  {•  dixeeCed  towards  a  whidoir,  the  wires,  being  illuminat'id  by  a  beam  of 
pjiRAllf-l  rays,  fomi  a  .«(ha(l(j\v  which  may  be  rcganled  as  au  oV'jeot  placed  at  an  iofinite 
distance.  If  a  convex  lens  be  placed  at  one  end  of  the  tube,  and  the  crosa-wiree  in  ite 
'pmotpel  Annu,  the  ffelhiiialw  be  need  m  the  tame  manner  tut  obeBFntiona  with 
ftrtificial  light ;  for  wlien  thr  other  end  of  the  tube  is  directed  towards  a  him\>,  tlio  ray.i 
crowing  each  other  at  the  intenection  of  the  wiraa  will  iaave  parallel  after  pa&sing 
lliroiigta  the  leni,  end  will  thevdbre  be  brought  to  a  fcene  by  enotfier  telescope  jnat 

Ilk'-  tho.'-o  procc^'dirif;  from  a  cclrstial  oljt'rt. 

la  aU  observatioDa  of  indices  of  refraction,  it  is  nec^sary  to  specifv  the  colour  of 
the  I^it  to  wMoh  the  ehen  raUcp  MSftm.  Bohr  light,  and  lamp,  candle,  or  gas  light 
are  in  fact  of  cotnpusite  naturt\  and  ^^'paraT'Tf-  ^y  ri-fraolion  into  coloured  rays  of 
unequal  rcfrangibility;  consequently,  anviine  of  light  viewed  through  a  prism  i^)pear8 
widened  and  fringed  with  bands  of  eolonr  parallel  to  its  edges.  It  is  usual  to  make 
the  observations  on  the  yellow  rays,  which  are  situated  towards  the  middle  of  the 
coloured  image,  or  spectrum,  and  possess  the  greatest  brightness.  But  as  each  colour 
occopiefl  a  certain  breadth  in  the  spectrum,  and  the  boundaries  of  the  several  colours 
eee  not  Tttj  \v<  II  defined,  it  is  by  no  means  certain  that  two  observations  made  on 
tbe  same  colour  will  refer  to  exactly  the  f?ame  part  of  the  spprtnim.  The  difficulty 
thence  arising  in  howuvt-r  completely  remov«d  by  the  observation  of  certain  fine  dark 
lines,  discovered  by  Fraunhofcr,  iu  the  solar  spsetrnm  (p,  990%  which  are  parallel  to 
the  lines  of  separation  of  thedifformt  colours,  and  are  alwaTs  disposed  in  the  name 
manner  in  each  colour,  whatever  mny  be  the  nature  of  the  priam.  The  spectra  of 
iamee  end  ol  the  electric  light  eoKUbit  bifgfat  beiide»  Ukewiee  of  <xed  poelthm  Ibc 

each  particular  ^nurpp  nf  h'ght. 

A  very  bluLTply  defined  mark  may  bo  obtained  without  recourse  to  the  fixed 
Hncs,  by  replacing  the  vertical  wire  of  the  collimator  with  e  aewing  needla  The 
coloured  bands  partillel  to  the  edg-  H  of  tho  nccdli*  overlap  one  another  towards  thn 
point,  Winning  a  well-defined  line  of  separation  between  two  very  distinct  colonrs,  a 
hhdsh-'gnen  end  ft  deep  loee  tint  (H.  BeTille.) 

Determination  of  Refractive  rn^Uom  %  Inierf0imo»»^*S\iG  displacement  of  the 
fringes  in  Frosm  I'h  cxjit-rimcnt  (p.  600)  furnishes  a  very  dclicntc  mt  fhod  of  determining 
indices  of  rcfriictiou.  A  thiu  iilm  of  the  transparent  buLstiUicc  being  phicvU  before  one  of 
the  MuaoiH  {fig.  646),  so  as  to  intercept  part  of  the  pencil  of  rays  reflected  from  it,  the 
number  of  ranks  thix>ut:li  which  the  centra!  fringe  in  dif-placed  is  observed.  Let  R  bo 
this  number,  s  the  thickness  of  the  film,  »i  and  m  the  number  of  wave-leugtlis,  K  and  A', 
IttdidediPiiUetfaethiakoeeeiof  theairendthetnaapeNDtttm:  then 

.  j^'  .  £  .  ^ 

A  e 

But,  sinco  the  ccnttel  bend  is  disi^ced  through  B  xanka,  we  hnve  else  es'  «  e»  4'  R» 
each  additional  WKfeJength  in  the  fllu  displaang  fheeential  bend  one  xntikftirther. 
Coneeqimitly, 

m*       m  +  a       »  •»  Ra 
^  "  HI  **      m      *      e  ' 

a  formuk  which  gives  the  index  of  rrfractiou  in  terms  of  the  thicknees  of  the  film  and 
the  WftTe-lengUi. 

Thie  method  ie  eepceiellr  eppUceble  to  gasee  end  vapoiin  (p.  618).  Digitized  by  Google 
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Determination  of  the  Indrx  of  Htfraction  of  lAqvidt. — 1.  By  the  method  of  ^nu^ 
deviation.  The  liquid  is  indoeed  in  a  wedge^aped  vessel,  of  which  fig.  660  represents 
a  iransTerso  section.  The  sides  are  foranHi  of  thin  plate-glass,  and  it  iit  cssoutial  to 
the  accuracy  of  the  observations  that  the  two  faces  of  each  of  these  plates 
Fig.  660.  should  be  parallel  As,  however,  this  condition  is  seMom  complf^tcly  ful- 
filled, it  is  necessaiy  to  measoxe  the  deviation  product-d  by  the  prism 
iriien  empty,  previous  to  making  the  observation  with  the  liqnid  to  be 
expTnined.  The  first  dcviiition  is  thou  to  bo  deducted  from,  or  added  tO 
till-  s-iTond,  accordiug  aij  it  is  iu  the  siime  or  iu  the  contrary"  direction. 
As  liquids  are  very  expansible  by  heat,  their  indices  of  refractiua  Bu^ 
bo  sensibly  afllfti'd,  even  by  variations  of  tt^mpemture  not  excocding  thost;  uf  the  sur- 
rounding atmosphere.  It  ig  necessary,  therefuro,  to  make  the-  observulious  at  a  constant 
terapemlure,  to  tgpttate  tlit-  liquid  briskly  before  making  tlu-  oljgervation,  and  to  av(»d 
tming  tlio  diiTPt  ray«»  of  the  mn,  whie!i  rtiiijht  hc.it  it  uiirqually  in  passing  thrtiUirli  it. 

2.  By  total  rejiection, — This  method  is  especially  applicable  to  very  small  qqantiti^ 
ef  liquid ;  also  to  impeifiMStly  transparent  liquids  and  pasty  substances,  suekl  M  tliB 
cr\>f  aliiiic  li-ns  of  llu-  fyn.  A  siiinl]  ilnij)  of  the  liquid  is  attachr-d  to  the  lower  BUlfiMe 
of  a  right-angled  prism  i^AL  \Jig,  tf60;,  resting  on  a  horizontal  rule       la  which  a 

bol0  0  is  made  to  Teoeive  the  drop.  Tlie  priau 
mui^t  \  o  formed  of  ft  PTi'jstanco  of  known  refrao- 
tive  index,  greater  than  that  of  the  liquid.  Tbh 
drcp  cf  liqind  ia  Tie««d  tlmm|^  the  ^ifem  \^ 
mc-aiis  of  a  mvjM  teloj:iop{^  I,  turning  on  the 
centre  of  a  {graduated  circle  which  alidM  iqp  and 
down  a  TBntiea]  role  fixed  to  tbe  taUck  The 
telescup"'  ia  at  fu-st  fixed  iit  euch  a  heiglit,  that 
objects  below  the  drop  are  seen  *i>»*mgh  it ;  but 
on  gradually  lowering  the  divided  drele,  the 
angle  Ion  continually  increases,  and  at  last  the 
rays  coming  from  the  other  side  of  the  prism 
at  m  are  totally  reflected  at  o.  The  telescope 
|a  tlien  Hxed,  voA.  lSb»         «  la  obaarrad.   Th«  aa|^  Ml  la  tten  tqsA  to  tM 


Uie  limitiiig  aag^e  #,  and  am  9 


tlw  zaAactifia  bdeoc  of  Aepdan,  aadfiT 


Ikat  «f  tha liquid.  VovtliaiiigU« 9<^  —  r;tlMceibii«diil  •OQtaMi'|i«iir  «i 

M  CM  ^;  hence  COS*  «»  ,  and  sin  9  »  -  V^"— cos'o  =  -  ; 


Fig,  M2. 


WuUaston  devised  a  modification  of  tliid  niotlioil  by  wiiicli  tlie  refractive  index  may  bo 

determined  without  calculutiuu       Miller's  EU- 
vunts  of  Chemistry,  3rd  e<l.  i.  165;  and  Daffuin, 
Traitt  dc  rhi/sique,  2"»«  ed.  iv.  IGU).    The  sli^t 
n  trouble  of  calcnlatton  ftom  the  preceding  fof^ 

||  mula  is  not,  however,  a  serious  objeotion  to 

JlL   V  the   method.     A  iMoro   impoi-tant  objection 

'      ^  arises  from  the  difficulty  of  making  the  prisaa 

exactly  rootangiiLir.  To  obviafo  tins  difficulty, 
Malus  uses  an  acute-angled  prit»iu  ( fig.  662),  the 
an^  b  of  which  ia  known.  The  obeeintiiini 
baug  aude  aa  •bora  deaeribad,      tiara^  wm 

bte,0»9O»-«Mtdiin«-^'.  I«i  Uto 

normal  In  be  produced  to  meet  tlie  rK^rmal  nn* 
in  n ;  then  the  angle  n  is  equal  to  the  angle  b  of  the  priam,  and  the  triangle  Ino 


givaa  immr  b;  whence  sin  d  —  -  »  sin  (r  +  b)  mm  nu  r  «M  b  ir  mtk  ^  cmt, 
M  Bin  r     •'in  /;  nnd  the  trian^  Jn'n  givaa         m»  i  +     m  Wfi  —  ft; 


Birt 


i  »  90°  -  (6  +  /3):  therefore 

sin  r  a  ^  ooe(6  0); 

and  eoa  r  »  -  v^m*  —  ooa*(6  ^  0). 

M 

IS  gl^e8 ,       ^    sin  0  =  coe  (*  +  0)  cos  b  +  sin  b ^^/n*  —  cos^  {b  +  0), 

This  method  may  alwj  be  applied  fr.  lidp.  Soft  1  hIk  sIIIv.  mtix.  nr  ^^tinooa 
Oigpme  bodiea  may  be  at  once  attached  to  the  lower  euriacc  of  the  prism.  Uatd 
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bc^if??  mny  be  nttached  by  means  of  a  liqnid  of  greater  rcfradlnn  porf>^r  flinn  t!io 
j^nsm :  tiie  toUl  zefloction  will  then  take  |tkce  joat  m  if  tlie  solid  wure  immediatd/ 
ittadwd. 

The  same  method  also  gives  tho  index  of  refraetion  of  tho  prism  itpelf,  tlie  obserra- 
tioQ  beiof  made  without  applying  any  liquid  to  the  lower  face.  In  this  cww^  since  th« 
aedinm  mIow  the  ptism  is  air,  ve  have  n'  —  1,  and  the  fbrmola  gires 

•  -  +  coiF  (6  -I-  ^)  -  2cM  6  ew  («  ^> 

Th»  fcOowing  taUM  eontain  tiia  iadicM  of  nfisction  of  serend  solide  and  ligiiid% 

determined  by  the  preceding  methods.    They  all  relate  to  tho  yellow  njl  flf 
i^ectrum,  azo^ting  those  of  WoUaston,  which  relate  to  tho  extreme  red: 


1 


Ciironiate 

lead  . 
Diamond 
Phoephoms 
Glasa  of  aati 

mony 
Solphor 

Zircon 

Borate  of  lead 


(na-l 


iMd 

■Rnby 
l\I.spap  . 
Tourmalin 
Topaz,  colour-^ 
less     .  ^ 

Tortoi.«o-8hell  . 
Emerald . 
Flint  glass 
liock-crystal  . 
£ock-Balt 


Obiwfir. 

2-50  to  2-97 

! 

Brewster,  i 

2-47  to  2  75 

I3r. ;  K'li-lion. 

2-22i 

2*216 

M 

8*115 

l« 

1-95 

Wullas'ton. 

1-866 

Herschel.  | 

1-81  to  2-08 

Brewster.  ' 

1-779 

*i 

1-764 

n 

W 

i*eia 

1-698 

BfMMtlb 

1-/)91 

»i 

lo86 

1-67  to  1-58 

Br. W. 

1-617 

"WuUaston. 

1-645 

Newton. 

1-MS 

Brewster. 

vm 

Sugar 

Phosphoric  acid 
Sulphate  of  ouppc 
Canada  balsam 
Citric  add  . 
Crown 
Nitre  . 
Plate-glaas 

Crown  ghu>3 
Sulphate  of  po- 

Ferrous  sulphate 
TrUow;  wax 
Sulpibate  of  mag- 

neainm 
loeland  spar 
Obtidtaii  . 
Gum  . 
Borax 

Alum*  • 
Fluorspar  . 
Ice    .  • 


Index  of 


1-536 
1-634 
1-631  to  1-662 
1632 
1-627 
1-526  to  1-634 

1-514 
I*tfl4  to  1*<48| 

vtm 

1-600 
1-500 


1-494 
1*493 

1-488 

1-664 
1-488 
1-476 
1-475 
1-467 
1-436 
1-810 
1*1115 


Wollaston. 
Bi 


Young. 


n 


Young. 
Wollaston. 

Brewster. 

ft 

Toimg. 

Brewster. 

Maliu). 
Brewster. 
Newton. 
Brewster. 
Wollaston. 
BrewsttT. 
Wollaston. 


Sulphide  of  carbon . 
Oil  of  cassia  . 
Bitter  almond  ofl  . 
Nut-oil  . 
Linseed-oil 
Oilof  iMplitlm 

Bape^ 

OliT^-oil 

Oil  of  turpentine  . 
Oil  of  alinonds 
OQoflaT«nd«F 
Sulphuric  acid  (."pe- 

cific  gravity  1*7) 
Nitrieacid(ipwiftc^ 

i^Tit7l'48) 


•Trt* 


1-678 
1031 
1  603 
1-600 
1486 
1-475 

1*475 

1-470 
1-470 
1-469 
1-457 

1-429 
1-410 


Brewster. 
Young. 


Wollaston. 

Young. 

rirewstor ; 

Voung. 
Brewster. 
WoUaston. 


Newton. 

(  Young; 
moQaaton. 


Solution  of  potash  \ 
(specific  gravity  [ 
1-410).      ,  J 

Hydrochloric  acid ) 
(conet  ntr.itM)  ( 

Sea-salt  (saturated) 

Alcohol  (rectified)  . 

Ether  . 

Alum ;  saturated  . 
Human  blood 
White  of  egg  . 
Vinegar,  dutfllid  . 
Saliva  .      «  • 

Water  • 


1-406 


1*410 

1-675 
1-372 
1  308 
l-3'>6 
l-3.'j4 
1-361 
1-372 
1*839 

1*886 


Frannhofer. 


I' 


Herschel. 
Wollaston. 
IlerscheL 
Young. 
Enler,  iun. 
Herschel. 
Young. 
WoUaston; 
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616  LIUHT:  REFBACTIOxN. 

Tho  iodioes  of  refraftion  asslgnrd  to  the  mmc  mh^mvf  by  diffoiv;nt  obscirerti  often 
Azhibit  oouidcrable  diTersiti<bb,  iuru^ing  partljr  ft»m  imperfection  of  method,  but  espe- 
eialtyftiin  waatcf  elieittied  or  phynni  ideotUy  in  th«  flnbalaiieM  «samiBed. 

A  compArison  of  thn  indiois  (jf  r«  fnicti<ni  nf  different  K^^^stanc»'H  loads  to  hut  few 
general  cuoidamomM,  One  of  the  mo«t  rrinarluible  is  tbjit  iaflamm&blc  substanceB  are 
■troQgly  reflsdiTV :  tf.  17..  sulphur  and  phosphonw  aiiung  wlidB;  OO0  uA  tqrdvoeMlMM 
amoug  liquids ;  it  WftM  thf  o!)sor\'atiou  of  this  fact  that  led  NtVlOQ  tO  ilObr  Uutt  tll0 
diamond  urould  be  found  to  contain  an  inHammable  priaoiple. 

Oonenlly  speaking,  the  refVacting  power  of  any  em  9tAikme§  inanmatyrMn  it»  den- 
sity ;  though  it  is  by  nomeaiLs  true  that  tho  refracting  powers  of  different  substances  are 
proportional  to,  or  cren  follow  in  the  same  order  as  their  densities.  Jamin  found,  by  a 
metbod  presently  to  bo  noticed,  that  the  refractiijg  power  of  water  is  incrcasi>d  byoom- 
praHiOQ.  On  the  other  hand,  the  refracting  power  of  liquids  is  diminished  wlMHthilf 
an*  expanded  Tiy  heat.  Brewster  found  that  thf  index  of  refwption  of  pomtnon  ether, 
v^hich.  ai  ordinary  t^mperatureis,  is  equal  to  1"868,  is  reduced  to  10i»7  wh<  n  the  volume 
of  thf  I'lhor  ih  tripled  by  heat.  Numerous  experiments  on  this  subject  have  ln^  n  made 
by  Dal,!  and  Gladstone  (Phil.  Trans.  1858;  Ann.  Ch.  Thys.  [3]  Iviii.  117).  who 
upuratud  on  twolve  different  liquids  between  the  temperatures  of  3^  and  60',  using  the 
method  of  mnUBinm  devittion.  The  pnaa  was  ^aMd  hottMmteUy  and  heated  by  a 
spirit-lamp  or  cooled  by  a  freesing  mixture.  Trie  temperatnrr  vrns  indio.ited  l>y  a 
thexmom/^ierwith  which  tho  liquid  was  stirred.  The  foUowing  table  contains  a  portion 
of  Hm  xcmltv  (aee  alM  page  625) ;  thej  relate  to  the  Hoe  I>  «f  thdiolar  ipeetanw, 
owftiag  UtOM  vith  plioiipiioni%  wMoh  nkto  to  tiw  lln*  0: 


Temper  !!• 

Sutphifle  of 
carbon. 

Water* 

Meilijl- 
•toofeoL 

PbMpboritt, 

1 

0<> 

1-3330 

10 

1-6346 

1  3327 

1-3592 

1-8658 

l*S87a 

20 

1  6261 

1-3320 

1  3545 

1-3616 

SO 

1-6182 

1-3309 

1-3495 

1*3678 

2-0741 

40 

1-6103 

1-3297 

•  • 

1*8686 

i*sm 

2-0677 

1-6706 

50 

•  • 

1-3280 

•  • 

1-3491 

20603 

60 

•  • 

1-32^9 

1-3437 

20515 

1-5690  1 

Tho  rtfractivo  index  ut  waUr  diiainiidiea  coutinuously  between  —  1-3°  and  +  5-2", 
the  direction  of  the  Tariation  not  changing  in  tho  pasaage  tiurough  the  pofat  «f  WTWWI 
diiisif)-,    (Arago.    Jamin.   Dale  rid  (Tlndstone.) 

In  the  passage  of  a  body  from  tbu  s<  I1  1  t  >  the  liquid  state,  the  refiractiTe  index 
•oBMtamea  dlmmiahm,  m  in  the  ciM  of  j^ho.s^Jiorig  mfi^  wwe,  and  tattMK  fiomitimea 
it  increasos,  as  with  xratKr  and  terwr;  tometiBMa  aguB  ifc  doea  aot  diaBf»  pencptiUly, 
as  is  the  case  with  9U^ar. 

H.  DeTille  (Aiia..Ch.  PhvH.  [}\]  v.  129)  has  mesaoMd  the  Indn  of  tvAaetieB  ef 

alcohol,  v:ui.(}-f.j,irii ,  and  acetic  acid,  mixed  with  water  in  different  prt->porti()Us.  These 
•nbstances  exlubit  the neatest  degree  of  contraction,  or  of  density,  when  united  with  jf  at. 
water  (<r.  (jr.,  2C«H^.8ffO).  It  is  also  with  this  proportion  of  mterthat  wood-^^rit 
/ind  acetie  arid  exhibit  the  highest  degree  of  refractive  power,  whereas  with  alcohol 
this  is  the  case  when  it  contains  ^  at  water  (2('-HH).K^0).  At  16*^  tho  refrnctire  in- 
dex of  absolute  alcohol  is  1-3663  ;  that  of  2C.-HH).H^0  in  1-3602 ;  that  of  anhydrous 
methvlie  alcohol,  CH'O,  is  1  3:{58;  of  2Cir().3li-0,  1  3462;  that  of  aa^dnua 
acetic  acid,  C'H*0»  is  1-3763  ;  and  of  2C<n*0».aH-0,  1  -3781. 

Indfx  of  Refraction  of  Gages.  lufracitve  isomer.  IJiot  ;uui  Arago  determined 
tho  n  fractive  index  03  1  •  --pheric  air,  by  the  nftlM>d  of  minimum  deviation,  using  a 
hollo'v  ^\a>^<  j>nVra,  called  a  h  'rda'a  prism,  con?i«tfnj»  of  a  glass  tube  (.A//.  GG3)  4  or  5 
ccntimcLn^b  Ijj  diamtiter,  and  liaring  its  ends  a,  b  cut  in  a  slanting  direction  and  closed 
with  very  thin  plataeof  paidlel  glass.  Ilio  prianma  moiuted,  wifli  ita  veflraduig  an^ 
vertical,  on  a  brawi  tube  conn*  cted  with  a  stoji-eock  and  screwed  on  to  the  plate  of  an 
air-pump.  The  pressure  of  the  aix  in  the  tube  was  measured  by  connecting  it  with  a 
siphon-gauge.   The  tabe  haTing  been  wthanitfed,  filed  with  dij  air  semil  tinea,  and 

again  rxhaij-t<  d,  .•7i'..Tv;if  i.ais  wvvk'  niadf  with  it  similar  to  thu^e  dt  stTi'Led  at  p.  C12; 
with  this  exception  huwcrer,  that  m  the  re&acting  power  of  the  exhausted  priam  was 
leaa  than  that  of  the  enmnrnding  air,  the  maaimimn^  instead  tH^mmtmim  devialiQO 
WM's  oli'-.  rv.  il.  The  deviat'ouB  being  extremely  Small,  the  thiektiess  of  the  prism  p)re- 
ventvd  tho  mark  from  being  viewed  directly.  To  obviate  this  difficulty,  after  the  mark 
had  been  Tieved  tbtongh  the  pris^  represMted  in  section  at  AB,  and  the  joaaaum 
damtioaafthenqrmefeobaerTedfthe  piiam  via  awvid  half  xonad  into  the  potitioB 
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A'V,  and  the  mmc  mark  igiin  observed.  The  image  «*  wan  thereTiy  thrown  to  the 
opposite  iu\f  of  tht«  my  no  proceeding  directly  fcom  the  object,  so  that  the  angle  lof 
Mrm  ei]ual  to  twice  the  angle  noi.    This  method  gave  for  the  index  of  refraction  of  air 


at  0^  C.  and  0*76  Met.  lMm»Mita4c  prossore^ 
rpf<  nvd  to  a  TMvnm  M  Ui»  vnili  (ha  am- 
ber 1-00294. 

In  like  mnnitf,  tlw  indices  of  refraetioB 
of  otht-r  ^^aHPg  woro  dcUlBUIiad»  Itftcwd  tO 

that  of  air  as  tmitf. 
Vow  Dm  meaaoriBg  is  tfaii  manner  tbe 

refraction  prodntuMl  by  air  or  other  pases  at 
different  deositiea^  it  was  £>und  that,  at  pres- 
•nTCB  DOteneediBg  tbali  of  fhe  atBKwpBere, 
th<>  quantity  m'  — 1.  which  ih  callod 
refractiTe  power,  is  pn^ortional  to  the 
density  of  the  ga»— in  iilacr  votdis  tlukt 


Fig.  663. 


^  which  may  be  called  the  specifio 


refractive  energy,  is  a  coD«t«ut  quan> 
tity^.  Thekw  VMVot  nrifled  for  preseani 

greater  than  that  of  tho  titnio«phorc,  on  nc- 
ooont  of  the  d^icoltY  of  retaining  condensed 
gases  witliiii  die  holknr  priem. 

I)  ult^ng  (h  termined  the  n- frartive  powers  of  ii  considcni!)!.'  num1>or  of  ga^rs  and 
vapours  by  the  foUowing  method,  on  the  piyportionali^  of  (he  re&activo 

power  to  the  density.  A  diitMit  nuttk  it  obeerrad  %  »  leleMope  tlmmgb  a  Borda's 
ptisn  ftQed  with  dry  air,  at  a  pressor*'  h.  The  prism  anJ  telescope  an-  tlien  fixed, 
and  the  prism  is  flUed  with  another  gas,  the  pressure  of  which  is  varied  till  the  image 
of  the  mark  ugaia  coincides  with  the  wire  of  the  telescope.  The  refractive  index  of 
the  gas  nnder  the  presstire  k',  hi  then  ec^nal  to  thtAct  the  air  under  the  |Hiimrn  k. 
If  then  n'  nn<\  u  ?'.re  the  indices  of  refraction  of  the  gas  anil  of  air  at  the  ?nmf»  prc«5nre 
h,  and  at  ihu  same  temperature,  we  have,  since  the  index  uf  the  gas  under  the  pres* 
MMA'iseqiudto^ 

whencti  n'  is  easily  found. 

S^inethipemet  tow. 


NsiMOf  gM. 


Air    •      *  • 

OxypTpn 

liydrugen  .  • 
Nitrogen    .  . 
Chlonne     .  , 
Nitrons  oxide  • 
Nilrie  oxide 
ITv  lrDf-hlonc  aeid 
Carbonic  oxide  . 
Cbrbmne  ul^dride 
Cyanogen  . 
Ethylene    .  • 
Marsh  gas  .  * 
Chloride  of  ethyl 
Hydrocyanic  acid 
Ammonia  . 
Phosgene  . 
Sulphydric  acid  . 
Sulphurous  anhydride. 
Ether . 

Sulpht<1*'  of  ear1x)n 
Pho^phoretted  hydrogen 


Kefiactire  power. 

leftaeyM. 

Dinsitj. 

Coinp«red 
with  that 
of  A. 

o»er  cal- 
cuUtioo. 

Al.M.I.r,.. 
^tr—  1. 

1000 

0-000589 

1-000294 

1-000 

0-924 

0-000644 

1 -0^)027 •> 

MOfi 

0-470 

0000277 

1  000138 

UOOU 

1020 

0-000601 

1-000300 

0-971 

S-623 

0-001645 

1-000772 

2-470 

•i-b'228 

0-001007 

1-000508 

1-620 

1-080 

-f  0-068 

0*000606 

1-000808 

1-089 

1-527 

4- 0-020 

0-OOOBilR 

1  000449 

1-247 

1167 

0000681 

1-000340 

1-957 

1*626 

^0-088 

0-000800 

1-000449 

1-624 

2-832 

n-noiGGS 

1-000834 

1-806 

2-302 

•  • 

0-001356 

1000678 

0*078 

1-604 

0'000886 

1-000448 

0-665 

8-720 

-.0-009 

0002191 

1-001095 

2-234 

1-631 

-.0130 

0-000903 

1  000451 

0-944 

1-309 

.1-  0-093 

0-000771 

1-000385 

0-596 

3-936 

4- 0-162 

(ioo2:U8 

1-001 1/)9 

3-442 

2-187 

0-00 1 2  S  8 

I  000644 

1-191 

2-260 

0-001331 

1- 000665 

2-234 

6-197 

0-003061 

1-900153 

2-680 

6-110 

0  Donoio 

1-000150 

2fi14 

2-682 

0-UO1679 

I  0007 89 

1-214 
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By  tbleiiiettodDvlonp;  hasahowB:  I.  Thafc  the  x«lhMtif<»  poww  of  •  Biixtiifi  of 

gases  15  i  qwdl  (o  tli<'  nu.an  of  tho^r  of  iho  foustftiient  gases  calciilattil  for  the  pn  s?iiure 
to  which  aach  gas  is  actoaUy  sal^eoted  io  the  mixture,  2.  That  the  re£ractiTe  oower  c£  ' 
ft  compouBd  gms  u  not  eqiul  to  the  me«ii  of  thoee  of  the  oompoiient  gases,  but  is  eomK 
times  greater  and  soinctiincs  loss.  TIi<'  tliinl  column  of  the  following  table  exlnLit«  the 
differences  bettaeen  the  actual  refractire  powers  of  certain  compound  gases,  and  thoee 
vhidi  mrald  be  obtained  by  adding  together  the  refractive  powers  of  me  tmenl  eora- 
poBonts,  and  dividing  bv  the  volume  of  the  eompound  gas.  The  refractive  power  of 
atmospheric  air  is  found  to  bo  exactly  the  mean  of  thosf  uf  its  two  constitiunt  gasoe, 
a  fact  which  shows,  together  with  oth(?rs,  that  thtj  air  ib  a  niixtare,  and  not  a  com- 
pound of  oxygen  and  nitrogen. 

The  numbers  in  tJiis  tiible  show  that  there  is  no  Bimplo  relation  between  the  refrac- 
tiro  powers  of  dillcrwuL  gases  and  their  donsitie^; ;  hydrochloric  acid  gas,  for  ex- 
ancley  has  a  lowtr  dnuillfV  Imt  much  hig^lwr  nfractive  power  than  sulphurous  anhy- 
dride, and  rther-vapoiir  ma  aboat  tho  aaim  daovil^  m  ohlonn^  hut  doable  ta» 
refractive  power. 

The  interferential  method,  the  principle  of  which  has  been  already  described, 
is  yvty  wdl  adapted  to  the  meAsorement  of  the  refractive  indioes  of  eaaoi,  and  gives 
rc-nlt^-  luni'o  exact  than  th'^'^c  of  \)v  prrpcdirtg  mothuils.  Anigo  and  Fremel  apiJifd 
it  to  the  comparison  of  the  refractive  indices  of  moist  and  dry  air.  The  interlering 
MJ8  vera  XDiiae  to  pass  through  two  eopper  tubee^  eadi  a  metro  in  leng^  and  doeed 
;\\  enJK  wltli  ltIi-s  i  liites  having  t  xa<'fly  paraUel  fai^rs,  tho  one  bviii^  filltMl  with 
moist  and  the  other  with  dry  atr.  The  fringee  were  then  found  to  be  displaced  to 
the  amoimt  of  one  band  and  a  quarter  oa  the  lide  of  tha  diy  tobe^  dioiriiig  tiut  nefat 
air  is  nit  her  less  refractive  than  di  v  air.  Precipitated  m^ont  ma  Ibwd  to  ptodM  * 
Tenr  alight  increase  in  the  refractiug  power  of  the  aii: 

An  impfoved  apparatns  fat  expenmenta  of  iMn  kfnd  h«0  bem  aoMtwcted  br 
Jamin,  but  we  must  refer  for  the  description  of  it  to  his  mf  inoir  (Ann.  Ch.  Phys.  [3], 
xlix.  382),  or  Da'guin's  TraiU  de  Fhjfm^,  iv.  402.  By  means  of  this  asparatus^ 
Jamin  has  shown  that  vapcmr  of  water,  at  the  temperature  of  0°  and  at  0*76  met. 
barometric  pressure.,  supposing  it  could  exist  under  thoee  circumstances,  would  have 
an  absolute  index  of  refraction  «]ual  to  1*00261,  which  is  less  than  that  of  air  at  tho 
same  temperatiire  and  pressure.  The  refractive  power  of  aqueous  vapour  calculated 
by  the  formula     —  1  is  therefore  «  0-000621. 

By  adding  to  thf  refractive  index  of  dry  nir  that  of  fiqnoons  raponr  in  the  satttrated 
sLate,  under  the  preaiiure  wliich  it  possesAeji  at  20^,  Jamiu  tiiids  that  Llie  difforvnce 
between  the  refractire  indices  of  drv  air  and  air  saturated  with  aqiveoas  vaponr  ia 
only  O"0O000072(i,  a  quantity  which  is  too  small  to  prodnce  ai\v  «"rmible  effects 
with  Borda's  prism,  and  may  be  safely  neglected  in  the  ualculation  ut  atmospheric 
refraction  for  utnaionieil  parposes. 

h'tf  r active  pmrrr  o  f  t'apaitrs  product  if  of  hitjh  tcmperaturf"'.  Leroux  (Ann.  Ch. 
Phys.  [3],  Ixi.  885)  ha^  measured  the  refractivtj  iudice<i  of  a  IVw  of  these  vapours  by 
the  method  of  least  deviation,  using  a  hoUow  prism  of  iron  haric^  purl  of  its  opposito 
faces  1-1  placed  by  flat  glass  plates,  and  jiixjvIdiH.1  wifli  proper  ajipliances  for  hiutin^ 
and  for  keeping  the  pressure  of  the  vapour  equal  to  that  of  the  atmosphere.  The 
indioes  and  refraotife  powara  of  the  vapooxs  naminiwl  are  as  fi>llows: 

AI>«olut«  Ucrrnreive 
SutMtaiiee*  index  of  power 

rett^actlon.  ft?-U 

Sulphur     .  .  .  1  001629  0008258 

Phosphorus  .  .  1  001364  0*002728 

Axsenie  '  .  .  .  1-091114  0-002228 

MMeniy    .  .  1«000566  0-001112 


Dispersion. 

When  a  narrow  beam  of  the  sun's  rays  is  passed  through  a  glass  prism  {fig.  664) 
■nd  received  u]X)n  a  screen,  an  elongated  image  or  spsotrQBl  is  fanned,  aifaibiting  a 

aariea  of  brilliant  colours  in  the  following  order: 

Eed.    Orange.    Yellow.    Gre^.    Blue.    Indigo.  Violet. 

the  red  occupying  the  lowest  or  the  highest  place,  according  as  the  refnictin]?  nncfle  of 
the  prihm  is  turned  downwards  or  upwards.  The  different  colonrod  r»yti  arc  therefore 
refracte  d  by  the  prism  in  different  degrees,  the  red  exhibiting  the  leasts  and  the  violst 
thiP  greatt'st  deviation.  Moreover,  if  a  small  lu  lc  Le  tiuid.  in  any  part  of  tlie  pcreen 
so  as  to  allow  a  nturow  beam  of  the  ruys  of  any  one  colour  to  puss,  and  this  beam  be 
tnnsmittod  thvongh  aaothcv  priaao,  it  will  not  again  be  don^vbed  aad  a|ttt«plato 
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diff  ront  colours,  but  will  form  upon  a  Hivond  Pi^roon  an  imape  of  tho  same  slmpo  as  tho 
apertitre,  and  of  the  Mme  colour  aa  the  bcauu  before  piuisixig  througli  tlic  sccund  prinii. 
^  lUt  leeoBd  xcfraetiaii  «]0(s  the  tad  eodiibite  f3b»  leu^  tlw  violet  the  gieateat  a«na> 


665. 


It  was  by  observations  of  this  kind  that  Newton  made  tho  grand  discovery,  that  Solar 
Ugkt  may  he  separated  by  refraction  into  a  numftcr  of  rays  of  different  colours,  and  that 
io  tack  colour  there  corresponds  a  distinct  degree  of  rcf  rangibiUty,  the  red  rays  faring  the 
least,  the  molet  the  most  refrangible,  tins  intermedtoie  cdoun  inerwing  r^/itlaH$  im 
r^f rangibiUty  from  the  red  to  the  violet. 

Thie  nenlt  is  confirmod  by  tho  f&ct  that  tho  mmkm  of  the  colours  of  the  spectrum 
prodn<?ri»  white  li'ir^it-  This  niriy  be  shown  by  receiving  the  beam  of  VuAit  ti,  rt  fnu^tod 
by  a  pris,m  P  {Jiy.  G6u),  uu  a  second  prism  k''  *>i'  the  same  sul^tance  aud  having  the 
Muno  refracting  angle.  The  rays  are  thus  brought  back  to  parallelfinn  and  form  a  beam 
of  white  light.  A  very  simplo  iippnrntns  for  ( xliil  lfin^  tuis  recomposition  of  white 
light  is  a  rectangular  glass  truugh  divided  in  buive&  by  a  diagonal  gh\ss  p;»'tition.  On 
pouring  watcv  into  one  of  tho  diviiiaiiB  and  paasing  a  l^eam  of  tunlight  through  m 
colonrt^d  !Tprctnmi  is  fjniu-d  ;  hnt  on  pouring  water  into  th^  Rrcond  aiTiauni»  the  njs 
are  broxight  back  to  parallelism,  and  tho  emej*gent  beam  is  white. 

AnoiQieoMiiode  of  demonstrating  the  recompoeilion  v  to  colour  a  circuW  pieee  of 
card-board  in  sectors  with  the  tints  of  ilif  .'spectrum,  and  give  it  a  rapid  rotatory 
motioou  If  tho  disc  revolves  in  less  than  the  tenth  of  a  second  (tho  time  during  which 
an  imprearioa  vemaios  on  tiie  xetina)  the  whole  surface  appears  of  a  milinm  greyish* 
white  tint,  the  deviatioii  from  porfi  ct  whiteness  arising  from  the  imfiomJaimj  of 
ezact^  imitating  the  colours  of  the  «;>ectrum  hy  pkmenta. 

To  obtain  a  eonpleto  aepawrtien  of the  eolonre  crthc  epeetram,  the  prism  Aodd  hare 
a  lar^^e  refract  iiiji;  aii^lo,  an<l  the  aj^erturo  should  bo  ns  uarrow  a»  {<»-siLle  :  for  a  wide 
aperture  may  bo  regarded  aa  a  number  of  nacrow  ones  side  by  side,  each  of  which 
piodneee  Ha  own  gpednun,  the  ooloim  of  the  eereral  speetts  thna  finmed  otalapping 
each  otli or  and  producing  compound  tiiit.s  ;  indeed,  if  tin- aperture  exoecnlH  a  certain 
width,  the  midme  of  the  image  will  receive  rays  of  all  colours  and  will  appear  whita 
For  the  same  reason,  the  bewi  of  li^t  mnst  not  he  dmrgent,  and  the  appercnt  dia^ 
meter  of  the  luminous  body  from  which  tho  light  procM-ds  must  bo  as  small  as  possible : 
for  the  incident  light  passing  through  a  very  small  aperture  is  more  divei^cnt  as  the 
apparent  diameter  of  the  source  of  hght  is  larger;  the  sun's  rays  pafising  through  such 
an  iqwrtiiN  foim  a  eon«  bftfing  •  vertical  angle  of  30  minutes.   Newton  obtained  a 

Tery  bright  and  pnrp  spectrum  by  pass- 
ing  a  broad  and  thick  rectangular  boam 
of  light  through  a  convex  lens  L  {J^. 
PGf))  of  \on^  foeu«,  placed  very  near  the 
prism  1',  aud  receiving  the  light  on  a 
whito  screen  placed  in  the  focus  of  the 
lens.  Each  colour  is  then  brought  to  a 
^ocus  on  the  screeu,  I'urmiug  a  bright 
naxTOirt^ot»  the  viiole  prodneiiig  a  vaj 
purf  ppectrum  rv.  An  improvpfnent  on 
this  arrangement  is  to  lisc  a  cylindrical  lens  pandicl  to  the  edges  of  the  prism,  whereby 
fhen^s  of  each  colour  are  collected  into  a  thin  iMal  band  well  separated  from  the  reat; 
Foucault  has  made  a  further  iniproTOTrirTit  !iy  intnrpc^iiip,  between  the  lens  arid  prism, 
a  diai^uegm,  to  stop  the  rays  which  wuxdd  pass  too  near  tho  edge  of  tho  lens,  and  dimi- 
nidi  the  aharpneas  of  the  oolonred  iraagea.  Ihe  tipoctruni  is  more  elongated  in  pio« 
portinn  rr:  tho  Im?  phiced  near<  r  to  thr  pri'jm,  ^rhifh  is  then  fitfthCT fipom  the  KTeeO^ 
the  latter  being  placed  at  a  determinate!  distance  from  the  hem. 
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To  obtain  &  beam  of  perfect!/  homogoneotu  light,  a  culuurvd  beam  pasaing^tliKHiph  a 
maJlholaiiithe  part  or  tii«Mrmoa  which  UiAtpeetrum  produced  aa  mhofo  la  reemyed, 

is  transmittoil  fliroii;i^h  a  nwrond  prism  ;  miJ  if  t lie  dffl<  c'i»'<l  imii|^t>  tluin  fornietl  i«!  at 
all  elongHted,  showing  that  the  ongiuai  coloured  beam  was  not  ^uite  homogeoeous,  the 
%bt  of  a  portion  of  it  mnat  be  pawad  through  an  apagtmia  >a>eaiidaawn  glaeadte 
veoeirc  it.  A  ray  thua  separated  vill  tw  mid  to  M  pecfbetlgr  homogenaoM  in  4»loiir, 

and  of  uniform  refrangibility. 

Instead  of  receiving  the  spectram  on  a  screen,  it  may  be  viewed  directly  by  holding 
the  prism  betwi^n  the  eye  and  tile  aonrce  of  light,  the  red  rays  then  appearing  in  the 

higln  Ht  ur  lowest  position  aceorttin«j'  an  tlu'  n-fraetingj  niiglo  of  the  prism  is  h*'lil  <1->\ni- 
wariLs  or  upwards.  Thp  sj)t;ctruui  may  also  be  maguiticd  by  viewing  it  through  a  telo- 
aoope.  These  methods  enaUe  us  to  viav  the  spectra  <>r  ii4<jurc<-s  of  light  not  bright 
enough  to  throw  u  visil  do  inm|;e  on  a  acveeo,  such  aa  tha  zvfleeted  from  a  atnp  of 
white  paper  ou  a  dark  ground. 

The  specfara  of  the  moon  and  planets,  and  of  white  tematial  objects  illuminated  hf 
Sular  lifint,  are  siniiLir  to  t]i:it  obtained  witli  the  direct  mvs  of  the  snn.  The  ppertra 
of  the  fixed  stars  exhibit  the  same  colours  and  nearlv  in  the  same  proportions.  Thc^ 
of  ovdinarir  ilames  (hydroeailKm  Hamaa)  Hkewiae  eomibit  ti»  same  eolonre, 
larger  propirtion  of  y. -How.  Th;it  of  an  alcohol  (lame  cnn<!if:ts  muinly  uf  yellow  light, 
and  if  a  little  common  salt  be  mixed  with  the  alcohol,  the  flume  gives  a  poxfcctly  mo- 
nochromatic yellow  light.  Tfaa  flame  of  a  BmiWB*«  tninmrin  wlddi  a  aalt  of  lithium  ia 

ignited,  gives  a  speetruni  consi,<tiiig  alnioMt  v  li  ]?y  of  red  light ;  nndlriian  aialtof  thai* 
linm  is  ignited  in     the  spectrum  couiiints  wholly  of  green  light. 

FLred  Lima  in  the  Solar  Spectrum, 

Newton,  by  passing  a  beam  of  littht  proceeding  from  a  small  dreular  aperture 
throu|jh  a  prism,  obtain^  a  spectrum  which  appeared  perfectly  continuous,  whence  ho 
concluded  that  white  light  contained  rays  of  all  degrees  of  refrantrilnlity,  regularly  in- 
erpasinpr  fnjin  fhe  nil  to  the  rioh  t.  "But  Wollustou  in  1802,  hy  looking  thronjrh  a 
good  tiijit  gla^s  prisiu  at  u  very  narrow  reotiuigular  apertare  ilUiminated  by  sun-light, 
peroeivcd  that  the  spectrum  was  intersected  sevenil  very  fine  dark  Unea  pnrdlel  to 
the  edges  of  the  prism,  or  to  the  boundary  lines  of  the  several  colours ;  and  fifteen 
ytiwH  afterwards,  Fraunhofer  of  Munich,  without  being  acquaiut&d  with  WoUatitAin's 
obsf^n  ationf:,  made  the  same  diseoray  by  viewing  a  qpeetnm  formed  in  the  manner 
just  dcscrilxd  thron^h  n  telescope.  The  linrs  were  very  fine,  all  dark,  and  somo 
perfectly  blad^  and  Fraunhofer  was  able  to  count  between  500  and  600  of  them,  their 
number  inor^nng  with  die  magnifying  power  of  the  leleAcope.  ^flicea  tines  sro  dis* 
trilnited  irregularly  throughout  tht>  M-liote  length  of  the  spectrum,  and  do  not,  for  tho 
most  part,  occur  at  the  limits  of  the  principal  colour;^.  Eight  of  them,  easily  dis- 
tinffdshed  by  their  positaon  and  intanafty,  are  denoted  by  the  ficrt  oght  1«tlen  of  the 
alpTi.d>et,  beginning  troni  tlie  red  of  the  spectrum  :  they  arc  shown  in  fu{.  6f>7.  F><>uie 
of  them,  when  examined  by  a  good  magnifying  power  in  a  well-developed  spectrum, 
are  resoWed  into  a  nnmW  or  fine  Unt«  very  close  together.  There  are  two  moro 
groupfl  of  lines  which  are  particularly  conspicuous,  one  denoted  by  consisting  of  eight 
fine  lines  in  the  red  between  A  and  B,  anu  another  h  in  th^  ijreen  near  E,  cunaiiting  of 
three  fine  lines,  the  two  stronger  of  which  are  hcpaiated  Ly  ii  bright  space. 

These  dark  Unea  show  that  the  sohir  spectrum  is  not  continuous;  in  other  words,  that 
there  do  not  exist  rays  of  all  degrees  of  refrangiMlity  1>.  tween  the  red  and  the  violet. 

The  aspect,  order,  and  relative  distances  of  the  lines  in  the  soUu*  spectrum  remaiu  the 
same,  for  a  prism  of  ^ven  snbstanoe,  whatever  may  be  the  magnitude  of  its  nefracting 
nngle;  ))ut  if  the  sulistance  of  the  prism  be  changed,  the  relative  distances  of  tlie 
tixed  lines  and  the  relative  widths  oSum  several  coloured  spacea  are  likewise  altered. 

To  flibCain  the  lines  of  the  speetmrn  well  developed,  it  b  naoeasaiy  to  ass  a  of 
very  unifonn  snbstancc,  free  from  striae,  and  having  a  refracting  angle  large  enough 
to  Tield  a  very  pure  and  extended  spoctrom.  Prisms  for  the  purpose  are  generally 
made  of  flint  glass  or  nek-eiTstal,  snbatanMS  ha^'ing  a  high  dispersive  power,  that  u 
to  say,  thepowt  rof  refracting  the  red  and  violet  rayt-  in  very  different  degrees  (p.  fi23). 
A  hollow  jwism  filled  with  sulphide  of  carbon  is  alao  well  adapted  for  the  purpose,  as  it 
is  SOTO  to  M  tmifttm,  if  preaemi  limm  vuiatfona  of  tempmtnre.  and  its  di»perrive 
p'lwer  is  verj'  great.  To  furm  the  spectrum,  the  sun's  rays,  or  the  diffused  light  of  the 
sky,  entering  a  darkened  room  through  a  narrow  slit,  or  condensed  by  a  cy  lindrical 
lens,  are  made  to  pess  through  the  prism,  and  the  dispersed  beam  of  light  is  viewed 
through  an  achromatic  telescope.  The  lines  and  intermediate  ^mees  an  thereby 
magnified,  the  number  seen  being  greater  in  proportion  to  the  magnifyinir  power  of  the 
telescope.    The  most  favourable  position  for  the  prii>m  is  that  of  minimum  deviaticm. 

Lin.  s  also  exist  beyond  A  in  the  red,  and  beyond  the  violet  in  a  space  oeaqpisd  Vf 
very  iaint  lavender^loored         The  fiat  were  observwi-  bj  -Brewster  in  a  ipaee 
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«^u«lto  AB(;£^.  667),  tiu)  second  by  Sir  John  Herschrl.  To  render  these  llnmi  risible, 
atvcnl  pnmaJtiom  axe  required ;  amongrt  others  it  U  uec«iMary  to  iiitert^ut  all  the  r^s 
iMtwiwIiliendaBliMitiiadliM  tlMteUof  tb»tileMQ|^  Bf 

Ka^t  CO  T,1    r  ft  JI 

Bad.   OnMK*.    Yallotr.     f)T««a.  BItM.        IntHfo.  \Mf>!et. 

adc^tiog  these  and  Other  precautions,  uod  using  a  pnsm  of  oil  of  atmia,  which  posseeees 
a  hi^h  (SuMiiwis  povtt',  Brewster  was  able  to  distinguish  altogetlur  abtmt  1000  ]ine« 
in  l\u-  spectrum,  a  map  of  which,  toircthor  with  a  delint  ation  of  the  two  exfromitios  of 
the  solar  spectnun,  as  observed  by  Gladstone  when  the  sun  was  at  abo  ut  ii  is  greatest 
•Ititiide,  is  gireii  with  a  paper  '*  On  the  Lines  of  tha  Solar  l^wctown  "  hy  Brewaiar 
and  niarlstDno,  puMished  in  tho  Phil  -nphieal  Transactions  for  I'^^in,  149. 

A  still  wceAter  dereloj^naat  of  the  spectrum,  and  an  increased  number  of  linesj  arv 
obtained  hf  pnmmfi  myathfough  aaeriss  of  prisma.  lo  Ala  mumor  Kirehoif  hm 
obscrvi^d  alxiut  -^no  linos,  and  has  Wen  fnahUn!  to  lay  down  a  very  claI>orate  map  of 
the  bqAmx  upeccnuBi.  which  ia  publishad  in  his  woi^  traush^ed  by  Boscoe,  under  the 
titia  Bmmkm  m  fis  BotarB^ertmrn,  mi  m  ike  Sptetm  of  iht  iSkmit^  Ettmmtt. 

Oassiot  has  constructed  a  train  of  nin*'  fliiit  |:;his8  prioms  with  angles  of  45°,  and 
annthi^r  of  eleven  sulphide-of-carbon  pnsms  with  angles  of  46°,  wita  wllioll  ftvlhar 
obiter vstions  have  been  made.    (Proc  Roy.  Soc.  xii.  636 ;  xiii.  183.) 

0idar  light  reflected  from  a  white  sur&ce,  also  that  of  the  douot^  aad  tbat  of  tha 
nioon  and  plant«ff»,  f^rc  Fp<  vfr?^  fxhiliiting  the  same  principal  lines,  and  disposed  in  thr 
samo  urduT,  na  iu  the  spectrum,  lormed  by  the  dirt'ct  rays  of  the  sun.  lu  the  tt^etra 
of  Mars,  Jupiter,  and  VsOaSi  the  lines  D,  E,  F  may  be  very  clearly  distiii^gmshed. 
"Bv.f  rho  fixpu  fitars  give  sppctra  containing  difforvnt  lines.  That  of  Siritix  contains 
two  dark  lines  in  the  blue,  and  one  very  strong  lino  iu  the  green,  but  none  in  the 
ycfloir  «r  orange ;  thai  oi  Pollux  contanw  amml  &int  lines^  tha  line  D  oeaKpjia% 
apparently  the  i^ame  place  as  i:i  *h  -^-  lir  spettnim.  SealbiClMvapyer  IqrHvggtaa 
and  Miller.   (i:*roe.  Boy.  80c  xiii. 

Ej^ect  of  eohtmd  €huM  <m  the  appearance  of  the  When  a  ray  of  light  passes 

thron^'h  a  coloured  gus  be^ire  &Iling  on  the  prism,  dark  line<<  mt^  their  appearance 
dtti-  to  the  abs^jrpfion  of  crrtnin  rays  hy  the  pas.  When  the  light  of  n  lamp,  which  of 
it*elf  gives  a  spectrum  confainin^  only  bright  lines  (p.  622^  is  pusaed  tlirough  the 
rod  vapour  of  pcnitlic  oxide,  tiie  violet  and  blue  portions  of  the  spectrum  are  covered 
with  black  lines  or  rather  bands,  which  become  hr<^der  an  the  aemufy  of  tho  gas  is 
increased,  and  ultimately  join,  so  as  completely  to  ohlitemt^'  th*-  violet  rays ;  at  the  same 
time  daxic  Uaet  make  thoir  ajrpearance  in  the  yollow,  and  nltimatafy  sortMUl  lato  Hm 
r«'d  ("HrfMrv^ (T,  Phil.  Mag.  [3],  viii.  384).  [(Kline- and  hrominc-rapnars  produce 
dark  liue^  difierent  from  those  formed  by  pemithc  oxide,  i^poariog  iixst  in  thc»  green 
and  yellow,  then  in  tbe  orange,  and  at  the  commsnoenMnt  of  the  red,  some  being  quita 
M.ick  while  others  form.-d  dark  l>ands.  The  mere  existence  of  colour  in  a  vapour  1  i 
not,  however,  neoesaitate  the  existence  of  bands  in  its  i^pectrum.  The  red  vapours  uf 
ahtorfda  rf  trogstCT,  fer  senuBple,  giv  no  linaa  whftt€wnr.  NaitlwranitiMtpaBitioaof 
the  lines  he  inf.  m-d  from  the  eolour  of  the  gas;  with  green  perchloride  of  manganese, 
they  are  most  abundant  in  the  gvecoi,  while  with  the  red  vajpottia  of  POTOitnc  oxide, 
they  inCHMM  in  denth  and  mnnber  as  ttey  apprMuii  tin  vitdat  ThB  Tapoors  of 
simple  bodies  a.s  well  as  of  eompnmds  may  pnxluee  lines,  and  two  simple  bodies  which 
singly  do  not  procluef  them,  may  produce  them  abundautly  in  their  compounds;  e.g., 
neither  oxygen,  uitrc^n,  nor  bovine,  when  tmeombined,  produces  lines,  but  some  of 
tbt  ooddes,  both  of  mtrogen  and  chlorine,  exhibit  the  phenomena  in  the  most  strikii^f 
manner.  Tfierc  are,  however,  oxides  both  of  nitrogen  and  chlorine,  some  of  thom 
coUjurcd,  which  do  not  occasion  the  ap^rance  of  lines.  Lines  may  also  be  produced 
by  simple  subalMlMi^  which  disappear  in  their  compounds ;  thus'iodine  ptodoeaa  Unas 
which  do  not  appear  in  the  ^etnini  of  hydriodic  acid.  Sometimes  tne  same  Unr^ 
are  produced  by  diffbrent  degrees  of  oxidation  of  the  same  substance,  a  remarkable 
instance  of  which  is  afforded  hj  the  osidet  ct  ehloriiM.  (W.  A.  Millor,  XtmmH  9f 
Chemistry,  3nl  ed.  i.  161.) 

When  solar  light  is  paused  through  a  coloured  vaponr,  the  density  of  which  is 
gradually  increased,  absoiption -bands  make  their  am>earance,  faint  at  first  and  easily 
aistingtlisln  d,  1»ut  gnidualiy  hecoming  blacker,  and  nltimately  ohiitcraf  ing  the  ordinary 
Unas.  The  two  systems  of  lines  are  in  fact  distinct  iu  the  spectra  of  all  coloured 
vapoQiik  exccptiug  that  of  pemitiia  coddflb  &  ufaioh  they  ooiiidda  ^lovstoei) 

Aatlw«tiDOtpliawgpaMMii>  alight  coiwir«  a  kpoiiiM^  tho 
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ordinary  IhlM  of  the  Bolnr  »poctrum  may  be  duo  to  tho  aljsorption  of  eottiil  njt 
during  their  pn^iwaj^c  througli  tht-  t^arth's  atmosphoro ;  and  in  f.ict  the  lines  arc  more 
numerous,  and  suine  of  them,  rspwiuUy  thosf>  in  tho  red,  are  remarkably  distinct  when 
the  sun  is  near  the  horizon,  an<i  its  rays  have  consequently  to  travel  through  a  great** 
thicknees  of  .if i;i<is|i!if>ric  air,  than  when  he  is  at  a  greater  altitude;  Imt  tlif  trroafer 
number  of  the  litieN  :u*c  probably  due  to  another  eause,  to  be  coo&idered  hereafter. 
(firew8tcrciidGUdftQne^PhiLTnui&l8«0,  p.  149;  GUditoai^ Pkofr  B<^.8oe. 
xL806.) 

Spectra  «f  Flamm  and  JbteandeeottU  hodiet, 

IncanJeseont  solids  and  liquids  give  continuous  spectra  wiflioiif  any  darlc  liiio«!  or 
spac^  Fhunee^  i«H  incaad€>8ceut  gatiea  or  ^-apottn,  give  apectra  conaiking  of  bright 
baadfli  more  or  lew  with  dark  spacM  Iwhroen.  An  alcohol  ftuM  or  oat 

of  a  Bunsen's  l>ururr  in  wliii  li  pininum  salt  or  other  volatile  sodium-componnd  is 
i^ited,  gives  a  spectrum  reduced  to  a  narrow  yellow  band,  coincident  with  the  solar 
Ime  D.  LtUdnm  ignited  in  s  sinulRr  manner  exhibit  a  single  bright  crimson  lino 
near  the  solar  C.  The  potassium -spectnun,  similarly  produced,  consists  of  a  red  band 
cofncidinf;  with  A,  and  a  violet  band  not  coincidincr  with  any  of  the  principal  solar 
lines,  the  intt  mediate  portion  of  the  spectrum  being  tilled  up  with  a  dillWU  light. 
Tho  thallium  spectrum  consists  of  an  intense  green  line  near  the  solar  Une  S,  which  is 
split  up  by  Galoot's  train  of  eleren  !nilphide-of-carlx>n  prixm^  into  three  sepflrate  lines. 
The  spectra  of  the  alkaline  earths  are  equally  defiuit«,  though  more  complicated. 
(8w  AHAKTBib  LffCMWAMio;  also  ftncmAx»  Akaltsis.) 

In  some  cases,  new  ^erief?  of  band'?  becortT^  ^■i<^ible  as  thp  tempera tTirerif^^;  thn^i  the 
spectrum  of  chloride  of  lithium  in  the  ilame  of  a  Bunseu  burner,  gives  but  a  single 
intense  mUKni  Une ;  in  a  hotter  flame,  as  that  of  hydrogen,  it  giTea  an  addifioBa! 
oranp^e  ray;  and  in  the  oxy-liy<lp>i?f  n  jot  and  in  llie  voltaic  arc,  a  bmad  Ifrilliant  l>lno 
band  likewise  coioes  out.  A  similar  eflect  is  perceived  in  the  ^se  of  metallic  iruu,  of 
tiMlHirai,  and  otlheF  metals  when  heated  byUie  Toltaie  avo.  A.  M  itaeherlieh  (Pogg. 
Ann.  cxTi.  499)  ha-s  shown  that  in  flames  of  low  temperature,  tlie  lines  pruduce<l  vary 
with  the  oompoond  emplojed,  the  spectrum  then  observed  being  that  due  to  the  com* 
pound,  and  nol  to  its  acmentaiy  eonstttnents ;  liie  spMtrmn  of  eopper,  fat  SEsaaple^ 
aiffers  considerably  frum  that  of  an  alcoholic  Solution  of  (-Monde  Of  OOppes^  while  Wat 
from  an  alcoholic  solution  of  iodide  of  copper  differs  from  both. 

S^tra  of  the  Eleotrie  lAgM. — Tho  Bpectrmn  of  the  electric  light  exhibits  bright 
lines  like  those  of  flames.  This  waa  first  observed  byWollaston,  afterwards  by 
Frannh ofcr,  who  found  that  the  line  of  bluish  light  obtain c<I  1  y  disrliarj^inf?  the 
electricity  of  a  machine  through  a  very  fine  wire,  gave  a  specfruiu  c  'utaiiiiug  a  very 
bright  line  in  the  green.  W heats touo  has  shovm  that  the  electric  light  fWim  tba 
Toltnir  I'iitten',  the  ordinary  el«  rtrie  machine,  and  the  induction  coil,  vield  the  same 
spectra  when  tho  soark  pa.s.sf.i  between  conductors  of  the  same  kind ;  but  the  numbt»r 
and  position  of  thA  lines  varies  with  the  nature  of  the  metallic  poles ;  if  they  are  fornied 
of  an  alloy,  two  systems  of  lines  are  obtaincil,  oiu^  lulonpln^'  to  ea<h  of  the  metals; 
the  same  is  aluto  the  case  when  tho  two  poles  are  formed  of  diHen^nt  metals.  These 
faeti  ahow  plainly  that  the  elcctrio  epaxk  <ywt«iiiw  partides  of  metal  detadied  from  ih» 
conductors  betwom  which  it  pa'^s'*;,s. 

Masson,  ia  the  course  of  bis  rcfiearches  on  electric  photometi^,  alrt^j  cited  (p.  596), 
onmined  the  speein  pvodnoed  by  yarions  metab  whfo  mployed  as  disehai^gem  to 
a  Ley  den  jar,  and  wh<  n  !;<  af.d  T>y  tlie  voltaic  arc,  and  fonml  them  to  contain  a  much 
mreater  number  of  line^^  than  tliofee  of  the  same  metals  delineated  by  Wheat  stone. 
Tho  diflh«nee  was snbsequently  explained  by  Angstrom  (PhiL  Mag.  1855,  p.  329), 
who  showed  that  Mas»oti.  in  con'-ciiii.  iiei-  of  the  intense  li.  it  of  the  electric  discharges 
wliich  he  employed,  obtained  two  spectra^  one  doe  to  the  metal,  the  other  to  the 
atmosphere  itsen,  which  became  ignited.  Certain  lines  observed  by  Masson  as  com- 
mon  to  the  spectra  of  all  tho  metals,  were  really  those  atmospheric  lin<"8.  By  oaomng 
the  spark  to  pass  between  tho  same  metals  immersed  in  various  fflises,  the  particular 
lines  due  to  the  metal  remained  unaltenMl,  whilst  tho  others  due  to  the  gaseous 
medium,  disappeared  and  were  replaced  by  new  lines. 

For  further  details,  and  f  r  the  Tnethods  of  o«w«T'ir*'*g  the  speetmctf  flainca  tad 
incandescent  bodies,  aoe  Svhti  itAJ  Anai  ysis. 

Kirchhoff' s  theory  qf  thelMUti'  th^  Solar  S^tcctrum.  Tlie  vapour  of  any  substance 
ab«orl>s  nns  o(  the  same  degree  of  n  t>an<;ihility  as  those  which  are  f  iiiitted  l-y  the 
siuuo  sn'ostiiuce  in  the  state  ol'  ineiiudestunce,  that  is  to  say,  those  wLicli  form  tlie 
'w  »  bright  litu»  of  its  spectrum.  Tlius  ignited  sodium  emits  a  yellow  light,  the  spectrum 
•  '  of  which  con.sists  of  two  ln'ijjhi  Land^  roineident  with  th<>  doidile  line  D  of  the  solar 
spectrum.  If  now,  through  a  tlame  coloureil  by  sodiu  m,  the  light  of  lime  ignited  in 
tbe  (x^-hydzogeQ  flame^  or  that  of  the  Toltaio  are  between  caibofi-poittt^  be  trans- 
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mitted,  the  oontixmous  spcctruia  prodoced  by  oithar  of  thme  fiourcos  is  intomtpted  by 
a  black  line  coiaciding  with  the  solar  line  D.  In  like  manner  tho  Hpocf-m  of  po- 
tassiam,  lithium,  barium,  strontium  and  copper,  may  be  reversed.  On  tin's©  ftwf* 
Kirchhoff  founds  un  explanation  of  Frsiunhofor's  lines.  Ho  supposes  that  the  luminuu.s 
ut  niosphere,  or  ^hofospht  re,  of  the  sun  contains  the  vapours  of  various  raolak,  and 
that  behind  this  inendeeceat  Mtanoflpbere  is  the  still  note  intcneely  hcatt  d  solid  or 
li(juid  nuck'Us  of  tlic  ?««n,  which  emits  lic^ht  of  nil  of  rpfrsiTitribility,  and  would 

produce  a  continuous  sjnetruni,  wore  it  iint  tliat  hoiuo  of  the  niys,  m  passing  through 
thephofecMphciekWe&^'^oriM  il  l>y  v:qK<iu-8  which  arc  themselves  etspMtmi  efoitdagmym 
of  tthe  same  degree  of  rofraii^it>ility,  so  that  Trrmnhofcr's  lines  are  only  tho  reversed 
bright  lines  vhich  would  be  vieible  ii  tin:  uioi^  intensely  heated  nucleus  were  not  there. 
A  wary  earelbl  oomperiMn  of  the  solar  spectrum  with  those  of  various  metab^  has 
shown  that  tho  form.  r  contains  dark  lines  coin r-i fli  nt  with  c«rt  ilii  liric;ljt  lln.  s  in  tho 
spectra  of  sodiuiOt  potassium,  maguesium,  caldtun,  iron,  chromium,  and  nickel :  hcnco 
•fftiJiknJr  iaftn  tint  the  eo^  attnoephere  oontains  these  metal^  and  possibly  aleo 
idnc,  cobalt,  and  rti:in;:;iii.-st'\  but  iwt  lithimn.  pnpprr,  or  «ilvor.  An-^.'-trMm  is  of 
opinion  that  the  proseoce  of  hydrogen  and  aluminium  may  also  be  conaidcred  as 
prw«d,  and  that  bariiun  and  strmturai  am  pvohabljalso  preeont.  (See  Kircfahofra 

Risrarch s  on  the  Sohir  Spcclrmn  and  on  ffu  Sp>  clra  vf  the  Cheiiiiiuil  FJ<  /liClUlt^^Kn^ 

latod     Boacoe ;  alao  tha  artiob  Scscuul  i^^ULYsis  in  this  Dictionaiy.) 

IHspersiw  Power$  of  different  Media* 

The  separation  of  tho  extreme  rays  of  the  spoclrum,  and  coueequcntly  the  lonpth  of 
the  spectrum  pnxluocd  by  different  mediii,  cxliibita  gMftt  divendty.  Snp|>osi'  tlireo 
prisms  to  be  formed,  one  of  water,  tho  ppct)iid  of  crown-glnsf.  ntid  th*^  third  of  flint, 
glass,  with  such  refracting  angles  m  to  produce  equal  deviaiiouii  fur  any  given  ray  of 
the  spectrum,  say  the  line  F,  about  the  middle:  thM  it  will  be  found  that  the  <3nw&> 
glass  spectrum  is  about  H.  iiud  the  flint-^la.'^.s  spectrum  3|  times  as  long  as  the  water 
spectrum.  It  appears  then  that  flint-glass  dispersei*  the  diiierent  ooloored xays much 
nofe  than  evows-glaai^  and  crown-glass  mndi  more  than  watec 

It  is  this  diflTcrcncf  iu  the  dispersion  produced  by  diflFcrcnt  media  for  the  sama 
amount  of  rc&itction  of  a  given  r^,  which  renders  it  possible  to  form  achromatic  com- 
hiaatioBs  of  prisnM  and  lenses:  The  olgeet  of  mA  eotnlniiaiionfi  ti>  rsprodnee  white 
light  by  recombiuln^;  the  coloured  rays  which  have  suffered  disju  rsion;  and  this  is 
ewcted  by  paasing  the  rays  which  have  been  dispersed  ly  one  lens  or  prism  throu^a 
tsoGRid  lens  or  prisn  whum  vefraets  fhem  tiie  eontrary  way  {■^qo  /kj.  oua,  p.  619).  oat 
it  is  evident  that  if  all  refracting  media  dis])erHed  the  rays  e(juallY  f^r  a  f:iv>  n  amount 
of  mean  refraction,  the  only  way  of  cttecting  this  would  be  to  give  tho  two  prisms 
the  same  refracting  angle  (see  fig.  666^,  or  the  two  lenses  (one  conTCOE,  and  the 
other  concave)  equal  curvatUNS ;  but  in  this  case  all  the  rays  wonld  be  bnmght  back  to 
the  same  degree  of  convergence  or  divergence  as  they  had  before  passing  through  tho 
Erst  lens  or  prism  ;  indeed  the  combinatiort  woidd  act  just  like  a  plate  of  ghiss  with 
pnaUil  fiuwe,  and  would  produce  no  alteration  m  the  direction  of  the  rays.  But 
suppose  two  prifmp,  thi  fir>t  of  crown-  niid  tho  second  of  flint-glass,  to  be  placed 
together  as  in  ./(«/.  OG';.  and  their  refracting  miglca  to  be  so  proportioned  as  to 
pivduco  equal  de\  iations  of  th(«  middle  ray  of  tbo  spectrum ;  then,  as  already  obserA'c<1, 
the  flint  prifm  will  dispcrsi'  tln'  rays  nl'fnit  t«ic^  n9  much  as  the  crnwn  :  and  it'  int-t.  ail 
of  thii?,  tlie  refracting  angles  ar»;  so  adjusted  as  to  produce  equal  amounts  of  dif-pcrsion, 
Cripeetrx  of  the  same  length,  tie  u  tlie  angle  of  the  second  nnist  be  of  soehamagnitade 
as  to  deviate  the  mean  ray  less  tli.m  tlie  crot^Ti-frln^s-  prism  dor-.  ?!iich  a  cond/iiiarion 
will  recombine  the  coloured  rays  and  rcpi-oduco  white  light,  without  bringing  back  tho 
imya  to  their  original  dueetion.  In  lue  manner,  if  a  concave  lena  of  flint-glass  be 
placed  behind  a  e')nvex  lens  of  crown -pi a.- its  cun  atnrr  niay  be  so  adju'-ti  d  Iw  rt  - 
combine  tho  colouis  without  desuoying  the  convergence  of  the  rajs  produced  by  the 
ewws-daas  hnw. 

The  oifFerence  between  the  indices  of  n  fraef  Inn  of  the  extreme  rays  of  the  spectrum 
|ik  —  or  mora  precisely  of  the  fixed  lines  B  and  H,  produced  by  any  retracting  me- 
diam  tteallad  tbaeoeffleiantof  dispersion,  <»■  sunplytiie  dispersioii  of  that 
medium. 

The  following  is  a  list  of  thirteen  substances  placed  iu  the  order  of  their  ooefllcientM 
of  dispersion,  as  determined  by  Wollaston,  the  most  dispersive  being  placed  first;  Sulphur, 
oil  of  M*Mfra$,  ^nt-glam,  otl  of  turpi  ,i  fine,  Iceland-^por,  diamond yCrown-glius,  water, 
sulphuric  acid,  nlrohoi,  heavy-fpftT,  nn:i-riysffi7,  J!ffor-.fp/rr.  The  most  di"^pcr«!ivi  of  all 
known  liquids  is  melted  phosphorus,  tlien  n  sohitiou  of  phosphorus  iu  sulphide  of. 
carlKin,  tusB  folplude  of  earbon  itself  (see  p.  629). 

Xhe  tem  partial  diapnxsioa  is  applied  to  the  difisrance  of  the  znfraciiva  indiowi 
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of  anj  oilier  two  colours,  the  red  and  yollov,  blu<  and  grct  n,  alwajs  referred  to  the 
pwaapal  toad  M—  heiniigiitg  to  each  colour.  The  partial  i!h|iuirimM  nf  taj  two  wth' 
itancos  arf^  by  no  mpann  proportional  to  thrir  total  dispersions ;  consequently  the  rolonis 
are  not  distributed  in  the  same  manner  in  the  spectra  formed  by  the  t«ro  substaneea. 

Snlphnric  acid  and  ofl  ot  CMria,  for  example,  pfodnee  apeetm  dP  nearly  equal  lengtti  $ 
but  in  the  oil  of  cassia  spectrum,  the  leaM  rofranqnble  portion — namely,  the  red,  orange 
tad  yellow — is  much  less,  and  the  more  refrangible  portion,  from  blue  to  Tiolet,  is  muoh 
man  qtpiiiidad  tHiui  in  that  pndaeed  hy  solpbazfe  loid.  In  ffles  wKuame,  tfat  0am 
OODtmcts  the  less,  and  expands  the  more  refhing^ble  portion  of  the  j«pecfniTn,  to  a  jun^'nter 
entent  than  crown^lass.  This  irrationality  of  diqwrsioa  most  of  coarse  be  attended  to 
in  tiia  ftnaatioB  osaolDOttstiQ  Midbuiatioos« 

The  r  a  tip  of  di«p»gai»n  ottwrniOU  h  tlisiilto  rfHw  ■oaariwili  at  (^mim, 

~^.oroftli0pttlaalM€MealilMlni8faWtotibafloa^^ 

Mr  -  Mr 

twd  spectra,  ndaiatiokaa  difeeot  TahMaeeoralng  to  tiM  two  Unas  vUoh  ai«eo»> 

•  sidered. 

The  term  digpersive  power  is  applied  to  the  ratio  of  the  dispersion-coefficient  to 
the  index  of  refraction  of  the  mean  ray  dininlshed  hj  1.  Taking  as  the  mean  raj  tta 
Una  £  in  the  jdknr,  and  calling  ita  iaidas  of  idtawtm     the  dHpcnifn  povar  la 

iiniaBi&  Dj  ma  nnanua,  ~ — ^« 

The  following  table  contains  the  refractive  indices  of  several  media  ftv  tho  |HUIcl|ial 
lines  of  the  spectrum,  as  determined  by  Fraonhofer ;  the  last  ooluu  •«i»f^f  tiM  oo- 
effieteots  of  dispendon  batwaen  tha  finea  B  and  H : 
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1-S4MS 

o-foora 

I'SMH 
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ItSMS 

xtxm 
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Solatioa  of  petaili . 

i-asMi 

1*40061 

I-4O3S0 

l'40ROB 

1*41«« 

1*41617 

001874 
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i*47IU 

1-474  IS 

l'47HM 

IMSITS 

Msaso 

1-49387 

o-onss 

M        No.  30 . 

(■602W 

1-60SS0 

I- COM  9 

1  GN.^3 

l-SMMM 

1-640X7 

0-09839 

1 -623*7 

1'62.%47 

l(33(».%M 

l'(373S 

l'«4S46 

I«.'V^40 

1-66607 

0-04SM) 

ftawSi^i,  No.  13 

I-.V243I 

lvi7'.»S 

1  S3I37 

I-S34S4 

l»399i 

I-&44C8 

0-O5W87 

M  letlsrM 

l'M477 

loma 

i^aiM 

l-frTSM 

1*«»I7 

OOMIl 

VHa^^ssB)  1I<B«  . 

ltM«7 

ItMW 

1*MI7» 

!•«■•» 

l<6IN» 

»4MM 

Babinet  has  given  a  method  of  me(|8uring  the  dinennoiis  of  bodies  which  can  o^y 
Iwpioeaodin  amdl  ftagmenta.  Tba  Mliafaaoa  t>euig  eat  into  the  fttati  of  •  ps^^ 

nntf  its  anpl'^  meastirc*!,  a  f^pf  -tnim  prtjgected  on  a  screen  by  a  prism  of  known  angle, 
is  viewed  through  the  amsli  prism  whose  dispersion  as  to  be  detennined,  in  8uch  a 
manner  aa  to  reeompoaa  Hie  eolonia  (p.  619),  tha  ohaarrer  gradually  increaj<ing  hia 

distanoo  from  the  spectrum  till  hf  soof;  nothing  Vnt  -whiti  li^lit.  If  tli<  ^ri'-nis  !ir<-  in 
the  position  of  least  deriatiou,  and  their  angles  arc  not  too  laige,  their  diaj^etsions  aio 
to  ona  another  in  the  inverse  ratio  of  their  cBstaBeea  ftooft  die  aeraeo. 

Gladstone  ami  Dale  liavomade  an  oxtcnsiive  scries  of  researches  on  the  refraction, 
diipersioiL  and  a e D  s i  t i Toness  of  l^uids^  the  kak  term  beingnsedto 
batwm  tae  diange  of  rsAnetion  ana  tile  diange  of  Tolnnie  Tbefbllowittgara 
the  principal  results  obtained: 

1.  Both  r^raetion  atui  ditjpertion  diminish  as  the  temperature  tnorMMSS*  Xhialnw 
has  been  renfled  by  observations  on  about  90  liquids  (see  p.  626). 

The  follow  ing  t.iljlo  exhibits  thflae  restilts  in  the  case  of  a  highly  dispersive  liqttid ; 
it  will  be  ubserred  that  the  aenntiveiMii  of  tha  ngra  incrsMca  in  toe  otdsr  «f  thsur  so- 
"'jiiii/.— 

M^frmUm  Mlm^»dj,hide  of  Carbon  for  tk$  tmmiMtmiUmm. 
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0-0197 
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0-0236 

- 

0  0263 

Digitized  by  Google 


On  comparuiff  the  ehauge  of  refraction  hv  heAt  with  the  comspcmdiag  elmige  of 
mhnM  hi  0Blp&MU     cwboa,  mtrnt,  iMthylic,  eth^e,  Mid  aoiyUe  lia^bak,  MitoM, 

Bcetir-  a>^i  1,  firrnir,  n-rfir  and  butyric  ctlp  rs,  mcthylic  and  ethylic  iodidos,  galicjrlat« 
of  mvlhvlf  bromoform,  benzene,  xjrlezie,  cumene,  uitro-beazene,  hjrdzate  of  uhiieirri, 
«h«  swtiied  oik  of  tvpwIliM  MM  FntDgal,  and  eugenic  acid,  itiVM  ftittiid  ttel  tte 
rcfruoHve  index  minus  unity  —  1),  multiplied  into  thp  volume,  givee  reiy  nearly  a 
constant  prodaet  at  diflerent  tenqperatnrea.  The  quantity  m  —  1  ie  temnl  by  the 
■ntlioni,  rae  refraetive  energy  ci  a  eBhatmoe,  and  this  multiplied  into  the  Tolnme, 
or  dirided  by  the  density,  is  tenned  the  specific  refractiYe  energy.  l%e  pM> 
ceding  law  may  then  be  stated  as  follows: — TTke  re/raetipe  mergy  nf  a  body  mrie» 
dirtcUy  with  its  drtmty,  under  the  influence  of  change  of  temperature ;  or  in  other  uords, 
th«»p0e^  refractive  energy  Uqmd  is  a  constant  not  affected  by  temperature.  The 
inflnrnee  of  dispersion,  howPTer,  renders  this  law  not  absolutdy  accu'^tf^  in  th<'  ()1>*!f  n'<^d 
numbers:  for  the  chjuoge  of  dispenion  does  not  follow  the  same  law,  iho  spootrum  eon- 
tmtilH  in  some  cases  muck  wm^  KoA  in  otiier  cases  wadi  Um  rapidly  as  the  volume 
incMMea;  indeed  no  nlatiMi  ii  m  jot  ditemnUe  betwew  nhiMii  of  dujiaiiwu  aai 
dmity. 

i.  The  gMwke  oUnined  with  Mfaed  Bwitk  "fP^  <»  dmrflMl  the  »peei/lo  f^fim* 

(irr  ry.rrqy  nf  n  riii.Tt7rrr  the  Pwan  nf  thf  xpcc^f^r  rffrnHivf  eitergita  of  its  comp<mrnfg, 
Tim  law  was  teated  with  sulphide  of  carbon  and  ether,  substances  which  are  almost  at 
fte  yppaiite  Mmits  ef  tfce  ■ealf>,  md  wene  fwmd  tg  mlg  without  eondUiailloB ;  tilw  wMi 

aniline  and  alcohol,  on  mi:tTn[r  vi  hii  ]i,  hi  wevor,  »ome  diminution  of  volume  occurs.  In 
both  tlieae  caaes^  the  camerimeiitai  numbora  were  aU|^y  below  thoee  dedveedltomthie 
BMBB  olf  tte  epecUe  mfinMtffv  eiiergiH) ;  yet  no  ottev  ftmninln  eooM  fee  deviled  nfeisk 
would  friyc  a  nearer  approximation  to  tlio  indices  actually  ubeerred. 

3.  Compounds  belonging  to  the  tame  homologou*  series  exhibit  a  progreseim  change  in 
rrfraeHon  mtd  ^Unerdon  a$  tkeg  advanee  In  Uktir  »§tk$  ;  but  the  deviation  and  extent 
0/  those  ehange$  depend  on  the  other  eubstanee*  with  which  the  radicle  is  combined.  //', 
however^  we  regard^  not  the  actual  indicrs,  but  these  minus  ut  Jmdei  bf  iit  tfiO^ 
gravity,  wsfind  on  invariable  inerfase  as  the  series  admfuse*.  ' 

The  following  tables  exhibit  thin  wit^ienid  tonriow  flrasU  «f  OOMMNBldi  eon- 
lainu«DM«kQhot4ndifiKOH^*>. 


Specific  HefrtKHve  JSnergy. 


Akehol 

Kther 

o( 
acid. 

Form. 
Me. 

Ace- 
tate. 

Boty- 
nte. 

Oxa- 
late. 

Mcrcurj- 
eont- 
pouad. 

com- 
pound. 

Hr. 
dride. 

M«-tli»l  . 

.  CH' 



•1707 

•8?t7 

F.thyl  . 

.  C«H> 

•4IJ7 

•3005 

•41.^2 

■4402 

■3903 

3113 

•as76 

THtyl  . 

»  « 

Teiiyl  . 

.  C«H« 

•4 101 

Amrt 

.  rMl'i 

■3213 

'4193 

•4433 

•4^0G 

•4724 

Hf>ptvl  . 

.  rni» 

•47iO 

•.S499 

.  C"H'' 

•MSil 
•  • 

•  • 

•.•<A32 

Specific  Dispersion* 


Acslate. 

Stannic 
eoiBpound. 

,  

Hydride. 

Methyl.  rH» 
Ethyl  .  C-H' 
Tritvl  .  C»H' 

Ainyl   .  C*H» 
Heptyl.  CTI'» 
Octvl   .  C»H»' 

190 

•  • 

212 
287 

209 
218 

tu 

224 

«  • 
•  • 

1C8 
178 
191 

ini 

198 

178 
198  . 

HO 
170 

•  • 

.  256 

* 

•  * 
• 

242 
236  1 

yfV^  regard  to  other  groups  of  homologous  bodies,  it  wBsfovad  tftotbonne,  feeniy^ 
lene,  xylene^  cumene  andc^ene,  gave  nearly  the  same  numbers,  and  no  rogiil  u  ;  r>- 
gresNions.  Pyridine,  picolme,  lutiainc.  and  colHdine  showed  an  augmentation  of  the 
specific  refractive  encivy,  but  a  diminution  of  the  specific  dispersion  with  the  adTandng 
oerioo:  ofainoline  and  ^idine  (the  most  refractire  oiganie  liquid  known)  showed  an 
in(?rpasp  of  ^ach  of  the  optical  properties  "hy  addition  of  CH*.  Hence  it  apf  ofir«  that 
the  influence  of  the  added  increment  on  the  rays  of  light  difl^  in  different  groupe, 
jvt  it  ]t  doM  in  Mipecfc  to  tlM  feoObiit  point 

Voft.  Ill  SB 
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4.  Immerie  bodift  are  sometimes  widely  different  in  their  /ypfical  properties:  but  in 
muaty  eases,  especially  where  there  is  dost  chemical  relationship,  there  is  identity  also  m 
thisresvect,  Sflveral  hvdrocarbOB*  of  the  typo  C"H'*  from  ossential  oilB,  appear 
to  l>c  iueutical  in  actnaf  n'fraofivo  pnw^r.  notwitli-tiimliit^  slight  <lit{er<'iut  H  of  density, 
lu  dispersion  there  ar^some  variations,  hni  nKft  in  sensitiveuebti.  Other  hydrocarbons, 
himtrer,  of  the  satne  ultiniati-  corn[iositioD,  but  diflhring  cona4wil4y  n  ptmiMl 
proprrfics  diffi  r  also  optically.  MetMineric  componnu  otherK,  snch  a:^  valerate 
of  eihyl  uud  ucetAte  of  amyl,  are  optically  identiod.  Aniline  and  picoline,  each 
twpirically  C*H'N,  are  totailT  difbmilM 

/).  V.jTf^t  of  Chrmicdf  Suimtitu f loll.  Whon  hydrop^fti  is  replaced  by  some  other  V'Mv, 
tiiere  is  generally  an  inerease  of  the  actual  refraction  and  dispension ;  but  this  is  due  to  the 
UMmMcl  "we^ht^  hydrogen  haying  a  vezy  low  aaCad,  Init  a  rery  high  speeiie  iniiitMa 
on  the  rays  of  liglit.  When  two  substitution-prolucts  an-  fonmHi  by  substitution  of 
the  8Mne  ^kmeat  in  »  givaa  ccwnaonad,  e.o.  muno-  nnd  tri-chlorobeazeae&om  boiuwae, 
tiM  Wer  oBft  ahnqNi  Mtefais,  la  &  optied  prop<  rtit-s,  a  poditien  intamediate  Uiwictt 
the   :  ijinal  substance  and  the  higher  product. 

1  n>in  these  itdBi  it  may  be  inferred,  as  approximately,  if  not  absolutely,  true,  that : 
Mverj/  liquid  ktt$  S  spetific  refractive  energy  composed  of  the  specific  refractive  nuraies 
of  its  oompontKi  dtmmts,  modified  by  tks  maimer  of  combination,  but  mmffeciea  by 
change  of  temperature  ;  niiJ  this  nfrnctivf  cnrrrit/  aermnpavirx  if  mhm  mixnl  vith  other 
liquids.  The  product  of  the  specific  pefraetive  eocrgj-,  aiid  the  density  al  any  given 
tenipi  ratun^  is,  when  added  to  unitj,  (he  UlAfMtrre  index. 

Tlu  following  tables  cabsbit  the  anoMnedMnlU  ftoiairtudi  th«  {tteedi^g  eoo- 

ciucuona  are  dsdttoed. 


Table  A. 

Tiffractive.  indices  of  the  lines  A,  D,  H  a<  different  temperatures. 

The  si;^i)  ?  aturhod  to  a  liquid  denotes  thKt  the  parity  of  the  ■pecimm  is  doubtfC 
All  a»t>-ri>k  *  .attached  to  a  degree  of  temp«r«tuie  •(gnlSM  that  the  obaervatlQessI  Ihst 


were  mode  ou  a  different  oaeaalon  to  the  obMrmtiaiM  at  ottter 


1. 
2. 
3. 
4. 
5. 

6. 

7. 
8, 
9. 

10. 

11. 

12. 


■SCeLhylio  alcohol . 
Ditto  ftoMonihto 
Atnylic  alcohol  . 
CkggyUa  doohol  * 
loididocf  ai«th|l 

Iodide  <ifellijl  . 

lodideoTtri^  . 
Iodide  of  enjl  « 
Formic  ether 


Acetic  ether 


PnfiiQiue  Hlwr  . 


»  0-7972  at  80<^ 
.  O-rMOataO 
.  0-8170  at  16*5 
.  D*89Uttl6«6 

•  2>m8etao 

.  1-7117  at  SO 

•  1*4960  at  SO 

.  0-9088  at  m 

.  0-8648  at  80 

.  Q-8972  at  80 

.  0*8565  at  30 


iw 

j20 

^29-5 

)24-5 

)4l 

<27 

i*7 

( 23-f 

J29-5 

23-6 

.16 

48 
/  8-5 
'•20 
^30 
\17-5 
137 
,22 
)31 
^40 
^20 
J  28 
.28-6 
133 

hi 


^  1 

»• 

H. 

1-3284 

1-3299 

1-8395 

1-S805 

1*8238 

1-3330 

1-3268 

1-3297 

1-3396 

1-3230 

1-3262 

1-3359 

1-3988 

1*4030 

1-4161 

1-3924 

1-3966 

1-4093 

1-4157 

1-4202 

1-4351 

1-4078 

1-4118 

1-4266 

1  5203 

1-6307 

1-5670 

1-5104 

1-5202 

1-5549 

1-5008 

1-6095 

1-6420 

1-191S 

1-.5006 

1-53-26 

1-4841 

1-4931 

1  5250 

1-5001 

1-5093 

1-5418 

11931 

1-5024 

1-5342 

1-4871 

1-4903 

1-5272 

1-4S10 

1-4892 

1-5149 

1-4720 

1-4797 

1-5046 

1-3540 

1-3582 

1-3694 

1-3500 

1-3540 

1-3652 

1-3456 

l'849i 

1-8668 

1-3645 

1-3685 

1-3798 

1-3606 

1-3644 

1-3765 

1-3653 

1-8608 

1*8808 

1-360(1 

1-3643 

1-3757 

1-3563 

1-3602 

1-3711 

1*S6M 

1-8736 

1-3860 

l'3G57 

1-3C98 

I  3819 

1-361011-3651]  1-3771 

I 
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No 
13. 

15. 

16. 
17. 
18. 

19. 

20. 
21. 

ii, 

23. 

24. 
2^ 

27. 

28. 

29. 
80. 
31. 

in 

33. 

34. 

36. 
36. 
37. 


Butyric  ether 


Acetate  of  tsaji  ,  , 

Ditto,  aeoond  apediMa 
Acetate  of  ootg^f 
H|dEid«€rii«pl7l 

^diid»<rool9l. 

HiMteano  etl^ll . 

StMoioatiTlf  • 

Txicthjkcsioe  • 


Saiicjlate  of  methyl 


0-8778  at  20^C. 
0  8680  at  20 


J}i]»(niud0  of  chloret^yi^  • 


0-7161  at  ao 

.  0-t790atM 

0-8760  at  ao 
0-9»OaftS0 

1  1760  at  20 

I'OOM  ck  80 
1*6980  «I10 


2-6360  at  IS 


2-6160  at  10 

2*2477  at  20 

9  8  2 


Tenp»> 


ttoa. 

•a. 

n 

n 

i  OOvv 

1  OoOO 

A^SQIO 

1 

10/  00 

X  ooUo 

1  '9099 

I  1ft 

X  mvOo 

1  'AnfUl 
1  %voV 

A  aovu 

A^WnM 

1  Oif  1  w 

1  ■iUOl 

<  S4-/i 
J  «#*  u 

1  '^Aft? 

A  4«VO 

1  'AMI 

t  00I7 

i*Maa 

A  OOOV 

1*MMUE 
I  OWw 

(  8*5 

1  ■  1  n  1 

\21>fi 

1  •2ftflA 

X  oVao 

1  vUVO 

t  OoZv 

1  sooo 

{ 27-5 

1  "fUiO 

1  •4.9/tA 

A  %AOO 

i40 

1  4XOX 

1    V  o 

X  dWO 

A  4XAO 

1  •'toil 

1  00X1 

1  -IOTA 

(  9 

1  -into 

i  4UOO 

■^28-A 

1  OJO  I 

V** 

1  <>"  /  ' ' 

1  ••JOT  1 

1  -1 1  > • J  ^ 

1  '/ilTS 
1  O'l  /  0 

^   L  *J  *J 

1  OoOO 

1  Out*  » 

i  ICt  ft 

1  Oil'/ 

1  ■  (ionfi 

1  OUZO 

'     o  o 

1  •  llAi  1 

1  aaUU 

1  Ooili 

1  .  A  7  on 

1  •<(1 01. 
1  OlZv 

1  -KOI  7 

1  •tX9fi 
1  00  00 

L  %O0O 

1  •  4  Qfifi 
1  -i^no 

1  .^470 
1  »47'» 

1  .ilAAA 

X  40/ 0 

1  4  WO 

^  oo 

I  4o'»4 

(48 

1  4401 

X  40'tv 

X  4|09 

1  'iiAafi 

X  40tfD 

X  400v 

1  4V1V 

}2A*A 

X  *Ooo- 

1  400/ 

I  1  JUO 

1-24 
1 

X  00/ 4 

X  0/ XO 

A  «»o40 

J  84*5 

A  iKNHI 

A  ovVv 

1  oOo4 

X  01  'J  1 

1  V 

1  o04V 

X  #Ooll 

1  o/vo 

t  Wf 

i>aMi 

1 

1  000  Z 

1  00  /  0 

1  -iiizn 

i 

1  3oS4 

1 .40119 

rm 

I'OVVw 

i 

f  id 

X  3740 

l-37o7 

1  OOVo 

1  OO02 

1*3734 

A  3040 

(  Q9*A 

1  -9  AAA 

1  8OVO 

1*0010 

(  W  O 

1*9070 

1*3604 

1-9724 

i  QA 

t  .0*TOf 

I'STol 

l*8o2l 

1'3940 

f  o«  • 

1  .Q^Oii 
1  97^4 

1*3708 

l*3o81 

t  91 

1  -/^OA^ 

1  oz<»o 

1*0319 

( «»7 

1  01  i() 

1  •  r  T  'I  A 

no 

1  4  i()y 

1  4167 

1  4<}zU 

y  OA.K 

\  li6  0 

1  4U<»o 

1.4  AOT 

1  4097 

1-1  ZOO 

1  fiA.X 

IWI  o 

I  iUSO 

1  4iyi 

(18 

1*4411 

1-4463 

1-4030 

<80 

1-4346 

1*4397 

1-4661 

(44 

1-4253 

1-4308 

1-4471 

(15-6 

1-5579 

1-5674 

1*6008 

<29 

1-5505 

1-5598 

1-6921 

(39 

1-5437 

1-5531 

1-5846 

(21 

1-4175 

1-4221 

1-4371 

[38 

1-4082 

1-4126 

1-4276 

jl8 

1-5819 

1-5915 

1-6249 

|39-6 

1-5701 

1-5787 

1-6112 

jl3 

1*6477 

1*6659 

1-5839 

iu 

1M18 

I'MO* 

1-0770 
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No. 

38. 

39. 
40. 
41. 

42. 
43. 

44. 

45. 
46. 

47. 
48. 

49. 

fiO. 
61. 

52. 
53. 

64. 
56. 

67. 
iS. 

69 
60. 

61. 

62. 
OS. 


Parabeuzylene 


1  4177 
0M7ttiO 

0  8ed0»i20 

I  ■ 

.  0-8388  at  §• 
.  0-8e&8«t20 


Owumt  (htm  fuiinio  and) 


Cunicno  (fromiaapure  wood-/ 
•      •      •  1 


spirit) 


0-8660  at  20 
0-8710  at  20 
0-8680  a  80 


Cymeae  (fixtm  cam^bor) 

CIiIorob^fUEni*    .  • 

IMfiUaKobciiwM 

KitMboiMm 


0  8G92  at  20 

,  o-seioitao 

0-  8MAat20 

1-  IOM  ■»  SO 

1-4500  St  20 

1  UMaiM 


DiniteoWnzene  in  2  equira.  r  j.jjgjQ  20 
of  mtcobaoMM 


AviliiM 

Aaijl-ftaillM 

Hydrate  «*f  crP8>l 


CoUiiUn*  . 
ChinolMie  . 


HydioakrlMii  fton  iiiiw 


1  QSrO  mt  16 


.  O-*!??  it  SO 

.  |l-08«4  Bfc20 

.  10  0738  Hi  20 

I 

.  (0-955) 

.  |(0-«S6) 

.  .1(0  921) 

,  {(I-OSIO  al  to) 
lOm  ai  1« 


Teftipe- 
ratuie  of 
obtcrTft 
tion. 


13 

flO-tf 

<28 
(39 


1 


25  5 
32-5 
» 
<28 
J  40 

^33 

(^^ 

<28 

•(42 
\\  7 

8-5 
24 
34 

12-5 
35-5 

8 
20 
12 
26 


9 

520 
j37 
\26 

(23-5 
^36 

(ii'6 

.  87 
4S 

U7 
)23-5 

Us 

11  6 

)32 

1 21-6 

)36 
1(22-5 
'i37-5 
•  (52 
!J  8-5* 
;?22-5 
j  23- 

U5 

\v 

\u 

j2l 
M7 


■2* 
35 

.37 


11 
30 


A.  1 

n 

n* 

1-4661 

1.4**!  4 

r4<  14 

1  4SW* 

1-4663 

1  4619 

1  4 1  ny 

1<4879 

1-49, 5 

1 .  O/k 

1*«J  JOo 

1*4806 

1-4900 

1  iiZZO 

1'4;703 

1-4793 

1  1)  1  Uo 

1*4814 

1-4903 

1 .  •"•o  1  a 

V4709 

14^  94 

I  ooyo 

1-4672 

1*4765 

I'MSO 

1"4710 

1  OUOl 

1-4667 

r*7ol 

1  OUov 

1-4690 

1*4671 

1  4114-4 

1*4869 

1*4967 

I  mill 

1  4856 

1-4888 

1*4982 

1*(NHMI 

1-4788 

l*4o7» 

i*noa 

1-4716 

«  .  J  0  Aft 

1*4806 

10  low 

1-4898 

1  4yi»o 

1  4783 

1-4864 

1*4687 

1  4  /  09 

1  i»WIJo 

1'4608 

I-400O 

l*4Viv 

1-4555 

1-4634 

l*WHo 

1-4843 

1*4932 

1  t)  J  Jo 

1  472S 

1*4812 

l*Ov9<l 

1-4760 

1*4834 

1  6076 

1-4648 

1*4717 

1  49j7 

1-4731 

1*4803 

1 -505(1 

1  46^9 

1-4729 

1  49/  0 

1-4614 

t  .  i  fZQ  A 

1  ibo4 

i  4  J / 

1-5194 

1  \;J90 

1 .  ^  1^  0  ^ 
1  oo.Jb 

1*5096 

1-0  lay 

1  0.)  iJi 

1-5563 

1*6671 

1  oObO 

1-6495 

1*6600 

l-098o 

1*6331 

1*5466 

1  .  C  0  04)0. 

l-683iU^. 

I'oSOO 

1-5399 

1*07  ooU. 

1-54  GO 

1   r    i'Tk  A 

r5600 

1  5vv4  ^- 

1*6404 

l*6o4i 

I'aSM 

l'o4So 

«  .CO  1 

1  -5644 

1  5  /  84 

IfSSf 

1*6667 

1*670! 

1*5687 

l*oo78 

1^189 

1-5520 

1*6647 

rR14o 

1-5114 

1*6222 

1  .£i»«%A 

1*6036 

1*6138 

1*06SI 

1-5941 

1*0404 

I  6924 

1-5281 

l-63<  < 

1-6738 

1-4940 

«  .  f  AAA 

1*6030 

1*8887 

1*4860 

1*4951 

1  5301 

1-4^88 

1*4980 

1-6314 

1*4803 

1*4890 

I'pSll 

1-4718 

1  48(»< 

1  0 122 

1  49i>i 

1  OaOd 

1-4894 

1*4987 

1*6808 

1-4927 

1*5013 

1*6320 

1*4920 

1*4907 

1-6210 

1-5667 

1  6687 

1-6198 

1'5466 

1-55S7 

1-6084 

1-5496 

1-5616 

1-6124 

1-60.39 

1-0189 

1*6822  . 

1  .>909 

1  6054 

1  64  7.1G. 

1  4653 

1*4718 

1-4921 

1-4626 

1 

Digitized  by  Coogle 


UaffT:  REFOACTXON  Ai^D  DISPERSION. 


029 


Tablb  a — COntinvcri. 


64. 

66. 
66. 
67. 
68. 

69. 
70. 

71. 

72. 

73. 

74. 

76. 
76. 
77. 
78. 

r9. 


„  bay 

„  cobebi  . 


Carrejw 


Camplior  of  pc|i|mrmiat 

* 

Tcibromide  of  phoiphonis 
Oty^t^oAdm  of  pbosphonts 


0-8644  IA90<>C 

0-8639  ftt  20 
0-8eS6fttiO 

0  8.510  at  20 
0*a467  at  20 
0^1  at  M 

0-9270  at  20 

0-  9530  at  20 

lH)644>at80 

0  8786  at  43 

1-  2610  aft  17 
(WO) 

1-  0200  at  18 

2-  880  at  20 
l'4M0at90 

1-0800  at  20 


Tempe. 
ratal*  Of 
btam 

UOD. 


mooo 

1-4596 
1-4487 
1*4640 
1-4629 
1^4694 
1*4840 
1-4545 
1-4468 
1-4674 
1-4517 
1-4918 
1-487M 
1*4828 
1-4988 
1-4950 
1-4906 
1-4913 
1-4862 
1*4812 
1  5286 
1-6244 
1-4603 
l-44ol 
1-4669 
1-4084 
1  !.".S6 
1-4683 
1-4090 
1-6149 
1-6107 
1-6698 
l-66'27 
1-6030 
1-4967 
1-4K10 


1*4784 

1-4653 
1  4646 
1-4701 
1-4689 
1*4062 
1-4006 
1-4610 
1-4628 
1-4640 
1  4578 
1-4985 
1-4936 
1-4892 
1-5055 
1-5014 
1-4977 
1-4992 
1-4936 
1*4084 
1-6394 
1-6347 
1-4663 
1-4606 
1-4706 
1-4080 
1-4631 
1-4749 
1*4002 
1-6234 
1-6194 
1-6866 
1-6792 
1-6118 
1-6042 
1-4882 
1-  1S:32 


H. 


1x4084 

1-4845 
1-4730 
1*4001 
1-4783 
1-4866 
1*4808 
1-4818 

1-4866 
1*4800 

1-5209 
1-5157 
1-5U0 

i-u2.vi 
1-6209 
1-6270 
1-6190 
1*8148 
1-6780 
1.-6722 
1-4708 
1-4663 
1:4060 
t*48S8 
1-4773 

1-4947 

1  5642 
1-6493 
1-7606 
1-7422 

1-5418 
1  5334 
I  5118 


Tabu  B. 

Vha  Ufindt  in  thia  taUa  are  arranged  ncconiing  to  tticir  poww  of 

line  A  at  20°  0. 


Liquid. 


Pboaphorna  • 

0f  carbon 
Txlbromixk  of  ^loa- 

pboraa  «  •  , 
SuTj.Jii.le  of  aarboB  . 
Leuidioa  ,  .  . 
Dioronilda  of  Iiiobi* 

ethylene 
Bectified  oil  of  cassia 
AiiSiDa 
ditaoUtta  • 


TcOBII. 


36°  a 
? 

88 

11 
81 

IS 
28 
21-5 
24 


2-0389 
1*9209 

1*6008 

1*6142 
1*6089 

1-6819 
1*6649 
1-5644 
1*8807 


B. 


1-9314 

1-6752 
1-6207 
1*0094 

1-6851 
1-6699 
1-6684 
1*8817 


c. 


D. 

3-0746 
1-08S7 


1-6866 
1-6240!  1-6333 
101891 


1-5915 
1-6727;  1-5801 
.  1 1-6774 
.  1*8087 


1*0744 


10466 


1*6909 


F. 


O. 


S'1201 

I-88il 

1*7083 
1-6684 
1-0408 

1-6037 
1-6014 
1-6951 


3*1710 


2*2807? 


flH»8012i»740 


1-7800 
1-6836 
1-0018 


H. 


1*7606 
1-7090 
1-0822 

1*6249 


1-6149 
1-6244 
-  l-6126;l-62»7 
1*8070|  1*008011-6186 
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LIGHT:  EEFBACTIOK  A^D  DISPERSION. 


TrichlorobeuMD* 

Bromoform 
DimtrobeuzeDe  in  ni 
ttobensene 

Dihromide  of  chloT- 

Nitrobenzeno 
ITy  drate  of  phenyl 
Hydrate  of  cresyl 
Eagenio  acid  . 
Morrrtric  Tnethrl 
Salicylate  of  methyl 
Iodide  of  m«dkyi 
Morciiric  ftthyi  • 
Nicotine    ,  • 

OhlMnXMRMCIM 

Ani\'l-:iniline 
Tnctiiurida   of  pIlOB- 

]>hc«iie  .  . 
IcmUcIo  uf  ethyl  . 
Bectifiedoil  of  nantal 

wood 

HydrocaAoa  from 

cubebe  . 
Pyridine  . 
Lutidine  • 

T'olliklinn  . 

liydrocarboo 


Pfl(»udo(mm«ine 
Iodide  of  amyl 
OxycUoride  of  pho*> 

plionis  . 
Benzene  • 
BoiuylMM  • 
C^mene 
Nitiog^ccrm 
Hydroewben 

Portognl 
Coiaeoe  (Sad  qpeci 

own)  •  . 
Stannio  ctliyl 
Dichlondfi  of  chlor 

cthyleno  « 
Hydrocarbon  htm 

turpentine 
Hydrocarbon  from 

camiway 
ITydhjcarbon  from 

b^mamot 
Boctidod  oQ  of  eteo- 

nella 

Hydrocarbon  from  bay 
Staanic  etikyl>awthyl 
Chloroform 
Octylic  alcohol  « 
Nitrate  of  amjl . 
Amylio  alf-ohnl  . 
Hydride  of  octyl 
^diidtcf  hcpigrl 


20OC. 

16-  6 

23-5 

12-6 

26 

13 

11-  6 
18 
•2G  5 
21 
16 

8-6 
18 

23-5 

m 

23-5 

26-5 

10-5 
^1-5 
•2  2 -5 
23-5 

17 

12-  6 

17-  6 

17 

10-6 

14 

29 

13-  5 

25 

8-  6 

23 

13 
24 
24 

!9 
23 
1» 

10 

10 

25 
9 

9-  5 


Ktfrarthrc  todicw. 


A. 


1-656,3 
1-6679 

1-6460 

1-6472 
1-6381 

1-5377 
1-6341 
1-5286 
1-6197 
1-6206 
1  5203 
1-6300 
1-6149 
1-5194 
1-5114 

1-6052 
1-5003 


B. 


1-4954  1 

1-4988  1 
1-4940  1 
1-4894  1 
1-4927  1 


1*4918 

1-4843 
1-4816 

1-4810 
1-4879 
1-4869 

M  f  >  1 

1-4683 

1-4817 

1-4687 
1*4808 

1-4661 

1-4596 

1-4594 

1-4574 

1-459S 
1-4545 
1-4666 
1-4438 
1-4230 
1-4109 
1-3981 
1  •40-22 
1-3956 


5602 
6610 

5506 

5500 
6874 
5416 
5377 

mi 

5232 
5241 
5284 
")333 
5174 
5223 
5160 

5088 
5034 

497 

5012 
4967 
4924 
4958 

4944 
4872 
4843 


-4840 
4913 
1-4898 

1  4671 
1-4706 


1*4840 

1-4709 

i-46ao 

1-4680 

1-4616 

1-4616 

1-4598 

1-4619 
1-4567 
1*4678 
1-4457 
1-4246 
1-4127 
1-8999 
1-4037 
1-8968 


C. 


D. 


R. 


1-5671 
1*6628  1-6674 


1-6898 
1*6488 

1*6841 

l-'6263 


1*6188 


1-4931 


1-4690 

1-4466 
1-4255 


1-6600 

1-6654 

1-64651 

1-6488 

1-6446 

1*6804 

1-5296 

1-5319 

1-6807 

1-5397 

1-5234 

1-6290 

1*6882 

1-5148 
1-5095 

1-5015 

1-5055 
1-5030 
1-4987 
1-6013 

1*4985 
1-4932 
1-4892 

1-4882 
1-4976 
1-4957 
1*4717 
1-4749 

1*4884 

1-4759 
1*4878 

1-4714 

1-4653 

1-4662 

1-4640 

1-4655 
1-4610 
1*4626 
1-449U 
1-4279 
14167 
1-4024 
M065 
1-3896 


1-6787 


1*6664 
1-6664 

1-6484 

1-6402 
1-5377 


1*6892 


1-6166 


1*4941 

1-5036 
1-4766 


1-4691 


1-4674 

l-4o26: 
1-43091 


1*5809 
1-6790 

1*6781 

1-6659 
1*6643 
1-5639 
1-5673 
1*6688 
1-5368 
1-5478 
1-5440 
1-5518 
1-5346 
1-5418 
1*6881 

1*5252 
1-5214 


G. 


1-5945 
1-5901 

1*6004 

1-6748 
1-6882 

1-5763 
1-5699 


H. 


1-6065 
1-5998 


1-6830 


1 
1 
1 

l-5626'l 
1-6640  1 
1-5558!  I 
l-5634il 
1  5449  1 
1-6530  1 
1*6401 

1*6867 
1-5821 


'5886 
-5813 
•5780 
5626 
•5810 
•5670 
•5729 
5542 
5636 


1-5446 
1-5420 


1*5093,  1  5161  1-5223 


1-5145 
1-5155 
1*5100 
1-5127 

1*5064 
1-5040 
1-4987 

l-4967i 
1-50891 
1-5072! 
1-4808 
1-4824 


1-5227  l-rr^^  i 


1-52  7  8 
1*5204 
1-5232 

1-5140 
1-5146 
1-5074 

1-5047 
1*5202 
1-5174 


1-5387 
1-5308 
1 


1-6209 
1-5236 
1-6149 

1-6118 
1*6306 
1-5271 


1-4866  1-4957 


1-4899 


W768  1'4888 1^4884 


1-4853 
1*47681 

1-4784 

1-4784 

1-4734 

1*4721 


1-4730 
1-4690 
1-4716 

1-4555 
1-4338 
1-4219 

1-407^ 


1-4936 


1-4947 


1-5008 


1*4888  W906 

1-4S41  1-4892 
1*47801-4846 
1*4789  1*4844 
1-4708 1-4865 


l-479ol 


1-4756  I 
1-4795  1 
1-46141 
1-4386  1 
1-4274  1 
l-n22  1 
l-4(r76;  i-4l4i[i 
1 -40451 1 -408711 


-4860 
-4818 
-4868 
•4661 
-4429 
•4320 
•1161  I 
•4197  ' 
-4135 1 
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A. 

B. 

c. 

D. 

K. 

F. 

O. 

H. 

Acetate  of  amjl 

• 

o 

8*6  C. 

1-3944 

1 -39.38 

•  • 

1-3998 

1-4035 

1-4077 

1-4113 

iiutyne  ether 

• 

23 

1-3850 

1-3864 

•  • 

1-3888 

1-3938 

1-3981 

1-4018 

Amyleno  . 
Carbmue  ether  . 

• 

8 

1-3850 

1-3866 

•  • 

1-3896 

•  • 

1-3944 

1-3992 

1  4033 

• 

22 

1-3773 

1-3785 

• 

1-3810 

•  • 

1-3856 

1-3896 

1-3936 

Propionic  ether  . 

22-5 

1-3696 

1-3713 

•  • 

1-37:^6 

•  • 

1-3785 

1-3827 

1-3860 

Boracic  ether  • 

• 

22-5 

1-3664 

•  • 

1-3698 

•  • 

1-3742 

1-378511  3815 

Acetic  ethtf  • 

20 

1-3645 

1-3658 

1-3686 

1-3728 

1-376611-3798 

Alcohol     .  , 

• 

15 

1-3600 

1-3612 

1-3021 

1-3638 

1-3661 

1-3683 

1-37201-3751 

Acetone     .  • 

• 

1-3540 

1-3554 

»  • 

1-3582 

•  » 

1-3629 

1-367011-3706 

Furmia  ether  . 

• 

n 

1-8640 

1-8668 

1-8683 

1*8697 

l-8666!l*8694 

Ether 

• 

15 

1-3629 

1-3645 

l-*3554 

1-3566 

l-'3590 

1-3606 

1-3646  1-3683 

Water 

• 

15 

1-3284 

1-33UO 

1-3307 

1-3324 

1-3347 

1-3366 

l-3402il-3431 

MeOgrliealflohal 

• 

SO 

1-8364 

l'»t77 

1*8880 

1-36691-8396 

Cauxr  of  Di spersion. — As  the  Hoveral  colours  correspond  to  vifclttionH  of  dif- 
fflient  rapiditVt  i^Qd  the  deviation  of  rays  of  light  in  refraction  depends  on  the  change 
in  passing  flcom  one  medium  into  anothel',  it  follows  that  in  order 
Xo  explain  ditpeSnion,  we  must  mpposethat  this  change  of  relucity  is  different  for  rays 
of  different  colours,  that  is  to  say,  that  waves  of  different  length  travel  through 
tefraetiug  media  with  difR>rent  velocities.    This  consequence  was  for  a  long  time  ro- 

Srded  as  a  grsTe  objection  to  the  yndiilatory  theory  of  light,  being  in  fact  in  contra^ 
Aion  to  the  general  formula  for  the  velocity  of  undulations  established  by  Newton, 

1Kb.     »  ^  U  Buit,h<nr«Ter»  be  xeoMnberad  that  thon^  tho  Telocity  <rf  lig^  ia 

free  space  is  the  same  for  niys  of  all  colours  (p.  594),  it  is  by  no  means  neeessarilpr 
■0  ia  transpcurent  media,  which  retain  the  elher  impriaoned,  as  it  were,  between  theur 
^Nttticiee.  The  wsrei  mmt  tiien  tmn  nmitd  titeee  moleenlM,  and  it  fi  eully  eon- 
ecivable  that  the  retardations  tliiis  produced  may  bo  gn^■^^e^  for  the  shorter  than  for 
the  longer  undulations.  That  such  is  the  ease  has  in  fact  been  proved  by  the  an»- 
brtical  researcbee  of  Caoehj ;  but  the  dMnonstiation  ie  not  of  a  character  to  bo  intro> 
dnetd  into  thlt^iqrt;  tad  ooM  not  admit  cfMjttt^ 

Heating,  Chemical,  and  Fhoaphorogcnic  Bays  of  the  Spectrum. 

All  the  rays  of  the  solar  spectrum  are  capable  of  giving  heat  as  well  as  light.  A 
thermometer  held  in  any  part  of  the  spectrum  indicatee  a  rise  of  temperature ;  but 
the  heating  effect  is  very  diffen^nt  in  different  parts,  being  greatest  at  the  red  end  of 
the  spectrum  ;  but  the  particular  pjnition  of  the  maximum  heating  effect  varies  with 
the  kind  of  prism  used.  Moreover,  tlnTe  are  invisible  heat-rays  situated  beyond  tho 
red,  and  therefijre  of  lower  refrangibility  than  anj  of  huninous  rays ;  and  when  s 
flint-gLiss  prim  ii  wed,  tiie  maadmaaof  hentiAg  pom io  litaalad  hij^mA  the  vieiUo 
red  rays. 

The  epeetra  of  flames  exhibit  similar  reeoHs,  provided  the  heat-rays  which  they 
emit  are  capable  of  passing  tlirou^h  the  sTib<^tanco  of  viueh  the prisn it  foined,  wlliek 
is  not  always  the  case.   (See  Kadiation  uf  Urat.) 

The  solar  mys  are  ano  oflpaUeof  producing  ehenieal  ehangn,  efaietfjrof  tiia 
reducing  order.  Thus  silver-salts  are  blackened  and  more  or  loss  rcducetl  l>y  exposure 
to  daylight^  and  the  leaves  of  plants,  under  the  influence  of  sunlight^  decompose  the 
OBilwoie  add  ia  the  air,  and  aaefanilate  ita  eafboB.  TUi  aetioB  b  ontled  by  all  tlia 
luminous  rays  of  the  spectrum,  but  chiefly  by  the  violet  rays,  and  by  non-luminous 
njrs  extending  to  a  oonsiderable  distance  beyond  the  violet.  The  yellow  and  ted  raya 
have  but  Ktlla  eimnleal  pomr:  haoea  vri&auy  flames  (hydroeariwn  flaoMa)  in  wUdi 
these  rays  greatiy  predominatl^  OOMrC  but  little  action  nn  i  hloride  of  silver  and  otlier 
oodue,  which  diange  rapidty  vnder  tiie  influence  of  solar  light;  and  in  monochromatio 
^aflofv  ftuuee,  each  as  that  of  alcohol  eontaming  a  Bodiinn<4alt,  tiie  ehonieal  aetl on  b 
altogether  imperceptible.  Photographers  devebpe  their  pictures  in  rooms  into  which 
light  is  admitted  only  through  yellow  ghiss  or  yellow  paper.  Violet  flames,  on  the 
other  hand,  like  that  of  burning  magnesium,  emit  rays  whose  diemical  activity  rivab 
that  of  sunl^i^  though  Arfr  InounoaitT  b  incom^virably  leas.  The  maximum  of 
ehenueal  actba  b  aot^  hovevw,  pttdmed  apon  ail  aabataaBea  ia  the  aamo  pact  of 
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the  spr-ctruxn.  According  'o  F  Becquerel  f.\iin.  Ch.  Thya.  [.{],  ix.  257),  chluri«.le  ai 
silrer  b^gix»  to  bkok«B  iu  iixo  extn^me  violet  between  tb«  linee  H  and  the  colotai- 
tioo  wtoftjiwgoa  tii* <hm aM« nearly  to  F,  and  en  tlia  odNr cMuidflnibfy  htjooAistm 
risible  riolet.  With  tlic  io«li(le  and  bromide  of  silrer,  th«  effect  is  slmiLr,  excepting 
tbat  the  action  do«8  not  extend  ao  U*  ibstyowi  tlie  vioUl,  and  the  nituumum  doea 
not  oecnpy  tlM  mam  ]^m"(>    Owaia»wii»,  wlAA  is  toned  lilw  by  expo— w  to 

auolight,  is  not  at  all  anected  hy  any  of  the  visible  rays  of  tlie  spectrum,  the  action 
beginning  only  in  the  ultrs-riolet,  anid  tba  nuTinmna  aitoatea  a  loiigwagr  bajpond 
liie  end  of  ^e  vIsiUe  i^)ectram. 

The  chemical  spectrum  contains  fixed  lines,  that  is  to  mj,  portions  in  vhieh  no 
chemical  action  is  produced,  so  that  when  a  piece  of  paper  covered  with  chloride  of 
silver  or  otbej-  sensitive  substance  has  been  exposed  to  the  spectnun,  tbe  bladEened 
•wftee  is  traversed  by  lines  of  the  same  colour  as  Um  original  sobstane^  in  Iks  ttlte- 
riolet  as  w»'ll  hp  in  the  risible  portion  nf  thf  ""pectnim.  A  ditignnt  sf  tiMMllMM  vQl 
be ^ven  in  llie  neit  jirtiele  on  the  Ckemicai,  ^'ictios  «f  Iaqut. 

Tw  iataipoBition  of  oolomitm  pltUt  or  films  does  not  modify  the  chemiasIaelMB  m 
the  visible  part  of  the  spec^m  between  A  and  II ;  that  of  the  raysbetweo^n  H  and  P 
is  likewise  nnalterud  by  certain  Lraiu^pAruut  leiub^tauec^,  sui^h  as  water,  alcohol,  suiphnrie 
acid,  iHMtMS  other  substances,  both  liquid  and  solid,  weaken  tha  diSMlcal  actios 
of  the  most  refrangibb;  chemical  ravB  situated  !x-yoiu1  tl.i  \  i  ilde  speetrnm,  from  P  to 
a  point  more  or  less  near  to  H.  with  nitric  acid  auU  oil  uf  lemons,  the  absorbent 
adfos  stops  at  V ;  vith  ereasote,  bitter  ahnond-dl^  iad  »  dQiCte  aqueous  acdulton  of 
mdpb.nlc  of  quinine.  atH*  (jPov  Aothcr  details  Wtl^jftHvg  ths  ttBBUttX  WOiMCtlSf^ 
see  the  next  article  ") 

The  different  rava  of  the  spectrum  also  di^^  in  their  power  of  prudactng  phos* 
pborssesnesb  whm  Oantos's  phos|Aons  spMsd  on  a  mset  of  paper  is  «pessd  in 

a  daric  rri.nm  tr,  tlic  artinn  of  the  ttprrtmm,  phosphoreBC^^nrp  i«?  pnMbiri-.l  hv  thr  rnya 
batweeii  G  and  P  (ee«  iigure  in  the  ofxt  article) ;  there  is  a  kos  luminoatt  portion 
bewMK  I  sad  K,  and  two  wmtiina,  ona  batwaen  H  and  O,  tta  oflicr  is  O.  Tha 
Bologttiaa  phosjiln  i,^  ^-"iTPs  similur  results,  excepting  that  there  is  no  minimum  in 
jy,  and  only  one  mHximum  between  I  and  M.  It  appears  therefore  that  tJie  phoa- 
phorogenie  mys  oecnpy  tha  same  poitloB  of  IIm  spednim  as  diedieiinlBal  fars. 

The  colour  of  the  pliosphorescent  ligbt,  which  may  vary  fn>m  orange-rea  to  violet, 
has  no  relation  to  tbat  of  the  exciting  rays,  excepting  in  the  case  of  three  substances: 
stdphid*  of  barium,  which  shines  witn  an  orange-yellow  light  when  it  has  been  ex- 
posed to  tbe  rays  between  H  and  P,  with  a  more  reddish  light  when  it  receives  tha 
blue  and  violet  rays ;  sulphide  of  calcium,  which  shines  with  an  orange-red  li^ht  when 
it  has  been  exposed  to  the  rays  between  F  and  0,  and  exhibits  a  slignt  greenish  shade 
when  the  incident  rays  are  comprised  betw^ti  O  and  P ;  lastly,  the  substance  obtained 
by  the  action  of  sulphide  of  pitriHtiitm  on  oyster- shells  calcined  with  lime,  which 
emitji  a  violet-indigo  iigtit  ulier  exposiire  to  rays  of  the  Home  tint,  and  becomes  blue 
ill  tbt  iftna-'violet  rays.  In  genaral,  dia  smittaa  rays  are  leas  nfrangible  than  the 
SOCciting  mys,  the  last-mentioned  snbstanee,  however,  forming  an  rxcap ^i'm  to  this  rule. 

The  t  lcctrit'  light,  which  is  very  bright  and  verr  rich  in  highly  n^traugible  rays, 
ftodaces  phc«phorescenoe  more  actively  than  the  solar  rays.  Tha  snddWi  intl'tnitf  it 
nore  efficarinus  than  the  continuous  light  of  the  voltaic  are. 

The  phosphorogenie  spectrum  likewise  »hibits  dark  litttt  or  lines  of  no  action ;  but 
to  see  tnem  it  is  necessary  to  extend  the  spectrum  to  abovt  ten  times  its  vsnsl  Uagdl 
by  means  of  divenrin^:  h^ises.  Dark  lines  ur^  tli'  n  ^ron  on  the  phosphorescent  surface, 
Mending  the .  same  position  as  those  of  the  iuiuiuuus  and  chemical  spectra.  Tl^y 
mKw  be  wpdsted  sMNPe  disliiiet  by  iieatiiig  tlie  phosphoreseent  body  to  Between  KK^ 
and  300<' ;  th-  hinrinr  us  pi  rtions  then  become  bright«'r,  and  the  lines  more  distinct. 

Transparent  substances,  both  coloured  and  (x^loarlese^  placed  in  tbe  course  of  tha 
ineidsiit  sits,  absorb  the  pho^horogenic  rays  in  the  aamepsfti  oltibe  spadniii  m  tibe 
Imunous  and  chemical  rays. 

Identity  nf  the  ealor{/ic,  lumimns,  chemical,  and  vhnaphorftgtnie  rays. — It  was 
formerly-  supposed  that  the  rays  producing  these  severai  etleets  are  distinct  from  each 
other;  in  ^cf>  that  hmiawis  bodies  emn  Anr  kinds  of  rays,  which,  when  dispersed 
by  a  prism,  fi»rm  four  spectra  superposed  over  each  other,  I>ut  hating  their  maxima 
and  minima  at  diflferent  pla<»s.  ^it  it  is  much  more  probable  that  the  or 
vndnktiOBs  aie  all  of  one  kiiid,  md  eapable  of  prodneiiig  omur 
above  mentioned,  according  to  the  natnrr  of  th  V'xlies  or  organ^:  npnn  which  they  act. 
In  fact,  the  calOTifle  and  chemical  rays  are  reilected  and  refincled  in  the  same  manner 
as  Inmiiiow       of  aqoal  letagibilitv ;  lihe  saloi4lk\  bnalnoM.  and  ehsmiaal  speetm 

are  intemipfed  by  the  name  lines  ;  am!  bodif  '^  which  jh^<>rh  tli.  Innnn-i-'^  n»y8  likewise 
absorb  heat-rays  and  chemical  mys  of  the  same  d^pree  of  re£ranigibiU^.  The  same  is 
tawithncMd  to  the  phosphorogenie  rays,  m  m  w  Ihi^  iBiMd  iato  the  liHdBoiit 
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part  of  thf  Rppctrnm.  Moroorer,  Fizc^au  and  Foui-ault  liave  Nliown  tliat  the  cIit^nu'cAl 
actions  produced  at  thefooufl  of  a  lens  by  the  light  of  the  voltaic  arc  aod  the  lime-light, 
CM  to  one  another  in      mbm  ntio  m  th«  hmiiBotts  intei»itj. 

The  ppodoction  of  the  si-vonil  rfiects  above  mi  iitloncil  }>y  the  samo  thjii,  is  quite  in 
Moocdaaoa  with  the  wave-theozy  of  light.  The  wares  o£  the  ether  sthJung  on  the 
■nrfwa  of  poadeNftb  TmMm  immr  fMr  pailUlee  into  Tibnticn,  and  Am  pnvtieiilar 
effects  produced  are  determined  hy  the  mt«  and  mode  of  vibration  thud  excitetl,  wliich 
themselres  depend  iipoa  the  nuumer  in  wlueh  the  paiticlea  of  the  bocLy  axe  held 

tOgitiMV,  M  Wll  M  ttpUQ  tiw  IfltO  Of  TltplAfKlll  Of  tiltf  UWldellt  fnitTCiL    AAJV  whoM 

length  and  rapidity  of  vibrafion  t\rc  such  as  to  excit«>  in  our  op^mum  th*<  sensations  of 
both  heat  vaA  higfat*  taaj,  when  thej  impinge  upon  a  ponderable  bodjr,  set  its  paxticle« 
into  mA  •  nto  of  TihnitioQ  m  to  enito  ia  tfw  flamrandna^  etiier  wwm  whose  kiigUi 

and  rapidity  of  vibration  correspond  to  tlie  least  refrangible  rays  of  the  sj^'Ctnim 
bejond  the  Tisible  red.  In  Uke  manner,  we  shall  present^  see  that  the  uivi><ible 
dkenieal  njs  die  «4lMr  tnd  of  tb«  speetrum  maj  eoraite  TibnUoB*  of  lea  rapidity, 
which  reader  Ykiblt  the  bo^j  ca  vUdL  thcgr  inptagA.  Tht  cAet  tfra*  piodiiiBod  k 
wUod 

B  WW  olMMKTsd  tome  ymn  ago,  bj  Sir  Jdm  Herscbel,  that  •  wistioa  of  adplnto 

of  qninine,  though  perfectly  colourless  by  transmitted  light,  exhibits  in  certain  aspecta 
a  peculiar  blue  co^nr.  Thus,  blue  li|[ht  waa  fraud  to  be  produced  only  by  a  very 
thin  stratum  of  Uquid  adjacent  to  tiia  snrfkce  by  iHiich  the  light  entered,  and  the 
iaeident  h*wa,  after  havin«r  passed  tluough  the  stntfum  item  whith  the  blue  light 
came,  was  not  sensibly  weakened  or  coloured,  but  bad  lost  thf  power  of  pru^lacing  tho 
usual  blue  colour  when  admitted  into  another  solution  uf  »ulphaW  of  ^uiitiue.  Light 
thus  rooditii  d  was  said  }gf  fife  J.  Sanchel  to  l>o  (pipolt.'xd. 

Similar  phenomena  were  obwerv*^  by  Sir  1).  Ennvster  in  an  aleoholie  solution  of 
clilorophyll,  ihe  grt!«n  ooluurins  matter  of  Icavus,  the  path  uf  a  beam  of  suulight  ad* 
nuttM  into  tlit  gnn  aolntion  Ming  marked  by  a  bright  light  of  a  blood-red  ooknr. 
The  same  app^iranee  wna  aftprwards  observed  in  vurioriH  ve-jretnble  solutions  and 
easeutial  oilii,  uud  ia  si>me  fiolids.  Brewiiter  dit>Uugui»Iied  iLis  |>henomenon  by  the 
•MM  of  internal  dispt^rsUm,  attributing  it  to  the  irr^:uJar  reflection  of  the  light  from 
coloured  particles  su8p<  n  lpf!  in  t!ie  liquid,  and  was  ot  opinion  that  HoimIhI'a  Sfipolic 
dispersion  was  .only  a  particular  case  of  this  internal  dispersion. 

The  true  azpiuilion  of  these  remarkable  phenomena  has,  however,  been  given  by 
prriff"?Hor  Stokes,  who  has  shown  that  the  peculiar  disperhion  producctl  by  rndphato  of 
quuiine,  and  the  other  liquids  above  meutiunc^l,  dut;  ^  a  change  of  r^rangiMity  in 
fk$  raifM  of  light.   The  following  «spennient  nnders  this  endent:— » 

A  fudar  sp-  r'mm  i»  funned  by  meann  of  an  aohminj-tic  lens,  and  onf  or  more  pri^<? 
of  flint  giaMf,  sul&nently  pur«  to  rcndar  visible  tho  principal  tixed  lines,  and  a  tube 
tfled  wiUi  ft  ioilation  of  sulphate  of  quinine  is  passed  along  this  spectrum,  from  the  red 
towards  the  violet  end.  t'lin:;  peculijiris  o!-s-  ned  while  the  tube  i.s  held  in  the  less 
refinmgible  part  of  the  spectrum,  the  light  pasamg  through  it  fn.^ly  and  without  sen- 
riUe  uodilMstiaa;  baft  jnol  bedni*  ii  loadiot  <ha  cstoemity  of  the  ivAtAj  a  peoolMr 
blno  difliis<-d  light  mal:-  it'?  appearance  at  th^  surface  of  the  flui<l  by  which  tlie  lijjht 
eatera,  and  remains  viaibk,  even  after  the  tube  has  ^vaased  beyond  the  violet  into  the  '  I 
invfaiUff  pot^km  of  tito  ifmlnm,  acquiring,  in  iact^  its  gretttcrt  intennty  at  n  eccCaia  j 
diftance  beyond  the  extreme  violet,  . 

The  stratum  of  liquid  from  which  the  difiused  blua  light  emanates  is  thinner  in 
proport&m  as  the  ineident  raji  ana  non  reAnngible ;  nn^  from  «  Uttie  beyond  tbn  ' 
extreme  violet  to  the  end  of  the  spectrum,  the  blue  space  is  reduced  to  an  excrssivily 
thin  stxatom  a(^aoeut  to  the  surface  by  which  the  n^s  enter.  It  apciMin^  therefMre^ 
thrt  til*  aolntion,  though  transparent  with  respect  to  noariy  tiie  ^bola  of  the  Timble 
rays,  is  of  an  inky  blackness  with  n-sipect  to  the  invisible  rays  more  refrangible  than 
thio  Tiolsti  Nevertheless,  these  rays,  when  once  they  hare  been  couTerted  into  tha 
Tirible  Une  light,  pass  through  the  liquid  with  fftcuity.  They  must,  therefore,  be 
essentially  altered  in  character.  Now,  a  change  in  the  quality  of  light  must  consist, 
either  in  a  modification  of  its  state  of  polarisation,  or  in  its  period  of  undulation.  The 
former  supposition  is  excluded  by  the  fact  that  the  light  thus  modified  is  not  polarised 
St  alL  It  must,  therefore,  have  undeigone  a  change  in  its  rate  of  vilnrainoci,  and 
consequently  a  change  of  refrangibillty.  Tlie  existence  of  this  change  i?,  moreover, 
distinctly  proved  by  cxamiaiug  tha  difi[used  Vi^it  with  a  prism.  It  is  then  found  to 
be  by  no  means  homogeneoiM^  mt  to  ba  resolvable  into  rays  of  unequal  refrangibili^, 
the  whole  of  which  are,  howevpr,  comprised  within  the  limits  of  the  ^-isible  spectrum.  [ 
The  diffused  blue  light  consists  of  tlu  chemical  rugs  mnUred  visible  by  a  change  in  : 
their  rcfrangibilitjf.  \ 

11m  difibaioB  WW  piDdaeed  ia  antinfy  diatiiMt  from  thnt  wbich  k  <ba  to  vefleekioo 
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from  irregularities  or  Bospeuded  partielett.  The  two  |>henomona  are  often  produced 
together  in  the  same  medinm  ;  bnt  thtgr  an  Miilf  dutinguiBhed  by  the  fact  that  the 
light  diflfdaod  by  irrfguhir  reflection  is  mor*-  or  los«  polarised,  whereas  the  liglit  Jiffus<>d 
in  the  manner  abuvti  deecribed  is  t^ntirely  uiipilcirLued,  cwn  if  the  incident  m^a  were 
tlMinselTce  polarised.  This  phenomenon,  to  which  Professor  Stolsai  ooginally  gave  the 
name  of  irut  Jifu^n'ou,  to  distinguisli  it  fom  tiu)  IUm  iKfBMinB  fffoiwM  ixttfpiJmt 
zeflection,  is  now  callud  I'luokkscencs. 

It  10  «xhibit«d  by  many  Molution.^i,  mid  by  Hiilij  solid  bodiM,  •paqne  as  well  a» 
tmnaparont,  tho  colour  of  tbf  diffr,  i  1  IL'hf  varying  ^ntl:  th  '  uature  of  the  medin*" 
An  aqueous  infusion  of  hurse-chusuut  i)ark  exhibits  it  very  strongly,  produdug  a  biuo 
Mioar  mSy»  to  that  of  sulphate  of  quinine.  Muj  eompounds  of  scsquioxide  of  ura- 
nium are  also  highly  fluon'Mceut,  und  diflfuso  a  greenisli-blue  Uglit,  ftipt-oially  the 
liitrtitt ,  and  canarj/'gltm,  A  decoction  of  madder  mixed  with  alum  gives  a  yellow  or 
orang'- y.-Uow  flttoweenes ;  tinetare  of  turmeric  and  alcoholic  extract  of  thora-appla 
seeds  ditFu^*o  a  grt>»nu.Hli  light ;  an  alcoholio  solution  of  clilor<"){>hyll,  u  red  lipht. 

When  the  fluorescence  10  stzon&  aa  with  ^ulnhato  of  quijune,  it  may  be  seen  b/ 
msge^y  Tiwriiig  the  aabstMioa  by  cwBaaiy  dMh— a  daylight.  Pornon  ftooonite  obMK^ 
ration  and  for  detecting  fluutv^ctnct-  wlten  it  oxiht^  only  in  a  slight  dnglt<^  A* 
fi)Uowing  method  if  Moommended  bv  Stokes  (I'hiL  Mag,  [4],  vi  9<M): — 

li^tM  admitted  into  •  dnlwiMdioani  through  a  hofo  tevttal  indMifiB^KasMCerni 
theMMndow-shutt«T,  and  tho  oTJoct  to  be  examined  is  placed  on  a  small  shelf,  blaokem  d  at 
the  top,  and  fixed  just  below.  The  hole  is  eovered  with  an  abaorbtng  mediumf  caU«d 
Vbf,  prmcipal  dbtortmi,  ao  telaeted     to  traiMaiSt  only  tiio  ft«Uy  hanlMNifl  and  in- 
visible rays  of  high  refrangibility.    Tlie  IxHiy  on  the  shelf  is  viewed  tlironglj  flic  second 
medium,  the  com^emmtarv  abtorbmtt  which  is  choaen  so  as  to  bo  as  transparent  aa 
possible  to  those  rays  which  are  abaori>ed  by  the  firsts  and  to  a1wort>  all  tiie  rays  whidi 
■n  transmitted  by  the  first.    If  the  media  are  well  selected,  they  produce  a  rery  near 
approach  to  perfect  dnrknoAs ;  and  if  the  oj^ect  appears  unduly  Inminous,  that  effect 
most  probably  ariijtis  from  tluoi^escence.   To  determine  whether  the  illumination  is 
really  du«'  to  that  cause,  the  complementary  absorbent  is  removed  from  before  the  eyes 
to  the  front  of  tho  aperture,  when  the  illnmination,  if  really  due  to  fluoroscenoe,  almost 
wholly  disappears ;  whereas,  if  it  be  due  merely  to  scattered  liglit  ca^mble  of  passing 
through  botli  media,  it  remains.    In  exaiiiining  feebly  fluorei>cent  bub^tancea,  however, 
it  is  better  tu  keep  the  second  medium  in  its  place  before  the  eye,  and  to  use  a  thirti 
medium,  the-  iraunftr-fncdium,  placing  tho  laat  alternately  iii  the  path  of  the  incident 
rays,  and  between  the  object  and  the  eye.    Still  greater  delicacy  of  observation  is 
attained  by  placing  the  subtstjinco  sideby  sif^**  with  a  Kuiall  -white  porcelain  tabb  t,  which 
is  quite  destitute  of  fiuorasceueo,  and  examining  the  two       above.    Or,  agaiii,  the 
olgeet  being  placed  on  the  tablet,  a  slit  is  held  dose  to  it^  in  such  a  position  as  to  ba 
fl<»(»n  projeetCQ  partly  on  the  object,  partly  on  the  taVdet,  and  the  slit  is  viewed  throttgh 
a  prism.    The  fluorescence  of  tae  omect  i&  c  vidLnoed  by  light  i^pe^iug  iu  regions  of 
the  spectrum,  in  wfaieh  tiie  raya  oooung  through  tho  principal  abeorbent,  and  aeatterad 
by  the  tablet,  then  (mxinoe  nothing  bat  darkness.    These  methods  aiadeliMteawim^ 
to  show  the  fluorescence  of  white  paper,  even  on  a  very  gloomy  day. 

It  is  BOt  menly  tiM  moat  nAaagtblaiays  that  are  capable  of  prodnrfag  inoNaeeaee; 
the  rays  of  ;it  y  p  irt  of  the  spectrum  may  undergo  this  change.  By  examining  diflfbrent 
media  with  the  spectzum  in  ih»  manner  already  described,  it  ia  seen  that  the  flnorca'- 
eenee  be^^ns^  sometimes  1b  tlia  Une,  sometimes  in  tlie  ydlow.  ¥^  aD  aleolMBe  aoin- 
tion  of  chlorophyll,  i>  '  egins  iu  thcrod.  But  wherever  the  change  of  rt^fmngibility  may 
bM3o,  it  is  always  in  one  direction,  consisUnc  in  a  diminntion  of  the  index  of  refraction, 
aod  a  conaeqoept  dqawssloa  of  the  ia  toe  scale  of  eoloaas.  Is  atlur  woAb,  IIm 
length  <'>/  tfu  wave  l<  ,  r  ^Wfi/,  and  ifs  vtlccity  of  undulntitm  dimini  -h  if.  The  ribro- 
tions  of  the  ethcf  iu  the  incident  ray  apjpear  to  excite  disturbances  within  the  oomghat 
noteoales  of  tfaa  fittorssecnt  nifdhim,  whereby  new  Tibntions  an  cadted  in  tiha  ennr, 
differing  in  period  fn>n»  thoMc  of  the  incident  ray.  Tlie  p«irtion  of  the  light  which  has 
]>ro(luc<>d  thi»  molecular  disturbanoe  is  used  up  or  dbtorbed^  and  theroby  lost  to  visual 
pcrcc^ttton,  iust  as  beat »  eonrerted  iato  ymmmAmX  wotk.  It  is  prabable  tba*  tha  ab- 
sorption of  light  always  takes  |dace  in  this  manner.  The  well-known  fact  of  the  con- 
version of  luminous  rays  into  invisible  calorific  rays,  is,  as  already  observed,  asteiking 
instaaee  of  diminution  of  refrangibility  accompanied  by  absorption. 

As  the  most  refrangible  rays  are  the  most  active  in  producing  ilu  r  scencr,  it  is 
natural  that  this  ^ect  should  be  most  strikingly  exhibited  by  the  light  uf  flames  which 
are  rich  in  those  rays, — the  flame  of  alcohol  and  of  sulphur,  for  example.  These  flames 
do,  in  fact,  produce  the  efllbct  in  a  higher  d^ree  even  tlian  sunlight.  An  extremely 
beautiful  effect  is  jirri.hiced  by  pxposing  a  number  of  highly  fluorescent  media,  sncb  aa 
sulphate  of  uuiniue,  iufusiou  uf  hort$e-cheauut  bark,  and  c^mary-glssa,  to  the  flame  of 

anljihar  buMng  la  cagpgea  in  a  dHk  mm. 
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The  colour  and  CMDpotition  of  fluorescent  light  Bometimat  afford  laluable  aid 
In  dtttingoisbing  betWMii  OM  mTmUmb  md  aiMther,  and  in  Ititiiig  the  parity  of 
flolationa.  With  a  solution  of  a  pure  tubatanoe,  the  tint  of  the  fluorewetit  light  is 
almodt  perfectly  ooostant.  But  this  tint,  it  must  be  remembered,  is  that  of  the  light 
tu  emitted,  not  as  subsequently  modified  by  absorption  on  the  part  of  the  solution,  in 
ttm  the  aalution  be  nsibly  colotmsd,  and  some  precautions  are  required  in  order  to 
observe  it  corrfotly.  The  fliioTescencp  obsfned  in  i<ohitioii8  from  the  !)arkH  of  tlio 
horae-cheiuiut,  a.sh,  &«.,  was  formerly  iittributed  iudiseriuiiuatuly  to  the  pri»ence  of 
wamliii.  vbareas  aporified  solution  from  t  he  bark  of  the  horse-cheenut  exhibits  a  fluores- 
cence v-ta-  "f'lT'ibly  diflfon^nt  from  that  of  a-scuhii,  which  ol>s»  rvation  alone  would  suffice 
to  Hhow  unit  tito  bark  mmt  contain  some  other  fluoretK'ent  i^ubbtance  besides  tesculin. 

The  beat  mode  of  obsenring  the  true  fluorescent  tint  is  to  dilute  tbe  liquid  con- 
sidprably,  and  to  puss  into  it  a  bt'um  of  sunlight^  condensed  by  a  leus  fixin]  in  a  Ixjard 
in  such  a  manner  that  gmidl  a  thickness  of  the  liquid  as  possible  shall  intervene 
between  the  flweacent  substanee  and  the  eye.  If  a  sirs  tun  ef  Am  tiiiduwiM  of  tih« 
dibjto  sobiti  n  is  tiensibly  colourlfss,  the  tint  of  the  fluorescent  liirT  t  "^vill  not  be 
aensibly  moditied  by  saboeqnent  ab8ari.)tion.  But  as  direct  sunlight  is  not  always  to 
\m  hadt  tiie  Mloviag  Beftod,  Teqoiring  only  difteed  daylight,  may  iliD  be  vaea,  tib» 
iOlutions  being  pretty  stronL',  ov  it  least  not  extrer:i.  ly  liluto. 

A  g^ttt  containing  water  and  bladtaaed  internally  at  the  bottom  ia  placed  Mfc  » 
vfaidov.  Mid  Ae  nlnlioii  to  be  essBiiBed  as  to  Hi  fltMfeMtBl  tint  {•  plaesd:  m  ta  tes^ 
tube  which  is  held  vertically  in  the  water,  the  top  slightly  inclining  from  the  window, 
and  the  observer  regarding  the  fluorescent  light  ft<om  above,  lotrfung  outside  the  teat* 
tube.  Since  hy  &r  the  greater  part  of  tiie  fluorescent  light  ccmee  flran  a  my  tldn 
etratnm  of  liquid  next  the  surface  by  whidi  tiM  lig^  enters,  the  fluoresceut  rays  have 
asosUy  to  traverse  only  a  very  email  thickness  of  the  colotired  liquid  before  reaching 
tile  eye;  the  water  permits  the  e^apc  of  those  fluorescent  rays  which  woula 
otherwise  be  internally  reflected  at  the  external  aubae  of  the  test-tube,  and  the  itt* 
tensity  of  the  light  of  which  the  tii^is  to  be  ohwKted  k  imewiiiiid  hj  fcrtalwcteBing. 
(Stokes,  Cheio.  Soc.  J.  xi.  19.) 

The  natne  ef  the  aolwt  mn^t  also  be  attended  toi.  The  oolov  ot  the  fluorescent 
lifrVit  is  liable  to  change,  not  menly  in  passino:  from  an  alkaline  to  a  neutral  or  aeid 
bohition,  but  even  oceaHiuually  iu  piissiug  Irom  one  neutral  solvent  to  another. 

The  i>ompoeitiou  of  fluorescent  light,  as  revealed  hf  tile  iviem,  occasionally  presenta 
poi  ii'i.ivities,  but  in  f  i::h  -rises  th<'y  are  fuund  to  be  connector!  vrith  peculiarities  in  the 
mode  oi  abeorption,  su  that  the  two  are  not  to  be  regarded  as  ind^^endmi  charactem 
ef  ftMibamM;  MiAitdMpteilhnliM  in  tiietfaHqptiMi  tM,9B  •  genand  rule,  tha 
more  easily  obierfMlk  ii  Qulj  mfy  that  tfa*  aiiilgnritof  tbe  flnoMMMt  iigbt  if  «f 
much  use. 

The  distribatiott  of  fcwteiesoee  la  the  fpcctrwu  oHett  aibrde  TiliiaUe  ialbraiatioii,  i 

but  its  observation  requires  the  use  uf  ^  luewhat  compV!rate<l  apparatus.  Tlie  observa- 
tion is  restikted  to  times  when  the  sun  is  shining  pretty  steadi^  (unless  the  obeervev 
baa  Moomcae  to  eleetric  light,  or  at  leart  Ume-light) ;  it  la  leqnMte  to  leCeei  thi 
sun's  light  horisontally,  without  whieh  the  observation  would  be'  most  troublesome ; 
and  unless  the  reflexion  be  made  by  the  mirror  of  a  heliostat,  the  continual  change  in  the 
dorection  of  the  reflected  lij^t  is  most  inconvenient.  It  is  requisite  to  use  at  least  one 
ffood  prism,  better  two  or  ,three,  wfakA  most  be  of  tolerable  si^e,  in  older  to  have 
light  of  sufHeient  intensity,  aad  tlia  ptuBi  ttuit  be  cowbiiied  with  « leD%  wbioli  wed 
not  however  be  achromatic. 

.  It  has  already  been  stated,  aa  the  result  of  experience,  that  the  colosr  ot  tiw  teo* 
rescent  light  of  a  single  substance  is  coiistant  throughout  the  spectrum ,  rr  very  nearly 
ao.  14  therefore,  on  exandning  a  solution  in  a  pure  spectrum  thus  formed  by  pto- 
jeetkm,  wie  find  the  fluorescence  taking  a  £resh  start  toitk  a  different  eol&m,  we  maj  be 
almost  certain  that  we  hare  to  do  vrith  a  mixture  of  two  diffenmt  f^norescent  sub- 
stances,  the  raeaence  of  whidi  is  thus  revealed  without  any  chemical  process.  I4 
bonwwe,  tiM  Imot  aewnee  of  hpe  inoweowt  wtbataiiwis  wbidi  nmy  be  BifcMd  togstiisfi 
begins  at  nearly  the  same  point  in  the  spectrum  (as  eoramonly  hiq»pcns  when  tnrTr  is 
morelj  a  slight  dijB^renee  of  tint  in  the  colour  of  the  fluorescent  li^^ht  ol  the  two 
fdeblnMe),  tii»  eoexialettee  of  the  two  nagr  eaeaoe  deteftira  wbm  the  wiaid 
solution  is  men  ly  examined  in  a  pure  spectrum ;  and  in  buch  rases  a  comliination  of 
poaefes  of  fractioniil  separatioQ  with  tlie  obeenratiou  of  the  tiot  of  the  fluorescent 
If  fMte  eiattUing.  lUt  ft  tiie  ease,  ftr  inatance,  with  fht  m&xtmn  tit  mmnBak 

and  fraxin  contained  in  a  solution  from  the  Ivirk  of  the  horse-chosnut 

As  the  occurrence  of  a  decided  difference  of  colour  in  the  fluorescent  light  seen  at 
4wo  different  parts  of  the  spectrum  implies,  almost  to  a  certainty,  the  presenoe  of  two 
different  fluorescent  substances,  so,  conversely,  the  exhibition  of  the  same  colour  is  an 
aiguneiit  in  lafour  of  the  jdeatjiy  of  fht  aufatt^aot  yrodiwing  the  fluotwatnoe  »t  the 
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tvo  part*.  We  cannot,  •indeed,  8ii|y  that  tbere  maj  not  b9  two  snbstMieet  praMi^  tb» 
tvoraweiiM  of  whieh  eonmMMMi  at  Mtfly  tii»  aaoM  pot  of  tiw  aDeetwmi ;  tmt  tir» 

different  Bub^fances,  tho  fluorosceucc  of  which  comnit  iicf-*!  at  two  widely  different  ports 
of  the  spectrum,  would  certainly  reveal  tlietu^<  lv<>!4  bj  the  difiitrenoe  of  colour.  For 
ihowfl  tiiat  tiie  refrangibfUty  of  the  light  emitted  at  any  part  of  the  incident 
gpectrum,  bj  the  solution  of  a  ptiro  substance,  extends  nearly  up  to  that  of  the  point 
nf  th<»  incident  spectrum  at  which  the  fluorescence  commences,  but  not  much  beyond ; 
tiutl  tkough,  in  passing  from  one  pttre  flibstance  to  another,  variations  do  occur  in  the 
relative  brightness  of  t  he  rays  of  less  refra^ibility  whit  h  C'lmpose  ttM  flttoreseent 
light,  yel,  on  th«^  wh<>h\  tlu-re  is  so  close  a  connection  t^-twccn  tho  colour  of  the 
fluorescent  light  aud  the  ri iran^bility  of  the  rajs  by  which  the  tluor«>t»eentfe  is  firrt' 
produced,  that  a  great  variation  m  the  one  is  iBoaiiipatible  wit  h  miamj  nr  a  MM 
teifliag  TimtioBin  the  otii«r.  (Stokai^  Cbm,  9oc.  J.  xnL  913.) 


All  bodies  are  transparent  to  a  certain  extent ;  even  metals,  which  are  the  most 
ontqtM  of  all  sabstanoes,  allow  a  small  %uatity  of  lisfat  to  pass  tim»gh  them,  when 

tht'v  ;ir.'  rt'tlucod  to  c'Xlrom»ly  thin  leaves;  thus  gold-leaf  laid  upon  gliis«  transmits 
li^ht  ot  a  gret>u  colour.  On  the  other  hand,  there  is  no  §uch  tiuug  m  a  perfectly 
tnasparent  medina,  even  tlie  air  stops  a  certain  quantity  of  light,  when  the  thickness 
tmvprscd  bv  the  rays  is  very  eonsidorabk ;  on  the  tops  of  high  mountains'  thf  -rnrs 
aimettr  much  brighter  than  wht'n  8e<n  from  near  the  sea-lcveL  for  all  orxiiiiury 
mtkamma,  however,  ooloorless  gases  may  be  regarded  as  perfectly  transparent. 

Transparent  mwlia  are  colourlfss  or  coIoun>d,  acconlinp  us  they  tmnMmit  the  several 
mvH  coni}K>«iing  whiti;  light,  in  the  bazue  or  iu  differeut  {>n.>p<)rtionb.  Thus  a  rud  ghuis 
iH  une  M-hicli  traasmits  tke  red  rays  more  easily  than  those.of  any  other  colour.  On 
vi'  u  iii:^  a  Holar  spwtrum  through  a  piece  of  gla^s  1  niillimt'tre  thick,  coloured  with 
red  oxide  of  copper,  all  the  colours  excepting  the  red  diaappwir,  the  gLu^  being  opaque 
to  an  tike  OMne  fciwigiUa  vaya.  Other  laadia  tmwmit  rays  of  one  or  more  colours, 
and  stop  fhr-  r-'st,  nnd  constvjuently  exhibit  compound  colours  by  transnuft«Hl  lijfht :  ^ 
thus  an  ummouiaeal  soiutiuu  of  copper,  when  of  a  certain  strength  imd  thickness, 
stops  til  the  rays  exespting  the  red  and  the  violet. 

If  rav'^  whii^h  have  pa.H8cd  through  a  rod  glass  be  passed  through  another  glass  of 
the  same  colour,  the  latt4*r  will  absorb  but  a  small  pruportion  of  the  raja  wluch  £all 
•poo  itrbeeaue  thosewhidi  arsine^iwbleof  passing  through  red  glass  hnmalmdy 
been  eliminated  by  the  firt*t  medium  ;  but  if  the  second  glass  is  groea^  i(  wSlilOp  tiM 
red  rajs,  and  the  two  t(wetber  will  form  a  perfectly  ofwqne  screen. 

Tl^re  it  no  nadiiw  wtaeh  is  ahsohrtt^y  oolwulsas,  Huit  is  to  say,  capable  of  inuM- 
mittiii^  niys  of  all  colour;*  in  exactly  the  same  propwjrtion  ;  evm  air,  wh»  n  seen  through 
great  thicknessos,  appears  blue;  the  colour  of  the  skj  is  uux^r  that  of  th«  atmos^hm 
ie»  Unmf^  m  tUskDsas  of  savsnl  wSk§ ;  im  Bka  wnoMr  dMMit  MVBbifaM  a^ipsor 

blue,  just  as  if  thoy  were  s<  en  through  a  blue  glass. 

On  the  othor  hand,  to  eaaUe  a  medium  to  absorb  the  zt^s  of  one  or  mon  ooloim 
soiinpletely,  ft  tmst  luKva  •  osrtatB  tMAwssa.  Biw  inoCali,  as  alrsad^  otwarwd,  wiMn 

reduced  to  extrenirly  thin  filmn,  transmit  certain  colours,  and  a  plate  of  glafis  which, 
when  of  a  oertain  thickness,  stops  all  but  the  red  rays  of  the  spectrum,  transmits  m 
grestsr  sand  graatsr  number  of  coloured  rays  as  its  thidcness  is  diminished,  and  at  last 
appears  almost  colourlosa. 

It  was  formerly  sqpposed  that  the  quantity  of  light  absorbed  was  proportional  to 
the  thickness  of  the  medium  through  which  it  passed,  bnt  later  reseiuvhee  have  shown 
thiUi  the  law  is  more  oomplicated.  Suppose  the  mi  dium  divided  into  infinitely  thin 
layprs  perpendicular  to  the  direction  of  the  rays  which  trnverse  it ;  and  let  a  \^  the 
fraction,  supptjsed  constant,  which  reprints  the  pro^rtion  betwi^n  the  quantity  of 
light  urriving  at  any  layer,  and  that  of  the  light  wfaidl  passes  through  nnabsort^ 
Toe  quantity  of  lig;ht  (stipposed  homogenrv^n*^  which  arrives  at  the  first  layer  being  I, 
that  whidi  readies  the  second  will  be  la  ;  tiiat  which  arrives  ut  tlie  third  will  be  la', 
and  fo  on.  If  therefore  e  represents  the  thickness  of  the  medium  (equivalent  to  n  lajces)^ 
the  intensity  of  the  ray  after  having  passed  throuf^h  tin's  thiekness,  is  given  by  the 
formula  i  la'.  Xhe  int«>n9ity  of  the  emergent  light  decreasijs  therefore  in  geometrio 
proportion,  while  the  thickness  of  the  medium  increases  in  arithmetical  proportion. 
Tlie  quantities  ab.sorbcd  by  the  successive  layers  follow  a  Rimilar  law,  being,  for  the 
first  layer  I-Ia  1(1— a);  for  the  second,  Ia(l— a);  for  the  third,  la\l— a)^  and 
for  the  i««th.  -a\ 

Now  let  R,  O,  Y,  &e,  represent  the  intensittf*"  of  the  sevpral  principal  r-Innr^  rnm- 
posira  a  ray  of  incident  light,  the  total  int4>nsitj  of  the  beam  being  Iherefora 
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njit  which  trarewe,  withont  absorption,  a  unit  of  thickness  of  the  mediom ;  then  the 
intensity  of  a  beam  emerging  from  a  layer  whose  thickueaa  ia  e,  will  be 

Rr-  +  Oo«  4-  Yy  +  Qg*  +  B6»  +  Ii«  +  V»». 

The  terms  of  thio  expression  containing  the  smallest  of  the  fractions  r,  o,  y,  &&, 
decrease  most  rapidly  as  e  increases ;  the  colours  corresponding  to  the  other  terms 
will  therefore  predominate  more  and  more,  and  the  emergent  tint  will  not  be  white, 
but  will  exhibit  a  compound  tint  depending  on  the  relative  magnitude  of  tlie  several 
terms,  Rr*,  Oo*,  &c.  If  the  rays  of  an^  one  colour,  red  for  example,  are  less  absorbed 
than  the  rest,  it  is  always  possible,  by  increasing  the  thickness  of  the  film,  to  a  certain 
extent,  to  obtain  red  rays  sensibly  homogeneous  ;  for  by  increasing  e,  the  ratios  Rr*: 
Oc,  Rjr*;  Yy",  &c,  may  be  increased  in  any  required  proportion.  When,  on  the 
contrary,  the  quantities  r,  o,  y,  &c.,  differ  but  little  from  unity,  and  the  thickness  of 
the  medium  is  small,  the  sum  Rr"  +  Oo*  +  &c,  differs  but  little  from  that  which  repre- 
sents the  intensity  of  the  incident  ray ;  that  is  to  say,  the  light  is  not  perceptibly 
coloured. 

The  relative  quantities  of  the  several  coloured  rays  absorbed  by  a  coloured  medium 
of  given  thicknoss,  may  be  obson*ed  by  viewing  a  line  of  light  through  a  prism  and 
the  coloured  medium.  The  spectrum  will  then  bo  seen  to  be  diminished  in  brightness 
in  some  parts,  and  perhaps  cut  off  altogether  in  others.  This  mode  of  obsenntion  is 
often  of  great  use  in  chemical  analysis,  as  many  coloured  substances  when  thus  ex- 
amined afford  very  characteristic  spectra,  the  peculiarities  of  which  may  often  be 
distiuguishtyi,  even  though  the  solution  of  the  subHtance  under  examination  contains 
a  sufficient  amount  of  coloured  imp"urities  to  change  its  colour  very  considerably.  The 
following  method  of  making  the  observation  is  given  by  Professor  Stokes  (Chem. 
8oc.  J.  xvii.  306) : 

A  small  prism  is  to  be  chosen  of  dense  flint  glass,  ground  to  an  angle  of  60^,  and 
just  large  enough  to  cover  the  eye  comfortably.  The  top  and  bottom  should  be  flat* 
for  convenience  of  holding  the  prism  between  the  thumb  and  fore-finger,  and  laying 
it  down  on  a  table,  so  as  not  to  scratch  or  soil  the  faces.  A  fine  line  of  light  is 
obtained  by  making  a  vertical  slit  in  a  board  6  inches  square,  or  a  little  longer  in  a 
horizontal  direction,  and  adapting  to  the  aperture  two  pieces  of  thin  metaL  One  of 
the  metal  pieces  is  movable,  to  allow  of  altering  the  breadth  of  the  slit.  About  the 
fiftieth  of  an  inch  is  a  suitable  breadth  for  ordinary  purposes.  The  board  and  metal 
pieces  should  be  well  blackened. 

On  holding  the  board  at  arm's  length  against  the  sky  or  a  Inrninons  flame,  the  slit 
being,  we  will  suppose,  in  a  vertical  direction,  and  viewing  the  line  of  light  thus 
formed  through  the  prism  held  close  to  the  eye,  with  its  edge  vertical,  a  pure  spectrum 
is  obtained  at  a  proper  azimuth  of  the  prism.  Turning  the  prism  round  its  axis  alters 
the  focus,  and  uie  proper  focus  is  got  by  trial.  The  whole  of  the  spectruta  is  not* 
indeed,  in  perfect  focus  at  once,  so  that,  in  scrutinising  one  part  after  aDOtber,  it  is 
requisite  to  turn  the  prism  a  little.  When  daylight  is  used,  the  spectrum  is  known  to 
be  pure  by  its  showing  the  principal  fixed  lines;  in  other  cases  the  focus  is  got  by  the 
condition  of  seeing  distinctly  the  other  objects,  whatever  they  may  be,  which  are  pre- 
sented in  the  spectrum.  To  observe  the  absorption-spoctnim  of  a  liquid,  an  elastic 
band  is  put  round  the  board  near  the  top,  and  a  test-tube  containing  the  liquid  is 
slipped  under  the  band,  which  holds  it  in  its  place  behind  the  slit  The  spectrum  is 
then  observed  just  as  before,  the  test-tube  being  turned  from  the  eye. 


Fig.  668.  Fig.  669. 
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To  oljserve  the  whole  progress  of  the  absorption,  different  degree*  of  strength  must 
be  used  in  succession,  beginning  with  a  strength  which  does  not  render  any  part  of 
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the  apectram  abeolatelj  bkd^  unless  it  be  one  or  more  rtacj  nnvow  teadi^  as  others 
wf  se  tlie  most  distinetiTe  ftstarcs  of  tfw  ibssiplioii  srig^  be  wissed.  Jf  Ac  wiMiiM 

1hi  containcil  in  a  wedgo-shaped  vessel  instead  of  a  test-tub*?,  the  progress  of  tho 
Absorption  nu^  be  watched  in  a  oontinnoos  manner  by  sliding  the  xessel  before  the 
Me.  Some  oliunviia  |tvf«r  nmng  a  wedge-shaped  Tesael  in  combination  with  the  sli^ 
the  slit  boing  perpendicular  to  the  edge  of  the  wedge.  In  this  case  each  element  of 
the  slit  furms  an  elementary  spectrum  corresponding  to  a  thickness  of  the  solution  . 
which  increaeee  in  a  continuous  manner  from  the  edge  of  the  wedge,  where  it  THnishee. 
This  is  the  mode  of  observation  adopted  by  Gladstone.   (Chem.  Soc  J.  hu  79.) 

Fii/.  GGS  represents  tlie  effoet  pr^^jduood  in  this  way  by  a  solution  of  sesquichloride 
of  chromium,  &ud  Ji^.  669  that  produced  by  a  solution  of  permanganate  of  potassium. 

The  right  hand  sides  of  thvue  fibres  correspond  with  the  red  end  of  the  spectrm; 
the  letters  refer  to  Frauenhofer's  lines.  The  lower  part  of  each  fipurc  shows  tho  pur» 
spectrum  seen  through  the  thinnest  part  of  the  wedge,  and  the  prc^oress  of  the  absorp- 
ttM^  m  lh»  tUdcnees  of  the  Bqnid  inereases.  fa  wai^IlM  gnAMl  oUilsnliM  of  Urn 
■HMtftW"  towards  the  uppor  part  of  the  figures. 

The  following  obeervatious  on  the  apj^cation  of  the  absorption-method  to  chemical 
■Bslisin  axe sartMStcd  from  a  pa(>er  by  Frafeasor  8tok«s  ((mm.  Soe.  JT.zfiL  S08): 

"  In  many  cases  nothing  is  observed,  beyond  a  general  absorption  of  one  or  other 
rad  of  the  spectrum,  or  of  its  middle  part,  and  ue  prism  gives  little  information 
ImjvbA  what  iS  otttained  by  the  e^e,  by  obectvtiig  the  simssmwii  mImmv  |huAmmi4 
hy  different  thicknesses  of  tho  liquid.  And  here  it  may  bo  romarkod  in  passing,  with 
reference  to  the  description  of  Due  snbstaoeeSk  that  in  specifying  only  one  colooiv  that 
coneapondfai^  to  n  wwmidewiwe  tliiAtiees,  as  is  ecnanionly  done  by  cheHrfMa,  the 

peculiar  foaturos  of  the  uLsorption  are  loft  almost  wholly  undesorilH'<i.  Tims  of  two 
solutions,  one  might  be  pink  when  dilute,  passing  on  to  red  with  increase  of  strength 
and  thidmess,  another  yeDow,  passing  tnroogh  onmge  to  red.  These  would  com- 
monly  be  described  as  red,  yet  the  series  of  tints  indicates  an  ntter  difference  in  the 
mode  of  absorption,  the  middle  of  the  spectrum  in  the  one  oaae^  and  (he  Bost  reficaa- 
gible  end  in  the  other,  being  the  most  powexftilly  attacked. 

**Bat  in  some  easfs,  espeeinlly  with  substanees  of  intense  colorific  poifMl^llia  wid» 
of  absorption  is  eminently  characteristic.  Two  or  more  dark  bands  are  seen  in  the 
spectrum,  indicating  maxima  of  absorption ;  and  the  positions  of  these  bands,  their 
rdative  intensity,  and  their  other  features,  form  altogether  a  series  of  characters  the 
distinotive  nature  of  which  is  such  as  those  who  have  neglected  tho  use  of  the  prism 
have  little  conception  oL  They  render  it  perfectly  ea.sy  in  many  cases  to  follow  n 
particular  snbstanee  among  a  hiost  of  impurities.  For  each  coloured  snhataUMe  pn» 
duces  its  own  absorption,  independently  of  the  others  (supposing  the  substances  do 
not  ehemically  react  on  each  other),  so  that,  unless  the  part  of  the  raootnun  in  which 
the  disthwtiTe  bands,  or  BMtak  of  theoa,  oceor,  is  wholly  absoihed  vf  the  impvritiei^ 
the  presence  of  the  substance  can  stiU  be  recognised.  Such  a  complete  obliteration  is 
the  lees  likelY  to  occur,  for  this  reason,  that  wEen.the  characters  of  the  solution  are  so 
■IroBfly  maanced,  il  almoal  always  happens  tiiaft  •  eumyMaHrely  saaaB  quantity  of  tta 
substance  snflfices  to  produc(>  tho  enoct,  and  the  solution  must  coBMqMBtl|f  bi  00 
much  dilated  that  the  effect  of  the  impurities  oompaxatiTelj  disappsocn 

*<llor  fathlBalL  WheaaaManaasBddUfamailndcharaelMBQf  oBeUndhioM 

solvent.,  it  often  happens  that  It  dMWaMfcrent  and  no  Iosh  marked  characters  in  a 
aoWent  of  a  difibrent  natanw  Hot  oi^y  does  this  furnish  additional  characters  by 
whkh  the  sahatanee  oan  he  distingiiished  ftoas  others,  bat  it  is  Taloable  for  Mlowing 

tho  8ubst:ine«-  when  involved  in  impuritifa:  for  the  nature  of  the  impurities  majr  bo 
such  as  to  mask  the  substance  in  one  sdivent  and  not  in  another.  This  is  eepecially 
the  ease  where  one  aoltent  ia  alkaline  and  the  other  acid ;  but  differences  are  some- 
times observed  even  with  two  neutral  solvwts. 

"To  illustrate  these  principles,  we  may  refor  to  the  colouring  matters  of  madder 
Aliaarin  and  purpurin  both  jield  highly  distinctive  spectra,  the  former,  however,  only 
In  lha  ease  of  Holutions  containing  caustic  alkali,*  whereas  most  solutions  of  the  latter 
are  highly  distinctive.    Maddor  it.ielf  contains,  either  directly  or  as  the  result  of  de- 
composilioD,  a  number  of  substances  which,  in  alkaline  solution,  absorb  that  part  of 

■  A  tolatloa  of  allsatto  In  eaiboiMie  of  potassleai  er  sodtum,  or  In  smmoniii,  exhibiu  a  tpectnim 
hawtec  a  bead  of  abssniCloa  In  Ihe  yellow.  wMidMr  nswewi  one  b^weeo  tlie  rc4  and  the  oraace,  and  a 
tkMrnviasoBvleaoaa  b«4eotaflidinff  with  the  lfasB.-r 


eotaddinf  with  the  Hm  B.— PnriHirin,  dltwlved  lo  e«f1wiMt«  of 

-  .  .  sMUtt  two  dark  iMnds  or  alMorpttoDsboueUM  ansa  psrttf  the  •pmrum   

aftheaaaewdtsnse  anqasoMsiui  eSMMu  dwssnie  aecaBiirawdeef  shtorptUffl.  twit  Mtewlse  a 
"   '  iM>faiiooofpurpaglaia>alfMdeercBihsaertdbtaliw 


  ilooofpurpaglaia>slMMdeef«nheaertdbtaliaoTbsnd»of 

whMi  ttMSni.  ■llaaM  in  tho  y«llow  ]att  btfam  D,  laokoatag  tnm  the  rad  ratreailtj,  u  asfiaaar 
lhaa  IheieiM  Messoood  U  iitiMted  tn  tb«  graen,  nvuij  eotaeMiiv  wHhUM  line  B  t  tiM  third  In  the  Mae 
WMT  Wi  md  the  Ibartb.  which  it  rtrf  Incoiiipicuoa*,  ia  tho  Indtfo^— Lutlf .  tho  KMutioo  of  porpnrla  ti 
other  aivM  a  •poottam  exhibiting  two  band*  of  absorption ;  one  rarrow  and  very  darii  in  the  oasat 
Marly  eoincidiag  With  K  i  the  tecond  la  the  blue,  broadar  aDd  lea*  •troogiy  markod,  and  havloi  lis 
•MMioaftihoMaeVtlhesshaieaitabeiUcMifflaflsaMnt.  (Stakes. oS^ lesririirkM  . 
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the  iip«€tram  in  which  the  distinctiTe  heaxdn  of  piirpuriu  occur.  H^ncc,  in  a  mixture 
nibtawaetl  from  madda^  iad  eontidniii^  we  will  suppose,  porpunn  in  comparatirelj 
ftmall  quantity,  the  pres^ncf  of  pnrpnnn  woQld,  in  an  alkaline  solution,  be  masked  by 
the  other  svib.stancts.  But  in  ethor  or  acidulate  alcohol  the  other  gubetunces  yield 
spcc^  showing  nothing  particular,  and  interCaniig  coa>|iM»ttfaly  little  with  the  dis- 
tiiictive  boii'^^  f^if  purpiirin;  while  in  an  alum-liquor  solution  made  by  Votlfr  ir.  not  only 
are  the  purpurm  bauds,  which  in  this  tiolTent  occur  at  a  lower  refrangibnity  lima  with 
eUuv,  more  effectually  aeponted  from  the  absorption  prodwed  by  the  awodrted 
Mbi^ncca,  but  those  substances  tbeniBolvL-s  are  also  in  t?  r  l  mcn^uro  cxcludcil. 

'*For  an  exan^e  of  the  necessity  of  attending  to  (he  nature  of  the  solvent,  even  in 
the  ease  ti  ^ttami  netttnl  aolrcntai,  ws  maj  tciw  to  »  ysDcnr  mlMtaaee  whieh  u  one 
of  thf  ronptitiurit>  of  [ho  green  colouring  matter  of  leaves.  The  alcoholic  solution  of 
this  subet&uce  exhibits  two  chanctenstie  bands  of  abaorptiou,  the  fint  of  which  ii 
aitutsd  fanansdiately  adjaaant  to  the  Baa  F  on  tha  mom  wfrangible  sUft.  Tha  aofartion 
in  sulphiilo  of  cjirbon  exhibits  two  similar  bands,  but  much  less  refrangible,  tin  lino 
W  now  nearly  bisectiag  th«  bnght  interval  betweeen  the  first  and  second  dark  bands. 
!nia  aalMtaliea  ia  rtK^  mtSLj  deoompoaad  by  adds,  and  aven  "bf  aeid  aalta,  ylaldinf  ft 
product  of  decompositjou  which,  in  alcoholic  .wlution,  exhibits  two  Ixmds  of  absorption, 
like  the  parent  substance,  but  a  gjood  disal  more  refrangible.  There  is  the  aam^  change 
ci  pontkm  as  in  the  former  ease,  in  passing  from  alcohol  to  sulphide  of  carbon,  ao  tlwt 
the  solution  of  the  product  of  decomposition  in  sulphide  of  carbon  agresa  almOit 
aonctly,  in  colour  and  spectrum,  with  that  of  the  parent  aubstance  in  alcohol. 

'*Not  only  is  an  examinatioxi  of  the  nV>^rption-spcctrum  of  a  substance  useful  for 
enabling  us  to  follow  the  substance  through  mixed  solutions,  bat  it  sometimes  reveals 
r^r-lationships  in  Kiscs  in  which  they  might»not  be  froftpected,  if  the  oritrin  of  the  sub- 
stances were  unknown,  Inus,  the  purpunuu  of  Dr.  Steuhoiise  dissolves  in  tther  or 
acidulated  alcohol  withftiad  colour,  while  that  of  the  same  solutions  of  porpurin  in 
yellow.  But  thf»  prism  rereaLs,  in  Iwth  cases  alike,  tho  existence  of  three  baiula  of 
absorption,  of  Himiiar  bn  adth,  while  tho  purparein  bunds  ax«  situate  nearer  thu  red 
than  those  of  pnrpurin,  by  about  one  intervaL  TUiamnple  shows  how  deeply  seated 
in  the  molaautoaooititotumof  ftbo^Bu^toaovtomMsabati^ 
liia  bands. 

*'Hilliaito  it  haa  been  supposed  that  Hw  paaafiaiftisi  ti  tihrnnplkm  of  »  subManaa 

wore  known  and  applied  to  the  detection  of  that  substance  in  a  mixt;iri\  But  tho 
question  may  azise : — Given  a  mixture  of  an  unknown  number  unknown  substanooa^ 
vAiah  aa  ft  vhala  pteasnla  peeidiaittiaa  of  aliaorplkw,  to  datanniBa  wliatihap  tha  whola 

of  thcHo  p<-culiarities  are  due  to  the  same  substance,  and,  if  not,  what  portion  ar  dufi 

to  one  sohstanoe^  and  what  portion  to  anothar.  Little  can  be  done  towards  the  soltUion 
af  tiiis  popeldaBi  \f  iha  toaia  olmgyailon  <^  absorption  ;  w»  aaa  only  say,  that  aoma 

modes  of  grouping  of  bands  of  absorption  are  common  in  solutions  of  pure  substances, 
while  tiihjsxB  are  nncommon,  and  give  rise  to  the  suspicion  of  a  mixture.  The  pheno- 
mmm  of  ioonsoeBoa  grra  ia  sobm  aaaea  laatcrial  aamtance ;  hot  in  general  it  is  mAy 
by  combining  Bpeetnil  analysis  with  processes  of  chemical  separation,  especially 
fractionsl  separation,  that  a  satisfactory  conclusion  can  be  arrived  at.  When  a  mixture 
is  thus  tested  in  various  ways,  a  conviction,  at  last  approadunx  certainty,  is  gradually 
arrived  at,  that  those  bands  ot  ahaorption  which  na  ahraya  tomd  aacttafniyiiig  ana 
another  belong  to  one  and  the  same  eubstanec. 

*'For  convi  uience  and  rapidity  of  manipulation,  especially  in  (he  exuminati<»i  of  very 
niavte  quantities,  there  is  no  method  of  separation  equal  to  that  of  (Hirtitioii  hetWMB 
solvents  whi(  b  peprirrt.^  after  agitation.  Ether  combined  with  water,  cither  pure  or 
rendered  acid  or  nlkuline,  is  the  most  generally  useful,  and  the  separation,  if  not 
atherwise  fractional,  may  bo  rendersd  ao  hj  hitrodncing  the  acid  at  aDeali  by  minute 
qiinntiti  s  nt  a  time;  but  Other  Bolvcnts  are  useful  in  particular  cases.  Sulphide  of 
carbon  xn  cou^  unction  with  aloohul  affiards  the  means  of  disentangling  the  coloured 
aabatoBesft  wbidi  aia  aaiaad  together  id  tilagrean  aolouring  Bnttvofleaves.  Solutiona 
of  various  metallic  oxides  which  are  natur  illy  precipitable  by  an  alk.di  or  alknlinn 
carbonate,  but  are  retained  in  solution  by  means  of  ft  tartrate  are  very  useful  in  tho 
aatawmatSoii  of  the  true  oolonting  mat  ten,  not  mmmI^  Ibv  jptododng  changes  of  colour 
and  8|pectmm  without  precipitation,  but  even,  in  conjunction  with  ether,  for  effecting 
ahemical.  separation :  and  fractional  separation  may  be  ef&cted  by  making  tha  solution 
dsfviato  very  slightly  fit>m  peffeet  iM«6«lity.  By  cotnouuSff  With  €uiaF  snen  a  soukiob 
rf  afnnunu.  it  wan  found  ]  ■  v-eible  to  separate  and  detect  the  [  ih[  ni  in.  alizarin,  and 
rubiacin  prc^nt  in  a  portion  of  powder  not  A-g^wwHing  in  bulk  a  fraction  of  the  head  of 
a  pin."  (Stokes.) 

The  following  •>}  nervations  on  tha  tUmorpHoa  ipaelntof  mateUie  fldto  cm  hjDi^ 
aiadstone  (Chem.  Sue.  J.  x.  79) : 
A.  coropftrison  «f  tha  8pe<^  exhilnted  by  different  salts^  only  one  oonstitttNit  of 
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trhich  is  coloured,  sbow^  thut,  with  very  few  exceptioiu,  iiU  the  compounds  of  the  same 
Imm  ttr  add  hare  the  same  effect  on  the  nja  of  light  Thia  law  ia  seen  to  bold  good 
in  ronny  instances  which  at  first  siglit  appear  excpptional.  Thus  it  i*?  fn  11  known  that 
8om0  saltH  of  chromic  oxide  are  greei^  otheri  red  or  purple.  Now  these  dititireotlj* 
coloured  chromic  salts  foduliit  tmt  MMie  fen  cral  form  of  epectrum  0^.  6MX  n  whSA 
the  violet  and  indigo  raya  are  Tery  soon  cut  off ;  nnd  ns  the  thicknesH  iDm>as<^,  the 
light  ia  more  and  more  concentrate  about  two  poiat»— one  in  the  red,  the  other  ia 
the  blui^-green,  the  red  rar  penetrating  with  the  greatoit  iheiKfy.  Heaoa  it  ivlluit 
tho  chloriilc  and  th^r  salts  of  chr  niimn,  which  an'  frriM.-n  in  moderately  dilute? 
aolutioufl,  appear  purple  or  red  whea  we  look  through  a  strong  or  very  deep  solution. 
The  aoetelr  «bootM  the  green  rajs  raoN  nadily,  and  lluialare  appears  green  on)y  ii 
Tery  ^vt;tk  solutiona,  or  in  thin  strata,  while  the  "  red  potassio-oxakt***  abmitMl  tiM 
green  so  speedily  that  the  Uuanest  portion  of  iiappewa  binish-md. 

Salta  eomposed  ot «  eokmrad  ban  tad  m  oolonrM  aeid  «adiibift  mIoim  Mnpeonded 
©f  t}ie  rays  which  an-  not  a1>sorl>ed  \>y  either,  the  resultant  colour  bearing,  m  many 
instances,  but  little  resemblance  to  the  original  colours.  Thus,  the  acid  chromate  df 
ehromie  oxide,  a  compound  of  two  substances  which  give  respectively  yellow  and 
green  solutions,  is  not  bright  green,  but  brownish-red,  becanae  tixc  chromie  add  9at9 
off  nenrly  all  the  blue  and  riolet  t^ji^  vhila  thaoxida  «f  cbiWlini  ablOEbltlia  JtOov 
and  tlic  greater  part  of  the  green. 

Some  salts  wUeh  are  hat  slightly  coloured,  nevertheless  exhibit  very  dunctaiilie 
spectni.  Thus,  a  solution  of  sulpliate  of  didyniium,  which  h;i.s  but  a  faint  mite  oolmjr, 
exhibits,  when  exatnini^d  by  the  huiluw  wedge  and  phtuu,  a  spectrum  containing  two 
wtrj  Uack  lines ;  on<-  i  n  t  he  yellow,  the  other  ia  the  fl^n.  Hmm  Hnes  are  via&e  ia 
very  weak  solutions  of  didyniium,  and  therefore  serrc  as  a  delicate  test  for  that  metal ; 
tiiey,  moreover;  aflford  means  of  distinguishing  it  from  cerium  and  lanthanum,  in  the 
qieelia  mt  whseh  they  do  not  oeear. 

7?rr!f>-Ar'#  TJuory  of  Oif  Spectrum.  Newton  re(]^arded  the  spectrum  ns  composed  of 
an  infinite  number  of  simple  oolours,  each  element  of  it  Gonsistin^  of  a  raf  <tf  defiaite 
ssAatigilrifityand  not  capaMeof  ftetiMgdeeoBipeiittiwi;  eadthieft^ 
univr  r-^all}' received  as  aflfbrdinpj  sjitisfaotoiy  explanations  of  all  the  pheaomenn  (  f 
colour,  and  of  the  decomposition  and  reoomposition  of  light.  Brewster,  however,  in 
atadying  the  dseoaiporitioo  ef  light  by  absorption,  abevted  eertaia  frota  iHiioh  ha 
regarded  as  incompatible  with  Newton'^^  theory,  and  he  nr  r  iii  (Bm|jr  pmpoaod  a  MW 
tbeoiy  of  the  constitution  of  the  spectrum,  which  is  as  follows : — 

1.  White  light  is  composed  of  inree  colours  only,  red,  yellow,  and  blue,  mixed  in 
aertain  propoiti<ms. 

2.  The  BoLir  spectrnm  is  formed  of  three  fiuperposed  spectra  of  these  colours,  each  of 
them  extending  the  entire  length  of  the  spectrum,  but  with  varying  intensities  &&  shown 
in  ^••70^  where  the  horiasBtel  Uae  rt^  represents  thelengtiHof  tlieepaatrum,  and  the 
three  curves,  R,  Y,  and  B,  are  so  drswn  that  their  ordinate^  are  proportirm!  tn  the 
intensities  of  the  seveml  colours  at  eacJi  point,  the  blue  having  a  maximum  between 
the  fixed  lines  F  and  G,  the  ydlov  aea»F»  tad  fha  tad,  Uro  aiaziB^  oaa  aear  1^  aad 
another  of  lower  intensi^  OMB  tha 

viokt  end  of  the  ^eetrum.  Fi^.  6701. 

S.  All  Ae  aoloaia  ct  ttie  spectram  t 
are  compound,  and  as  all  the  mya 
united  in  one  pmat  have  the  same  die- 
gree  of  rrHnaigibility,  they  eaanot  be 
flirtlier  deconipos<-d  liy  refraction, 

iirewster  was  led  to  these  eonciu-  r 
mom  by  oifaaamng  that,  by  viewing  the 

spectrum  through  certain  coloured  n^dia»  wbteUght  may  W  shown  to  cedst  la  any  pait 

<k  it  Thus,  by  looking  thronc^h  an  azure-blue  glass  of  euftieirnr  t'liefenp^^",  or  Kf^ttrr, 
through  a  solution  of  sulphate  of  copper  mixed  wiUi  red  ink.  the  yei  low  of  the  spectrum  is 
replaced  by  white,  very  slightly  tinged  with  green  or  red,  according  to  the  paiUeakr 
tint  of  the  meduim.  This  white  Vi^ht  is  not  decompof^ible  by  refraction,  but  may  br 
decomposed  by  viewing  it  through  a  film  of  gelatin  of  yeUow  or  green  colour,  the 
white  Vaad  then  appearing  yellow  or  preen,  fai  consequence  ot  the  iSeorptkm  of  tha 
blue  or  red  ray«.  T5y  fjirniliir  means  Brewster  found  white  b'trht  in  the  preen  ari  1  the 
orange,  whence  ho  eoneludt^d  that  the  three  primarv  colours  exist  in  the  yeUoWf  green, 
and  orange  of  the  spectrum.  In  like  mamer,  by  viewing  the  speetrantlnoagh  eerlalB 
ycIW  liqnidM.  lie  found  that  the  blue  and  indipo  assnm,  ,1  a  violet  tint,  when<»  he 
concluded  that  red  light  existo  in  these  parts  of  the  q;>ectrum.  The  blue  of  the  speo- 
trnm  seen  through  a  iUm  af  Una  gelatin,  exbibM  a  wUta  band,  aod  the  blue  aad 
ladigpmwedthioaghaUaeghMURimcdaTioletliiit:  hranntlir  imaimim iif  j  uti o w 
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in  tlip  blup  was  inferred*  l|f  Tioyring  the  speobom  diRN||;li  ftlaTMr  of  PttBTion  balaam, 

pitch,  salphur- balsam  or  red  mica,  yellow  was  seen  m  the  reel  near  the  lino  C. 
Brewster  was  not  able  to  detect  yellow  in  the  violet,  but  he  attributiHl  this  Bcgatire 
re<;nlt  to  the  feeblenns  of  the  light  in  thia  pait  of  the  spoctrum,  and  the  fbeOity  with 
which  it  is  absorbed  by  nil  coloured  media,  L-n^tly,  me  red  of  the  spectnira  seen 
through  balsam  of  Peru,  pitch,  suiphur-baLsam,  or  red  mica,  appeared  green,  whence  it 
was  inferred  that  the  red  of  tli«  ■pVafanm  also  contained  binec 

Brrwster's  theory  has  not  howerer  met  with  general  adoption.    In  the  first  place,  it  is 
quite  inconsistent  with  the  wave-theory  of  light :  for  iu&t  as  there  is  uu  intinite  uuml)er 
ids  corresponding  with  an  infinity  of  ii»f»lwglM tit  tho  tit,  90 11  ke wise  must  there 


be  an  infinite  number  of  shades  of  coleor  corresponding  with  an  infinite  number  of 
irtye-lengths  in  the  ether,  and  then-fore  also  (p.  609),  an  intinite  number  of  different 
refraiigibilitics.    Oa  the  other  hand,  to  account  for  Hib  defk  Hoee  of  the  aolar 
trum,  it  would  be  necessary  to  suppose  that  certain  rays  are  wantiQg  in  the  ( 
spectra  exactly  at  the  same  points,  which  is  very  improbable. 

MorsovOT  there  is  no  reason  whatever  for  assuming  thait  re<l,  yellow;  and  blue  are  tho 
component  colours  of  wliite  light;  indeed,  Helmholtz  hiis  shown,  by  a  mrthod  to  bo 
presently  described,  that  the  a^oal  ooloors  of  the  i^>ectrum  may  be  more  exactly  imi- 
Uted  by  combinetkm  of  tad,  gjntm,  aadvidbli  b«t  that  then  the  imitMioii  is  ftv 
ftom  asctis&ctory. 

Moreearefui  observations  by  Airy,  Helmholtz,  and  others  have  likewi><c  shown  that 
Bfeewiter'fl  conclusions  arc  not  borne  out,  efWI  IgrhieovilBethod  of  observHtion,  when 
proper  precautions  are  taken  to  eliminate  sources  of  error.  A  i  ry  has  pointed  out  that 
to  obtain  correct  results  with  such  a  mode  of  experimenting,  it  is  necessary  in  the  first 
plaoe  to  exdude  all  extraneous  light,  which,  being  decompoaed  by  the  ookmred  medium, 
will  modify  the  tint  observed ;  and,  seoondly,  to  oomparo  the  spectrum  viewed  through 
the  coloured  medium  with  a  pnre  spectrtun  riewed  directly,  the  two  being  formed 
immediately  one  above  the  other,  in  no  other  wav  can  an  exact  compaziaon  of  the 
tints  in  the  corresponding  fMUts  of  the  two  be  made.  When  these  precautions  were 
taken,  he  found  it  impossible  to  distingoish  the  slightest  difference,  excepting  rn 
brightness,  between  the  eolonrs  of  the  spectrtun  seen  tburough  a  coloured  medium,  and 
those  of  the  spectrum  viewed  directly.  Airy  also  observes  that  the  intensity  of  tho 
light  may  make  a  great  difference  in  the  impression  produced  on  the  eye  by  any 
particular  colour. 

Helmholta  has  shown  that  the  results  may  be  modified  by  the  light  scattered  by 
irregular  refraction  at  the  surfaces  of  the  coloured  medium,  and  by  the  lens  and  prism  used 
to  form  the  spectrum,  especially  when  the  absorbent  medium  used  is  a  film  of  gelatin, 
which  is  not  very  transparent.  To  eliminate  this  diflnsed  light,  the  spectrum  is  received 
on  a  screen  having  a  narrow  slit  through  which  a  thin  o(W>ared  pencil  can  pass,  and 
this  pencil  ie  made  to  fall  upon  a  seeund  prism,  ft>llowed  bj  a  lens,  which  forms  a 
eokmred  image  of  tho  slit,  and  a  faint  spectnun jproeeeding  from  the  difiused  Vmht 
which  has  passed  through  the  second  aperture.  This  mectmm  does  not  perceptibly 
titer  the  purity  of  the  focal  image.  On  examining  the  dmerent  colours  of  this  purifie«i 
speetram  through  various  colouml  media,  it  was  fbnnd  impossible  to  distinguish  aqy 
difference  of  tint  between  the  oolonn  thus  obsenred  and  those  viewed  directly. 

From  all  these  experiments  it  may  be  inferred  that  it  is  impossible  to  dectjmpose  tho 
eokmtsof  the  spectrum  by  absorption  any  more  than  by  refraction  ;  that  the  colours,  as 
Newton  sqpposed,  are  nmple ;  and  that  to  each  colour  there  oozresponds  »  definite  de> 

Becompositloii  of  Xdcbt  by  Reflection. 

Newton  explained  the  ooloors  of  bodies  by  supposing  that  they  decompose  the 
Mi^wMA  Afo  OB  their  sarfcees^  aheorinng  some  of  the  eenpoBeat  rays,  reflecting 

the  rest  in  a  diffuscfl  manner  if  they  are  opaque,  or  reflecting  ori>  I'ortion  and  trans- 
mitting anotrher  if  they  are  transparent  the  reflected  and  transmitted  light  being 
aihnws  man  or  kai  eouvrcd,  beeanse  the  diAreot  eolonred  rays  are  not  abeorbed 
in  the  same  proportion.  Black  substnno.  s  are  those  which  absorb  all  the  rayi 
which  ML  upon  them ;  white  substanoei^  those  which  reflect  all  the  rays ;  bodies  uf 
theee  two  eiaaese  eet  in  the  same  mssner  on  all  kinds  of  Inminoos  rays.  Bet  between 
•these  two  extrenvs,  tli*  r-:  is  an  infinity  of  substances  whii-h  reflect  the  several  coloured 
rays  in  diflecent  ^portions.  A  red  body,  for  extunple,  is  one  which  reflects  red  iu 
larger  propoftfoB  lhaa  the  otiier  ra,y§  eompoetng  white  light.  In  the  case  of  opaqae 
bodies  the  decomposition  of  the  light  takes  place  at  an  insensible  depth  bdovthe  aOf^ 
&ee,  the  result  being  independent  of  the  inner  layers  of  the  substance. 

If  rays  of  light  dispersed  by  a  primi  be  thrown  wk^wUtewaxtBict,  each  pomt  reflects 
the  light  whiBftHMoamai  and  imoan  of  the  aamteoloacaathatlifl^  IfthesiifMe 
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is  frrf,  it  appears  very  bright  in  the  red  part  of  the  sportrum,  bn*  Ihr  othor  coloars  arc 
fiuot,  the  red  snrfaoe  reflecting  the  red  rays  of  the  spectram  almndaatjy»  but  the  other 
wlouis  in  small  proportions  only.  If  the  body  is  capable  of  abMrtin^  emfeain  nmi 
completely,  black  bands  are  seen  in  the  oorrrHitpondinp  parts  of  the  spt  cinini,  and  if  th' 
body  be  iuwiiiated  adaiy  bjwjraof  thatfrfccafay?  degree  of  le&Mgibilitjr,  il  a^pgeacs 
bladr. 

A  coloured  body  illnminated  by  different  aamom  of  light  may  exhibit  different 
colours,  the  spectra  formed  by  the  light  from  these  several  soarcee  not  being  formed  of 
the  same  oolonrs  or  in  the  same  proportions.  It  is  thus  that  objects  whidi  are  green 
daylight  appear  blue  by  lamp-light,  the  jdlow  mjn  being  less  abundant  in  the  light  of 
oruinaiy  flames  than  in  solar  light  Most  objects  appear  diflfbrently  coloured  by 
moonlight,  from  what  they  do  by  dayUght.  When  a  series  of  the  seven  prmcipal 
colours  of  the  ^)ectrom  is  illnminated  by  the  mtmochromatic  yellow  light  <^  a  lamp 
fed  with  spirit  containing  common  m]f,  thf  yellow,  orange  and  red  strips  aj^iear  ydlow 
of  various  degrees  of  brighLuettii,  the  rmt  grey  or  black,  because  they  do  not  receive 
rays  which  they  are  e^Mible  of  rdleeting,  or  in  other  words,  because  their  particles  are 
not  suKefj)til>lf>  of  vibratinp^  in  nntson  Trith  those  of  the  light  which  &lls  upon  them. 
In  the  tiiime  light,  the  face  and  lips  appiiir  of  a  livid  hue,  because  the  red  rays  which 
the  skin  reflects  in  daylight  an«  wanting  in  the  ydknr  light. 

Whrn  thr>  body  on  which  the  lif^ht  fiills  is  transparent,  tho  rays  which  pass  through 
it  are  those  which  have  not  been  reflected  at  its  surfaoe;  hence  the  reflected  and 
tranamittad  light  may  be  ofdifferent  eoknrs.  Stu  b  is  in  fkct  the  case  in  many  in- 
stances. Golddeaf,  whieli  in  yellow  by  reflected  light,  tninsmi'ts  lij^ht  of  a  bluish-green 
colour.  Faraday  formed  pulverulent  deposits  by  bending  powerful  electric  discharges 
flirough  melaOis  vim  in  aai  itmosphere  of  hydrogen ;  in  the  flnely-^viiM  st^  thos 
producod.  <«npp<»r  fippeared  preen  l>v  ♦nnfmitted  lip;ht ;  fin,  brown;  rinc,  brown  or 
blui»h-gr©y;  palladium,  brown;  aluraiiiiina,  brown  or  orange-ojloun.'d.  The  reflected 
and  tnuoMnnittcd  mys  are  sometimes  eoniplemcntan,'  to  each  other;  but  thia  ittiwcM 
only  when  no  part  of  the  liplit  ia  abHorlied.  When  a  body  exJiibits  tlie  same  colour, 
red  for  example,  both  by  reflection  and  by  transmission,  it  is  because  it  reflects  part 
cf  the  icd  nys  of  tlw  iaeU««  Ughl^  tMMB^ 
other  oolonrs. 

In  many  eases,  however,  as  pointed  out  by  Professor  Stokes  (Chem.  Soe,  J.  xvii- 
315),  til*  ooloor  of  a  body  attributed  on  cursory  examination  to  laAMtioa,  is  tttJfy  dao 

to  transmission;  in  f:i<"*^,  t}i»>  instan*^  in  which  5*ubstances  appear  .  olnured  by  rrflee- 
tion  aru  comparatively  i.ut.  "A  chemist  views  a  solution  contained  in  a  test-tube  by 
tnanussion  and  thin  by  reflection;  and  seeing  perhaps  some  perfectly  different 
colour  in  the  latter  case,  describes  it  as  the  colour  of  the  solntion  by  refl<H.'lion, 
whereas  it  is  merr  ly  the  colour  by  transmission  due  to  a  greater  thickness,  tiic  li^ht 
Ittring  been  reflected  at  the  bade  or  bottom  of  the  test-tube,  and  so  having  twioo 
passed  thmuph  tlie  solntion.  In  other  eases,  the  colrmr  described  as  due  to  reflection 
really  ari.ses.from  fluortsscenee ;  and  though  the  statement  may  be  true  in  the  aeose 
int(  iide<l,  it  F^eemi  objectionable  to  apply  the  term  refitciion  to  apneiH  so  utterly 
different.  It  is  only  in  the  ease  of  metals,  such  as  gold  and  oopprr,  and  r>f  certain 
other  substances,  such  ns  nuir*'xide,  platocyanide  of  magnesium,  &c.,  tiiat  colour  is 
really  seen  as  the  result  of  reflection. 

"  Wlien  fhi>  t.ilccs  jdace  in  the  ease  of  non-mft;dHe  substances, they  are  fnnnd  to  be 
endowed,  for  the  colours  ho  reflected,  with  an  intense  opacity,  comparable  with  that  of 
Ufltalt;  while  for  other  parts  of  tho  ipedwiiB,  tli«fy  may  be  comparatinfy  tnomnnl^. 
and  these  parts  they  reflect  with  nn  enerpj-  comparable  to  that  of  a  vitreous  substance 
only.  The  variatiouji  of  absorbing  power  in  {vassink:  from  one  part  of  the  spectrum  to 
nnwhwr,  and  oonaeqoently  the  variations  in  r(  ticcting  energy,  are  frequently  much 
more  considerably  nnd  aoooirdin^  the  colour  bj  zeflectton  ia  mnah  liote  tiMn  in  tlio 
case  of  metals." 

**ijB  omllenitflaa^  of  the  intiinate  connection  betfre«i  nic^allie  rcAsakion  and 

intense  absorption  is  afforded  by  the  crystal.'?  of  jiermanprnnato  of  potasmmn.  These 
crystals  exhibit  a  green  mttailic  rtflcotion,  and  wlu  n  erunhed  yield  a  powder  of  an 
intense  purple  colour  by  transmitted  light  The  colour  is  too  inliMa  special 
analysis,  but  the  solution  has  a  pimil.ir  colour,  merely  less  intense  «s  correspond.'?  with 
its  smaller  concentration,  and  the  analysin  of  the  light  transmitted  by  the  eolation 
presents  no  difBculty.  The  pfrwa  h  quickly  absorbed,  but  when  tho  iolution  is  vaSSL- 
ciently  dilute,  five  eminently  chanicteristic  liand.s  of  absorption  are  seen  in  that  part 
of  the  spt'ctram.  A.  sixth  baud  cornea  out  witli  a  grr^ater  thickness  or  else  strength  of 
solution,  bat  orvfli  the  fifth  is  somewhat  less  strong  than  iSb»  ofhtiB.  Whan  Iho  light 
r<'tlecfr  1  from  a  rrrstal  is  analy^CHl,  four  bright  bands  are  «een  stnndinf;  out  nn  a  pene- 
rally  iummoos  ground  of  inferior  brightuees.  These  bright  bands  correspond  in  posi- 
tfoa  viol  tfa»  pcine^  M  baads  hi  tho  light  tnuMmttad  hf  the  mki^  aaA 
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tlncefore,  ft  may  be  presumed,  bj  tbe  crystals  them8«lye«.  When  the  angle  of  inei* 
4noe  has  a  suitable  valae,  and  the  reflected  light  is  analysed  by  ft  IBdioFs  ptiam,  with 
ita  priaetpal  plane  in  the  plane  of  incidence,  and  then  by  a  eflMmoB  tmnni,  the 
apectrom  n  rednced  to  theae  four  bright  bands.  A  fifth  bright  band  Qimla,  perhapa^ 
M  laade  out,  in  tho  case  of  a  flne  crystal  with  a  fVveh  surface.  Under  the  eiroom- 
Staaoea  described,  the  NichoTa  prism  would  extinguish  the  light  reflected  from  a  \-itreoufl 
sabstance,  and  transmit  much  of  that  reflected  from  a  met^  We  see,  therefuro,  that, 
as  r^^ards  ita  relations  to  light,  the  crystallised  body  passes  repeatedly  from  the  con- 
dition of  a  Titreous  to  that  of  a  metallic  substance  and  back  again,  as  the  refirangibility 
of  the  nya,  in  relation  to  which  it  is  considered,  is  continuously  increased  by  a  small 
•mount. 

"  The  same  relation  between  intense  absorption  and  metallic  reflection  exista  gene- 
rally, though  it  cannot  bo  always  studied  by  means  of  a  solution.  Tho  pktinocyanides, 
Ibr  **Map'*i  yi>M  colourless  solutions,  «o  that  the  intense  absorption  which  most  of 
them  eKeroM  for  certain  parts  of  the  spectrum  must  be  attributed  to  the  mode  in  which 
tht  molecules  are  bmlt  up  in  forming  the  crystals ;  but  by  attending  to  the  colour  of 
the  light  transmitted  by  thin  cr}-stals,  the  law  is  found  to  be  obeyed.  Gold  can  only 
be  obtained,  in  solution,  as  gold  by  means  of  the  opaqne  solvent  mercury ;  but  ita 
colotir  by  transmission  may  be  studied  in  gold-leaf,  or  in  a  chemically  deposited  film, 
iind  is  then  found  to  be  conformable  to  the  law  mentioned,  the  less  refrangible  colours, 
which  are  those  which  are  the  man  oc^gknaij  reflected,  beiaig  dao  thoM  wiiieli  an  tlw 
more  intensely  absorbed. 

*•  When  a  body  endowed  with  the  property  of  coloured  reflection,  such  as  ptniWffi- 
ganate  of  potassium,  is  dissolred,  in  consequence  of  the  neoessaiy  dilation,  the  ofiaei^ 
of  the  meaium  ceases  to  be,  for  any  part  of  the  spectnim,  of  thai  intaase  kind  which  is 
neoefiULiy  for  quasi-mntaUIo  MdMlkii;  Hid  ■iwniHHmiHy  ibB  liflMted  ty  t|M 
■olution  is  coloorless. 

**  In  order  tliat  the  eolour  due  to  reflection  shonld  appear,  it  is  necessary  that  fha 
fiubstancc  should  have  a  certain  amount  of  coherence.  Thus  indigo  in  the  form  of  a 
fine  loose  powder  is  blue,  even  when  viewed  by  reflection.  It  would  be  erroneous 
however,  to  describe  the  body  as  bine  by  reflection,  if  we  were  speaking  of  the  pro* 
perties  of  the  substance,  and  not  the  mere  crude  results  of  observation  made  under 
given  drcumstancea.  For  though  it  is  true  that  the  light  by  which  the  blue  colour  is 
seen  has  undergone  reflection  (without  wfaidi  it  woold  not  have  roadbed  the  eye)'it  is 
not  in  ruction  that  the  chrt">matic  selection  is  made  l>y  virtue  of  which  the  powder 
appears  blue,  but  during  tratumisnon.  In  fitct  it  is  only  a  small  portion  of  the  light 
that  is  reflected  at  the  ooter  irrvgolar  snrfiice  of  the  mass ;  the  greater  part  penetrate* 
a  little  way,  and  in  r>  floct-  il  at  various  depths,  and  in  jiassing  through  tho  particles,  in 
going  and  returning,  suffers  absoiption  on  the  part  of  the  ooloured  substaiace.  Were 
Uie  substance  intensely  opaque  fbr  off  the  colours  of  the  spectrum,  the  powdsr  tvould 
be  not  blue  but  Unck,  as  we  see  in  the  case  of  plat iimtn-blaek,  V>\  I  r.rni'^hing,  tho 
powder  is  reduced  to  the  state  of  a  somewhat  ooherent  mass,  and  it  now  begins  to 
cxhiUt  the  copper  edkrop  due  to  refledaon.  Tlie  intanial  Tefleetioiui  are  at  fha  tame 
time  greatly  w.  iikenMl.  hO  tliat  the  part  of  llio  light  which  is  reflect<Kl  fmm  beneath 
and  undergoes  abeoiptioii  is  much  reduced.  A  pressed  mass  ia  not,  howevec^  an 
optically  homogeneous  medium,  so  that  the  colour  by  refleettoo  obtained  by  bnr- 
inahing  cannot  in  general  be  quite  pure.  In  the  state  of  a  fine  crystalline  powder, 
indigo  exhibits  a  mixture  of  toe  comet  eolour  due  to  reflection,  and  the  Utie  ooloor 
due  to  tnoaniasion,  though  oliservM  in  the  light  reflected  from  tlie  mass  as  a  whole  s 
while  if  the  niLstanee  oimM  be  obtained  in  large  crystals,  the  (nlour  by  refleoticm 
would  be  seen  in  perfection,  and  the  colour  bj  tfansmisaion  would  disappear^  the 
flijrtala  being  sensibly  opaque."  (Stokai.) 


AB.  tBHMiMnnt  subatances,  when  reduced  to  very  tiiin  flfana,  eddUtliirnKHiit  eokmra 
a  soap-bubble  aflbrds  a  familiar  instance  of  this ;  glass  blown  out  into  thin  films 
^phiKUa  similar  phenomena — so,  likewise,  does  a  layer  of  oil  spread  over  the  surfsce 
«f  water.  These  effects,  however,  are  best  studied  in  HkB  ease  of  a  thin  film  of  air 
inmed  between  two  plates  of  glass.  When  two  glass  plates  (of  any  sort  of  glass)  are 
pgcassd  hasd  together,  a  bladi  spot  b  observed  at  tho  point  of  closest  conUct,  and 
arouad  it  a  Mciee  of  fringes  exhibiting  remarkably  beautifld  eolevn :  if  the  Itg^t  bo 
homogeneoua,  aa  that  of  a  soda  flame,  the  banda  are  alternate!}-  light  and  dark.  The 
shape  of  the  bands  depends  upon  the  greater  or  lesKr  regularity  of  thickness  in  tho 
flLoBofair.  If  the  glasses  be  so  pteesed  at  one  point  tiiat  the  intanraalng  ipaea  afaafl. 
hiiiini  iigriiilj  ■ll  iMBd,  Ika  bods  will  be  siveahr— «*hcnriM  thaj  wHl  haraaa 
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iRegQlar.BhqM— bit  in  tU  casefi  the  saiM  tihlflknew  of  tbe  dim  of  air  ^rea,  emterit 
fimvmK  tlM  MM  flolom   Newton,  to  whom  tbii  eaqyrimwit  k  dn«i,  miade  oae  of  » 

plano-convex  leas  of  suuh  evmtan,  wHlg  on  •  W«ee 

«f  flat  gloM :  by  this  means  he  ohtMIM^  a  film  of  air 
whose  thicbiflM  WM  mdtxm.  at  the  MUn»  dktaoce  from 
the  point  of  ooiitad>  and  the  fringe*  w«t  flonaequoitlj 
circular.  By  this  arraugomont  also,  knowing  the  diameter 
of  the  lens,  he  waa  enabled  to  calculate  the  thickness  of 
the  film  of  air  by  wfaidi  any  partieolar  bind  ma  produced. 
For,  the  radius  of  tho  ring  AM  {fg.  671)  Witi^'  found  by 
meflsniement,  and  the  diameter  of  the  lens  AU  being  alao 
giTen,  welukw  AB  X  AK  (or  MP)-  AS*  -  AVCaMsfy); 

^  AM* 
tbmfimHP  -  jg, 

  m^^^i^^  whence  ah»  MP  tariea  as  AM«. 

Proceeding  in  this  manner,  Newton  f(»und  that  the  thicknesses  of  tbe  films  of  air  by 
which  the  aucoessive  dark  bandH  were  formed  varied  in  the  ratio  of  the  e?Qa  numben 

0.  2. 4. 6,    .   .   .   .  ail; 

•ad  liiOM  lif  «Ueb  lha  light  btadi  were  prodMad  fa  tba  lubOT 

1,  t|i;7,  .  .  .  .  tw-i-1; 

tother,  that  the  thickness  of  the  film  at  the  first  bright  band  WM  d-wilHoHtlM  flf  93k 
inch  for  red  light,  and  about  i^milliunths  for  vi<det  light. 

Now  comparing  these  numbers  with  those  afterwards  found  by  Fretnal  tortile  lengths 
ofthewaTe8(p7iMXitktakltbitth0tbiflkBM<ir  thalOmiBtniilioift  -iofttw 

lenp:th  of  a  wave. 

The  explanation  of  this  phenomenon  is  as  followa  :—nie bands  are  fbnaed  by  the  io- 
terfercnce  of  rays  reflected  from  the  upper  and  nndnr  saxfluee  of  the  transparent  film. 
Now  at  the  centre,  where  the  two  surfaces  are  in  almost  absolute  contact,  we  mi^t 
espeot  the  lefleeted  rays  to  be  in  aeordance— for  they  reach  the  eye  after  trarelltiig 
oiTer  equal  paths.  At  the  first  bright  band,  the  Uiickness  —  ^  of  an  undnlation  ;  hence 
the  ray  reflected  from  the  second  surface,  which  has  to  traverse  this  thickness  twice,  ia 
behind  the  other  by  half  an  undulation,  and  might  therefore  be  expected  to  destroy  the 
other :  but  instead  of  that,  the  two  assist  each  other  and  produce  a  bright  band ;  simi< 
larly  with  tha  Other  bright  bands,  whi<^  an  pcodooed  bj  whose  paths  diiSar  in 
length  by 

^  f ,  I,   .   .   .         ^  of  a  w»Te-length. 
TIm  daik  bands  are  £oimed  by       which  differ  by 

and  which  might  therefore  be  expected  to  be  in  aoootdaaoe. 

The  explanation  of  this  apparent  anomaly  is  found,  as  pointed  out  by  Younp,  in  the 
manner  in  which  the  direction  of  the  vibrations  of  the  ether-molecules  is  changed  in 
passing  fh>m  one  medium  to  another: 

TVlien  a  wave  of  light  travels  through  a  medium  of  uniform  constitution,  it  never 
returns  upon  its  path ;  no  reflection  takes  place,  but  each  partide,  when  thrown  into  a 
■llto  of  vibration,  communicates  its  vibration  to  the  next,  and  is  itself  brought  to  rest ; 

tit  M  an  ivory  ball  striking  ujMn  another  of  e<^ual  sixe,  drives  that  ball  forward,  but 
ifeMlf  brought  to  rest.  !But  if  the  vibration  is  communicated  to  a  medium  of  dif- 
ftroit  constitution — as  when  a  ra^  passes  from  air  into  glass,  or  from  glass  into  air— 
this  complete  destruction  of  the  vibration  of  the  particles  does  not  take  place  ;  and  the 
consequence  is,  that  the  light  is  at  the  same  time  transmitti-d  through  the  i>eeaud 
medium,  and  reflected  back  into  the^rst  If  the  ra^  passes  fcova.  a  medium  in  which 
the  ether  is  of  greater  density  to  one  in  which  it  is  of  less  density,  as  from  glass 
into  air,  the  direction  of  vibration  of  the  partides  in  the  reflected  ray  remains  nn- 
dianged,  just  as  a  large  billiard  ball  striking  a  small  one,  drives  the  small  ona  bite* 
it.  and  continnesin  its  own  course  though  with  less  velocity.  In  the  contrary  ease,  ns 
when  tho  ruy  parses  from  air  to  glass,  that  is  to  sav,  ttoxa  ether  of  less  density  to 
alher  of  greater  density,  the  vibration  of  the  partides  in  the  reflected  ray  is  rr- 
trr^rr/— just  as  when  a  small  ball  strikes  a  laige  OM^  the  laige  ball  it  diifw  farward 
but  tho  small  one  driven  back  upon  its  path. 

To  to  the  case  of  Newton's  rings.   The  bands  are  formed  by  the  inter- 

isnMoof  xagri  ndeoted  fiom  the  flxst  anmoa  with  nsj%  xaAmlaA  tarn  th»  woond 
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WuImdu  of  the  film  of  air.  Now  in  the  second  reflection,  according  to  the  prineiple 
just  explain^,  th«!  Til)ration  in  the  particles  of  the  rffleot<^d  ray  is  rov-<"r«?d,  becauti© 
the  raj  pamt&a  from  air  to  glaas,  whereas  at  the  first  snrfiice,  where  tlio  my  pasnes 
inm  gnm  to  air,  no  such  reversal  takes  place.  Consequently  the  two  rays,  when 
they  meet,  will  have  their  vibrations  in  aocordanoe,  jmt  when  Ox^y  would  have  been 
in  disoomUnoe  if  the  levenal  of  vibrution  at  the  seoond  surface  had  not  taJua  place. 

fK^H^  •  •  «  M 
•ad  tfM  taei^  iMDdi  iriMN     tiUokBeH  » 

iUmI^  n  ^  of  an  nndiilatioii. 

That  this  is  the  true  fxplana+fon  of  the  phpnomonon  is  proved  hy  the  fact  that 
when  a  film  of  a  txassparent  substance  is  placed  between  two  othe^^edia,  one  of 
«Mter  and  tlie  odier  wlMi  nAsetuig  power  than  itself,  the  poeitioat  of  the  I^t  and 
C.ivV  1  .iTils  are  reversed.  Tliua  when  a  film  of  oil  of  sassafras  is  placed  between  a  plato 
«f  crown  and  a  plate  of  flint  dass,  tlie  central  spot  is  whiU  ;  and  the  thicknesses  of  the 
fflm  fttknrihe  zstio  of  flie  <nd  mmbcnfor  the  dazlc,  and  of  the  even  numbers  for  the 
light  ThN. 

To  letom  to  the  ovdinaiy  case  of  a  film  of  air  between  glass  plates.  Fringes  are 
j/w9netA\ff  IrtmmitteA,  asirdlae tywHeeted  light,  h«t1iieeeknnef  my paiticular 

r;ii^  ar,  >  xa  tly  complementary  of  those  of  the  Bamo  ring  formed  by  reflected  light; 
and  if  the  light  be  homooeneoua,  the  centsal  spot  is  light|  and  the  bands  follow  the 
ivmee  otder  of  tliat  iHria  they  do  when  Ibntted  \j  telerted  Kriit  These  transmis' 
ginn  fringes  are  form •  1  1  }  f]i*'  n  r.  rforence  '  f  r  ivH  transmitted  Uirough  the  film,  with 
other  x^'s  which  pass  throng  it  after  having  ujodeigone  two  reflections,  one  at  thu 
aeeottd  enrfios^'aM  tile  other  at  the  Ibat;  snOiiiMe  mh  thsae  nfleetioiis  are  made  in 
passing  from  air  to  glass,  the  change  of  direction  caused  by  the  firat  reflection  is  agaia 
xeversed  by  the  sec^ul,  and  consequently  the  r^  axe  in  «^tt»rflftTm  or  diseocdaiMM^ 
jwt  when  (hey  'Wodd  have  been  in  ease  of  no  reoeerioa  at  aB. 

Relation  hetwcm  the  Indices  of  Refraction  and  th-c  Thicknrsf^s  of  the  Film*. — Thi 
thiokneBses  of  thin  plates  of  different  substanoeS)  at  the  poiots  where  they  fom 
«oloaTCd  hands  of  the  same  order,  are  to  one  aaodm  4m  fM  inmne  ratio  of  theA 
indiee«  of  refraction. 

C<m8ider,  for  example,  the  bright  fringe  of  the  mth  order.  I  A,  X'  arc  the  wave* 
leogths  of  the  honqgeneons  light  in  the  two  substances,  and  «,  /  their  thicknesses,  w« 
haws  the  asQRiioDiL 

therefore  e  :     =  x  :  a'  r=  ^* :  /u 

Kewtou  discovered  this  law  by  experiment.  It  may  be  verified  for  air  and  water 
hj  Introdnctag  a  drop  of  watar  between  the  two  glass  plates  vhidi  produce  the  rings, 
the  water  then  penefrating  between  the  plates  by  capillarity,  and  expelling  the  air  from 
part  of  the  circular  space  around  the  point  of  contact.  It  will  then  be  observed  that 
the  fourth  ring  in  air  coincides  with  the  flflli  ring  in  wirter.  Nov  the  thiekBesses  of 
the  film  at  the  several  bright  rin^  in  air  are,  e,  3r,  Sr,  7r,  9^,  &o.,  and  in  watrr  r', 
3f',  7«'»  9^'.  &C, ;  the  remdt  ^ust  described  gires,  therefore.  7c  «=  9^' ;  whenee 
e      m'     9  ,  . 

—  D  —  as      wilieh  IB  tiie  iudex  of  refraction  of  water  refem*d  to  air  as  unity. 
9      H      7  •' 

This  law  fomiahes  an  additional  method  of  measiuang  the  indices  of  refraction  of 
Hqnids  with  respect  to  air ;  fbr  in  the  ezpressioa  s :  /  =  ^' :  ^  the  ratio  of  the  thick- 
nesses may  be  replaced  by  that  of  the  squares  of  the  diameters  of  the  rings  of  the  same 
order,  whence  the  refractive  index  of  (he  liquid  may  be  calculated  as  a  fiuction  of  that 
of  air.  The  method  is  not  however  Tery  exact,  m  consequence  of  the  difficulty  of 
measuring  the  diameters  of  the  rings. 

We  have  hitherto  supposed  that  the  eye  is  placed  directly  over  the  centre  of  the  rings, 
so  that  they  are  seen  by  perpendicu^  incidence.  If  the  eye  be  moved  from  this 
portion,  so  as  to  view  the  rings  obliquely,  these  diameters  increase  as  the  incident  rays 
become  more  and  more  oblique ;  that  is  to  say,  the  thickness  of  the  transparent  film 
corresponding  to  a  ring  of  siven  order  increases  with  the  obliouity  of  the  rays ;  in  other 
lespects,  the  diameters  of  the  rings  follow  tl)e  same  laws  as  when  the  incidence  is  p^ 
pendictilar.  NeMon  found  by  experiment,  that  the  thickness  e,  of  a  ring  of  given  order 
seen  bv  peipendicular  inddenee,  is  connected  with  the  thickness  e\  for  the  same  ring 
viewed  at  tne  incidence  i — 6up{x>Hing  the  thin  film  to  be  formed  of  the  same  subHitince 
as  the  mtdilua  which  sorroonds  the  appaxataa«4>j  eq^aatiw,  s«^ooa^or/iB 
e  sec  t. 
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Hw  diameters  of  the  rings,  like  the  breadths  of  all  other  interfear«ice-£rfa^  m9 
fNRteat  in  red,  and  It'iiKt  in  riolet  light ;  hence  in  white  light  m  mmm  flCflrisaMding* 

need  not  m^parattsd  by  any  ttbsolutely  dark  spuct;*. 

IblMM  table  exhiUte  tte  soccesaioD  of  (^oloors  pradOMi Ijtllfal  i|BM«  (Iffli^ 
■ad  tha  luiiwiwiiiirtii^  IliirlriiMiii  nf  thrnn  itiffimiit  mfitii ' 


Oram  eCOoloBn. 

Colours  DTodueed  at  the  thickOMM*  in  Om 
Isrt  <hf»»  lilsMi 

TtaickoeMM  in  nilUonth* 
afsaM. 

^fc6B66t'6^^» 

Air. 

WMsr. 

First  Spe<'tnim  or 
Order  uf  Ca»1uu» 

Very  black 
Black 
B^gjbuuBg  of  black 

Blue 
White 
Yellow 
Orange 

Bed 

White 

Yelloimh-zed 
Blaok 

Bine 

i 

1 

2 

•1 

b 
9 

I 

ll 
U 

H 
a 

1 
8 

i 

3 

T 

Seconk  Ppiftrnm  or 
Order  ol'  Colours 

Violet 
Indig9 
Blue 
Green 
TeUow 
Orange 
Bright  red 
Sculet 

WhiU 

TdlMT 

Rod 
Violet 

JSm 

llA 

12^- 

H 

l^i 

i7i . 

181 

9; 
10 
11] 

13" 
133 

HI  ■ 
<  j 

A 

11 

iij 

12j 

; 

Third  Spectrum  or 
Order  of  ixMcmni 

Purple 
Indigo 
BhM 
Greao 
xaiww 

Onan 

YaOow 

R.-d 

21 

as 

if 

94 

13] 
14: 
16t 

0 

FoiTBTH  Spectrum  or 
Qrdar  of  Gololua 

Blujuah-gre^n 
Green 
TctUovish'^EMn 
Bed 

■ 

Bad 

Bluiah-green 

24 

36 

iok  , 

27' 
oUi 

22 
22- 

"■'-1 
26 

Fifth  8prptnim  or 
Order  of  Colours 

QxeMiish-blue 
Bed 

46 
62| 

34| 
39| 

39| 
34 

Sixth  Spectrum  or 
Oxdar  «f  GoJoiui 

Gmnriali-Uae 
Bad 

68| 
66 

44 
4^ 

38 
H 

Sbvkmth  Spectrum 
or  Order  of  Coluiirs 

(ireenish-Una 
Reddish-whita 

Tl 

71 

63^ 
67J 

45j 
49j 

Beyond  these  limits,  the  colours  become  mixed  to  mch  au  extant  as  to  prodnoa 
white  light.    If,  however,  the  rinf^  be  Ti«wed  tlmmgh  a  priem,  eo  at  to  tapawte  Hm 
.   diiT.  T'-ut  coloiirrd  niys,  a  imich  lar^iT  nmnltor  of  tliem  M  ill  Cuiiic  int»>  view. 

The  transmitted  xiog/t  are  mach  hunter  than  the  reflected  riiws^  because  one  of  the 
'beama  of  light  vlooh  contribiite  to  tikeir  ft^^  twioa  tafldotad,  andaMh 

riflrttlMii  Is  alt  ended  with  a  considcruMo  loss  cf  light. 

Wo  hare  been  pazticalar  in  deaonbing  the  colouni  of '  Newton's  ringi^'  beeavae  thej 
are  gmtaaSfyvmidmtkiiitaa^^ 
upon  interfturenoe. 

Coloura  of  TMck  Flates. — This  term  is  apjtTIod  to  cf»rf  ain  system??  of  colonn-d  rin^r^ 
or  fringes,  produced  by  intert'ereooe  at  the  surfaces  of  transparent  medio,  too  thick  to 
«slubfttb»pMidjarpilMi«a«nftlaoiwn  w^eolomof  tl^  VairteB^  IwviBg 
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txeiiied  M  »«(m»T»  alBOTof  dvared  glass  a  thin  beam  of  nlir  Ug^  PMsing  farto 

a  flark  room  through  a  RTmill  aperture  eittiated  at  the  centre  of  curvature  of  the 
mirror,  perceived  rottiid  tho  api'rture  a  keriva  of  coloured  zings  having  the  violet 
lansd  iBwds,  as  in  the  colours  of  thin  platos.  Widi  lumogeumm  light,  Uie  rings 
vrpv^  nltomat<'ly  bright  and  dark.  Nt-wton  found  by  nioasurcHK-nt — 1.  lliat  the 
iliiiiuLttrs  oi  till-  rings  were  regulati«d  by  the  aaniv  kws  us  those  of  the  rinn fijzmed b/ 
trau  emission  in  thin  plates.  2.  When  diflbmit  kinds  of  homognneoosught  an  en* 
ployed,  tho  rutiot*  of  the  dianictors  .irc  tlio  snnio  iis  in  thin  plates,  3.  The  di;imeters  of 
the  ringh  furmed  by  mirrors  of  e4uul  rudiuji  nud  diilerent  thickiicAji,  are  inveiwly  as 
thf  square  rootn  of  the  thicknesses. 

The  formation  of  these  rings  d»»fH  nd»,  however,  on  a  condition  vrh'xrh  Nowton  did 
not  observe,  vit,  that  the  upper  surface  of  the  niijTv>r  must  not  be  ^uito  bright.  If 
tUaM^toe  is  well  polished  and  carefully  cleansed,  the  rings  ■!«  wweefy  tUUe ; 

if  the  surface  is  made  dull  by  breatliing  or  throwing  dust  upon  it,  or  by 
it  with  a  thin  ooat  of  raraisii,  or  of  water  whitened  with  a  little  miiy,  which  is 


then  allowed  to  itft  ibtj  eome  out  with  gnftt^  fadlglitness.  U;  on  tiie  otiisr  band,  tiie 

silvering  he  romovwl  from  the  back  of  the  mirror,  the  rings  become  very  faint,  and 
ivith  a  metallic  mirror  none  at  all  are  produoed.  These  exneriments  show  that  the 
digi  mn  pradooed  by  the  interferraoe  of  xsys  reflected  from  ue  seeood  auflMe  of  Hm 

mirror,  with  diffused  light  reflected  from  tho  first  surface,  which  has  been dullr>d. 
This  is  rendered  further  evident  by  an  experiment  of  the  Due  de  Chaulnee,  who,  injstead 


of  a  glass  mim»v  wed  Ik  Mslallie  mirror,  befom  which  he  placed  a  paeoe  of  plate  glaM 
having  its  surface  aomewhat  tarnished,  or  a  plate  of  mica,  sitlMK  €C  wUeh nUUeo^S 
MBM  purpose  as  the  anterior  surface  of  the  gliUM  mirror. 

PswliC^  iBibHid  of  a  transparent  plate,  puees  in  fttmt  of  ttaflilnmr  «Mreen,pierosd 
vith  an  aperture  of  aui/  form  uhaUver,  but  small  ononph  to  cause  both  th<'  incident 
isji  and  those  reflected  ^m  the  mirror  to  ccme  in  contact  with  its  edges.  AMtrai^t> 
edfeediewi«b  lihasd  ia  ftont  of  the  mirror,  is  svsn  aoffldflnl  to  pro^iee  His  ringi^lrat 
in  that  case  only  part  of  their  circumference  ia  seen. 

The  zings  formed  by  diffiued  light  may  be  viewed  directly  without  beii^  pngeoted 
mAsanoL  fltoitss  places  a  e— Sis  in  the  oaatw  of  cmfture  of  ti»  mmor  wfth 
tarnished  surface,  so  tliat  tho  image  of  the  candle  may  coincide  with  it.  and  pla.  the 
eye  at  some  distance  beyond  the  centre ;  beautiftil  rin^  are  then  seen  formed  in  tbo 
■Bi  QnMslel  plaeis  a  oaadle  near  the  eya,  at  alwQt  %  yud  flom  %  plane  minor  wftb 
tarnished  surfice,  so  that  the  candle  and  its  image  may  seem  to  coincide  ;  ho  thus  ob- 
tains portiom  of  coloured  rings  round  the  imase  of  the  candle.  jQerschel  zoomtoi  » 
bom  of  Mlnr  light  on  •  ooneoTo  aphsvioal  metulie  mbnr,  and  inteics|iii  Um  MiMtiid 
beam  b^  a  sem  n;  b^  then  forming  a  cloud  of  dmtintM  tirlBfrDntof  tfaominai; 
lis  obtauM  coloured  rings  of  considerable  brightnofli 

Thsps  ato  si'imil  oftsrimyi  in  wfaieh  cototttsd  ringB  tad  fringes  may  bolbnMdbr 
diffu8f><l  light,  but  we  must  refer,  for  the  description  of  these  and  for  the  more  detailed 
aiplanation  of  the  phftnomftnai  to  wocks  qpecially  devoted  to  lig^  (J3m  Dagaii^ 

Composition  of  Colours. 

Colours  are  either  simplo  or  compound.  Tho  simple  colours  are  those  of  a  pun 
spectrum,  formod  citlisp  \if  Tsfraotron  through  a  pnsm,  or  by  diftiction  through  a 
grating  (p.  606);  and  compound  colours  are  produced  by  the  mixture  of  two  or  more  of 
these  simple  ooLodzi^  as  in  the  instance  <tf  l<ewton's  ringi^  or  the  fringes  produced  by 
dififcaction.  Cbmpouid  odom  xoKf  bo  lAnilsr  to  tfio  pvno  6olom  of  the  spectrum, 
but  are  rarely  identical  with  them  in  the  imprevsinn  which  they  produce  on  the  visual 
organs.  The  resultant  tint|  prodnoed  by  the  mixture  or  Buperjposition  of  a^j  nnmbev 
of  simple  colours,  may  be  inf«rtlg«tod  by  one  of  fbo ftDowing  methods: 

1.  Ey  mixing  coloured  sitl  stances  in  fine  p.wder.  This  method,  however,  yields 
only  dull  and  deadened  colours,  in  consequence  of  the  laige  quantity  of  li^^t  absorbed ; 
moreover,  the  rays  reflselid  from  •vHkmi  of  tiie  two  snfaataneos  are  mixed  with 
rays  which  have  penetrated  tO  a  c  rfain  depth,  and  have  been  there  n  fleefed,  so  that 
the  tint  which  would  be  prodnccd  ^  the  mixture  of  the  r^re  direct^  redected  from 
the  surfrce  is  modified  by  colow  flnthg  from  absorption. 

2.  By  covering  with  bfaek  paper  certain  portions  of  a  revolnng  disc,  tinted  with  tho 
colours  of  the  spectrum  (p.  619),  tho  colour  perciTed  being  that  which  is  piodaofd  tgr 
the  composition  of  the  remaining  spectral  colonn; 

S.  By  tinting  two  pieces  of  paper  with  the  colours  whose  composition  is  to  be 
Stodied,  laying  them  on  a  bladi  taole^  setting  up  between  them  a  plate  of  unM'Ivered 
^ass,  and  plaong  the  eye  so  ikatk  the  image  of  one  of  them  seen  by  reflection  may 
colneido  irtth  thrt  of  tho  oth«  mob  dSiotfy  timmgh  tba  gto  (Holmholti> 
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Thiij-aad  the  second  method  are  preferable  to  the  first,  the  only  source  of  error  afifed* 
tng  them  being  the  dsTiatum  of  ilw  oClfl^ 

Ttio  only  way  of  attainiug  perfectly  accorato  r.  --Tiltv  ii  tO  OgWlto  dntctily  m  th»  WJt  I 
of  tlie  spectmm  iUielf,     in  the  following  methods  :  j 

4.  By  intercepting  some  of  the  cdomed  rajR  as  thej  emei^  ftom  At  pcun^  aaA 
Inringing  the  re^l  to  a  focus  by  an  achromatic  leus. 

6.  Bjr  receiving  the  rays  of  the  spectrum  on  a  row  of  pUna  nunors,  <»pable  of  being 
•i^'vs^  so  88  to  rdleet  any  required  rays  to  flw  auM  point  on  a  screen. 

6.  n<l,n  holfys  mcih'-(l  (Ann.  Cli.  Phys.  [H]  xxxri.  500).  This  method,  which  is 
the  most  exact  of  all,  consistA  in  viewing  through  a  vertical  prism,  two  narrow  aliU,  ab, 

ithy  ftnning  a  right  angle  (flg.  672),aad  ttdhiia- 
t^fm  6Ti«  clinpd  45°  to  the  edfj^e  of  the  pnVm.  Thepxism 

being  placed  about  £cmr  yaxds  from  the  alit^ 
and  m  the  MritkM  of  kut  dvmfcion,  two 

spf  otra  rv,  r  v\  are  fW-f-n.  in  -rrhirh,  with  the 
aid  of  a  telescope  the  principal  fix«Hl  lines  maj 
!»  diatingiiiahedpflEMUd  to  diedito.-llMMtvo 
p I  )octra are  pa rtly  suporpos t«d ,  an d  t  h e  (! i m  < 'nsio  n n 
of  the  slits  must  be  such  that  each  coloured  band  oo  of  one  spectrum  ahaUcross  all 
the  eoloiimd  bftuAi    the  otiier. 

To  find  the  effect  produced  Ly  tho  combiuatlon  of  two  colour',  the  telesoope  Is 
,      diiected  ao  that  the  intersection  of  its  cross-wires  is  nrojected  on  the  combination  to 
ensued,  and  the  (ffa  fti  phM^  hahlnd.ft  inuill  hole  ui  s  Mnen,  i*  M  or  00  eenti- 
metres  from  the  l<  l>'M(  0{>e,  so  that  it  may  perceive  only  a  rery  small  space  around  the 
.  point  of  intexsection.   The  compound  dnt  required  may  thus  be  ezaraiaed  without 
oeingalftetedl^thoniaghlNmTingOQlam   By  then  eonring  up  tho  ^ro  li^  oneoei* 
fiTely,  the  .'^inij  li^  colours  wliich  have  pnxluccd  the  combination  may  bo  soon. 

In  Ofder  to  vary  the  relative  tj^uantities  of  light  in  the  oMnponent  odbozs,  tho  pr^ 
woo  in^Bodiniiidt  AinaimepaitDbiinf  itnoreiHMifypti^^ 

The  spectrum  of  this  .slit  was  thereby  brought  nearer  to  the  rectangular  form,  and  its 
oolonra  w«ce  more  oondensed,  while  tlM  oontraiy  effect  was  produced  ujpoa  those  «f 
the  other.  By  adding  a  tMxd  tltt,  the  efftet  of  oorabitiing  thveo  oomnfl  may  bo 

observed.    By  thcsi-  means  Hehnholtz  has  obfaincd  tlie  following  results:  \ 

1.  The  compound  tint  lonned  by  the  mixt^ire  of  two  simple  colouxs  is  somMimea 
identieal  with  a  simple  oolonr  of  rae  apeetFam,  Irat  in  many  cases  it  la  diAnoDt  fton 
them  all  ;  for  i  xanipb',  the  greonish-yclhnv  and  trrin  nisli-lilue  of  the  spectnim  form  a 
fptesk  much  darker  thw  that  of  tho  spectrum.  This  last  green,  as  well  aa  the  violet 
«iid  red  of  l^e  apeotfom,  cannot  be  imitated  exactly  by  tiie  ihitwe  of  aaqr  oHmt 
Oolours.  2.  Tlic  colour  produced  by  tlic  union  of  three  simple  colours  is  diffennt 
from  that  which  would  be  obtained  by  combining  one  of  them  with  a  simple  colour  cl 
the  spectrum,  similar  to  that  which  TCsnlts  firom  the  oembiBBtiQn  of  the  other  two. 
For  instance,  the  red  and  blui-sh-gn-en  of  the  spectrum  form  ydtow  ;  but  red,  with  the 
bluish-green  produced  by  the  nnion  of  green  and  indigo,  forms  vMU»  Z.  There  azo 
many  combinations  of  three  colours  which  fbrm  white.  4.  With  three  eoloors  only  it 
is  not  possible  to  obtain  satisfactory  imitations  of  all  the  colonra  of  tlie  Hpectrum,  the 
number  of  simole  oolovrs  required  for  the  pujnpose  being  at  least  five,  xiz.,  redy  yellow^ 
green,  blue,  ana  oioML  Hence,  aoooiding  to  H(»lmholt2,  the  thetwy  of  three  primary 
colours  (p.  610)  does  not  rest  on  a  satisfiictory  foundation ;  and  if  it  is  possible  to 
obtain  something  like  an  imitation  of  all  the  spectral  colours  by  the  mixture  of  three 
eolotned  powden,  the  r^ult  must  be  attributed  partly  to  the  want  of  brightness  in 
the  colottra  used,  partly  to  the  circumstance  that  the  resulting  compound  colours  have 
not  generally  bei>n  directly  compared  with  the  colours  of  the  spectrum,  from  which,  in 
most  instances,  they  diflfer  considerably.  The  three  colours  hitherto  adopted,  vis.,  red, 
idtte,  and  yellow,  are  not  even  the  three  best  adapted  to  the  purpose  ;  bAter  restdts  are 
obtained  with  red,  green,  and  violet,  but  even  then  the  imitations  are  far  from  perfect. 
For  the  contrary  results  obtained  by  Maxwell,  from  which  it  appears  that  all  colours 
whatever  may  be  produced  by  the  combination  of  three  primary  colours,  see  page  650. 

Complementary  colours. — ^This  name  was  apolied  by  Newton  to  any  two  colours 
which  by  their  mixture  produce  white  light ;  sucn  are  green  and  red ;  orange  and  blue; 
ftllow  and  violet. 

•  Every  colour,  whether  simple  or  compound,  has  its  complementary  colour;  moreover, 
every  colour  haa  an  infinity  of  complementary  colours,  inasmuch  as  if  either  of  the 
colours  ho  mind  villi  vtiito  n  mj  ptofM^ioa,  the  two  wUl  ttOl  ftnn  white  thirfv 
unioii* 

HcfaitiKilts  has  made  some  remarkable  experiments  on  complementary  colours  by 
throwing  the  pure  spei-trum,  formed  by  a  prism  and  aduPMBttic  llB%  on  a  screen 
pierced  with  two  narrow  slits  pacallol  to*  the  edges  of  (he  priMB^  and  capable  of  beu^ 
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brought  «loM  together  at  pleaMiiv.  The  two  homogwwwn  eolomd  pcnctk  llraa 

obtained  are  received  on  a  lens  which  condenses  and  brings  th*  m  to  a  single  focus  on 
a  white  screen  placed  at  a  suitable  distance.  By  this  mode  of  experimentiiub  Hclm- 
hota  has  shofwn  tint  fiMM  soista  aa  inflnity  of  binary  groups  ci  ttAonsB,  wmdi,  wbcn 
united  in  due  proportion^  produce  ii  perfect  white.  "With  th^  oxcoption  of  pure  ffmn, 
ercrj  simple  colour  of  the  spectrum  is  oomplementaiy  of  another  simple  colour. 

By  raiying  the  breadth  of  om  of  tlie  ttita,  the  rdatiye  iatmmHam  ot  llie  fwo 
coloured  beams  oould  be  altered,  and  it  was  thus  found  that  the  proportions  between 
the  intensities  of  two  coloured  beams  which  prodnee  white  lij^t  bj  their  combination. 


tilio  of  intontity  of  the  Mcood 
eoloar  lo  tke  int. 

ilntll^c* 

10 
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Oroop  of  complementary  coloara. 

Violet — greemsh-jeUow  •  . 
lodigo — yeOov  .... 
Blue— orange  .  .  •  , 
Greenish-blue — red     .      .  . 

The  same  mode  of  experimenting  led  to  the  unexpected  conclusion  that  the  mixture 
ef  the  blue  and  yellow  rays  of  the  spectrum  produme  whiter  whereas  the  mixture  of 
lilne  and  yellow  liquids  or  powders  always  proauces  green.  This  result  is  confirmed  by 

Cting  two  paper  discs,  one  with  chromate  of  lead  or  ^ambcgs^  the  other  with  oofaalfc- 
,  and  mating  the  reflected  image  of  the  one  coincide  with  f'ig,  673. 

or  overlap  the  direct  ima^  of  the  other,  as  in  method  8  q 
(p.  648).  The  compound  image  thus  seen  is  white.  With 
the  yellows  above  mentioned  and  artificial  ultramarine, 
the  lAite  has  a  eLUht  reddish  tinge ;  with  Ftnssian-blue, 
ft  greenish  tinge.  The  production  of  green  by  the  mixture 
ef  blue  and  yellow  powders  or  liquids,  arises  from  partial 
decompoeitiaD  «f  tlM  Ijgfat  hj  thmp&m,  m  eiplamed  •* 
p.  647. 

Newton's  construetum  for  the  oaleuUHon  of  composite 
Miamre. — The  following  geomctriedl  construction  was 

gjven  hj  Newton  for  calculating  approximately  the  rei^ult 
ef  mixing  a  number  of  simple  colours.  The  circum- 
iveaoe  of  a  drele  (Jio.  673)  is  divided  into  seven  parts  corresponding  with  the  seven 
principal  colours  of  the  Hpectrum,  and  proportional  to  the  numbers  J,  ■j'^,  j^.  •j^,  J. 
A  simple  calculation  then  gives  the  luUowing  lengths  of  the  arcs  bdonging  to  the 


Red 

Orange  • 


.  60°  45'  34" 

.  84  10  88 

.  M  41  1 

.  00  4«  S 


Blue 

Indigo 

Violel 


«4«  41'  3- 
84    10  38 
60    40  34 


The  centres  of  gravity  of  each  of  these  arcs  r,  o,  y,  g,  b,  i,  v,  are  then  marked  ;  and 
to  obtain  the  resultant  of  the  mixtore  of  several  colours,  forces  proportional  to  the 
qiUDtitiee  of  the  eolom  to  be  mfaEed  are  supposed  to  be  a^^ed  to  Urn  esafaee  nt 
gravity  of  the  corresponding  arcs,  and  the  point  of  application  of  the  resultant  of  these 
fiwoee  is  determined.  The  colour  son^t  will  be  that  of  the  are  of  the  sector  in  which 
tilis  peieft  cf  applieatioB  ftDe.  Thvi»  to  <nd  the  leeeh  ct  nixing  red,  Une,  and 
yellow  rays  whoso  intensities  are  to  one  another  as  the  numbers  n^,  nt,  n^,  we  must 
seek  the  point  of  application  of  the  resultant  of  three  parallel  forces  proportional  to 
fin  «»,  and  fly,  apphel  at  the  pointe  n  ^  y>  V  tfrie  pent  iUle  at «,  the  mixtwe  will 
be  yellow,  inclining  to  green,  oecause  the  point  n  is  nearer  to  the  limit  of  the  grren 
than  to  that  of  the  orange.  The  nearer  the  point  n  is  to  the  centre  C,  the  more  will 
tlMMidti^r  ttdovr  beidsidirithwUle;  if  it  eoineidee  enedjjr  widi  0^  the  miit«i« 
will  be  white,  as,  for  example,  when  the  seven  colours  arr  combined  in  quantities  pro- 
pOTtional  to  the  arcs  wloBa  represent  them,  the  resultant  being  then  applied  at  the 
eeB*ge<if  gravity  OcfthseatfreehiBumfcwpee. 

It  follows  from  Newton's  rule :  1.  That  two  simple  colours  following  one  another  on 
the  circomference  produce  by  their  mixture  an  intermediate  tint ;  an  exception  must 
howerer  be  made  wKh  ncaid  te  nd  etad  Tiolet,  irhieh  do  not  Mkm  eae  •aotiicr  ia 
the  spectrum.  2.  Two  colours  separated  by  a  third,  yield  that  third  by  their  mixture ; 
thus  red  and  yellow  yield  orangey  orange  and  green  yield  yellow,  &c  Indigo  and 
red,  irbSA  «v»  nmtAj  aft  the  oppoalto  estwadttM  of  the  epeehum,  yield  a  leddidi 

colour  diff'-rent  fnim  violet. 

Bio  t  has  reduced  Newton's  method  to  a  general  formula.   For  this  purpose  he 
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MleohttMflM  oft^nAnatai  of  th«  cmtna  of  gmrity  of      ttM,  lakhcr  m  Am  vit 

absoIf<sre  the  straight  lino  pn«ising  tbron;^h  the  point  of  Sff^aratlon  of  the  arrs  corrf- 
qpoudiug  to  the  Tulet  and  rod,  and  through  the  centre,  taken  as  the  origin  of  co- 
oidiiurtw;  h«  then  midtiplM  eadi  etMndinsto  1)y tim nniAwof  nqnitf  liieeoiirespODd- 
iniz  colour  M'hioh  is  to  entur  int  ^  ^' -  I  '  lniponnd.  divid<^?  thf  sum  of  the  ppoflm'ts  In-  the 
sum  of  the  rajs  which  are  to  b«  compounded,  and  thus  obtains  the  co-ordinates  of  the 
p(^of  appliMftiooof  ^nsnltaBt  BsrigMtingflig  moAw  of  aiy»  qf  mA  tokamt 
tht  imtial  letter  of  its  name,  these  co-ordinates  are : 

0'82a84(r'»ff)  +  0-207398  (o  +  i)  -  0-51399a(y+&)^0-36378go 

"  r  +  o  +  y  +  y    i  +  I  +  f . 

0--t8236 (r -t?)-t-0  963163 (o-i^  +  0  813736  (y- ft) 

These  co-ordinates  give  tha  dittanee  D,  of  the  poiut  of  application  of  the  resultant 

from  the  centre  of  tho  ciri^le,  as  well  as  tlie  niitrle  a,  wlium  tJio  line  joining  these 
poiata  makes  with  tlie  axis  of  x :  for  tau  o  *»  Y  :  X ;  tt  Y  =  D  t-in  a,  or  X  ■*  D  cos  a. 

The  value  of  a  shows  in  irliich|Mu4l0aIar  sector  the  poiut  of  a^  plicatian  ftDii^  and  tho 
rat  in  T)  •  1  -  D  show*  th»  ncopOEtifln  of  limplB  Ug^  and  wktte  light  ^r^p^"*^  tbA 

reiiuiLiug  colour. 

TIm  preceding  method  wasgivso  bjKmrtoo  as  an  empirical  rule  ibr  TCimesenttng 

the  results  which  he  ohtainrd  hy  forming  compound  oulourj!  containing  given  proportions 
of  iiim^le  light  at  tUo  focus  of  a  leus.  It  eaiiuot  Us  rugard@d  moru  than  a  rou^h 
approximation,  and  is,  indeed,  less  exact  thait  Hevton  supposed :  we  have  seen,  or 
example,  that  the  mixture  of  blue  and  yellow  rays  may  produce  white  instead  of  green. 

A  luorc  satijifActory  method  of  calculating  the  cumpohitiou  of  colours  ha.'*  betMi  j_nvou 
by  Maxwell  (PhiL  Mag.  [4]  xiv.  40 ;  ProcRoy.  Soc.  x.  404)^  ttom  whoM-  obsi  rv;\- 
tions  it  appears  that  the  colours  of  the  hpeotrum,  a.s  Inid  down  according  to  Newton's 
method  fo>m  actital  observation,  lie,  uot  iu  the  circmntc'reu.cti  of  a  chxlti,  but  iu  the 
periphery  of  a  triangle,  showing  that  all  the  colours  of  the  spectrum  may  be  chromati- 
cetity  rcpros'  Ti^'^d  l  iy  three,  which  form  the  angles  of  the  triangl*^,  Tbm  «mT*4aQgtil0 
Mid  positiuus  m  tlie  fipectrum  of  them  three  piim&ry  colours  are  : 

Wkfs  iwgUwhulillothfogaatedi. 
Scarlet       ,       232S— aT>oiit  one-thir  l  fn  rn  line  C  to  D, 
Green       .  1914 — about  onft-qnarter  from  £  to  F. 

Tlut  Harm  of  the  diagnm  «f  odkm;  u  pCTcrfTcdtyflw  human  eye,  is  in  aeendflDes 

with  Young's  theory  of  three  ^mary  sensations  of  colour,  which  are  excited  in  diffen  iit 
proportions,  when  different  lands  of  light  enter  the  eye.  According  to  this  theory,  the 
thneAdd  ehanoter  of  edonr,  as  perceived  by  is  ^hie,  not  to  •  thneftld  eompositioik 
of  light,  but  to  the  coT^-ti'ntion  of  the  visual  apparatus,  which  renders  it  capable  of 
being  aJSected  in  three  diiierent  ways,  the  relative  amount  of  each  sensation  being 
dcfCenuiiwd  bjtlte  nature  of  the  iBeidflnt  li|^t  If  we  ttnUA  eachihSfe  thtee  eolosM 
corresponding  to  the  three  primrirr  Reusations,  each  colour  exciting  one  and  one  only 
of  tlieiie  sensations,  then,  since  all  other  coUnus  whatever  most  excite  mwe  khan  one 
fnimary  sensation,  IhejniuAiBdtiMirplMesiBNewloB'adiaigi^ 
of  which  the  thrc-e  primary  colours  form  the  an^h  s. 

if  this  theory  bo  true,  the  complete  diagram  of  all  odonr,  as  i>erceiTed  by  the 
Iraman  eve,  will  ha(te  the  form  of  e  ttungle.  The  ealoBn  eonesponding  with  the  pure 
rays  of  the  spectrum  must  all  lie  within  this  trianjile,  uml  all  colours  in  nature  being 
mixtures  of  thes^  must  lie  within  the  line  formed  by  the  spectrum.  tliereforet,  any 
ooikmrt  eomepood  with  the  three  primary  senaetianii  fhe^  will  be  liannid  at  tike  tatfitm 
of  the  triangle,  and  all  tho  others  will  be  within  the  triangle 

The  other  etdonni  of  the  spec^tim,  thooAb  excited  by  uudticompounded  light>  are 
eomponnd  eohrars ;  beemee  the  %ht,  thon^  simple,  has  the  poww  of  esmting  two  ev 
more  colntir-!?en8ations  in  different  proj-ortions--  a«,  fur  instance,  a  bhie-gr«'«'n  ray, 
though  not  compoanded  of  the  bine  rays  and  green  ray^  produoee  a  sensation  oom- 
povnoed  of  tlioeo  of  Une  end  gwo. 

The  three  colours  found  l>y  experiment  to  form  the  three  angles  of  the  tlilW|^if^,  aad 
Newton's  diagram,  mojf  correspond  with  the  three  primaiy  ■rmwiti-ffin 

A  iliflliuiil  geomettieel  xep»flsataiioa  «f  tlM»  HhtioM  «f  eoirar  nuijbe  time  do- 
scribed: — Take  any  point  not  in  the  plane  of  Newton's  diagram;  draw  a  line  from 
this  point  as  origin  throngh  the  point  rrifimeiiliiiii  a  given  colour  in  the  pUae^  and 
podnM  it,  ao  that  the  length  eftiie  line  magrlwtouei^ei^  the  plaae,  asthe 
intensity  of  any  given  colour  is  to  fliat  of  the  corresponding  p<iint  in  Newton's 
diagram.  In  this  way,  any  colour  may  be  repfosented  by  a  line  drawn  from  the  origin, 
whoae  dinolkn  iiwtinataa  the  quaUty  of  tlw  cdbw^  aai  wImmm  lo^  dependt  on 
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ks  intensity.  The  resnltant  of  two  oobnn  is  represented  If  Aft  Stfpmil  of  >IIm 

purallologram  formed  on  the  lines  xepreeenting  the  colours. 

Taking  three  lines  from  the  origin  through  the  points  of  the  diagram  corrostionding 
vith  the  tlm^e  primaries  as  axes  of  co-ordinates,  any  oolon  may  he  enressea  as  the 
resultant  of  definite  quantities  of  each  of  the  three  primaries,  and  tliA  tUM  ciemeDte 
of  colour  will  then  be  rppresented  by  three  dimensions  of  space. 

The  method  of  obHervation  by  which  the  preceding  conclusions  are  established  con* 
sists  in  selectinp  tbrtc  colours  of  the  spectrum,  and  mixiiif:^  them  in  such  proportions 
as  to  be  identical  in  colour  and  brightness  with  a  constant, wliite  light.  Three  htundarJ 
colours  being  assumed,  and  Uie  quantity  of  each  required  to  produce  the  given  white 
having  boen  found,  the  qnaiitities  of  two  of  these,  combined  with  a  fourth  coI'Mir  wliich 
will  produce  the  given  white,  are  then  determined.  A  relation  is  thus  obtained  between 
tiw  three  standards  and  the  fourth  colour,  whence  ibi  fWfrtiiflll  la  VwmkafB  di^gpHH^ 
with  reference  to  the  thr-'o  standards,  may  he  laid  down. 

The  instrument  employed  in  the  experiment  consists  of  a  dark  chamber  about  5  feet 
long,  9  inches  broad,  and  4  dsep,  joined  to  another  2  feet  long,  at  an  angle  of  abool 
100°.  Liirht  ndmittrd  hy  a  narrow  slit  at  the  end  of  the  shorter  chamber,  falls  on  a 
lens,  and  ib  rt  fimted  through  two  prisms  in  succession,  so  as  to  form  a  pure  spectriun 
at  tlie  end  of  the  long  chamber.  Here  there  is  placed  an  i^>parataB  consisting  of  three 
morable  slitK,  which  can  be  altt-n  d  in  bn  adtl)  and  position,  the  position  being  read  off 
on  a  graduated  scale,  and  the  breadth,  ascertained  by  inserting  a  fine  wedge  into  the 
slit  tUl  it  touches  both  ends. 

Wli-  n  white  light  is  admitted  at  the  shorter  end,  light  of  three  different  colours  is 
refracted  to  the  three  slits.  When  white  light  is  admitted  at  the  three  slits,  light  of 
those  tliree  kinds  in  combination  is  seen  by  an  eye  placed  at  the  slit  in  the  shorter  an 
of  the  instrument.  Tlie  white  light  employed  is  that  of  a  sheet  of  white  papf^r  placed  on  a 
board  and  illiuniuated  by  the  sun's  light  in  the  of^n  air,  the  instrument  being  in  a 
room  and  the  light  modnaM  wliere  the  obserrer  sita. 

Another  portion  of  the  Pame  white  light  goes  down  a  separate  compartment  of  the 
instrument,  and  is  reflected  at  a  surfAce  of  blackened  glasa^  so  as  to  be  seen  by  the 
observer  in  immedimh  eamfmt  wMh  tto  ooipouiid  Ufi^wudi  iulmi  tho  tHto  and  k  n- 
fracted  by  the  prisms. 

Each  experiment  consists  in  altering  the  breadth  of  the  slits  till  the  two  lights  seen 
tte  ohsorer  agn^  both  in  colonr  and  in  brightness.   In  this  way  tbo  nIatiTV 
places  of  sixteen  kinds  of  light  were  found  by  two  obsprvers,  both  of  whom  agreed  in 
finding  the  positions  of  the  colours  to  lie  venr  close  to  the  two  sides  of  a  triangle,  the 
extreme  odoofa  of  die  spectram  ftnaing  douolM  fragments  of  the  tUM  dde. 

Thp  chromatic  relations  lietwoen  these  sixteen  colours  being  thus  ascertained,  the 
next  step  is  to  asoertain  the  positions  of  these  colours  with  respect  tofrannhofer'slinea. 
This  is  done  by  admittinff  bght  into  fha  dnrtev  am  of  flia  iactniiBfliit  1linNi|^  fhe 
slit  which  forms  the  eye-holo  in  the  former  experiments.  A  pure  spectrum  is  then 
aaen  at  the  other  end,  and  the  position  of  the  fixed  lines  is  read  off  on  the  divided 
aeala.  In  oadar  to  ^mmitnh  tfe  wwra^laagtiha  of  sadi  kind  of  lit^t»  tha  iaeiddat  U^t 
was  first  reflected  from  a  stratum  of  air  too  thick  to  exhibit  the  colonil  of  Newton's 
rings.  The  spectrum  than  exhibited  a  series  of  daric  bands  at  intemla  inereaaing 
tnm  tlia  ved  to  tiaa  Ook/L  Tha  watfe-langllw  oomaponding  with  thaae  ftcm  a  aeriaa 
of  subraultiples  of  the  retardatiOB;  and  by  counting  the  bands  betvrcpn  two  of  tL* 
fixed  lines,  whose  wave-lengtha  hatfa  been  determined  by  Babinet  (p.  607)^  the  wavo- 
lengths  corresponding  wttli  all  the  handa  ina7  be  oaledatad;  and  as  Asm  la  a  great 
number  of  bands,  the  wave-lengths  become  known  at  a  great  many  different  points.  In 
this  wa^,  the  waTe4Bngths  <^  the  colooxs  compared  may  be  ascertained,  and  the 
naaltB  obtained  by  one  ooeenw  rendewd  comparable  with  those  of  another. 

Another  instrumpnt,  iiivont*  d  by  Maxwell  for  comparing  combination.s  of  colour,  is 
the  "  oolottr-topk"  which  is  a  niinning^top^  haring  its  flat  vmet  surface  divided  into 
two  eoneentrie  drdee,  each  ende  bemg  fcrther  divided  into  asetors,  whidi  can  be 
eorered  with  different  coloured  papers.  WIn  ii  the  top  is  spnn,  the  colours  in  each  of 
fha  drcles  produce  mixed  tints,  and  the  proportions  of  those  in  the  outer  cirde  are 
TMied  till  ue  mind  tint  matdua  that  pvodaeed  by  a  giTW  eoinbinatian  in  the  innar 
obde^  tlia  ptopoKlioBi  \)dagmmmtAnj%§^aimiim9ii1hmdwmt^^ 

VM&enclatnre  of  Colours.— The  tf mis  r  mployed  to  designate  different  shades  of 
ao1O0  are  for  the  most  part  very  indefinite  being  sometimes  borrowed  from  natural 
olrfeetB  OP  aiAataiieea,  aoBslinna  ftoni  tta  nawaw  of  imvnrton  of  preparatioM  wUdk 
exhibit  the  particular  colour,  and  from  various  other  sources  more  or  less  fancifuL 
The  oobuzs  of  minerals  are  usua4y  distinguished  by  compariaon  with  £uniliar  natural 
«if|aeli  wlddi  tinjr  moca  or  Itaa  isaemMa?  fhoa  b1  [naa  ave  apaouUjr  diatiwguidied  as 

aanre,  violet,  lavender,  smalt,  indigo-  and  Hky-bbie  ;  green s  as  verdigris,  celandine, 
mountain,  leek,  emerald,  apple,  grasti^  asparagus,  olive,  oil,  and  siakin  green ;  yellows 
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M  ralphnr,  straw,  wta,  haam,  liwda,  ochre,  wino,  cream,  tad  onage-yenoir ;  re m 
•mora  or  ros«ato,  hjaaBCh,  Driek,  teuiet,  blood,  flcah,  carmiDe,  rosi^,  crimson,  peach- 
Uoawun,  coItunbtDe,  and  eheny-red;  browns  as  clove,  hair,  broccoli,  pinchbeck,  wood, 
■nd  lirer^brown ;  groys  as  pearl,  smoke,  and  ai^h-grey. 

To  obtain  greater  accomer  in  the  nomenclature  of  coloora,  Cherrenl  has  devised  the 
Ibllowing  scheme  (De  la  loi  du  eontraste  simnltani  de$  covleurs,  p.  87) :  In  the  first 
place  he  assigns  definit*'  meaninp^  to  the  terms  tint  (nuancf),  and  ah  ado,  or  tone 
(ton),  denoting  by  tint  the  reatttlt  of  mixing  pore  colours  in  rarious  proportions^  and  bj 
•hade  or  tone  ue  result  of  mixing  any  tint  or  simple  colour  with  blade  or  whiter  •• 
that  each  tint  is  susceptible  of  an  infinite  gradation  of  shades.  A  tint  is  wrakened  or 
kmmrd  by  the  addition  of  whits^  strengthened  or  ke^ktmed  by  addition  of  black. 
Colours  mixed  with  black  are  said  by  painters  to  be  deadened  {rahatt*wi^  Xhej  the* 
reflect  less  light ;  in  fact,  if  a  coloured  snrface  be  less  and  less  illuminated^  it  becomes 
continually  darker  and  ultimately  black.  This  eflfoct  is  esEperienced  at  tka  dote  of 
day,  all  the  eoloras  tlien  beooming  darker  and  turning  towanu  blade. 

Chevrenrs  Chromatic  CirrU. — Chevreul  bai>  formed  a  table  of  72  tints  passinggBl^ 
dually  one  into  the  other,  and  eaeh  modified  by  20  ahades,  some  produced  by  admixtweof 
vfaite  iBTarious  proportions,  the  rest  by  admixture  of  bladL  Imagine  a  drdedirided  into 
72  equal  sectors.  Three  equidis^lant  sectors  are  coloured  respectively  with  red,  ye!hiu; 
aadwtM,andat  equal  distancesfrom  these  three  colours  are  placed  those  which  resnltfiNm 
tlieir  mixture  two  by  two,  fis.  oiwifft  between  red  and  yellow,  ffrtta  between  ydlw 
and  blue,  violet  between  red  nnd  blue  ;  then  between  these  six  tints  are  placed  the  in* 
tennediate  tinti^  and  so  on  till  the  whole  72  are  complete.  Each  of  these  72  sectors 
is  then  dirided  mto  quadrangular  segments  by  20  eoneentrie*  drdea,  and  in  tlie  seg- 
ments thuB  formed  are  pliictHithe  shades  belonpng  f  i  <  ach  culour.  At  the  centre  is  • 
small  white  circle,  starting  from  which  eaeh  tint  beoomea  gradaallj  deqier  bj  the  ooai> 
tinual  abstraetioB  of  wUte,  till  the  pore  tbt  k  «Mufcod,  and  berfood  tnw  tt»  diada  k 
continually  deepened  by  addition  of  black  till  the  circunifi  n  nce  is  reached,  which  is 
quite  blai^  Theco  is  tharefim  a  oinmlar  series  of  aapaenta  eontaimng  the  pure  tiala 
with  tiiefrauudanOB  of  tntsaiaity,  and  starting  from  ttSM,  tlie  thadss  in  eaeh  «Mlor 
become  weaker  towards  the  centre,  stronger  towanls  the  circutiif-  reiu'e.  The  series  <rf 
eoloiixa  oontaiiied  in  aur  one  sector  &uma  agamut  of  shades  of  the  oocrespoodiivtiDL 
Sidt«iEcla  of  segmean  eootaiiif  tiie  7t  taiis  eorreeponding  wMi  the  maAb  of  iSbtA 
cirdOi  Wahavt  thu.s  a  diagram  of  1440  cohmrs  forniiii^  tvpes  near  enough  to  one 
anotlMr  te  the  requirements  of  the  arts.  It  would  be  useful  also  to  add  th«  gamut  of 
white,  tint  k  to  say,  the  series  of  grey  ahadst  Unm  wUte  to  Uadt.  BaA  a  dtagnm 
construi-trd  willi  miani  nt  colours,  on  painted  |H)rtH'laiii  fur  example,  is  capable  of 
xandering  important  eenrioe  in  the  aztSi  Inr  afibrding  a  standard  nomendaturs  of 
edooxs,  wUdi  mi^  bedasignated  bjtlie  oaaiMrs  of  the  aeetor  and  tbs  dxcmnlsreBeeia 
vfaieh  tiaqr  occur. 

Leeoeq  arranges  the  coloured  segments  in  a  different  way.  He  dividee  the  surfsoe 
of  a  sphere  into  Quadrangular  spacra  by  means  of  meridians  and  parallels.  The  pure 
colours  are  placea  at  the  equator,  and  each  of  them  lnvomes  daikw  along  the  ootirse  of 
ita  meridian  towards  one  pds^  at  which  there  is  a  black  spot,  and  lighter  towards  the 
other  pole,  where  there  is  s  white  spot  It  would  be  mors  oonrenient  to  use  a  cylinder, 
having  one  of  itt  bases  bordered  with  black,  the  other  with  white,  and  the  pure  colours 
aocanged  round  a  zone  in  the  middle.  The  cylinder  might  aLw  be  developed  on  a 
plane,  and  flw  wlide  series  of  tints  and  shades  thus  presented  to  the  eye  at  onoe.  Bj 
repeating  at  one  end  <  f  the  diagram  thus  formed,  manie  of  the  gamuts  from  the  0|H 
motto  end,  each  gamut  will  be  placed  next  to  those  which  differ  from  it  the  laaaL 
la  llili  lana  tito  oiagram  ia  asoca  saail^  eonstmcted,  e^adalljr  if  it  ia  to  be  laada  in 


^DSB  a  1)MBi  of  light  prooaadiiig  ftom  a  ael^IaniiBOQi  auuMso  tMvnMa  a  Imnbo* 

pcneous  medium  without  encountering  any  obstade,  it  exhibits  the  same  properties  oa 
all  aides, — on  tha  north,  south,  eait»  and  west.  Cor  sonunple^  if  we  auppose  it  to  be  rev- 
tieaL        light  composing  sodi  a  Txam  ie  called  erJftiafy  or  luiMrM  tight.  Bat  after 

the  light  has  met  with  any  obstacle,  and  has  couse^juently  undergone  reflection  or 
refraction,  it  exhibits,  for  the  moat  nazt)  different  propertiea  on  different  sides.  If^  for 
example,  the  beam  of  light  be  wesiVed  obli«iuf  ly  on  a  glass  nfiror,  and  the  mferor  be 

tuniid  r<nind  it,  taking  ciire  not  to  alter  the  anjzle  of  incidencf,  the  intensity  of  tho 
reflected  beam  will  vaiy  according  to  the  aide  of  it  which  is  presented  to  the  mirror. 
A  ray  tfaoa  modifled  la  wdd  to  m  polaiiaad.  Ua  propertiea  of  pcJiriiwI  rays  aQ 
r<1ate  to  ebangr.s  of  intensity  or  ni  liflfiatlQIM  tt  Wdowr.  aod  IWIM  afflhflf  tho  iWrniltiw 
in  which  they  are  reflected  or  refracted. 
Light  may  be  pdacM  ia  cither  of  tlw  Mowing  a-aya:— 


Digitized  by  GoOglc 


LIGHT:  POLARISATION. 

1.  By  Refltction  from  ihf  surface  of  iravsparmt  wjr/fm.— Suppose  a  ray  of  light  AC 
674)  to  fall  upon  a  flate  of  glass  (not  silvc^red,  bat  blackened  at  tbe  lower  sar£ace) 

Fig,  674. 


•k  0^  wMm  aa  tntle  of  64^°  with  the  normal  PO,  or  with  the  raflectins  stafteei 
Ihto  ray  wiU  bo  reflected  in  the  direction  CD,  making  an  angle  PCD  —  ACP,  and  in 
Ike  MBM  plane  as  AC  and  CP.  Now  suppose  the  ledaelid  tta  to  fall  npon  a  second 
■vAm  of  f^Mm  at  the  Mdne  angle  of  64^<'  with  Ae  nomdL   If,  then,  the  second 

mirror  be  »o  placed,  that  its  plane  of  nflection  is^fumllpl  to  the  plane  of  reflection  from 
the  finfe  wahot  (see  left-hand  figure),  then  the  tn  will  be  reflected  from  the  second 
■nrfM*  in  tiie  direction  D£,  just  aaif  it  wocecded  directly  from  a  huninons  aoiiree,  and 
had  not  underline  ptenons  reflection  ;  out  if  the  second  mirror  l>e  so  adjusted  that  ita 
^nne  <tf  z«Ae«tion  ia  nerpwndienlsr  to  that  of  the  first  (aee  right-hand  figoxeX  then  the 
ivr  GDwffl  not  be  reflected  from  it  at  all,  or  at  least  the  intennty  of  the  r^  beam 
wul  be  comp.initively  sniiill.  In  intermediate  position'^,  still  at  the  same  angle  of  inci* 
dence,  the  ray  CD  will  be  partially  reflected,  the  quantity  of  light  in  the  reflected  rar 
DE  being  greatwr  as  the  planes  of  reflection  of  the  two  mimmnie  nMire  nearly  paralleL 

The  ray,  after  reflection  from  glass  at  an  un^]>  of  54^^,  appiew  then  to  exhibit  dif- 
ferent propertiea,  nceording  to  the  direction  in  wliieh  it  is  a  second  time  reflected,  being 
in  fiict  remodble  in  different  degrees  at-di£fcreut  azimuths ;  it  is  therefore  polarued* 

The^lane  in  which  a  polarised  ray  is  most  caiaiiy  reflected  is  called  the  plue  of 
polarisation ;  it  coincides  with  the  plane  of  refli>ctioa  (or  of  incidence). 

The  angle  64^°  is  called  the  polarising  angle 
tat  glass.   For  every  mediwn  there  is  a  particwar  'y*  wi* 

polarising  angle,  the  magnitude  of  which  depends 
npon  tthe  refracting  power  of  the  medium,  according 
to  the  Mhywing  law,  discovered  by  Brewster:  2%6 
foUtrisina  angle  ACP  (Jig.  675)  m  thu  for  which  the 
refracted  rwf  CD  if  nerpendieular  to  the  r^Uettd 

mOOBl  Bow  let  m  flWinHl  th#  iadwcf  wiftaatlne  ^  i » 

sin  "ACP 


1^  - 


sinUCD 


bol  the  ugb  AOP  *  BGP 


^  0] ;  and  dnce  BC  is  j)erpendicnlar  to  GD,  aoA 


CN,  angle  QCOD- 

coa  a 


<mgU  is  the  angle  whose  tangent  is  equal  to  the  index  of  refraction, 
TllO  ilMinrinfl  tlhle  exhibits  the  ^M>lari.sing  angki  of  o  fUT 

to  the  ohim f  HiiiMM  otf  Biot  and  Awga ; — 


Voisiliinc  Migi*.  1 

KsoMof  sutMUaos. 

Meaturpd 

Kjuae  of  iubrtmce. 

Mfaturrd 

frnin 

fr '  in 

fri  Mil 

(rom 

oomuil. 

Borm&t. 

>urtac«. 

Fluor  spar  • 

640  60' 

Topaz      .  , 

• 

680  40' 

31<>  20' 

Water  . 

62  46 

37    16  1 

Iceland  spar  « 

• 

68  23 

31  37 

OlasB    •  . 

M  U 

86  S6  ' 

Spinel  ruby 

• 

«60  16 

29  44 

Ol«si(Han  • 

66  03 

33  57 

Zircon 

«68  08 

26  62 

Selenite .  • 

66  28 

33  32 

Sulphur  (native) 

«e4  10 

26  60 

Anbw  ... 

60  86 

88  26 

Antimony-glaM 

• 

•64  46 

66  16 

Bock-crystal  . 

57  22 

33  3S 

Chromate  dTlMid 

•67  42 

22  18 

M^hato  of  bahom 

68  0 

32  0 

Diamond.  • 

• 

•66  02 

31  68 
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There  are  but  few  snbstaoeea  oapable  of  oompletelr  polaruingL'glit  by  reflection,  and 

generally  8|>eaking  the  polarising  power  is  least  in  those  media  which  have  the  largest 
indices  uf  refraction.  According  to  Brewster,  it  is  onlj  thoee  media  whose  refractire 
index  iK  less  than  1*7,  which  are  cu[  .tb!.>  of  polarising  completely;  such  are  thoM 
miirked  with  an  atiterisk  in  the  preceding  table.  But  even  when  the  index  is  less  than 
1*7,  the  polarisation  is  never  complete,  if  the  beam  of  light  is  bright  In  general,  sub- 
atuieee  which  reflect  but  little  li^t,  polarise  a  large  proportion  of  it  Metals,  widi 
clean  and  polished  surface,  polarise  ammHj  at  all.  In  all  eaasi^  however,  Brewster's 
law  applies  to  the  incidence  at  which  the  rdSected  beam  contaiiM  the  largest  proportion 
•f  pokrised  light 

As  tlie  several  coloured  raya  have  different  indices  of  refraction,  it  is  evident  that 
only  homogeneous  light  can  be  completely  polarised  by  reflection.  Solar  light,  or  ordi- 
imy  gas  or  candle  lif:ht,  can  never  be  made  to  disa]ypear  ttOOfktely  in  the  maanor 
above  described.  In  fact,  with  media  of  high  dispersive  power,  such  as  oil  of  cassia, 
diamond,  chromate  of  lead,  or  specular  iron,  all  the  colours  of  the  spectrum  may  be 
aaooeesively  brought  into  view  bv  slightly  altering  the  inclination  of  the  reflecting 
■nrfkee  in  the  vicinity  of  the  polarising  angle.  With  glass  and  water,  in  which  the 
ana^s  of  polarisation  for  the  extreme  ra}-s  of  the  spectrum  do  uut  differ  by  more  than 
la  or  20',  the  colours  are  le^n  jht  .  ]  nevertheless  the  light  nrrnf  itiwippiiTl 

iOtirely,  and  always  exhibits  n  slight  i;oloration  af^er  tJic  second  reflection. 

Xiight  is  more  or  le«H  polarised  by  refraction  at  all  angles  of  incidence,  excepting 
f  mi miiiTtllar  wniiirn'  the  proportion  of  polarised  light  in  tliaiillectod  l>eam  hfing 
greater  ;ts  the  ai^  «f  incidenoa  difien  leaa  team  the  polariwf  apg^  detOTmined  lij 
JJrew.srer's  law. 

If  a  ray,  partially  polarised  br  reiactiiOli     my  angle  <1iftfiag  from  the  polarising 

nntrlf".  apnin  reflected  from  the  same  medium  at  the  same  angle,  the  pr<'{-"rtion  of 
polariised  light  in  it  will  be  increased;  and  by  a  number  of  successive  ntieciions,  the 
ray  may  b*  lawghl  indeflnitdy  near  to  the  atate  of  complete  polarisation,  the  number 
of  reflections  required  foe  tha  pOpOM  hau^  bat  M  the  Ugla  q£  liflectiiDIi  difin  IflM 
from  the  polarising  anglo. 

%  Bff  oiiffwiiiy  JK^^^wifMk— When  light  pasM  ifrorn  mm  nadfini  to  amliMr/tiia v»> 

fracted  ray  is  polarised  as  well  as  the  reflected  ray,  its  plane  of  polarisation  being 
perpoulicalar  to  the  plane  of  refraction,  or  of  incidence^  and,  therefore^  alao  to  the 
pliiMofpolariaatiooof  fharelleeCidri^.  TlwTCitaMtodvay  wmthnclbrebeTCieebBd 

from  a  surface  of  pl;iss  at  an  angle  of  54^**.  just  under  the  circumstances  in  which  the 
ray  polarised  bj  refraction  would  not  Xagh(,  however,  ia  never  comidete^  polaiiaed 
\j  oMniraelioii ;  bat  tiie  proportion  of  pdariaed  1%ht  ia  flw  xvAietad beamugrHrtar 

as  the  angle  of  incidence  is  nearer  to  the  polarisincr  anple ;  and  bv  Knccossire  refrac- 
taona  through  a  nomber  of  aor&oea  of  jdara,  or  other  mediom,  it  may  be  broo^ii 
wilUn  any  assigned  Kmit  of  eompkta  pdariMOlU  A  bwaffla  of  ttfa  pjitwi  ofriMi 

or  mica,  liound  tog'  tlicr  in  a  fnimc  forms  a  TBiJ  OOBfiMiflBt  tf^MlM  Av polvwag 

light,  whether  by  refraction  or  by  n  llection. 

3.  By  JJouhU  Refraction. — All  crystalline  botlics  not  belonging  to  the  regular 
igratan, poUMi  tha  power  of  double  refraction;  •that  is  to  say,  a  ray  of  tight 

enterinjr  snch  a  medium  is  split  up  info  two  rays  of  equal  intensity,  whifli  traverse  the 
crystal  in  different  directions.  In  ail  such  media,  however,  there  are  either  one  or  two 
dineCioM  ia  iriUeh  doable  refraction  does  not  tidca  place,  and  theee  lines  are  called 
the  optic  axes  of  the  cr}'?^tal.  Transparent  calcapor, or  Iceland  spar,  which  crystallisea 
in  rhombohcdrons,  and  exhibits  double  refraction  more  distinctly  than  any  other  sub* 
stance,  is  a  crystal  wilik  ooe  optic  axis,  the  direction  of  that  axis  being  parallel  to  tha 
line  joining  the  obtuse  summito  of  the  rhom1>.  A  ray  traversing  the  crystal  in  a 
direction  piirallel  to  this  axis  is  nut  divided  into  two ;  but  in  all  other  directions  the 
lay  is  doubly  refracted ;  and  the  two  rays  into  which  it  is  thus  divided  are  both 
completely  polarised,  the  plane  of  polarisation  of  the  oneljeing  parallel  to  \ho  prineipel 
section  of  the  crystid,  that  is  to  say,  a  plane  passing  through  the  optic  axis  and  the 
direction  in  which  the  ray  traverses  the  cr^'stal ;  the  other  in  a  pUne  at  rig^t  anglea 
to  that  section.  The  ray  which  in  polari.'sed  in  th^  principal  section  follows  the  ordinary 
laws  of  rc'fiuction,  remaining  always  in  the  plane  of  incidence,  and  having  for  all  inci- 
oidencee  a  constant  index  of  refraction  ;  but  the  ray  polarised  perpendicolarly  to  the 
principal  section  follows  difl^erent  la^vB  of  n-frnction,  it«  direction  not  being  confined 
within  the  plane  of  incidence,  unle88  that  plane  coincides  with  or  is  perpendicular  to 
thepriMipal  section,  and  its  index  of  refniction,  excepting  in  the  last-ttMMlioned  case, 
rarj'ing  continually  with  the  angle  of  incidence.  The  former  of  thoso  rays  is  called 
the  onliiuiri/,  t)io  latter  the  cxiraordtJiary  ray.  The  mode  of  refraction  of  the  latter 
will  be  more  fully  aiplajwed  hciraftor. 

When  these  two  oppo^ifely  j^olMriscd  rays,  which  have  traversed  a  rhomb  of  Iceland 
spar,  fall  on  a  plate  of  glass  at  the  angle  of  54^^,  so  placed  that  the  plane  of  reflection 
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in  parallel  to  the  principal  section  of  tho^rrystal.  the  onlinary  rsj It fsfleeted,  and  the 
eztraoidinaiy  raj  it»  not,  the  contrary  effect  taking  place  when  tlMW  plane*  are  at 
irf^t  aaglaa  to  each  other.  When  the  plane  of  niwtiPD  la  ino!inc<l  to  the  principal 
Boction  at  aaj  «^  IwUma  Qo  and  90°,  both  ngw  «m  MflMtod,  bat  with  diflBwent 

intousitiea. 

The  two  pdariaed  bMDW^  en  anierfi^ng  from  the  cTTstal,  will  orcrlnp  each  other,  or 
will  be  completely  separated,  acconlinj^  to  their  l»p<';idth  and  the  thicknen  of  the 
crartaL  When,  however,  it  ia  deaired  to  examine  only  one  of  them,  it  is  most  eon- 
ffart  to  throw  the  othariiuMjilmrty     of  th»  fleld  of  wr.  TUi  anj  be  dkeled 

in  one  of  the  followinfi  ways: 

o.  Bt/  Rcfiection. — The  apparatus  for  this  purpose,  c:ilU'<l  a  Nichol's  prism, 
eistfl  of  two  similar  prisma  of  calcspar  {fig.  676).  ABCD, 
CDEF,  'cemented  together  with  Canjuta  balsam  at  the  faces 
CD.    The  faces  AB,  EF  are  cut  so  u»  tx)  make  an  angle  of 
MP  with  the  obtOM  edges  A£,  BF  of  the  natural  crystal  (the 
Bitnal  fccfs  make  an  angle  of  71°  with  thr  oI  mi'-c  filjro'iX 
and  the  faces  CD  are  perprndiculur  to  AB  and  Li'".  With 
this  arrangement,  it  if  nmnd  that  of  the  two  my,  n»,  into 
which  an  incident  ray,  mn,  isdividod.  fh^>  onlinnn'  ray.  no,  OB 
reaching  the  surface  of  Canada  balHam  (whosf  ind»'X  of  re- 
ft«ctaon  is  less  than  tiM^  of  the  ordinary,  and  greater  than 
that  of  the  oxtraorrtinary,  my),  suffers  total  roflt'Ction  in  thp 
direction  op,  while  the  oxtraordiniiry  ray  piissfs  on  in  tlif  di- 
nctton  ef,  and  emerges  iu  fg,  parallel  to  mn.    An  eye  placed 
at  /,  therefore,  sees  but  one  imago,  viz.  that  fomifd  by  the 
extraordinary  ray.   Hence,  a  beam  of  ordinary  light  paasing 
through  it  will  be  polarised  in  a  piano  perpendicular  to  the 
principal  .section — that  is  to  say,  to  the  shortor  dintronal  of  the 
rhomb,  ab  (fig.  677);  and  a  my,  already  ^iairwed,  will  be 
•tomied  b^  the  prism  if  its  plane  of  poIarisakMNi  is  pitndkl  to 
ab,  out  will  pass  freely  through  it  when  the 
pUne  of  polarisation  is  perpendicular  to  ab, 
or  ptwllfll  to  the  longer  diagonal  cd.  Hence, 
also,  two  Nichol's  prisms,  placed  one  behind 
^  other,  appear  perfectly  opaque  when 
ttdr  principal  sectiono  an  d  n^t  angles  Ci 
to  each  other,  perfectly  transparent  wlien  the 
principal  sections  are  parallel,  and  transmit 
^iiitwith  dimfniAnd  mt— in  iBtwme. 
diatc  positions. 

fi.  By  Abtorption. — Certain  double>refracting  crvstala,  cspo- 
didl^  Uie  tourmaline,  have  the  power  of  tMBontting  light  onl^  when poihrifed  in  s 
particular  direction  with  roCTrd  fo  their  optic  axes.  The  tourmaline  forms  crystals  be- 
ioging  to  the  hexagonal  sytitem,  having  one  optic  axis  parallel  to  the  axis  of  figure,  and 
Imnniiflinfl  lig^t  only  when  polarised  in  a  plane  peipendloaltt  to  the  opde  axia 
Hence,  when  a  ray  of  light  polarised  by  n  flection  from  <:]:[<s  at  the  angle  of  64^°  is 
Tiewed  throngh  a  ulale  of  tourmaline  cut  with  its  facea  narallel  to  the  optic  axis, 
then  if  <]m  egytM  bo  held  with  its  optic  axia  perpendiealar  to  iho  pbao  of  veAeo- 
tion,  the  ray  will  pass  through  it  as  fre<»ly  as  its  colour  will  permit;  out  if  the  tour- 
BM^Une  be  4held  with  its  axis  parallel  to  the  pUne  of  reflection,  the  reflected  rays 
wfllbe  oompletefy  oboodbcd,  aid  no  h'ght  will  pass.  If  tihe  toonnliao  be  graduatly 
tamed  round  from  the  first  position  to  the  second,  the  quantity  of  light  which  passes 
tiffOQgh  it  will  continually  decrease,  because  the  polarised  ray  is  then  divided  by  the 
tOBBBiliiio  into  OBO  polariaad  «t  ri^  npm  to  tlie  aadb,  the  oilier  |mibI1«1 
thereto,  the  intensity  of  the  former  continually  decreasing,  and  thrn  of  the  latter 
increasing  as  the  tourmaline  is  tomed  round.  When  a  ray  of  ordinary  light  is 
taaamittod  throngh  a  toanaaline  plate  of  a  ontdB  ttii^rBwi,  «bI  as  aboro  demibed, 
it  is  divided  into  two,  as  by  other  iLnible-refracting  crystals  ;  but  t1^^  ordinary  ray  is 
completely  absorbed,  and  only  the  extraordinary  ray  passes  through,  so  that  the  emer- 
I  baam  ia  completely  polsmad  ia  a  plane  perpendOodar  totiio  asa  of  the  toonBalKao. 
Icncc  if  two  fiiien  plates  of  tourmalinn  be  snperpcjed,  and  the  light  of  the  sky  be 
viewed  through  them,  then  if  the  two  be  placed  with  their  optio  axes  parallel,  the 
Vii^t  win  paaa  tiirough  theaa  aa  tnelj  aa  tbatr  eeloap  and  iaipetfcet  transparency  will 
permit;  but  if  one  of  Ihe  tonmialiiu-H  br  then  turned  najnrl,  the  quantity  of  li^rht  tnms- 
mitted  will  decrease  as  the  axes  deviate  more  and  more  from  paralieliam,  and  at  last^ 
Am  «m  wm  cnm  om  aaollur  at  right  aa^^  the  light  will  ba  vmfMj 
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Two  mich  toiirmaliiies  monated  with  their  fiuMs  pttT*ll«^l  to  each  othof,  and  "o  ns  to 
permit  one  of  them  to  Tevolve  in  the  plane  of  the  axis,  furm  a  Teryconrenimit  and  {^or* 
tehle  appantMS  fi^  ^ic|>erimeDt8  on  polarised  light.  A  single  tourmaline  is  also  reiy 
^nrenient  for  pxnmimng  light  polarised  by  reflection  or  refraction.  T!ic  onlv  oVce- 
tiou  to  tke  touriiiaIii)e  is  its  colour,  the  beet  polarising  toormalines  having  olwajs  a 
brown  colour,  which  grc^atly  modifies  the  colour  of  the  transmitted  light,  especially  as, 
in  orcVrthut  the  tounimlino  BMJ  pdttiM  tOmgklMj,  it  tmjt,  ham  •  tJudOMMOT  it 
least  the  tenth  of  an  inch. 

There  are  a  few  other  double  redacting  ei^stals  posseanng  similar  properties ;  in 
particular  the-  so-wiIIkI  "sulphato  of  iodo-quinme,"  discovered  Dr.  ITorapjith.  This 
wlwtance  crYstidiises  in  tliiu  cix-  or  eight-sided  plaieti,  which  are  transpurrnt  nud 
rnif^f  Mloaness  by  transmitted  li^ht  when  Ti«««d  MpwBtely ;  bat  when  two  of  thom 
are  superposed,  with  their  longer  dimensions  crossing  one  another  at  right  ungK-j,  the 
part  where  th«y  cross  appc&rs  quite  black,  even  if  the  thickneiis  of  tho  crystals  does  not 
nrcinnd  ^ni  %  sillimetre.  Tne  egyviai*  Ot  this  compound  may  therefore  be  used  ia 
the  same  manner  as  tourmalines,  and  are  even  better  adapted  for  optical  ns'e,  Ly  tlieir 
greater  transpareocj  and  freedom  from  colour;  but  their  fragility  renders  it  ^jmowhat 
Sfflenlt  to  manipulate  with  them. 

The  best  substitute  for  a  tourmalino  in  the  Niohol's  prism,  above  deseriV>*^l.  The 
^]<yipiir  crystals  being  perfectly  ivlourlos.'}  and  very  trauspart'iit,  transmit  much  more 
tinii  tiro  miperposed  tOttBualines. 

All  arranj'emcn*^'^  t'^r  examining  tho  properflns  of  polarised  light  nfcepsarlly  consist 
of  two  parta ;  viz.,  tiie  pulttriHer,  by  which  the  light  is  brought  into  the  polarised 
•tate,  and  the  analytttl^  lijr  which  its  state  of  polarisation  and  its  pro  pert  ios  aru 
examined;  thus,  when  a  ray  is  reflected  frcjm  a  plate  of  gla^'s  at  an  angle  of  and 
the  reflected  b«4UU  cx^uinod  by  a  totmualine  held  before  the  eye,  the  plate  of  gla^ 
ii  tlie  pcdaiiiciv  and  the  tourmaline  the  am^ynr.  It  is  clear  that  anyone  of  the 
!ipp:trr\*iis  above  describf**!,  n;iTTif  ]y  a  rt  flector.  a  refractor,  a  doublo-refracting  cryatal, 
a  tourmaline,  or  a  iiichol's  prism,  may  be  used  either     polarber  or  analj'sex. 

VMMM  *f  yplaHaaJ  SigMb— editeoee  of  rays  hariiig  difl^nt  propeftist 

on  diflferent  eid«  s'  w  is  regarded  }■■}■  ^-ton  as  a  deci^ivr  -I  •i'ction  against  the  wave- 
tbeoqr  of  Ught,  on  the  ground  that  pressozes  or  aaoTemeuUi  exdted  by  a  luminoos  body 
ia  aa  tlflrae  awdiimi  oof^t  to  be  aqnal  ia  all  dirsetloua;  aad  HayglMite  wtm  oI>1%m1 
to  admit  his  inability  to  account  for  the  existence  of  j>olnrised  rays  on  tho  undulatory 
tbsooj  m  then  understood.  The  reason  of  this  ^parent  ioabili^  of  the  wave-theoiy 
iaia      ^^buaaatnm  of  polariMtioB,  wu  lhi&,  at  tha  time  or  ivUeh  we  are  spoak- 


to  wraiai 

ing,  the  vibratory  movements  of  the  ether  were  sup{x^sed  to  take  place  wholly  in  the 
directioa  of  propagation  at  the  waves,  and  on  that  hypothesis  it  ia  impossible  to  con- 
eehrs  of  imye  of  tay  biom  thaa  fays  of  eoaad,  poseeswing  dHftrent  propertiM  oa 
difllrcnt  sidew.  But  later  experimental  researches,  and  the  investigation  of  ine  subject 
on  the  principles  of  analytical  mechanics,  bave  ahown  thai  the  vibnitions  of  the  lumi- 
aiinmw  edier  take  place  in  plaoM  taa^satial  to  the  warsHmrAwe,  or  tntaerswrty  to 
t!io  direction  of  the  ray.  Fron>  this  point  of  view,  the  dlfferenoo  between  orxlinary 
and  polaxased  light  is  easily  ezphiined.  An  ordinaiy  or  natoral  n\  is  one  in  whid^ 
the  vnmitioas  teleplaee  ia  aQ  <firw?tioB§  laeewiTdy  la  the  ptaae  or  dto  wtm ;  aad  a 
pol.ii  1  ■  1  ray  is  ono  in  which  the  vibrations,  still  tangential  to  the  wave-surface,  are 
con&oed  to  one  ^aoa.  Sa^>ose^  for  exampl^  the  direction  <^  the  rav  to  be  vertical,  or 
that  of  the  wafa»WTfcee  aonaontal ;  then,  if  tiie  ray  be  ookrisea,  tiie  Jtreetfao  of 
vibnitlon  ■  f  :d]  the  particles  will  be  either  north  and  south,  or  eiu?t  and  west,  or  In 
some  intarmedii^  aaimutb ;  and  if  it  be  nnpolarised,  tho  TibcaUoos  will  take 
plnM  ia  an  thaae  diioelloavraooeMlTsly. 

This  view  of  the  nature  of  p<jlari6ed  light  ia  established  by  the  experiments  of 
fiesnel  and  Ataoo  oa  the  interference  of  polarised  rays,  the  genexal  zesolt  of  which  iS| 
that  fmo  itmmfiUme*  ofpotmUaHen  (p.  663)  are  permti  A>  mm  tmoAer 
just  liJce  unpolan'sca  rai/s :  hnt  two  rays  whone  p/ant  s  ojT  jxtlarisafion  arr  pi  rpftidicidar 
to  one  another  do  not  txki&it  aajj/  phenomena  inUr/erence,  whatever  majf  be  their 
difftrcnce  of  IbsM  fcmltg  ar»  sesOy  caaeetveMe  If  the  TibMtioae  are  ti'aaewee 

to  tho  direction  of  the  ray;  f  r  if  the  vibmtlnns  of  the  two  rays  take  place  in 
direiAioos  parallel  to  eadi  other,  the  reooltant  will  be  equal  to  the  sum  or  difl^renco 
of  thrir  iam^ad  awyeiiiomi,  ae  exfiiaiaed  at  page  698,  aad  will  be  redaead  to  iivo, 

that  is  to  say,  the  rayn  will  destroy  eacli  otlier,  when  their  plia.se»  are  exactly  oppcisite  ; 
biA  if  their  yibrations  are  perfoniiod  in  plaaes  inclined  to  one  another  at  any  angle, 
thsta  win  be,  at  i«ny  point,  a  flaito  MMtttaat,  detenaiaed  la  magnitude  aad  poriHon 
by  the  rule  of  the  parallelogram  of  velocities,  and  never  becoming  equal  to  nothing. 
Mmtioib,  two  rays  whose  planes  of  polarisation  are  not  parallel,  can  never  interfere  so  as 
to  piodaoe  oompiete  danneoi ;  aod  If  their  pkaet  ave  ot  fkpit  aoi^  to  one  another, 
«h«7MBM*  iafenftM  at  aD.  H;  on  «ho  ote  hiBd»  tho  viSifttioiit  of  tho  ethar  taha 
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I^Ace.  in  tho  direction  of  the  raj,  it  ia  impossible  to  oonceire  anj  conditions  wliioh 
VQoM  petmmt  thorn  from  intaFftring  witii  one  anotlnr,  and  prodneii^  darimcn  vhm 

thej  nu't't  o!it>  another  andf  r  a  oert;un  difference  of  phase. 

Xh«  gxperimenta  which  show  that  the  int^«renee  of  poUnsed  ra^s  doss  depend,  m 
mboife  deseribed,  on  their  state  of  polaiisiitioii,  are  the  fbllowtng : 

1.  Tljo  light  passiiiii  thnjugli  two  narrow  parallel  slits  very  close  together,  as  in 
Young's  experiment  (pp.  599,  604),  ia  polarised  by  covering  the  slitA  with  two  pieces  . 
ot  the  same  pMe  of  toitnnaline,  cat  parallel  to  the  axis,  which  polarises  the  light  in  a 
plane  porp* mliculiir  to  that  axis.  If  the  two  tourmaline  plates  have  their  axes  parallel 
to  one  another,  the  two  beams  of  liglit  interfere  and  produce  fringes,  jnst  as  if  the 
toomalines  vwe  not  there ;  but  if  they  arc  placed  with  their  axes  at  right  Hugle»  to 
one  anothss;  an  the  fringes  disappear.  In  intermediate  pcritioiis  of  tha  toanaaUBea 
fringes  are  produced,  but  fainter  thn  angle  b<  t  woon  the  axes  approaches  more  nearly 
to  a  right  angle.  Instead  of  touriu alines,  two  small  buudiws  ut  inica-plates  may  be 
flaeed  before  the  sfito^  in  a  position  inclined  to  the  dirootion  of  the  rays,  which  aye 
then,  after  transmifsinn,  almost  vrltoUy  pwlarised  in  a  planf  perpendicular  to  iho  plane 
of  incidence  Tlio  fringes  theu  disappear  when  the  bundles  of  plates  ore  so  placed 
that  the  two  planes  of  incidence  are  at  right  angles  to  each  other. 

2.  The  two  slits  are  covered  with  two  fragments  of  the  same  plate  of  cnlc'sp.ir  or 
fock^ecystal,  uut  parallel  to  tiie  optic  axis.  Each  plate  then  gives  an  ordinary  and  an 
«sCHHNidinary  lay,  whose  planea  of  polarif^ation  afo  at  tighk  aagtes  to  one  anethsr.  If 
the  axes  rif  the  two  fnipTiieiits!  ;iro  parallel,  the  two  nrdinnrr  mys  which  emerge  from 
them  produce  fringes,  just  an  if  they  were  unpolarised;  so  likewise  do  the  two  extra- 
ntdautry  rmyt,  and  these  two  systems  of  fnngee  are  enperpoeed.  If  noir  one  of 
orystalKno  plutes  be  gmdnally  turned  rfjunJ  in  th"-  ilauo  parallel  to  its  axis,  the 
frinffes  become  fi»inter,  and  when  the  axes  of  the  two  plates  are  at  right  angles  to  one 
•oonier,  the  fiiagvs  dMappear  altogetlMr^  and  give  places  to  unifonn  li^it  At  thf 
sarao  time,  however,  other  systems  of  fringes  inako  their  appe.iraneo  on  the  sides, 
being  produced  by  the  interference  of  the  ordinary  rays  proceeding  from  one  of  the 
alilB  Witt  tho  OBtiMidinary  raya  from  the  otli*r;  mty  are  ahUled  to  tlie  iSdea  on 
aceount  of  tho  diff.renee  of  veloeity  of  the  ordinary  and  rxtraonlinary  ray  A  i  'iin  the 
ctystaL  So  long  as  the  axes  of  the  two  plates  remain  paralielf  the  ordinary  ray  of 
Uto  OM  (Md  the  eicbnaidtnary  ray  of  the  odur  an  polaxwed  in  planes  at  richt  angles 
to  one  another,  and  th*.-  hiteral  fringes  an-  not  pn)du(>-d  ;  hut  on  inelining  tlie  axes  to 
one  another,  these  lateral  fringes  appear,  becoming  more  and  m^re  brilliant  as  the 

betwoen  Hie  axea  inereasM,  ana  attaining  their  greatest  Lriglitn^  when  the 
two  axes  form  an  angle  of  90". 

3.  When  a  narrow  screen,  such  as  a  hair,  is  plaoed  io  the  patli  of  the  two  rays 
isaaing  froai  a  rhomb  of  Iceland  spar,  placed  before  the  focus  of  a  lens,  no  iriQ£;es  are 
ftodvetd  within  the  shadow,  as  they  would  ba  by  ordinaiy  U^t»  beetue  tae  two 
cays  are  polarised  in  pianos  at  right  angles  to  one  another. 

luFresnel's  mirror  experiment  (p.  699),  the  rays  are  polarised  by  reflection  in 
tliaaaine  plane;  and  ia  that  of  Young  (p.  602),  the  rays  originating  from  the  same 
scarce  hfixo  their  tmnBTcr^c  vIliratiouH  at  each  inst4nt  pacaUol  to  MM  aaotheTj  ao  that 
they  are  lu  the  right  condition  for  interference. 

The  prcoedi&g  «Kperiment8  show  tln  n  that  the  vibrations  d  the  ether  are  parallel 
to  the  wavG-snmce,  and  that  in  a  polarised  ray  they  take  plaee,  for  the  most  part,  in 
one  plane  passing  through  the  ray.  Moreover,  the  vibratvrj/  luoixnunis  are  perpm- 
dtowar  io  the  plane  of  ^larisaiion.  For  when  a  beam  of  light  passes  through  a  crystal 
with  one  optic  ush,  like  leehind  fp:ir,  the  ordinary  ray  is  polarii>ed  in  a  pl.me  p'lr  i'I  1 
to  the  principal  section  of  the  crystal  i  that  is  to  say,  it  is  most  oasily  reflected  ui  a 
plane  parallel  to  that  section  (p.  BbZ\.  JScm  as  this  ray  follows  the  ordinaxy  law  of 
refraetion,  and  consequently  has  a  constant  velocity  whatever  direction  it  may  take 
through  the  crystal,  the  vibmttons  uf  the  ether  which  form  it  must  have  a  constant 
direeaoB  witii  reg^ird  to  the  axis  of  the  crystal ;  nod  aa  Uiej  are  perpendieolar  to  tho 
ray  ^vhntever  angle  it  may  make  witli  tho  axis,  they  could  not  form  u  eonsfant  nng'c 
with  the  axis,  unless  thej  were  nhso  perpendicular  to  tlint  axis.  The  vibratory 
fBOVunflnte  eonadtntiiig  the  oidinary  ray  are  th«reffare  perp<adiculap,  both  to  too 
ray  and  to  the  optic  axis,  and  tliereforo  to  the  principal  .section,  wliieh  ifs  the  pl;ine 
penning  throng  the  r^  and  the  axis,  and  in  this  cw>ti  is  identical  with  the  piano  of 
pohniiatitm  ortfae  nty.   Remoa,  aa  all  pdhriBad  rays  poassM  Ifca  aame  properticiv 

wliatever  muy  Ix'  their  origin,  if  follows  that  the  TihntUHia  of  tho  ethCT  aM  atwajB  Bt 
gifMuag^  to  the  plane  of  polarisation. 

Tb»  lame  reaidt  may  be  oeditoed  from  the  proj^ertiea  of  the  tomnalino^  which,  aa 
already  obsen-ed  (p.  G5,")),  intercepts  the  ordinary  ray.  Now  it  is  found  that  a  phite 
of  tourmaline,  cut  perpendicular  to  the  optic  ajtis,  intercepta  all  the  light  which  fkUa 
upon  it  at^erpendiOLur  incidence,  which  ahowa  that  all  tibratioDa  parpeadionliB'  to 
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tbo  axis  are  orrosted  it.  Bat  \rhen  the  mj  passes  thiotich  a  plate  of  totimaline 
eat  jMmllel  to  the  axis,  oviy  th«  oafdioMy  my  u  intemepted,  tlw  cmteaowiipary  nj 

p^rf^jnrr  tlir.diLrli.  T!u-'  ;iLnifinim  of  tho  oi\liii;iry  raj  must  therrforf  K<  ]>.  q>oii(licnI:ir 
to  thn  and  coose^oenUj  to  the  prmcipal  sectioa  of  the  crjr»tal,  |iaraUd  to  vhkh 
the  TO  V  i  s  ^loUuHbed. 

Vrom  thw  «linrtion  of  tho  Tiln-aton,-  moromoiits,  it  f.il^owB  tli.it  a  i»l;»ns<Ml  r;iy  is 
.  most  etteily  r^ected  when  its  nbrations  are  parallel  to  tho  retleccing  nurfdCCL  and  oa 
Hke  eoBtmry,  that  it  n  mo«t  eamlj  tnuiBmittcd  through  a  pile  platas  wnen  tt» 
xihrntioiis  t;ik»  plitcc  in  tln-p!:int^  of  inciilL-nrt'  or  at  right  angles  to  the  surfiice  ;  also  thjit 
the  ra^  passes  moat  compietelj  through  a  tounnaliiur  cut  parallel  to  its  axis,  when  tbo 
▼ibratioQff  am  panOel  to  this  azia.  Tha  toanDalina  acta  thoefore  UJm  a  grating, 
wliieh  gires  £ree  passage  to  a  snrface,  flueh  m  a  l(]ttff»-bladih  parallal  to  tfaa  b«fe 
stops  it  when  presented  transrersely. 

The  fom  of  the  curve  which  the  ether-molecules  describe  in  the  plane  perpendicular 
IQ  tfaa  dhaetian  if  th«  t»j-4n  anaiapia^  in  tfce  row  <i  n'  (fig.  677)— detemnnos  the 


jfu^  ^yy^  state  of  polarisaticm  of  the  ray.  If 

the  oecillatioD  euit£iists  in  a  mera 


•  *  *  •  ^  90          notion  of   tba  paitielaa 

•  ••^  wards  and  forwarnH  ju  n  rtraifiht 
^  9  ^  line,  the  ray  is  said  to  be  rectiii- 
^^^••^^  ^  •  *            nearly  polarised,  or  plana- 

t  »  ^  t      ^^M^^M^r  p o  1 H r i  s f  d  ;   niid  the  plane  pnss- 
«             uig  through  the  ray  at  right  anglea 

•  ftotha  divMlioB  In  whkh  tlia 

•  •••  ^           pjiTTick'S  vibnite.  is  the  plana  flrfP 
P  *  m  ^  ^  •               polarisation  of  the  ray.  Tba 


<•  paHidaa    artginally   altaatad  in 

tho  straight  Tine  whTch  is  tTio  dirootfon  of  flic  ny,  appear  at  a  ofrtnin  nidment, 
arouiged  ia  the  waye-Une  acb.  if  each  of  the  Tibratingjpiurtides  describss  a  circle^  the 
dtnctim  of  fta  Telocity  wiD  change  fifom  9P  to  180^  mlsi  thi>  -vilwatiaa  sartendinp 
throu^^h  the  space  of  half  an  undolatioilL  and  to  SftO"  in  th*'  Kjxitv  of  a  whole  nnchi- 
lation :  hence,  a  series  of  pirticles  in  all  phases  of  velodljr,  extending  from  one  ex- 
tremity of  the  warp  to  the  other,  will  be  situated  on  a  screw-line  having  the  direction 
of  the  ray  for  its  axis.  The  rny  is  then  circularly  polarised,  and  right  or  left, 
according  as  tho  dii^otion  of  rovoliition  of  the  other-moli^rtiles.  rejrardcd  from  tho 
centre  of  the  circle,  or  the  axis  of  the  8cr»  \v,  is  like  tlmt  of  f  ho  liiirwis  of  a  watch  or  Uio 
eontfaiy.  The  result  ia  tba  aanw  aa  if  the  ray  were  polarised  in  one  plane,  and  tiin 
plnne  reTolred,  making  a  complete  revolution  clnrin^:  tm-  lime  of  one  rthratiAn. 

If  each  of  the  vibrating  particles  describes  an  ellipse,  the  snm  ssirc  p.-irtidt^  may 
be)  conceived  as  arranged  on  an  elliptical  aeraw^line.  In  this  case,  to  lU  termine  the 
state  of  ]n>!nnsnt*  n  rf  the  ray,  it  is  necessary  to  specify,  not  only  the  1- UL-^th  of  tlio 
major  and  minor  ojLCii  ot  the  ellipse,  but  likewise  the  position  of  theco  axi^  iu  space,  as 
determined,  for  example,  by  a  system  of  rtetangidar  oo-oordinates,  one  axis  coinciding 
with  thf  ray,  while  tne  other  two  nro  drawn  at  rip:!it  anples  to  »\ieh  otlur  in  the 
plane  of  vibration  of  th^  ether-molecules.  The  direction  of  the  rotation  must  also  ba 
atatad  aa  in  tba  eaaa  of  emndar  poLniaatSen^ 

A  pircnlarly  polarised  ray  cxaniined  by  an  annlyser  exliibits  the  imTTie  inteuslty 
in  all  azimathjB,  just  like  natural  light,  but  is  distinguished  therefrom  by  appeariag 
oeloBrad  vbm  Ttewad  throngb  the  analyser,  after  paasinf^  thrangb  a  thin  pule  of  a 
douhle  refracting  crjsfal  (p.  0711.  An  clliptically  polariNCti  r.  \  xhibits  a  maxi- 
rama  and  minimum  of  intent>ity  ia  two  positions  of  the  analyser  at  right  angles  to  eadi 
other,  but  is  n«?er  completely  extinguished  like  a  pihuie-pomneed  ny,  and  ia  likewise 
coloured  by  transmission  through  a  double-refracting  film.  The  colours  thus  imp;irtod 
both  to  circularly  and  to  ellipticaUy  polarised  lights  difier  book  tboae  exhibited  uodw 
similar  circumstances  by  planc-polarised  hght. 

To  understand  the  manner  in  triiieh  them  dif&rent  <^^t  j  of  piolarisatioo  arise^  it  is 
necessary  to  take  ncconnt  of  the  movement  imprrfi.'-ed  upon  the  molecules  of  the  ether 
when  thty  transmit  scvtsnd  systems  of  wavos  at  once,  the  velocities  being  then 
eompopn&d  according  to  tho  principle  of  tho  parallelogram  of  forces.  When  this 
composition  is  effecteil  l»y  eo-'-r ruction  or  by  calculation,  if  h  foun'l  tbnt  when  tho 
lengths  of  the  component  waves  are  equal  (tho  only  case  that  will  be  heru  considered) 
the  waves  of  the  resulting  system  alwayn  have  tho  same  length,  so  that  the  diangiM 
produce'l  can  nffect  only  tTio  amplitude  of  vibration  and  the  state  of  p>larisation. 

1.  Wlun  the  (wo  ray 0 are  polari*ed  in  the  same  plane. — In  this  case,  tho  amplitude 
of  the  vMttltant  wave  is  equal  to  Aa  anin  or  cuffermce  of  the  oomponent  wavai^ 
ac-'.nh'nf:^  ng  tho  two  rays  are  in  corresponding  or  in  nppo«4ito  phases  :  and  if  they  are 
lu  exactly  opposite  phases,  md  of  equal  am|£tudc,  they  deatroy  each  other's  motion 
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eomplfltelj,  and  produce  t^^rbwii^  Xh«  caae  is,  la  £ac^  that  already  eossidered  iindw 
IffTBSnOIBKCB  (p.  598). 

2.  When  the  ttco  rat/s  arc  pf>!nrised  at  right  an^es  to  rack  other.— In  this  case,  thfl 
vibrations  of  the  two  -rave-systems  take  pl«c©  in  planes  at  right  anslfis  to  one 
another,  and  therefore  the  restilting  system  eaimot  be  veetiliBeaify  polttM,  hiiImi 
the  dfflferpncv  of  phase  of  the  two  component  wnvo-syftim.s  is  either  iiotlu'ng  or  an 
^■xa<^  mnltiplv  of  a  half  wave-length.  If  we  iimv^jine  two  rays  travelling  at  right  aa^Lm 
to  the  surfiict;  of  tlie  paper,  and  passing  through  tJie  point  A  (/ig.  67«),  die  ^  * 
of  th«  first  (positive)  half-wave  of  the  one  system 
being  dircc  tt'd  parallel  to  An,  and  those  at  the  678. 
oth^  uarallfl  to  Am ;  then  if  both  the  waves  af- 
ftofc  tm  pertido  A  simultaneoosl^  and  with  eqnal 
feree,  th^  resulting  ribratioTts  will  mako  an  antjlo 
of  45®  witli  t]io8©  of  the  com^iicut  waves.  The 
azimuth  of  the  vibration  is  then  46",  reckon- 
ing from  All.  If.  on  the  otiier  hand^  the  second 
system  is  half  a  wave-ieugth  before  or  behind  the 
other,  it  will  affect  the  paitide  A  with  its  m  ^^riti  vo 
vibration  A  rn',  at  the  same  time  that  the  positive 
fibxation  An  of  the  other  qrstem  begins  to  aoL  The 
MUBiitli  of  viiimtioii  ia  Hhm  -4<^  alwnji  xeekmi- 
iw  from  An. 

Sot  il  the  difference  of  phase  of  the  two  wave* 
^•tenis  !■  Hpul  to  a  qfnaitm  of  »  wam-lengtb, 
the  Tclfx-ity  Am  tlim  :iff">ct8  the  partich^  A,  just  as  tho  vibration  imparted  to  it 
1^  the  other  system  has  broa|^  it  to  n,  and  il  is  about  to  VBtmn  tovarda  A:  il 
TOMwfer^  acquirea  a  lotatoiy  noranisat  raoiid  liie  potnt  A.  VCbB  ny  ia  thefsftife 
circularly  jyolarised,  nud  riglit  or  left,  according  aa  tho  t:_vstrni  Am  is  Imfore  or  behind 
the  sj  st  t  ni  An  b^  a  quarter  of  an  undulation.  If  the  amplitudes  of  the  two  systems 
•re  nnt-Qual,  a  diftorepceof  phaaaamedHttngto  •  Quarter  ol  a  wavo-length  wHl  produee 
gfittmtSaa,  TUaMadof  polaiiaatiMi  la  likaviaaindMwith  w^ote 

of  phaae^omplB^jf  OortM .    .  whadMr  tiia  ainplilqdw 

If  ^  t««  qirtaaia  aio  polauMd  b  plaaea  aaldBg  M  aUi^ 

«  Mmiwa  of  phaM  aqnal  to  0  pr  m .  ^  prodiuaa  notOiaiiiv  «r  jlaM 

«very  other  difference  produces  elliptical  polaximtion. 

It  follows,  from  the  preceding  considemtiona,  that  elKptleal  polariaatioii  ia  the  naoal 
stato  of  plariaed  i^^kU^  caoalar  and  rectiliaaav  polariaaticn  naigg  inaEoly  {ttittealav 

cases  of  it. 

Suppose  now  a  pliue-polarised  ray  to  ftU  an  tiM  aapatalfog  surface  of  two  transpa- 
rent in«xlia,  its  plane  of  vilmition  being  indined  to  the  plane  of  in-^i  lo'iee  ut  an  anple 
of  4o°.  Eiich  vibration  muv  thuu  be  regarded  as  resolved  into  a  component  (P) 
vilmtillg  in  the  fdano  of  ineldence,  and  another  (li)  vibrating  at  ri^^  anpMi  to  tnaft 
plane;  and  thesf  t-wr*  components  will  1>o  weakened  by  ri>fl<«ction  in  unequal  d(^ees. 
At  the  incideue»?s  UO'^  and  0°  (measured  from  the  normal),  the  two  components  of  t^ 
reflected  ray  are  of  equal  intensity ;  but  from  90**  to  tho  intensity  of  R  continual^ 
diminishes,  whereas  that  of  P,  though  it  likowisr-  diminiflhf-s  for  a  ccrtnin  distance 
from  9(fi  towards  O**,  attains  a  minimum  value  at  a  certain  angle  of  incidence,  whose 
magnitude  dep«nds  on  ih»  i«A(acitif«  indei^  aad  incaaaaaa  again  ftom  tiut  point  up  to 

perpendicular  inridr-rKX". 

In  roflection  from  motals,  and  also  fium  non  metnlHc  substances  of  higli  re  fractive 
p 

power,  the  quotient  ^  has  always  a  considerable  value ;  but  in  the  case  of  media  of 

comparatively  low  refractive  power,  such  as  wat«r  and  glass,  it  very  nearly  Taniphcs  at 
the  limiting  angle  above  montioned.  Moreover,  as  the  variously  directed  vibrations  of 
«n  otdinary  (nnjK)laris«'il  j  ray  may  V  resolved  into  the  two  principal  components  above 
ttentione^l,  it  fo)h^w«  tlir  t.  ;,t  tli«^  limitinp:  nnjrlc,  the  vibrations  of  the  ray  (if  mono- 
chromatic) will  aii,  or  iK-arly  all,  be  reduced  to  ouc  plane — namely,  a  plane  pfTDCu- 
^Uenlar  to  tt.  plane  of  incidence;  in  other  words,  lie  ray,  after  reflection,  will  be 
coniph-tcly  poisrised,  or  noarly  so,  in  the  plane  of  iufidr'nco,  Tho  limiting  anplo 
al/ove  rt^ierred  to  is  theKfure  the  polarising  angle  (p.  6a3).  Il  is  clear  also  that  if  the 
ray  thus  polarised  falls  upon  a  second  mirror  at  iJia  same  angle,  and  this  mirror  is  ao 
placed  that  thr  -l  ibrations  of  the  polarised  ray  are  parallel  to  its  plane  of  incidence, 
wtle  or  no  It^ht  will  be  reflected  srom  it ;  but  that,  if  the  second  reflector  be  turned 
lOBiid  fbom  <tai  araniilli,  alvaji  fenwiningat  tliaaanvaigbtotliaiajf,  tiia  qjoaulily 
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of  light  reflcctnl  will  graduallj  increaitc  till  tbo  plane  of  incidence  upon  tlie  ^■cuutl 
nUBW  coincides  with  that  upon  the  firsts  at  which  the  quantity  of  ligbt  itflMtad  ftom 

the  second  mirror  will  be  a  maxirmiin.  pasre  663.) 

When  light  fallij  ut  the  polariaiug  angle  on  a  itubstanco  of  comparatively  Hmali 
refracting  power,  us  glass,  water,  &c.,  the  iutentityof  the  refracted  ray  is  much  greater 
than  that  of  tlif  n  flin-tt^tl  ray,  inaHnuch  as  n  stnnll  p''>rtioii  of  the  light  polarlht-J  at 
light  augkis  to  the  pLme  of  lucidcuci,  and  nearly  the  wiiole  of  that  which  ia  polarisicd 
parallel  to  the  plane  of  incidence,  pa^s  iato  the  refracted  ray.  The  former  component 
Tinitos  with  an  >-(\u:i\  jvutioii  of  xhv  li^ttpf,  rrprolurtng  unpolarisfd  li^ht,  so  that  the 
refracted  ray  consistd  uf  uuturiil  light  mixt^'d  with  light  polarised  in  the  pLino  ol 
ineideiioe. 

Thp  t\ro  componenta  Panrl  R  not  only  (liffcr  in  inti  nsity  after  reflection,  l  ut  like- 
wise exhibit  a  diff^ooe  of  phase,  I*  being  always  more  or  lem  btilund  li,  excepting 
fteotndiiig  to  Jsmio,  in  r^ection  ftom  one  cr  two  vwietiM  of  silica. 

At  till"  incidence  of  90°,  since  a  ray  polaris.  d  in  the  aziinrt.h  of  45°  retainf  its 
azimuth  unaltered,  the  difference  of  phase  of  the  two  couiponenta  P  and  B  is  either 
ttodting  or  equal  to  an  entire  irare-length  (p.  669).   At  perpendicular  inddene^  tlie 

azimuth  changes  from  45**  to  —46**;  consequently  the  difiTcrence  of  phase  is  ^.    In  both 

cases,  therefore,  a  plane- polaripfd  ray  rtuiaias  planc-polariHi'd  after  reflection.  But 

at  all  othor  incidencesi.  tli'-  differrnee  of  p^hase  is  betwer>n  \  and  ~.  and  con^aeqiientlT  the 

plane  or  rectilinrar  poluri-atiou  ii  (inverted  into  elliptieal  poUriiMAtion.    The  angle  of 

inciJenoe  for  which  the  dift'ercnce  of  phase  »■  ^  is  called  the  principal  incidence. 

It  is  raj  little  analler  than  the  polarising  angle  (p.  663),  calculated  from  Brews  tar's 

fannik,  ten  •    #i:  heue^  at  tlie  prind^  inddeBO^  llie  qaatunt diftee hat  little 

frcm  itsimallectTaliie.  Xn  eobetaaeee  of  ■mall  reftaetiiig  power,  the  pewege  ftmn  the 

diflenneeef  nhese^te  X  takee  tdaoe  ovioUVi  eo  that  tlH>  eilUBtiael  iMlaiinitoii  ii  mi^ 

eepdble  only  betireen  ^mj  naiMnr  liadte;  hot  in  bodies  of  peater  refracting  power, 

such  as  diamond,  it  is  tnon*   easily  uli>er\.-d 
fi^.  679,  in  which  the  angles  of  incidence  are 
laid  down  ae  eheoiMt^andtiM  diftMnew  ef  piieee 

dhniriahed  by  ^  as  ofdinatea,  esUMta  4e  diflhi»' 

enoe  of  hdiavioar  of  glass,  sulphide  of  anenie,  and 
line.  The  pointep,  p'^p"  oonwpond  to  the  prin- 

e^ineidcDee^  wtoadilRveneeof  phaflOMi  -j-. 

The  more  refiangible  reys  aeqnive  a  greater  dif* 

ferer.»'i'  of  phit:c  in  their  two  oomponrnts  nnder  a 
given  incidence  than  the  lees  refningiblo  rays.  la 
many  metals,  as  ailver,  eopper,  ImM,  and  nidtel- 
ailv.  r.  the  ratio  of  the  intensitiefi  P  :  i?  is  smaller, 
whiU>  in  others  as  zinc  and  steel,  it  is  larger  iho 
more  r«frang;ible  raTs.  la  oonsequenoe  of  thie  in- 
equality,  the  former  metals,  ispecially  when  illii- 
minated  bv  li^it  vibrating  in  the  plane  of  refieo- 
tion,  exhibit  a  yelkm  er  red,  tibe  latter  a  hlniah 
colour,  t!i.  tint^  often  coming  out  with  continually 
greatar  distinctness  after  repeated  rcAeetioD.  At 
theinddenee  of  flO°,  that  ia  to  aaji  when  theinddent  ray  just  graces  the  enrAieih  all 
weU-'polished  metals  eppear  white. 

Theory  of  Bvublt  /?./ rui^i  i<ni. 

The  phenomena  of  reflection,  rrfrtiction,  and  ccrloration  nnilergo  considerable  altera- 
tions when  light  falls  upon  media  thlOOgh  which  ii  ti  avrln  with  difll'rent  veioei'ios  in 
different  directi<in«.  H  bifi  in  the  ease  in  all  crystals  not  belonging  to  the  reiznla**  or 
monometric  sprf^teni ;  likewise  in  all  media  whose  mokculur  condition  is  altered  hi  {'ar- 
ticular directions  by  prf  ssurc,  or  by  heating  and  sudden  cooling,  such  as  unannealed  glass. 

Cryatah  trith  om  Optic  Axis, — CunsidtT,  in  the  first  plaee,  ery.'itals  Vn  tonf^ing  t"  the 
dimetric  and  hexagonal  systems,  which  resemble  one  another  greatly  in  their 
opcifial  ae  weU  aa  in  tfadr  odur  plgpaieBlpKoperttea,  sndi  as  eipnsign  lijheat  (iiL  7SX 
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and  capacity  of  conducting  hMt  and  electricity  ^ii.  ISSX   In  these  crystals,  tJie  elasti- 

city  of  the  ether  is  either  greatest  (negative  cryHtals),  or  least  (positive 
crystals),  iu  the  direction  of  the  principal  crjbtaliognipkic  axiti,  but  equal  in  ail 
diractioDs  at  right  VB^jim  to  that  axis,   tf^  now,  from  any  point  within  toa  erystal, 
straight  linos  lie  drawn  in  all  directionfl,  and  proportional  in  length  to  the  square  roots 
of  the  elasticities  of  the  ether  in  tiiese  seTsrai  directions,  the  terminal  points  of  these 
lines  will  be  situated  on  a  surface  of  xevollltioil  Called  the  aarfaea  of  elasticity. 
To  find  th'y  vdocitii-s  with  which  rays  are  transmitted  in  these  eeveral  directions, 
imagine  a  number  of  plane  waves  to  pass  in  all  directions  through  the  centre.  Every 
iaeh  wave  cuts  tiie  wahtob  of  davtMitj  in  a  doaed  cune,  lika 
jiff,  <J80.    If  the  crystal  is  MMliTe— ealo^par,  for  example — the 
longest  diameter  of  this  curve  lies  in  a  meridional  plane  (called, 
in  optieal  language,  the  principal  ieotionX  the  ahortaat  dia- 
meter in  the  equatorial  plane  of  the  surface  of  ohistirity.    If  the 
light-wave  is  polarised,  and  its  vibrations  take  place  in  the  di- 
Kction      it  win,  aftar  pMetiatiBg  durangh  an  a&tMuiflijr  thin 
layer  of  the  crystal,  divide  it^df  info  two  polarised  waves, 
which  yibrate  in  the  directions  of  greatest  and  least  elasticity, 
cp  and  «r,  with  tfie  amplitodea  ea  and  eb,  and  will  Hiers-' 
fore  travel  with  uneqiuJ  velocities  in  the  direction  perpendi- 
cular to  mnpr.   It  is  as  if  the  molecules  of  the  ether  wwe  com- 
pressed in  tne  direction  of  the  principal  axis,  so  that  a  vibratory 
movement  cannot  easily  be  propagated  in  a  direction  oblique 
to  that  azii^  but  is  resolTed  into  two  in  the  manner  abofe  m«n- 
tioned,  "* 

The  same  result  will  ensue  if  the  incident  wave  consists,  not  of  polarised  but  of 
natural  light,  exempting  that  the  two  polarised  components  will  then  have  equal  inten- 
sitios,  since  they  are  made  up,  not  only  of  the  components  of  \'ibration8  in  the  direction 
cs,  but  likewise  of  flMMO  of  vibrations  in  all  other  directions  within  the  plaiic  mnpr. 
It"  tht'  incident  wave  coincides  with  the  equatorial  plane  of  the  surface  of  ehi^ticity,  the 
two  semidiameters  c  p,  c  r  are  equal.    In  this  case,  the  light  is  not  polarised  in  two 
directi(ms  at  right  angles  to  one  another,  but  the  wave  travels  onwarda  without  dividiujg 
itself,  in  the  direction  of  the  principal  crystallographic  axis,  which,  on  account  of  this 
property,  is  denominated  the  optic  axis.    Crystals  of  the  dimetric  and  hexagonal 
ayatema  are  optically  nniaxiaL — If  the  plane  wave  passing  through  c  coincides 
■m'th  a  meridional  plane,  the  difference  of  the  two  velocities  of  fr.insraissiun  is  a 
maximum,  since  one  of  the  components  calls  into  action  the  maximum  amount  of 
alasticity  in  tha  diieetion  of  the  aida  itssUL  The  veloetty  of  tnasminion  of  the  other 
component  remains,  as  above  nmtioncd,  the  same  in  all  directions,  inasmuch  as  it  is 
always  propoitioiial  to  the  radiu^  0r,  of  the  surface  of  elasticitpr.    If,  now,  we  ima^e 
tha  infinita  number  of  plane  wa-fe-8nH)u!es  passing  in  all  directions  through  the  point  c 
set  in  motSonattho  same  time,  aoiTtr.lin  '  to  Th«  laws  aV'ove  detailed,  they  will,  after  a 
short  tiuM^  anekwe  two  different  curved  surlaces  called  the  wave-surfaces  of  mono- 
axial  er  jatals.  OnaoftheaemnAoei,  oorreeponding  to  the  light  which  vifatalea  in  tha 
aqnatorial  plane,  or  at  right  angles  to  the  principal  sect  ion  (/.< .  polarised  in  the  principal 
■eetion,  d.  657),  is  a  sphere;  the  second,  corresponding  to  that  which  vibrates  in  the 
principal  section  (or  is  polarised  at  right  angles  tothatlMlioo),  it  ahown  by  aalonUtimi 
to  be  an  ellipsoid  of  revolution,  \\  liieh  touches 
the  sphere  at  two  points  situated  on  the  optic 
axis.  Fig.  681  is  a  meridional  section  of  the  two 
wave-surfaces.  In  any  direction  through  such  a 
crystal,  two  rays,  polarised  ut  right  angles  to 
each  other,  travel  with  the  velocities  i.tg  and  mf. 
T\u\  vibrations  of  the  first  ray  are  perpendicu- 
lar to  its  dinvtion,  but  those  of  the  mi  rond  nre 
not;  they  take  place  in  a  plane  touching  the 
dlipso'id  at  the  point/,  so  that,  to  find  tha  Telo- 
city of  transmission  of  the  plane  wave  correspond- 
ing to  the  ray  m /,  it  is  necessary  to  draw  a 
]>t  'rpendicular  from  m  to  the  plane  which  toudies 
the  ellipsoid  m  f. 

From  this  theory,  first  developed  by  Fresuel,  all  the  phenomena  of  double : 
may  be  deduced  in  a  very  simple  manner.  Suppose  a  beam  of  paialldi  xayi  coRwpond- 

ing  to  the  plane  wave  h  ,j  {fig,  682)  to  fall  upon  the  snrface  of  a  monoaxial  crystal — 
calcspar,  fur  example — whose  optic  axis  is  in  the  direction  bi.  Bound  6  as  a  centre 
deaenba  Hm  two  wava-auftoci^  ao  thaW  takiqg^  as  unity,  tha  ndhia  of  the  spherical 

aorboe  may  be         and  that  of  the  cUipsdid  Imagina  also  a  line  drawn 
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through  /  at  right  anglai  to  the  plaao  of  the  figoxie^  Mid  throng  tidf  line  MppOM 
planes  to  paas  tptirtimg  the  apb«e  ia  1^  ^  Mmiedii In  n;  tbeo,  ae  o^laiiMd  vilh 

reft-n'nco  to  fiq.  655  (p.  609),  6  A  and 
632.  vill  be  the  dixectioae  of  the  two 

Mftided  nys.  TheTibntioni  of  the 

ray  are  perpendicuLir  to  the  plane  of 
incidence,  which  in  thie  case  is  alao  the 
principal  section ;  those  of  tiie  ray  h  » 
are  pitfallel  to  the  plane  of  incidence. 
The  ratio  of  the  velocities  uf  the  ra^  b 
without  and  within  the  oystal,  is  inde- 
penJt  iu  e  f  thf  angle  of  iacidence,  as  in 
iuicr}st;iilised  media  and  crystals  be- 
longing tu  the  regular  system  (iso* 

•ponding  wavt^-purfacc  is  a  sphere. 
This  ray  it.  therefore  called  the  ordi- 
nary ruy  (O).  But  the  index  of  r»> 
fraction  of  the  eeoond  ray,  f>n,  variee 
with  the  angle  of  incidence  :  heuco  thie 
ray  is  called  the  extraordinary  ray 
(J^  la<ikipM^tiid«aqtiMt  mrtini  wjitaHit  to  iewttanthatof  tUegdiMiy 

If  the  plane  of  incUtaoe  neitlMr  cobcito  vttli  a  ptiac^  aeetioB,  aafia^  pM- 
aadiaig  aiample,  nor  ie  pc^endicular  then  to,  the  plane  drawn  through  /  tan^r^ntiiu  to 
531^  the  ellipse  will  touch  it  in  a  point  n(^  contained  in  the 

^'  plane  «f  iaeidaBee;  tiMextiMviiMvy  ray  theadefialM 

fixim  the  plane  of  incidence,  which  is  never  the  case  in 
ordinaij  refraction.  As  in  negative  ciystals,  the  ex- 
tnMvdiBary  ray  is  always  laaa  wfcaoled  llhan  the  evSU 
nary  ray,  and,  in  comparison  with  this,  appears  to  be 
^  n^|eUMi  from  Uie  optic  axis,  these  ciystals  aie  aomrtimea 


IrepvlaiTe:  podtiTecrystals,  ontiie  otter 

in  which  the  extraordinary  ray  is  more  refracted 
the  ordinary  ray,  axe  called  attractive  crystals. 

The  oi)tical  relations  of  positive  uniaTial  oystala 
exactly  similar  to  those  of  neeati'Va  Ctystala,  excepting 
that,  as  the  «'lastieity  of  llio  i  ther  is  n  minimum  in  the 
direction  of  the  optic  uxLh,  the  velocity  of  the  light  in 
thia  dinotioii  ia  a  Maximum.  The  wave-sutfiiee  of  tha 
ordinar\'  ray  cnolnses  that  of  tlio  extrannlinary  ray,  as 
The  ruy  tl  m  these  crystahj — ruck-ciyBtal,  for  example 
•—is  more  stiong^pr  refracted  than  0. 
The  loUoviqg  »  » list  of  the  auNt  ia^portMit  aaaasial  oiTrta^ 


Aown  in  section  in  jig.  683. 


Tungstate  of 
Staunite. 


PotUive  or  Attractive  Ctyttalt. 
Apophyllite. 

Sulpbaia  of  poCaMfana  aad 

iron. 

Acid  acetate  of  copper  and 


Hydrate  of  magnesium. 
Ice. 

Hyposulphala 
Dioptase. 
BadATtb 


Iceland  spar. 

Carbonate  of  calcitun  and 


magnesnim 
Carbonate  of 

iron. 
Tourmaliaa. 
Ruhellitc. 
Corundum. 
SapphivK 
Ruby. 
Beiyl. 


and 


Ifegative  or  Stpwilaivt  Cif$Ud». 

Idocrase. 
Wemcrite. 
Mica. 

Phosphate  of  lead. 
Arsenio-phosphate  of  lead. 
Hydrate  of  stooatfam. 
Arsenate  of  potassium. 
Chloride  of  calcium. 
Chloride  of  stnwtiaBL 
Sa.sic  phosphate  of  polaa- 
si  am. 


Sulphate  of  aiokil  and 

copper. 
Cinnabar. 

Mellito. 

Molybdate  of  lead. 
Octahedrite. 
I'hof^phate  of  caldnn. 
Arsenate  of  lead. 
Azaenate  coppsr. 
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From  the  explanation  jnst  given  of  double  refiraction  in  mtiaztal  ctje^a^  it  ioBamt 
that,  for  the  complete  optical  chara(  t<  ri«ati(>n  of  such  a  body,  it  is  fniffieiont  to  know 
the  ^pnateet  and  least  velocities  of  light  ihurein,  or— which  oomes  to  the  same  thin^~ 
Um  mdieet  of  nfr«etimi  for  the  two  oppositely  pokriMd  njs  wUeh  trafecM  the 

crystfil  ill  n  vl:me  ptTpt-ndiruliir  to  the  axia.  To  niul  tlu  se  indices  of  refraction,  tho 
crystal  must  be  cut  in  tlie  form  of  a  prism,  with  its  refiracting  angle  parallel  to  the 
optic  (or  principal  crvstallo^ovphic)  axis,  and  the  IsMt  dcristioDS  of  the  Berml 
Col-iu-f  1  ni}  ill  tho  ordinary-  and  extraordinary  ima;>f'  nuMf^nred  liy  the  nietliods  ah'eady 
deseribtfd.  ^The  values  thus  found  are,  of  course,  true  onk  for  the  particular  temper»- 
tncsatwhlehtheif  tmnuNnared.  Ohaogeof  tmnperatQieintPWiMdlbdBther^^ 
indices  of  douMe-refmoting  cryHtuIs  in  a  peeuliar  manner,  l)ocau.sc  the  rat«of  expansion 
heat  of  these  czystals,  in  the  direction  of  the  optic  axis,  is  not  tho  same  as  In 
dmetions  perpencKetilsr  to  tl^  axk.  Oalcspar,  for  eocampli',  expands  in  the  direction 
of  its  ojttic  axis  joining  two  ol  ttise  summits  of  the  rhombohedron,  more  strongly  than 
in  MOj  other  direction^  the  rhombohedron  at  the  same  time  approaching  in  form  to  the 
eobsb  iHiile  Uie  donUe  refraction  perceptibly  diminishes,  or,  in  other  words,  the 
refractive  indices  of  the  rays  A'  and  0  approach  more  nearly  to  equality.  Very  exact 
measurements  of  indices  of  refraction  of  Fraunhoffr's  seven  linos  {B — //),  in  tho 
ordinary  and  extraordinary  images  of  calcspar  and  roek-crystal,  together  with  tho 
alterations  produced  in  them  hy  eliange  of  temperature,  have  been  made  by  Rudberg 
rPogg.  Ann.  xiv.  15;  xxvi.  '291).  'Dotjble  refraction  is  frequently  also  different  in 
degree  for  tlie  diflercut  coloured  rays.  In  apophyllito,  ind^^  this  iuet^iiality  is  so 
gnat  that  the  crystal  is  positirely  double-refructiiig  the  UlU^  BSgMtltsly  fitf  tllO 
fed  rays,  and  single-refracting  for  an  intermediate  ray. 

^  2.  CrytUdt  tviih  two  Optic  axes. — In  all  oystals  belon^np;  to  tho  remaining  systems, 
m.,  the  trtmetrie,  monoclinic,  diclinic,  and  trichnic,  there  are  two  directions 
or  axes  in  which  an  ordinary  ray  of  light  may  pass  without  being  split  into  two. 
Hence  these  crystals  are  called  bi-  or  di-axinl.  The  ssomewhat  more  coniplajc 
phenomena  which  they  exhibit  are  also  completely  explaimxl  by  Fresncrs  theory. 

The  elasticity  of  the  ether  in  these  crystals  is  of  unequal  magnitude  in  three  direc- 
ttoTi«  r  t  right  angles  to  wieh  other  (the  three  axes  of  elasticity).  If  we  call  tlie  modulus 
of  givuiest  elasticity  a',  of  the  middlo  b^,  and  of  the  least  c*,  and  imagiuo  liiitjs  drawn 
frum  the  cent  re  of  the  crjrstal  in  all  dimedod^  ravportional  to  the  square  roots  of  tho 
elasticities  called  into  activity  in  these  several  directions,  tho  ends  of  these  lines  will 
be  situated  on  a  surface,  calh-d  the  Hurface  of  elasticity,  having  thien  unequal 
axes,  2a,  2b,  2o,  at  right  angles  to  one  another;  and  if  piano  waves  be  mf^osed  to  pass 
through  the  centro  of  tliin  .surface  in  ail  possible  directions,  us  in  the  ea.'5e  of  njiiaiiiJ 
eiystMS,  each  of  these  will  cut  the  surface  of  eiauticity  iu  a  closed  curve.  All  vibra< 
tlmis  in  such  a  plane  wnT»«itrfoce  are  very  quickly  resolved  in  the  direction  of  the 
greatest  and  least  diameters  of  tho  plane  section,  which  ate  porpendieular  to  one 
another;  and  the  wave  is  divided  into  two  which  travel  onwards  parallel  to  each  other, 
Irat  witii  nneqiMl  feloeitka^  proportional  to  ib»  mnmn  roots  of  the  elaatieitiee 
which  arc  set  in  action  in  the  direction  of  those  oiameters.  If  all  thp5?e  piano 
waves  are  supposed  to  be  set  in  motion  at  once,  they  will,  after  a  given  time,  enclosa 
the  waTO-snrfaee  of  biaxial  media. 

Fi'o.  684  exhibits  three  sections  of  the  •wave-pnrfuco  cuftiir'  one  nrinther  at  right 
an^^  Of  the  two  perpendicular  to  the  plane  of  tho  figure,  the  vertical  section  con- 
tauM  mn  ellipse  enveloped  by  a  circle ;  the  horiaontal  section,  a  ehele  enveloped  by  an 
ellijijje  ;  the  Sfctlon  in  the  {dane  of  tlie  papi-r  consists  of  an  t-llipse  and  a  eirclo  inter- 
secting one  another  :  thev  are  repreeeuted  beparately  in^.  685.  The  circle  in  each 
section  belongs  to  rays  wtioee  vibrations  are  per|>end^nlar  to  the  plane  of  that  section, 
and  therefore  in  the  direction  of  an  axis  of  elasticity:  such  rays  suffer  ordinary  refnic- 
tion.  The  ellipse,  on  the  other  hand,  gives  the  velocity  of  transmission  of  the  extra- 
ordinanr  raySi  whose  vibrations  are  parallel  to  the  plane  of  the  section.  To  obtain  tho 
thfee  caameterietie  refractive  indices  of  /»,  f^,  /a*  of  a  biaxial  crystal,  throe  prisms  mu  ^t 
be  cut,  having  their  refracting  anglon  respectively  parallel  to  the  three  axes  of  elasti- 
city, and  tUo  minimum  deviation  of  the  seven  principal  rays  determined  in  each  of 
them,  for  that  one  of  the  two  coloured  iau|g«i^  whos.  {ilane  of  polarisntion  is  perpen- 
dicular (o  tlie  refracting  angle.  This  meamn-ement  ha.s  been  very  carefully  perfmmed 
by  liudberg  for  arragouite  and  topaz.  ,  Both  tho  refiiu-'Uve  indices,  and  tiie  ratios 
between  than,  vary  with  the  tsmpentnie  in  bieadal  as  well  aa  fn  miaxiaL  onrstaUL 

MM 

Th»  ntios  ^,  ^„  whioh  eipMi  liie  stmigth  of  tbs  doaUe  isftaetioii,  appear  to 
inersaae  in  all  erystals  from  the  less  to  the  more  refrangible  rajrs.  In  erTStels  of  the 

frimetric  system,  tlie  ax>  s  uf  elasticity  have  the  .'•anio  din  ction  for  all  the  eul'vur-  d  im  vh. 
The  crystals  of  the  mono-,  di<-,  and  tri-clinic  systcus  appear  to  exhibit  a  diUcront 
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behaviour  in  thin  respect.  Their  pwrnliaritieti  will  be  considered  in  connection  with 
the  coluure  which  they  exhibit  in  polarised  light  (p.  669). 

Fiff.  684.  Fig.  685. 


In  two  directions,  ab  and  a'b'  {fiy.  686)  making  equal  angles  with  the  axis  of  greatest, 

and  also  with  that  of  least  elasticity,  the  surface  of  elas- 
ticity is  cut  in  circles.  At  right  angles  to  the  planes  of 
these  circlps,  and  therefore  in  the  directions  Cr,  Cr',  a 
plane  wave  is  propagat^'d  without  being  resolved  into 
others,  or  altered  as  to  its  state  of  polarisation.  These 
directions  were  designated  by  Fresnel,  as  the  true  optic 
axes  of  the  crystal.  But,  as  shown  hy  fig.  686,  there 
are  likewise  two  directions  in  which  the  ordinary  and 
extraordinary  rays,  which,  therefore,  belong  to  different 
waves,  are  transmitted  with  the  same  velocity.  These 
directions,  which  unite  the  points  of  intersection  P  of  the 
ellipse  and  circle  with  the  centre  M,  have  received  the  name  of  apparent  optic 
axes. 

As  may  be  seen  from  the  figtire,  it  depends  upon  the  ratio  of  the  mean  velocity  of 
transmission  My  to  the  greatest  Mn  and  least  Mo',  whether  the  apparent  optic  axes 
form  a  smaller  angle  with  the  axis  of  greatest  elasticity  and  least  velocity  of  trans- 
mission, or  with  that  of  least  elasticity  and  greatest  velocity  of  transmission.  In  the 
former  case,  the  crystal  approximates  in  its  optical  character  to  calcspar,  and  is  there- 
fore called  optically  negative  {e.g.  arragonite) ;  in  the  latter,  to  rock-crystal,  and 
is  therefore  called  optically  positive  {e.g.  topaz).  The  line  which  bisects  the 
acute  angle  of  the  optic  axes  is  the  median  line;  that  which  bisects  their  obtuse 
angle,  the  supplemental  line;  and  the  line  perpendicular  to  both  of  these  is  the 
normal.  The  last  is  always  the  axis  of  mean  elasticity;  the  median  line  coincides 
with  the  axis  of  greatest  elasticity  in  negative,  and  with  that  of  least  elasticity  in 
positive  crj'stals. 

To  find  the  rays  belonging  to  a  given  plane  wave-surface,  planes  must  be  drawn 
parallel  to  this  plane  and  tangential  to  the  wave-surface,  and  the  points  of  contact 
joined  with  the  centre.  This  construction  always  yields  two  tangent-planes,  and  there- 
fore two  rays.  It  is  only  when  the  wave-plane  is  perpendicular  to  one  of  the  true  optic 
axes,  that  the  two  tangent  planes  coincide  in  one,  which,  however,  then  touches  the 
wave-surface  in  a  circle.  At  the  point  P  {fig.  685),  the  wave-surface  forms  funnel- 
shaped  depressions  or  re-entering  cones,  the  plane  wave  RS,  which  is  perpendicular  to 
the  true  optic  axis  MT,  closing  the  funnel  and  touching  the  curved  wave-surface  in  a 
circle  having  the  diameter  QT.  To  this  wave-plane,  therefore,  correspond  all  rays 
proceeding  from  the  centre  M  to  the  several  points  of  the  circumference  of  that  circle. 
If,  therefore,  a  ray  of  common  light  falls  upon  a  plate  of  arragonite  cut  and  polished 
at  right  angles  to  the  median  line,  in  such  a  direction  that  it  would  emerge  in  the 
direction  of  the  true  optic  axis,  it  divides  itself  into  a  conical  beam  of  rays,  which,  as 
they  belong  to  the  same  wave-plane,  proceed,  after  emerging,  parallel  to  one  another 
in  a  cylindrical  beam.    This  phenomenon,  the  so-called  cylindrical  or  inner 
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conical  refraction,  becomM  pmMptillb  cofy  hImii  tfltt  amgonito  p]«to  liM  • 

thickness  of  at  leafit  a  cent  imotre. 

Etctj  Une  drawn  from  the  (♦>ntre  to  the  surface  of  the  wave,  t.g.  MT  or  MQ,  cuts 
tUi  MRbee  in  two  points  torrospoBdilig  tD  the  two  rap  which  trsTtM  in  this  direction. 
The  waTf-planfs  Vx  longing  to  these  nv?  ar*-  found  V>y  dmwing  tangent -plan as  to  the 
points  of  intersection  wi&  the  upper  wave-surface.  It  is  0^7  the  raj  MF.  which 
ttttvcls  fa  tii»dif«eti<m(rf  the  apparent  Qiptieasia,tl^  a  sin^ 

point  only:  at  this  point,  how.-viT,  the  wuvc- surface  has  an  inftnito  numb  r  of  tang-eat 
planes;  and,  conse^uentlj,  since  the  Tolodtj  of  the  waTe-nlane  within  the  crystal 
dAtmniiiai  die  ■tTC^tt  of  refraetabti,  tie  my  IIP  Yidds  m  InflaHa  nmtbsr  of 
refracted  rays  diverging  from  one  another  in  a  cont'.  This  ronnr^.iblo  phcnrriirncri, 
oalkd  external  conical  refraction,  minr  be  observed  byoovehng  the  two  parallel 
freea  of  a  plate  of  amgonlte  ent  perpendieiUBr  to  the  inediaii  Une,  with  MNeoa,  euh 
having  a  tine  aptrturo  m  situated  that  the  line  joining  the  two  apertures  coincides  with 
an  u>p«reiit  ontic  azia  of  the  ayst^J.  If  a  conveiging  pencil  of  rays  from  a  near  source 
of  ng^  be  mreeted  on  one  &oe  of  the  amgoaite  plate,  a  eottiMUj  diTergent  pesieU 
emerges  from  the  other. 

The  polarisation  phenomena  of  the  two  rajs  nroceeding  in  anj  given  direction  are 
easilj  determined.  If  pianos  be  made  to  pass  through  the  raj  and  the  two  apparent 
optio  axes,  the  direction  of  vibration  of  tho  one  raj  bi.sects  the  acute,  and  that  of  the 
other  mj  the  obtuse  nnple  of  the  two  planes.  The  directions  of  ribration  (and  there- 
fore also  the  plauea  of  polarisaliuu)  of  tho  twu  rays  are  therefore  always  perptndiculiir 
to  one  another. 

Ff  flii  t'lrf'  cluiruotcriRtic  refractive  indices,  p.,  n',  m',  of  a  crj'stal  are  known,  and 
>  fi  >  fi,  then,  aa  jt'resnel  has  shown,  the  uiglo  'JLfi  of  the  true  optic  axes  maj 
he  eiienlitcd  hf  Che  foKoailm: 

War  negalivo  cryttaU.         flsr  poiitive  cryiUls. 


,'3 


and  the  angle  2a  of  tiiu  lippureat  optic  axes  by  the  iormul^e 


It  will  bo  wen  that,  in  negative  crystals,  the  apparent  optic  axes  form  a  somewhat 
lar^pr  aiig^  thwA  the  trna  opde  azef^  whereas  in  poaikiTO  cBjrtala  the  oontnuj  ia  the 

case. 


Angle  of  axei 
Sulphate  of  nickel  (certain  sped- 

mniii)    .      .      .     .      .  I*  C 

Nitrate  of  potassium    .      ,      .    6  20 

Caiiwaeto  of  itrontium      .      .   6  66 

Caiboiiate  of  terima  .            .   6  66 

Talc    .       .                    ,       .    7  24 

Sulphocarbonate  of  lead      •      .  10  3S 

Mother  of  pearl  .      .      .      ,  11  28 

Hjdmteof  beriinn     .     •     .13  18 

Arnigonitp  .       ,       .       .       .  18  18 

Cyanidu  uf  potassium  .       .       .  19  24 

Cjmophane        .      .      .       .  27  ol 

Anhvdrite  28  7 

Uonix                                         28  42 

Apophjllite  :>(5  8 

Snlpnate  of  mapnesium       .       .  87  2  J 

Sulphate  of  baritun     .      .       .  37  42 

8piffmaceti  (about)     .             .  37  40 

Borax  (native)     .       .       ,       ,  38  48 

Nitmte  of  sine    .      «      .      .  40  48 

Stilbite      .       .      .      ,      .  41  42 

Sulphate  of  nickel       ,       ,       .  42  4 

Anhydrite  (iiiot)      .       .      .  44  41 

LepidoHte  4<  41 

Benaoato  of  ammonium       .       .  l.'j  8 

Sulphate  of  sodium  and  magneeinm  46  49 

Hqiplate  of  armnomiup            .  46  8 

TbpM.                       49»to65  0 


Aefle  nf  ax#«. 

Sugar  60°  u' 

Somite  ofstnwtittni .  .  00  0 

SulpI  1  oliydroohlontoofiMiOMiiim 

and  iron  61  16 

Sulphate  of  Tffifflg-ttrfinii  imf  t—wh 

n!um  .  .  ,  .  .  51  22 
Phosphate  of  sodium  •      .      .  66  20 

Oomntonito  69  6 

Sulphate  of  calduik  .  •  .  60  0 
Nitrate  of  silver  .       .       .      .  62  16 

lolite   62  60 

F^  l^^pa^  .  .  ,  .  .  63  0 
Snlphate  of  p<->tas.4ium  .  .  .  67  0 
CarlKfnat'?  ul"  uodiuun  .  .  .  70  I 
Acetate  ofleed   .       .       .       .  70  26 

Citric  acid   70  29 

Tartrate  of  potasFium  .  .  .  71  20 
Tartaric  acid      .  .  79  0 

Taitrate  of  potassium  and  sodinm  80  0 
Carbonate  of  potassium      •      .  80  30 

Cyanite  81  48 

Chlorate  of  poleMiaB  .       .       .  82  0 

Epidote  84  19 

Ouoride  of  copper  .  .  .  B4  SO 
Peridot e  ,  .  ".  87  66 
Succinic  acid  (about)  ,  ,  .  90  0 
Sdafaafeeof  iraifeboQft)  .  00  0 

Xiee  0»to7«  0 
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It  will  b«  ol^serred  tbat  topaz,  and  more  ospcoially  mini,  cxhiTtit  rory  different  anfjle« 
io  diffietro&t  apecuoMUb  Sinarmont  a»jpiaiiM  thia  anomaly  bj^  regarding  tbese  bodies  a« 
iktuw  tt  twQ  iMmMfplKNHi  wtiifaBMWi^  in  ^Hddi  Um  pla&ea  of  the  um  «m  pnixn- 
dicular  to  each  olhi-r.  lie  has  showni,  in  fnot,  that  a  crystal  fornicd  by  a  mixture  of  two 
BulMtancM  has  ita  axes  more  or  leas  inclined  to  one  another,  or  aituated  in  planea  whuee 
position  Tariea  by  90*  from  one  tpeeimai  to  another,  aeeOTding  to  tho  proportions  ci 
th*«  mixture.  In  the  case  of  mica,  which,  aa  S6narmont  has  shown,  crystallises  in 
right  prisma  with  rhombic  base  (trimetric),  the  plane  of  the  axes  is  pamllel,  aometimea 
to  the  looger,  sometimes  to  the  ahorter  diagonal  of  the  base.  (i3aguin,  'IratU  de 
Jjywfm  w;  489.) 

li'-flfi'thm  of  Light  from  J)ovhh'-rifracth}g  'Sfcdia. — The  reflection  of  light  from  the 
snrfBCe  of  duuble-re^Hcting  dyatals  follows,  so  £eir  as  regards  the  diHervnce  of  phase 
of  tha  two  principal  compoaeota  polarised  purallal  and  perj>ead!ea]ar  to  the  pluo  of 
ineidenee,  tho  Baniohiw.sas  those  «'hich  are  observed  in  reflection  &om  isopliaiiuus  nudia. 

On  tiie  other  hand,  the  alterations  in  the  aaimath  of  polahaataon  depend,  not  only  on 
the  angle  of  i&eidence,  but  likewiae  on  the  uulinatkHi  OTl2ie  xcAeetiag  avrfkm,  and  tho 
plane  ('f  iticidenct«  tn  the  ax<  s  of  the  ciystal.  Even  when  a  polarised  ray  fill.-i  {H'rp^i- 
dicularly  on  a  double-refintctiug  surface,  the  azimuth  of  polarisation  does  not  remain 
unaltered.  In  partictdar  cases,  however,  no  alteration  takes  plaea :  example,  in 
uniaxial  crystals,  when  the  reflect  iit^  surface  is  piT[<i'ndicuhir  to  the  optic  axis,  or  when 
tho  plane  uf  ineidence  coincides  with  the  prinpipal  section.  For  each  ndutive  position 
of  the  reiiecting  surface  and  tho  plane  of  iaeidenoe,  there  is  always  an  angle  of  inci- 
dence at  which  the  azimnth  remains  unaltered.  It  must  also  be  observed,  that  wfaatt 
light  is  nfUcted  within  n  d  "ilyle-refnictinp:  medium,  each  incident  my  pivf«  two 
reflected  rays ;  that  in  iiuiuj(.iai  cryutahi,  only  uue  uf  the  reflected  rays  rcmaius  con- 
fltandj  la  plane  of  ineidanes^  wherais  the  other  maj  dantto  thaMkom ;  and  that 
in  biaxial  erystals,  fov  tfao  ittMt  pacti  neithar  ol  the  t«o  MflMtid  n|t  Mnaiu  in  tfao 
plane  of  incidenco. 

Colours  of  Polarised  Light. 

Dottble-iefincting  sobstoncea  viewed  in  polarised  light  often  exhibit  brilliant  colours, 
the  eauet  oliMnatum  of  vfaieih  aflbrda,  in  moat  caaaa,  an  aaaiar  nethod  of  dotermining 
the  position  of  the  axes  of  the  crystal,  than  the  mere  Koparation  of  a  ray  of  liglit  into 
two,  which  is  distinctiy  perceptiblo  only  when  the  double  refraction  is  atrong,  and  the 
oyrtal  luta  a  oonndemDle  thu^neaa.  Henea^  tha  oboerntion  of  theae  eoloiired  pho- 
nomena  w  of  gn  at  service  in  the  stud^  of  crystalline  structure. 

Since  the  two  raya  into  which  an  incident  ray  of  common  light  is  divided  on  entering 
•  doable-nfraokng  medhnn  trmrd  through  that  medium  with  unequal  Taloaltea 
(p.  661),  they  will,  on  emei^ngfrom  tlie  medium,  exhibit  a  certain  diifereuce  of  phase. 
As,  however,  the  vibrations  of  the  two  rays  always  take  place  in  |)lanes  at  right  an^ea 
to  one  another,  they  cannot  interfere  ao  aa  to  prodaoe  any  ooloratiou  at  variation  of  in- 
tensity.  Hence,  the  two  .inu^aa  Man  thvoq^  a  douUa-xdhkeling  oTilal  in  oidinaij 

light  are  coluurle«s. 

Dut  the  case  is  different  when  the  crj-stalline  plate  is  viewed  in  a  poLmsiug  appa- 
ratus, aaj;  batwam  two  tourmalines,  or  two  Nichol's  prisms,  one  serving  as  polariser, 
the  other  as  analyser  (p.  666).  The  r  ty^  whi  'li  fall  on  this  plate  are  then  pulari^i  d  hy 
the  action  of  thu  first  prism  or  tourmaline,  that  x&  to  say,  their  vibrations  are  reduced 
to  one  plane.  If  this  phine  is  parallel  to  one  of  tho  directions  of  vibcation  in  tiie 
double-refracting  plate,  they  pass  through  it  without  farther  d(  eomj  os-ition.  so  that 
only  one  xay->oidinaiy  or  extraurdinarv,  ns  the  case  may  be — ^pa^i>eii  ikruugh  the  plate. 
Bot  if  tho  dnaedon  of  vibratiou  CP  {Jig.  687)  of  the  polariser  is  inclined  at  46°  to  tho 
Wa  Mtf  direetiuns  of  vibration  Co,  (>,  of  the  doulh  -refraeting  plate, 

two  components  Ck>,  Ce,  of  equal  intensity  are  obtained.  Suppoao 
now  tlut  the  dMfcwneeof  patti  of  tha  two  eomaponding  ravs,  aftar 
V         pas.*;ing  through  the  plate,  ia  equal  to  an  even  number  of  half  wnve- 
loigthsi  tl^  vibrations  will  then  proceed  aimaltanconsly  from  0 
— -y.'  toinods  oand  t;  and  if  the  direction  of  vibntion,  pq,  of  the  ana- 
i    lyser  is  at  right  angles  to  (hat  of  the  polariser,  P*,  the  vibrations 
^    '\    Cot  Oe,  will  then  yield  two  eqiud  and  opposite  (»mponenti^  Cp, 
^-"^  O7,  which  will  deetroy  one  another.   Gonaeqnently,  if  the  inddent 
lig'd  i»^  niunocliromutic,  tho  field  of  view,  in  tliis  position  of  the 
analyser,  .will  bo  dark.   If;  on  the  other  hand,  the  polariser  and 
^  anafyser  are  placed  with  their  axes  parallel,  so  that^  coinddcs  with 
CP,  the  components  of  Co  and  Ce  will  both  lie  in  taadinetion  Or, 
and  will  stn^'ngthen  one  another,  so  that  the  field  will  be  liglit. 

If  the  diAtence  of  path  of  the  onUnaiy  and  extraordiiuwy  t&rn  is  equal  to  an  unev*-u 
nnnber  of  half  waTO-lengthi^  the  nfamtiona  will  pneeed  team  0  ainraiUanMMfy  in  the 


biyilizuu  by  GoOglc 


LIGHT,  COLOUR  OF  rOLAKISED, 


directions  Co  and  Ce';  consequently,  the  phenomena  just  dciicrlljed  will  he  exactly 
zevenccL  the  field  being  dack  whm  the  axea  of  the  tvo  tottnimUiie«  or  ^ichoi'ii  piisnui 
ai»pmul«],  aad  li^t  whm  thej  ate  awri. 

"When  the  incident  li','lit  is  white,  it  is  only  particular  coloured  rnja  that  donfroy 
CMMh  other  contpLetelv,  or  strengthen  one  another's  ^^ct  in  the  grcnttist  degree; 
flontequently,  the  field  is  nefver  dait;  iMrt  the  doaUa^nflMeluig  piste  appears  eoSowedt 
the  colours  varying  according  to  tho  thickness  of  the  plate  ;  and  for  any  particultflf 
thidweasi  being  nomj^ementsiy  to  one  another  ia  the  two  relative  positions  of  tho 
polariseir  and taulfytm.  When  a  dcmUh»>TdSFai!diig ])vbm  (p.  uted taaljser, 

two  images  are  seoo,  the  colours  of  which  are  com{)len)entar^'  to  ona  aDOtlMV;  and  if 
thayare  large  enough  to  intersect,  the  overlapping  portion  i»  white. 

When  a  thin  wedge-shaped  plate  of  a  double^ref^ting  crystal — gypsum,  for  ex- 
■B)|dfr*-is  placed  between  the  croesed  Nichol's  prisms  or  tourmalines^,  a  series  of 
coloured  stripes  is  observed  following  exactly  the  order  of  colours  of  Newton's  rings 
(p.  646^.  In  the  thimiest  purt,  the  wedge  is  colourless,  because  there  the  diJfereucc  of 
path  «r  0  ind  •  n  only  a  small  fraelion  of  the  wave-lengths  of  all  the  coIuutihI  rays. 
At  a  Bompwhat  greater  thickne«M,  the  violet  and  blue  rays  disappear  first,  and  the 
eolour  passes  through  yellowiah  wiiRo  and  oninge  into  red  of  the  tin^t  order.  Jieyuud 
t  ;  ^  point  the  yellow  and  red  rajrs  diinppear,  and  a  blue  stripe  is  pn.  1  ;  i,  and  so  on. 
When  the  thicknees  is  so  great  that  the  difference  in  length  of  path  of  o  and  c  arnvmntB 
to  a  multiple  of  tlie  wave-lengths  of  a  great  number  of  rays  difiused  tliruugh  the 
entire  spectrum,  the  wwlnhig  nqn  together  produce  iriufte  Bg^:  benoo  plates  of 
douLlo-refracting  substances,  above  a  certain  t'li  l;ne8S,  no  longer  appear  coloured  ia  • 
polarised  lighL  If,  however,  the  white  light  which  has  passed  through  such  a  plate  bo 
dseompoeed  by  a  prini,tha  Mrahing  ^aetram  ia  aeso  to  be  tnmned  hj  a  gnat 
Bnrnb^  of  M  lines. 

When  the  tounBalin<>s  or  Kichol  s  prisma  are  placed  with  their  axes  pandlel,  the 
aekors  prodoeed  are  complementaiy  to  thoae  above  dsaetibed ;  hence  it  la  dear  that 
unpolarififd  light  can  never  produce  any  colours  in  donble-refhurting  plates,  inasmuch 
as  it  consists  of  vibrationa  in  all  possible  aeimutht^  so  thiU^  the  colour  produced  by  any 
parixeidav  aet  of  Tifamtioiie  is  exactly  oompenaatcd  by  1S»  eoiB|)lementary  eoloiir  cf 

another  s^et  at  right  angles  to  the  first,  the  '.wo  together  r<  ;  r  -.lu\ white  light. 

A  thin  film  of  gypsum  in  which  a  circular  cavity  of  verv  long  radius  is  mada^  exhihita 
in  poboised  ri|>ht  a  aeriee  of  ootoond  rings  exactly  simuar  to  Newton's  tuim. 

The  order  of  the  colour  (Mf  any  crystalline  plat<'  in  polarised  light  may  be  determined 
by  laying  it  over  the  above-described  wedge,  in  such  a  manner  that  the  o  of  the  plate 
may  coincide  in  its  direction  of  vibration  with  the  e  of  the  wedge.  At  the  place  where 
tize  plate  and  wedge  give  equal  differences  of  path,  their  actions  compensate  one 
another,  so  that  a  Mack  gtripe  is  seen  with  the  tourmalines  crossed,  and  a  white  stripe 
if  they  are  paralleL    The  onh  r  of  the  colour  may  then  b*  read  off  on  tho  wedge. 

We  have  hitherto  suppo.sed  the  plate  to  be  placed  at  right  ail|^ts  to  tho  rays.  On 
pmdually  inclining  it,  the  colours  change— first,  because  the  rays  have  then  to  pass 
through  a  greater  Uuekness  of  the  pkt«;  secondly,  because  the  angle  wliich  the  rajrs 
form  with  the  axia  or  axes  of  the  erystal  also  varies,  and  this  circumstance  Ukeinoo 
affects  th"  diffrn^ncf'  nf  pnth  corresponding  to  a  given  thifkrir^y  of  the  crystal. 

ColourtsU  Kla^s. — A  plate  of  a  double-re£ractiiig  crjuLai  cut  perpendicularly  to 
the  axis  does  not  exhibit  the  colours  abofO  daaeribed  when  Tiowed  by  parallel  rayab 
because,  in  tho  direction  of  the  axis,  the  two  rays  o  and  e  have  equal  V(  loollies,  or,  ijn 
other  words,  are  reduced  to  one  ray.   lint,  when  diverging  light,  proceeding  from  a 
luminova  twnit  at  s  Aort  dialance,  is  made  to  pass  through  the  crystaUliae  plate  iiboed 
between  two  tonrmalincs,  or  when  tlu-  nnalysing  tourmaline  is  placed  so  668, 
close  to  the  eye  that  the  visual  xays  co&vei;ge  strongly  towards  the  optic 
eeotre  of  the  eye,  briHiantly-eoloimd  ringa  ai«  pn)duced,  the  form  of  AMi^ 
which  differs  according  as  the  crystalline  plate  is  uninxinl  or  biaxial,  IwVm 

A  simple  apparatus  tot  viewing  these  phenomena  cousiiits  of  two  plates 
of  tovBhaKne  eapable  of  rotating  in  uuif  own  filaofa  in  two  r^ng^  or  If 

sockets,  a,  h  68S1,  f \.  il  fa  the  end  of  a  .spring,  c,  ^  >  th  i*  tho  crystal-  M 
line  plate,  attached  to  a  piec<<  of  cork,  may  be  firmly  held  between  them,  A 
but  atiU  be  capable  of  turning  round  in  itaown  plane.  /  \ 

A  plate  of  a  un  i  ax  ial  c ry s t  al,  such  as  calcfjiar,  cut  with  parallel  / 
H/tM  Mipendiottlar  to  the  optic  axis^  exhildts,  when  viewed  between  the     |  \ 
oroaaed toumalinea, a aeriea  of  eircdar eoloined  ringa,  intecasetod by  n  IrT^ 
black  crt>ss  (fig.  6S9).    If,  on  the  other  hand,  tho  tourmalint  s  are  jilaced     W  j 
with  their  axes  parallel,  the  cross  is  whit^  as  in  J^.  690,  and  the 
eokrue  are  complementary  to  the  former.   To  tmctentend  thdr  lbnna» 
tion,  it  is  merely  necessary  to  remember  that,  in  the  direction  of  the  axis  ha 
{jig,  690X  the  aya  o  and  o  h&To  eqtnal  veloeitusb  bat  that  their  di^GsNnoe  of 
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path  becomo.s  gri  ;it«'r  anrl  preator  in  proportion  as  thoy  arr  more  inclmrd  to  the  iixis 
McauM,  in  the  first  |>lr\oi>.  the  difference  of  Telocitjr  of  the  two  rays  then  becomes  con- 


Ftg,  689. 


Fijf.  690. 


tinually  fireater;  and,  secondly,  because  the  thickness  of  the  plate  which  has  to  bo 
traversed  bv  the  rays  increases  at  the  same  time.  The  coloxirs  which,  in  the  wcd^c 
i^ve  deecnbed  (p.^667},  are  arranged  panllel  to  the  edge  are,  in  this  caw,  grouped  in 
eoneentno  dralM  immatlMaad^  ueocdflr  of  the  taste  odag  agean  that  oc  Mewton'e 
xiiun. 

Tbt»  iQmJ&om  pexallfll  end  perpeadienler  to  the  eads  of  the  eeeond  tonnnaHne  wA 

being  resolved  into  two  romj .  nr nt-;,  there  can  be  no  interference  alonjcr  lines  passing 
through  the  centre  of  the  field  in  those  directions.  Hence  the  appearance  of  the  black 
eiMi  vhai  the  toaaaudSiMe  an  eroaaed,  and  of  tiie  white  oae  when  their  axea  aie 
panJleL 

The  rings  are  doaer  together  in  proportion  as  the  double  refiBBction  is  stiongei^  and 
the  thickness  of  the  plate  greater. 

The  colours  of  the  rings  chanir.',  to  a  cert;iiu  extent,  according  to  the  relative  amount 
of  double  refraction  for  the  different  coloured  rays.  A  very  peculiar  character,  in  this 
respect,  is  exhibited  by  apophyllite,  which,  as  already  observed,  is  positive  for  the  blue, 
ana  negative  for  tJie  red  rays. 

A  plate  of  a  biaxial  crystal,  cut  at  right  nnples  to  the  median  line,  ami  plHCtnl 
beiween  two  tounualincs,  in  sucli  a  manner  that  the  plane  of  the  optic  axes  is  parallel 
to  the  axis  of  one  of  the  tourmalines.  exliiViits,  when  the  tourmalines  are  crossed,  the 
HjTstem  of  rings  delineated  in  Jit/.  691.  The  moilo  formation  of  the  Maek  cmssis  the  pame 
as  that  above  expUined  with  regard  to  uniaxial  crystuls.  But,  as  the  dilference  of  path 
of  the  rays  o  and  e  inenesee  with  their  inclination  to  both  the  optic  axes,  the  rings  of 
colour  embrace  both  these  axes.  The  form  of  these  rings  is  nearly  tha!  uf  the  lemnis- 
cate,  a  curve  distinguished  by  the  property  that  the  product  of  any  two  radii  vectoree^ 
drawn  ftom  the  two  poles  to  any  noiat  of  the  curve,  is  m  constant  quantity.  On  taniag 
the  double-refracting  plate  round  in  its  own  plane,  the  whole  system  of  rings  turns 
round  in  the  same  direction,  and  the  black  cross  separates  into  two  branches,  presMiting 


Fi^.  691. 


Fii/.  692. 


Fig.  693. 


the  appearance  shown  in  Ji^.  60*2 ;  and  when  the  plane  of  the  axes  makes  an  angle 
of  46^  with  the  axes  of  the  two  tourmalines,  the  two  black  bands  form  branches  of 
hyperbdae,  as  in  fy.  908.  The  general  direction  of  the  branches  of  the  black  banda 
is  always  parallel  or  perpendicular  to  tho  plane  of  primitive  polarisation.  On  con- 
tinuing the  rotation  of  the  plate  from  46^  to  90°,  the  same  appearances  are  predated 
in  the  tvm»  oider^aiid  the  whole  a«Jea  of  ia  npiam  in  eadi  of  the  ftar 

qoddnate. 
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Wlicn  the  polariser  and  nnalyser  are  placed  with  their  axM  parallel,  the  form  of  the 
curres  (uid  of  tho  cross  are  exactly  the  aame  as  above,  but  the  colours  arc  complemen- 
tary and  the  cross  ia  white. 

Thf>  prfH'.  Jiiitr  fit^tires  rf>prescnt  tho  Rppoarance  in  crystalsi,  mch  us  nitre,  which  have 
their  optic  axes  iudiued  at  a  small  angle  nut  exceeding  6^  or  0° ;  when  the  axes  tun 
more  inclined,  only  half  tha  igSM  can  be  m  en  at  once. 

Fur-  ^>04  «ihow8  the  appearance  of  tha lingi  fi>niM>d  hj  A  W^yinl  aiyital  ent  peipcB* 
dicuiarly  to  one  of  its  optio  axes. 

Tlie  dbtribntion  of  the  ocAiann  in  tlie  naigfabouriiood  ct  tlw  tarn  ahom  plainly 
whether  the  anple  of  inclination  of  flic  axes  incrc  i'^cs  994^ 
or  diminiahee  from  the  violet  to  the  red  rays.    The  for- 
nar  la  the  eaaa  in  taitnte  of  potaaihuB,  ik»  latter  in 
nitrate  of  potassinm.    In  crystaliof  tlie  ni"ii' v'linic,  as 
also  of  the  di-  and  tri-clinic  svaUOM,  evan  the  direction 
of  tha  sua  of  ehwddtj  U  mBSaeeat  for  tha  dilfereat 
flofenred  rays :  thus  in  pypsum,  diopside,  and  cujtric 
fanaatai  the  |Kwitioa  of  tlie  median  luie  variea  accord- 
Infftotheeolonr.  b  1)<mut,tdn!aria,taifarfe  acid,  and  Met«ta«ffodii^ 
colours  have  tho  sanie  niolian  line,  but  (KfTerently  directed  ovdimtMfao  that  the  plaaai 
of  their  axea  varv  with  the  refranjgibility  of  tho  light 

The  opttoal  phenomena  exhibited  by  many  biaxial  crystals  are  altered  in  a  vezy 
TOTiarhaole  manner  by  dinnge  of  temperature.  Glauberite,  for  example,  is  uniaxial  at 
ordinary  temperatun^s  for  violet  lignt,  but  biaxial  for  all  other  colours.  At  lower 
temperatures,  the  violet  nxia  also  splits  into  two,  and  the  axigles  between  the  axes  of  the 
Othor  increase.  When,  on  the  other  hand,  tho  teiu|Nnture  is  raised,  the  violet 
tzia  becomes  divided  in  a  plane  at  right  anpli  s  to  the  former;  tho  axial  angles  of  the 
ether  colours  diminish,  b(.>come  nothing,  and  then  likewise  pass  into  tho  perpendicular 
plane,  in  which  they  are  all  ritasled  tQ^Btiiar,  efen  hdbie  the  tempcfatoMiueB  aa  fai^ 
as  the  boihnp  point  of  water. 

Deter minat tun  <>/  the  Axe^.-'TliL'  form  of  tlio  curves,  and  of  the  dark  bands  which 
Moas  them,  afford  the  best  means  of  determining  the  position  of  thraaea  in  biaxial 
crystals.  To  find  the  popition  of  the  plane  of  the  ojitic  axes,  the  crj'stal.  eut  in  the  form 
of  a  plate  with  parallel  faces,  ia  placed  between  a  polariser  and  anah'ser  with  their 
plann  of  polariaation  eroeMd,  ao  aa  to  pcodaee  dariEnesa,  and  the  plate  is  tamed  nrand 
in  its  own  plane  till  its  presence  does  not  r«!fltore  the  light.  Two  pos^itions  are  thus 
found,  for  which  the  traces  of  the  primitive  plane  of  polarisation  are  to  be  marked  on 
the  eiTBtalline  plate.  These  two  traceafiarai  a  right  an^  and  one  of  them  ia  situated 
in  the  plane  of  the  axes.  The  plate  is  thm  turned  round  in  it.s  own  plane,  till  each  of 
tiia  tneet  makes  an  angle  of  46'^  with  the  primitive  plane  of  polariaation ;  then,  by 
fndining  it  anoeearirely  roosd  theoe  traeea,  a  position  ia  »ewf^  m  whieh  the  rioge  eaa 

be  8i  ru  '^urroninling  the  axes.    The  plane  of  the  axes  is  perpeDdicnlir  tO  the  line 
loond  which  the  phme  has  been  turned  to  discover  the  rings. 
Mmtmrtmrnt  of  iM»  An^  hUwemt  tkt  .idrev.— The  moat  ooBrenient  apparatw  Ibr  thia 

purpose,  and  for  all  exact  measurements 
of  the  coloured  rinoi^  ia  that  of  Solei), 
repiearated  in^C^.  896. 

A  Wani  of  light,  polarised  by  reflec- 
tion from  the  mirror  V,  which  may  be 
placed  at  any  required  inclination  by 
means  of  the  ^oint  o,  passes  through  a 
lens,  / 1,  and  is  brought  to  a  focus  on 
the  oystHlline  plate  c,  where  the  rays 
eroai  each  other  and  issue  in  divei|gittg 
cones.  They  then  pass  through  an  eye- 
piece, rr,  / r,  forming  at  ff,  the  focus 
of  the  lens  /,  an  image  of  the  curves 
produced  by  the  plate  c,  and  this  image 
la  viewed  through  tho  lens  /  'an<l  the  an- 
■^yaarc  AtffiB  placed  a  micrometer, 

represented  separately  at  M.  It  has 
three  wires,  two  parallel  to  one  another, 
perpendicular  to  Uie  third,  and  capable 
of  being  brought  together  or  separated 
by  a  screw,  one  part  of  which  is  right-,  and  tho  other  left-handed.  The  plate  c  is  held 
by  a  sock^  capable  of  taming  on  a  horiiontal  axis,  its  rotation  being  measured  hj  a 
divided  screw-head,  n.  and  a  vernier  which  is  read  off  by  the  magnifier  r.  The  •nip- 
port  of  the  socket  is  ali^o  capable  of  turning  on  o,  so  that  the  crystalline  plate  c  may 
M  plaaed  in  any  nx^uired  poaitioo. 
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Tn  Tni?ftimrft  tbo  angle  Ix^twoen  the  axes,  it  ia  best  to'nsc  hoTno^neotis  li{»!it.  The 
cryst;illii)<>  plato  c,  cut  nearl;jr  at  right  angles  to  th«  uji  diau  line,  is  iixed  iu  tiie  bocket 
in  such  a  position  thai  the  {^ne  of  its  axes  may  be  rertiea],  ami  the  socket  is  turned 
round  in  it.«  nwti  j-lnnp,  pn  ru«  to  brinpr  wrh  of  tno  poles  Mipr<»s'«ivoIy  to  coinciflt'  with 
the  inlersectioD  oi'  thv  wiresi  of  the  micrometer.  The  arc  through  which  the  screw  ia 
turned  bttwaa  the  two  positions  gives  tho  obaerred  atu^  ta'  between  the  apparent 
optii^  nxfs  fp.  664).  From  this  the  T«^al  angle  b<>tween  tnp«p  axes  is  oalL^ulat*'*!  hy  tho 
rquation  sin  a  i*'  sin  a,  in  which  ft'  is  the  middle  of  tha  three  characteristic  refracUTO 
iiKHcca  flv  tha  eolourpd  ny  olMuivad* 

8olr>il*s afipanif «<Tvor>  nho  to  measure  the  diameters  of  the  rings;  tlio  nnrroni(t»T 
hmn^  capoblo  of  turning  round  on  itself  tho  diameten  can  easil/  be  measured  in  any 

jDoiihtc-rifractinQ  ftructwr  prrducrd  }ry  Moliculnr  T(jJJfjV/?j.— Glass,  gflat'n,  and 
otitnr  amorphous  bodies,  also  crystals  belonging  to  the  regular  system,  acquire  the 
dottUe-refraetin^  structure,  when  pressed,  stnt<£ed,  or  heated  niiMuallj  in  diffennt 
parts,  and  exhibit,  when  examined  by  polarised  light,  coloured  bands  similar  to  those 
produced  by  double-refracting  crystals.  A  rectan^lar  plate  of  glass  laid  edge-ways 
on  a  very  hot  iron  plate,  exhibits,  when  examined  in  a  polarising  apparatus,  a  series  of 
coloured  bands  parallel  to  itn  edges,  these  bands  altering  their  arrangements  as  the 
heat  is  pradiialh-  oonduct(<l  across  the  plate,  and  disapp<^rinp  altotiotlirr  whpTi  it 
becomes  uniformly  healed  all  over.  A  similar  effect  is  productni  by  placing  the  glasii 
in  the  same  maniMr  Ml  a  plato  «f  mefeal  eookd  bj  a  frwwng  adxtarc^  or  hf  aolgaetiqg 
it  to  lateral  compression. 

Th^  effects  are,  however,  moet  strikingly  exhibited  by  unannealiHl  gl^iss — that  is 
to  aaj,  glaaa  wiii^  has  been  heated  and  quickly  cooled.  CHasi  Hius  treated  has  a& 
irrpfrtilnr  f-tmrtnro,  th*"  parts  near  the  snrface  hnvinp:  Inrn  more  qniolily  c^nl.-d  than 
tho  interior  parts,  and  torn  away  from  them,  as  it  were,  by  the  suddea  cuu traction  in 
ooolui^.  In  oooeeqiienee  of  this  imgiilarity  of  stmettm,  the  glan  produces  doalils 
rofra'^tlun  on  ill  r  ys  whi('h  traTrrgc  it,  but  in  diffm  iit  dcfrrrt's  in  its  differrnt  pnrta, 
whence  tln  re  re&ulta  a  variable  coloration  when  the  glass  is  viewed  by  polarised  light. 
Hw  fignn  h  produced  ezhilnt  a  ijmmetiy  dep<:nding  on  that  of  the  sontoor  of  tha 
plate.  A  circular  plafo  of  unannealcd  glass,  the  structure  of  wlrioh  is  symmotricHl 
round  the  axis,  acts  like  a  uniaxial  crystal,  exhibiting  concentric  rings,  intersected  by 
«  blade  or  wliite  eroee,  aeeording  to  the  rehtire  pomtmis  of  the  poilamn  and  analyser. 
K  the  stni  '*iir'  is  not  quite  symniotrical  round  tho  axis,  the  rings  and  cross  are  dis- 
torted. A  square  plate  esdiibite  a  erosa  with  coloured  fringes  in  the  anglea.  An 
tUiptiad  plate  ezhimts  a  figure  resembling  those  of  biaxial  crystals. 

Absorption  of  JAght  by  Double-refracting  Cryitals.  Dickrotsm, 

Oertnin  colotired  doul.K'-refmcting  crrstnlH,  whon  travor*Jid  bv  ordinary  whitp  lipht, 
exhibit  dlfier^ul  colours  according  to  the  direction  of  the  mya  with  reganl  to  their  axes ; 
thus  dichroitoeviolito  (uL  tW)  ippMM  of  *  yeUiOiriah  white  colour  indining  to  brown, 
or  of  a  flnf  nrnn  blue,  according  as  tli<<  rays  trarerso  it  paralltd  or  perpendi.nilar  to  thf> 
axis ;  ui  like  manner,  chloride  of  j^ialhidium  and  jH)tas.siuni  exhibits  either  a  dark- brown, 
cr  albie  gveeo  edloor;  nemo  vuneties  of  sapiihire  am  blue  or  vellowitli  green.  Soma 
green  tonrmalines  appear  dark  brown-red  when  viewed  along  the  axis. 

Th'm  ellect  is  due  to  the  property  pos^aiied  by  double-refiractinjg  media,  of  absorbing 
pokriited  rays  in  different  proportions  according  to  the  inclinsbon  of  tlioso  rays  wi£ 
TTg:^^l  to  thrir  axes.  Tlie  tourinalino  absorbs  completely  all  rajs  polarised  in  a  plane 
pirallel  to  its  axis,  and  transmits  them  in  greater  and  greater  proDortion  as  this  axis 
IS  inclined  to  the  plane  of  polarisBtkm  {  mofeorar  it  amorbs  afi  (ue  sunple  rays  coin- 
posing  white  liirhf  1:1  the  same  proportion,  consequently  tho  tranerr  -tt  ;^  light  remains 
always  ci  the  same  colour,  exceptiqg  in  the  case  of  the  green  tounuulincs  above  men- 
tioned. But  when  the  ahsovptton-ooefBeieatB  of  the  sercnl  simple  rays  vary  in  dif- 
ferent proportions  with  the  change  of  direction  of  the  rays  in  the  crj'stul,  tho  tint 
fttmaed  by  the  mixture  of  the  unahsorbod  rays  likevise  varies  with  their  inoJinataon 
to  the  asm. 

P<un.>  biaxf.d  crystals  exhibit  trichro'ism;  thus  certain  Brazilian  topazes  nf  a  yel- 
*  lowish  rose  tint  in  the  direction  of  the  median  lino,  are  violet  when  viewed  along  the 
complementary  line,  and  yellowish  white  perpendicular  to  tho  plane  of  the  axes. 

B  a  b  i  n  e  t  has  observed  that,  of  the  two  rays  into  which  an  incident  ray  is  divided  en 
entering  a  uniaxial  crystal,  that  which  travels  most  slowly  and  is  therefore  moHt  re- 
fracted, is  also  absorbed  in  the  largest  proportion  ;  in  positive  crystals  therefore,  such 
as  tourmalijM,  it  is  tho  ordinary,  and  in  negative  crystals,  like  smoky  quarti^  it  is  tho 
extraordinary  ray  which  ia  m^y*:  fil>  -^rbed.  Tliis  law,  true  in  the  greater  nnmher  of 
cases,  nev^rthelrcMi  admita  of  niuacrous  exceptions.    Thus,  Haidinger  observed  that 
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the  order  of  ah§atptioa  ia  dijQferent  in  the  Une  toad  yellow  Tarietica  of  beryl,  althondi 
ho^  HTM  nfyrtltai  B'««rolNwnrecl  thit  uSA  chromatc  of  pota—huu.  cynnite,  uid  MrCraii 
T«ri»-ti('s  of  topaz  .lUo  form  <-xoo{'ti<>ns  to  tho  rule  ;  ami  tliat  irlocraso  ami  >^uprio  ;i'<t  t«ti^ 
which  follow  the  law  as  x«gard»  the  bluo  x^]rt»  deviate  from  it  as  x«gard»  the  jeUoVt 
orange,  and  red. 

Ha  gen  has  demonstrated  tba  fBilowniglavt  wgitog  thaabawcpdott  of  Ug^bj 

double-refracting  crystals. 

L  The  general  law  of  the  decrease  of  intensity  in  geometric  progression  as  the 
thkfcnfiii'iii  increase  in  arithnwtio  pogression  (p.  636),  holds  good  for  doilUo-nfract- 
inq:,  as  well  as  for  i«n>haaowo  mtdiik  lo  that  tOA  ntk>  0 :  •  Hkmriio  Tuiio  iwoHing  to 

the  samo  law. 

t.  ThoiaiioortkaeoirtmuwiillMclkaof  A,«du^^ 

SmaximnTn  and  a  minimTim. 

3.  The  variations  of  0  :  «  are  equal  on  either  side  of  the  maximmn  or  the  minimum ; 
•o  that  if  the  maximum  or  ninimmi  oeevBi  at »  paatiwJar  wavv-lMCith  A.*,  the  ^ahMO 

of  (>  :  e  fi>r  X'  +  11  and  \'  —Ji  aro  pqunl. 

4.  The  absolute  value  and  tho  position  of  the  maximnm  and  minimum  depend  upon 
tlwdineliottoftiieplatewjth  K^ardtotiieaiMof  tt^  ' 

ff.  From  the  mode  of  varintinn  of  tho  function  0  :  <•,  if  is  pmhaMo  thfit  in  rrj'st 
iHddi  form  exceptiooa  to  Cabinet's  law,  the  exception  applies  only  to  certain  rays 


It  Im  aln>ady  been  pointed  ont  (p.  658),  that  when  two  rays  of  light  trnrelling  alo 
the  same  path  nrc  pf)Iarise(l  in  planes  at  right  angles  to  each  otlior.  ainl  difTcr  in  phas 
by  a  quarter  of  a  wave-length,  then  if  the  amplitudes  of  vibration  of  the  two  are  equal, 
tt»  moleenleo  of  the  VMoittaiit  wvra  iribnto  in  ofadeo  traasrvnelj  to  tlie  ditvetkm  of 
Aaray>  In  this  s^tate  tho  my  is  said  to  be  circularly  p'»l  arisod,  and  tho  plu  no- 
mguk  which  it  exhibits  are  the  same  as  if  the  lay  were  polarised  in  one  plan^  and  that 
plow  wen  mado  to  lotate  xouid  flie  dfavetion  or  tho  nqr  u  an  axis. 

Circular  polarisation  is  exhibite<l  in  a  rcinnrkablo  maiinor  liy  quartz,  in  which 
it  was  first  discovered.  A  nlate  of  this  substance  (which  is  uniaxial)  cut  at  right 
an^es  to  the  optic  axis,  enlUts  when  Tiewed  between  two  tonmalhiea  or  nifllmf  ■ 
pnsms  with  their  axes  crossed,  a  sy.stem  of  coloured  rings  simfltr  to  those  produood  bj 
calcspar  (p.  668);  but  the  centre  of  the  field  of  view,  instead  of  exhibiting  a  black  eroes^ 
is  illuminated  with  brilliant  colours,  red,  yellow,  frroon,  blue,  &c,  according  to  the 
**iifHf—  of  the  plate.  On  tnmiiig  tilo  aaaiy.'^<  r  on  its  axis,  the  colours  in  oentn 
go  through  the  regular  prismatic  sono'»  from  rod  to  violet,  or  tho  contrary,  nrrnrding 
to  the  direction  of  rotation,  but  no  alteration  of  colour  is  produced  by  rotuting  the 
l^ttte  of  ooartB  while  the  analjMr  tmuSm  aUtknaiy. 

To  unaerstand  these  phenomena,  wo  must  examine  what  takos  place  when  homo- 
geneous light  is  used.  8upjx>so,  then,  a  plate  of  dark  reti  ^lass  c<il()urtHl  with  red  oxide 
of  copper  to  bo  intrrposed  between  the  two  tourmalines  or  Niohol's  prisms,  ORMScd  as 
before,  s<j  that  no  light  is  tran««niittod  I'V  tho  analyser.  If  tho  plate  of  qnarts  be  BOW 
interposed,  a  red  light  immediat^iily  mak«  s  its  appearance,  and  to  n  ndor  the  field  igda 
dailc,  it  is  necessaiy  to  torn  the  analyser  thnmgn  a  owtaia  angle,  either  to  tho  right  or 
to  tho  li  ft.  Honco  it  follows  that  tho  ray  "which  hnn  tnivcrycd  tlio  quartz  must  haro 
had  its  plane  of  vibration  deflected  through  an  angle  ei^ual  U>  that  through  which  the 
amlyaer  has  been  mored. 

Precisely  similar  effoctf  are  prrxlnTd  with  yollow,  prcon.  violet,  or  any  other  kind 
of  homogeneous  light ;  but  the  angle  of  rotation  varies  according  to  the  nature  of  the 
iiy,  bemg  kaot  far  loa  nd  gwteiiUbr  tkiot 
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Some  crystals  of  qaartz  rotato  the  {>Iani'  of  polArlbattoD  of  a  ray  to  the  right,  others 
to  tho  left ;  the  former  are  called  rii^bt-lituided,  the  latter  left-handed  qaartz.  But  ia 
whichever  direction  tho  rotatiou  taki»fl  place,  a  plate  of  qunri;:  of  trivi  ii  thiL'knerf^  always 
Dtodoees  the  same  amount  of  aogulur  deviation  for  a  ray  uf  givea.  riiiraagiltiiity ;  and 
for  platee  of  different  thickneiis  tBe  deviation  for  any  particular  ray  increases  in  dieeet 
prpipi'rtiou  to  tho  thickncS'S.  Thp  precfiliii:^  tiiM.-  ^livc.s  tho  aiiirh-.s  of  deviation  fir  tho 
principal  raya  of  the  fipectrum  produced  by  plates  of  <^uaru  of  the  thickoees  of  1  miUi- 
metre  and  9*75  BiUinetNe. 

Blot  fnunJ  hy  oli-jcrvation  that  thran^rh^s  of  r-ttatinn  f:>r  thi'*  difTiTcnt  simplp  colonrs 
ue  neatly  proportional  to  the  aquarea  of  th<  iudiicea  of  refraction,  or  inversely  as  tho 
effoaree  of  uie  WBTe-lrati^tlts.  T'nie  law  is  approzimatel^r  tnie  aleo  tor  moet  ensefeaiteea 
wnich  exhibit  circular  p'llarisatittn,  wluloxouu',  on  fh"  otlu-r  hauJ,  fxhihit  riinarkaWe 
deviations  £rom  it :  thus  aa  aqueous  solution  of  tartaric  acid  deflects  the  green  rsya 
more  tlmn  tibe  vkdet;  and  ao  aifeoholte  eohrtMo  of  camphor,  thoogfa  it  defleets  the  BeT»> 
ral  coloured  rays  in  the  order  of  their  n-frangibility.  pro  lu-ios  a  nuK'h  proator  clifforHnro 
of  deviation  becvem  the  kee  and  tbe  more  refraa^ie  rays  than  that  which  is  indioited 
by  Biot's  law. 

We  can  now  explain  the  succession  of  colours  produced  when  ordinary  daylight  is 
used.  Suppose  a  beam  of  white  light,  polariued  by  a  Nichol's  priPTn.  whofjf*  principal 
action  is  paridlel  to  A  A'  (Jig.  696^  to  pass  throuj^h  a  plate  of  ri^'ht-Uaudvd  uuartz, 

S*76  mm.  tbidk.  Tht-  vibration.s  of  tho  several  coloored 
rays  composing  the  beam  of  polarised  Iig!it  are  all  at 
Uriit  parallel  to  A  A';  but  by  pujutiug  thruugli  the 
qaarta,  their  planes  of  vibration  are  deflected  tliroogh 
tho  several  aii2k«?  crivcn  in  tho  above  table,  tho  red 
ray  then  vibraliii^  iu  tJie  line  r  r',  the  yellow  in  y  y . 
the  violet  in  v  v',  &c  Now,  let  tho  ray  be  viewed 
through  another  Nichol's  prism,  placed  with  its  })nn- 
cipal  section  also  parallel  to  A  A' ;  thon  on  r*  solvinfl 
each  of  those  vihrations  into  two  otln  rs.  ono  |>aml]« 
and  tho  other  perpendicular  to  A  A',  it  will  l  o  Pwn 
,  that  tho  red  and  violet  rays  will  be  transmitted  with 
r  )>vt  sligh^  dimiiuAed  intensity,  the  orange  moA  Um 
with  less,  fho  Tt-'lhiw  f-till  loss,  aiul  tho  frrt'on  not  at 
all.  The  result  will,  therefore,  bo  a  puxple  tint.  Now 
let  the  evc-pieee  be  toned  from  left  to  rifAA.  Aa  the 
principal  section  passes  suecrs'tivrly  over  the  lines  rr, 
o  o\  &e.,  the  red,  oraoge,  yellow,  will,  in  succoi- 
be  more  fia&f  traiumitf ed  tiiaii      oUter  mya,  ao 

tliftf  a  senVs  of  tlut.s  will  he  pro<hu*e(l,  a|»Teeinc  iioiirlv 
with  the  ooloots  of  the  spectrjun  and  following  in  the  saino  order,  from  ted  throqgii 
3rdIowtoTfolet.  If  flie  analyter  be  toned  tibe  wutnay  way,  the  order  of  the  tial» 

will  ho  roversod.  If  the  (piarl/.  wore  left-handed,  tho  phenomena  -vvouhl  lu>  preeisely 
aimilar,  exoepting  that  the  coloors  would  change  from  zed  through  yellow  to  violet 
wben  we  anatyaer  waa  toned  £khr  right  to  left 

Sliiilhir  changes  of  colour  are  produced  with  a  plato  of  quartz  of  any  other 
thicknesB  i  but  the  tint  piodoeed  at  anyg^nren  incUnatioin  of  the  polariaer  and  eye-pteoe 
iav  ofwmne,  difikent 

The  tint  produced  with  a  qoatta-platc  3*76  mm.  tliick,  when  tib«  prilidpal  fOelioiMI 
of  the  polariser  and  analyser  are  parallel  to  ono  another,  deserves  particular  notice. 
As  already  observed,  it  is  a  purple,  and,  moreover,  it  changes  very  quickly  to  red 
or  to  violet,  when  the  analyaer  ia  turned  one  way  or  the  other,  the  change  of  coloor 
thnn  produc'd  Ik  ini'  in  fact,  very  mnch  Tnom  nipid  and  decided  than  in  any  other 
part  of  the  ciixuit.  ihis  peculiar  tint  ia  accordingly  distijiguished  by  tlits  term 
sensitive  tint,  or  tftnsition  tint  {couleitr  sensibU^Uinte  dc  p(usfi<ige).  On  account 
of  tho  facilitv  Miul  certainty  witli  which  it  may  he  recofnii'^ed,  it  Is  frequently  adopted 
as  the  etandard  tint  in  measuring  the  angles  of  rotation  produced  l>y  ditferent  sub- 
itanees;  it  is,  in  fact,  much  easier  to  detmune  iriien  this  particnhir  coloiir  makw  ita 
appeamnce,  than  to  seize  the  exact  moment  lAob  ft  «y  of  zed,  yelloV,  or  oUl«r 
homogeneous  light  completely  disappears. 

The  rotatory  power  of  qaairta  ia  eaacntially  rdated  to  ita  oyataUilie  ftcm,  aa  will  be 
more  folly  explained  hereafter.  It  is  not  exhibited  by  opal,  or  any  other  (miorphon^ 
variety  of  silica,  or  by  silica  dissolved  in  potash,  or  fused  by  tho  oxyhydrogen  blowpipe. 
The  same  is  tmo  with  regard  to  a  few  metaBie  aalta  paaeeaung  the  lotatoay  pofver, 
viz.  chlorate  i  f  scHliuni,  hromate  of  sodium,  and  .solio-uranlc  afietate^  them  aaltS 
exhibiting  that  power  only  when  ciystallised,  not  in  solution. 

flVwIar  polarimtkm  m  oiymiff  6o<ttf«.— The  power  of  rotating  the  plane  of  Tibra- 
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tion  of  a  polarised  ray  i»  much  more  widely  diffused  amoog  organic  Uian  uirtong 
iwusaiiie  bodies ;  morooifflr,  aganie  solMteliees  powett  it  in  the  liquid,  as  ^ell  as  in 
th^  crj-BfnlliTie  Ktatf.  Among  organic  oompfmnda  wliich  rotate  t!iP  plan.«  of  {-K^lnrisat  inn 
to  the  riglit,  may  be  mentioned:  Cbne-sugiu-,  glucafi^  diabi^tic  «ugar,  nuik-Rugar, 
^toitria,  camphor,  asparagin,  flimilionflie,  qoinidine,  narootine,  tartaric  aoid,  emphorie 
acid,  aspartic  ric.'ul,  oil  of  IcmonB,  castor-oil  cr  1*^011-011.  The  following  rotate  to  the 
left :  Sngu  of  fruits,  starch,  albumin,  am^gdalin,  omnico,  nicotine^  rtiySiaing^  fatudae^ 
fiiniTillfniK  codtiaa,  malic  fteski,  tntitarCantt  Mid,  ou  of  ttirin  ntiiM^  (oSkmr^Man. 

By  j\a«sin^  a  polarised  ray  throufjh  tubes  of  difft'rcnt  Icunthp,  flllod  w-itli  tlu^  Banio 
Mbi^n  of  c^inaHMwar,  or  oCtmr  rotatozy  snbataoce,  it  is  found  that  the  angle  of  deria* 
tkA  ts  propr«rl»ttarto  fh»  Ungth  of  the  eohuui  of  Kqvid;  «id,  hf  lOlhta  ue  Mnna  tube 
with  S4»lutioiifl  coTitHininp  diff»»rent  <juantiti»  8  of  sogHr,  &c,,  it  is  found  that  th*-  aiijzh^  of 
daviation  i«  proportional  to  the  quantity  of  tbe  subataace  contained  in  a  column  of 
^tvm  Ifsgdi.  oanerally,  then,  the  angle  of  dsvlctiOB  ii  proportionate  to  tha  nrnmber 
C#  fvf'tiv*/  particloij  which  tho  light  him  tu  pass. 

If,  then,  «  bo  the  quantity  of  active  substance  contained  in  a  unit  of  weight  of  the 
solution,  /  t^e  length  of  the  oolumn,  and  a  tho  observed  angle  of  rotation  for  a  par- 
tieular  t  int — the  transition-tint,  for  example. — tho  an{^  of  rotation  for  the  unit  of 
length,  supposing  the  entire  column  to  be  filled  with  tiM  optically  active  substance, 

will  b*  ^.  Bat  as  the  solntioa  of  a  mhirtaiMrn  ia  often  attendad  with  eoBdanaakio& 

of  volume,  it  is  best,  in  order  to  obtain  a  inf  asur(»  r.f  tli  rotatorj'  power,  independent 

of  such  irregularities,  to  refer  tho  obscrred  unLdo  of  deviation  to  a  hypothetical  unit 

of  ^tadXj,  that  ia  to  u^,  to  divide  tho  quaotitj  ^  bj  the  denaity,  1^  of  tiia  aoiution. 

31m  IkMlion  th«f  olteuud,  vii.  [«]  *      ^        ^  ip«eifl«  rot«to»y  po^i; 

mad  lumiwiaaa  tho  ao(^  of  rotatfim  which  the  pore  ■ubetanee,  is  a  eolmna  of  the  unit 

of  lenpfh  and  density  —  1,  would  impart  fo  the  ray  eorrt  s|«juding  to  the  transition-tint. 
For  example  a  solution  containing  165  miUigrammea  of  eano^ugar  in  a  gramme  of 
liquid,  haa  a  specific  gravity  wl-Oa,  MiddBdeota  tlio  tn]Mltioa<4bt  by  2i^,  is  ft  cdliiinii 
SvonliaMlMtkig;  ilo  q^odiD  loliiBor  poww  ii  thmtee 

The  apparatus  ufted  for  meiiFuring  the  rotatory  p(jvrer  of  liquids  consiets  of  a  plas.s 
tube,  aurroundad  with  a  ca^  of  wood  or  brass,  and  dosed  at  both  eoda  with  plate>gla8a 
dim  gitmA  to  At  wwtw -tight,  aad  ptewed  against  the  tabs  by  mains  of  eerew-capa. 
The  IuIhv  1  eompU'tidy  filh-d  with  tht»  liquid,  if  placed  on  tho  nujiports,  between 
two  Niohoi'a  pnan%  one  of  which  serves  as  polarisar,  the  other  as  analyser.  Tho 
lafttw  esRian  %  ymiim  iuoffiag  vrnnd  s  geadn«fed  didA.  n«  mplest  way  of  miog 

this  apparatUfl  is  to  interpo«u«  between  the  tube  and  tljo  polarlsor  a  ulass  coloured  with 
red  oxide  of  copper,  the  tint  of  which  conreroonds  with  the  red  of  the  fixed  line  C  of 
the  spectrum,  and,  having  set  the  analyser  wttli  its  prinotpal  seetion  at  ri^t  aaglio  to 
that  of  the  pokriser  (which  makes  the  field  of  view  dark  so  long  as  the  tube  is  not 
interposed),  a^nst  the  tu^e  in  its  place,  and  turn  the  eye-piece  round  till  tho  red  light 
completely  disappears.  Tho  uuglo  tkrough  which  the  eye-piece  is  turned  measures  the 
deviation  prodUDed  by  the  liquid. 

The  dir«'ct  measurement  of  th«'  rotation  of  tho  r»xl  ray  ia  nnt,  however,  always  th«'  best 
mode  of  observation,  because,  as  already  obseried  (p.  672),  it  is  ditficull  to  tell  with  pre- 
dsion  when  tbe  Ufjblt  oonplet*  1  y  d  i  ^appears.  For  this  pnrpoes,  th  e  n  i  i  n  t  roducad  behind 
the  jxSlariaing  prism,  instead  of  the  red  phiBP,  a  p>late  of  quartz  3-75  miilimftn  s  thick, 
which,  when  the  poiari&»r  and  analyser  ar^  sut  with  thair  principal  soctioQs  parallel, 
exhibits  the  traosition«tint.  Tbo  interposition  of  the  circularly  polarising  liquid  causes 
this  tint  to  change,  and  the  mtntton  is  measured  by  tho  numoor  of  dqposs  thro^i^ 
which  the  prism  must  be  turned  to  show  the  transition-tint 

Greater  exaefDeas  is  obtained  by  using  a  donble  plato  of  quarta  3*76  millimetres 
thick,  onr-half  being  composrd  of  right-handed,  the  of  nor  of  k-fT-hiinded  quartz.  Such 
n  plate  exhibits  the  tranaition-tint  with  perfi^ct  uniformity  on  both  halvefs  when  tho 
polwistr  and  aosljtir  aie  sot  widi  thdr  principal  saetiaBs  pacillil ;  but  on  turning  dio 
itnalyser  to  tho  right,  ouo-half  of  tV.'  plate  inclines  io  r.-d,  r-iul  the  oth»^r  to  l  luf.  The 
same  change  will,  of  couis^  take  place  on  introduciug  the  tube  containing  the  circnlariy 
poionsing  liquid ;  and  to  vestoiv  tbo  nntfbrmity  of  tint,  the  analyser  must  bo  tomod  a 
certain  Jiunibt-r  of  degrtx^H  the  contrar)'  way.  If  the  liijuid  haa  but  a  slight  rotatory 
pow^  thia  method  ia  ^oitc  satiafactocy ;  but  if  the  rotatory  power  ia  oonaideraUe,  an 
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error  maj  arue  ibd  diS^«at  anglea  of  rotution  imparted  to  the  difiRMttnfc-^olooxcd 
nj8. 

Tt  r^viatc  tills  sonreo  of  iiuicourai'y,  a  contriranco  oullfMl  the  compensator  has 
be«n  iurented  bj  Holeil,  whieli,  together  with  the  other  ports  of  his  apparatus  -callsd 
m  ffteobsrtSB»t«r,  being  ospeciallY  adapted  to  the  ertiautKm  of  the  atrraigth  of 
lififihm»  Milatioii»--4i  imwcoeated  m     407.  The tabe  T.  contaiuiug  t  !i"  -aoi-ii  ir'no 

eolvtion,  or  other  liquid  to  be 
rf    'V-      •        T>  \  ^    t;      eaEftmiiied,  u  pboed  betweca 

•r  "-'    ri'T   Jk     two    porforat«i  diaphragms, 

one  of  which,  D,  is  fixed,  while 
the  other,  I)',  can  be  remoTNl 
at  pleasure  to  a  greater  dis- 
tance* fmm  D,  tow;inlH  wliieh 
it  is  sgaiu  pressed  bj  a  tpriu^ 
tbown  in  BSCtioB  at  p:  this 
arranjrrment  k^cps  tlie  tubo  in 
pot>itioa,  aud  f;iciIitaU-s  its 
•^mtainit.  The  incident 
liglit  \h  polarised  by  the 
achromutis^  calo-apar  |>rism 
fi,  one  imige  of  wmoh  u  hi* 
tercf  p'ril  I'V  a  Kicn  en.  At  p 
is  a  doable  plate  of  quartz,  3*76 
millimetre  thick,  •  front  -vW 
oT  wlili'li  shown  ;it  _'/f/ — oiif- 
hal^  being  dextro-,  and  .the 
otheor  half,  ^,  Itero-rotatotqr. 
The  light  having  traversed  this 
double  quartz-plato  and  then 
the  tube  T,  nmves  at  a  quartz-plate,  q,  cut  perpendicularly  to  its  axis,  then  passee 
through  the  compensator,  r,  is  analysed  by  tho  doabl»mnBCtiag  laiem,  <^  lud  ii 
finally  viewed  through  the  small  t<  1.  ^cope,  £L. 

liii'  is  a  horizontal  section  of  the  compensator,  consisting  of  two  quiu-tz  prisms 
perpendioilbr  to  the  axis,  and  of  contrary  rotation  to  the  plate  f.  Tbeeo  priaass  ma 
slide  one  over  tlift  other  horizontally,  iiud  in  contmiry  dirfrtion",  «to  as  to  vary  the 
tbickn^  which  the  modified  light  has  to  traverse.  They  are  set  in  motion  by  a 
toothed  pinion  fixed  to  the  bnttim  h,  and  acting  on  Cwondoi  ode^fced  to  liheloipor  pot 
of  the  niountinf^  of  the  prisms.  Onr  of  tlii  so  monnttnf^K  f»nmes  an  ivory  si^ale,  r, 
r^reeented  separately  at  £ ;  the  other,  a  vernier,  which  slides  along  the  scale,  and 
■etfw  to  BMMMWio  the  opposite  displaeemante  of  tfao  two  pifan^  When  thanroe  of  the 
scale  and  Tcrnier  coincide,  tlio  two  prisjtirt  aro  opposite  to  oiio  Miioth'T,  and  their  tliick- 
nesees  are  together  equal  to  that  of  the  plate  o,  the  rotatory  power  of  which  is  therefore 
ticfOtmlbM  Dj  them.  nMondTeermnythen  Be  tonifdliymetneof  the  endleoa  eeraw; 
r,  into  stieli  a  position,  that  tlio  two  liulvcs  of  tho  double  quart  z-plato.  // </,  may  exliibit 
the  sensitive  tint.  It  the  tube  T,  eontaining  the  liquid,  be  then  put  in  its  plac-t-,  tho 
two  bilres,  g,  d,  will  then  oiliiiNt  very  diflbrontooloias;  and  to  restore  them  to  equaUty 
the  compensator,  r,  must  be  so  adjusted  as  to  pfodnee^  together  with  the  plate  q,  an 
inversion  opposite  to  that  of  the  liquid,  either  by  increasing  the  thickness  of  the  double 
prism,  r,  or  diminishing  it,  so  as  to  allow  the  action  of  the  plate  q  to  predominate. 
Tho  direetkm  in  wMch  3ie  vsraier  is  moved  along  the  nde,  which  is  marki-d  with  two 
series  of  divi''ion«  nn  opposite  sidf^  of  the  zero  point,  indicates  the  dirwtion  of  the 
rotation  excrt^^d  by  the  liquid,  and  the  displacement  of  the  vernier  gives  tliu  auglo  of 
deviation  when  the  tliidciWM  Of  qnaits  comepoading  to  cr.e  division  of  the  scale  is 
kno-wTi.  These  divij^ion"*  ar**  nsnally  made  to  cormspond  with  tho  tenth  of  a  milli- 
metre ;  the  vernirr  iadicatcii  the  tenth  of  these,  so  that  the  estimation  may  be  made 
to  the  hundredth  of  a  millimetre.  The  half  of  this  qnantitj  evAeM  to  fvodoeo  en 
appreciable  differenci'  of  fiut  in  tli>'  two  Inilves-  »jf  the  double  qnartz-plate. 

When  either  the  light,  or  the  liquid  iu  the  tube,  is  coloured,  this  colour,  added  to  that 
pcodttoed  by  the  poluieetion,  modifies  the  eenaitlTe  tint,  taA  dhninMhee  Uw  necinej 
of  the  observation.  To  neutralise  tliis  colour,  Sobil  plaee:^  at  the  extremity,  K,  of  the 
inetnunent,  a  do«ble-re£racting  prism,  n,  and  a  quartz-plate,  t,  fixed  in  a  eoeket,  whidt 
ean  be  tuned  wnnd  la  ili  own  pkne  by  meeas  of  m  tootted  whe4  or  ptnion,  I,  end 
the  button  T?.  This  plate  is  interpose  !  b.  rw«M  n  the  two  j>risins  71  ,1  ■  *'  sroond  of 
irhich  acts  as  analysMr,  ond  jiakii  a  colour  which  may  be  varied  by  turning  the  prism 
n,  to  ^wA  a  poeitioB  oTfliie  prima  nunr  be  ftmad  wfaidi  giree  a  tint  eapaUe  of  semibly 
nentnJising  that  of  the  li.pild,  or  of  the  li^ht  employed. 
Ae  the  ai^aratos  above  described  requiree  the  obeemtitm  of  the  tnumtun-liB^  ite 
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mults  are  exact  only  when  applied  to  liaaids  which  disperRO  polarised  light  according 
to  the  same  law.  Now  Biot  has  thowa  taat  thifi  is  the  case  with  saccharine  solutiona, 
to  which,  in<1*'<  <l,  Soleil's  apparatus  is  especially  adaptod;  but  with  other  liquidfi,  such 
as  aqueous  lartaric  acid,  whose  rotatory  power  for  the  ditlerent  coloured  rays 
does  not  follow  JSiot  s  Liw  (p.  672^  the  observilioii  of  the  traosition-tiot  dow  not  giw 
good  results.  With  huoli  liquids  it  is  best  to  resort  to  tlwi  ■lfn|JaB>  modn of  qlmi ulina 
previou^ily  dejfcribed  (p.  67-5 ).  u?-ing  honiot'eiieous  light. 

Belatlon  between  Optical  Rotatory  power  and  Crystalline  Ibrm. — 

CSrf  hr  polarisation  appears  to  depend  OH  a  eertain  want  of  symmetry  in  the  molecules 

of  the  mrdinm  through  which  the  rays  pass  :  in  fact,  all  ery^tals  whit-h  exhibit  circular 
polari^ticn  arc  heniihedral  or  tetartohedraL  This  is  remarkably  the  case  with  quarts 
wliSeh  is  a  combinatioD  of  die  opposite  rfaombohedioiis  -fR  and  »B  with  the  lisaa- 
ponal  nrism  QcR,  «»onie  varieties  of  it  exhibiting  hcnu'hedral  and  tofartobi^dral 
combinations  (Cbtstaxxoouxtht,  iL  143,  f^.  258).  MoreoTer,  the  six  fucon  y  (^6P|)^ 
whidi  are  anequally  inclined  to  those 


Fig.  698. 


b  ig,  609. 


of  the  prism,  are  not  always  placed 
alike,  occurring  in  some  drstals  on 
the  fi^iht  ef  awismatio  ftee  above,  and 

on  the  left  below,  and  the  eontnir>'  in 
others,  as  shown  in  figs.  698,  699. 
The  ttroftms  of  crystal  thus  prodnoed, 
though  their  faces  are  alike  in  number 
and  in  form,  are  not  supenwsiblei,  but 
ane  may  be  regarded  as  the  reflected 
inage  of  the  other.  The  crystals  of 
the  one  kind  exhibit  dextro-rotatory, 
tiioee  of  the  other  Isevo-rotatory 
power.  The  same  kind  of  opposite 
tetartohedry,  accompanied  by  a  cor- 
responding opi^sition  of  optical  ro- 
tatory power,  18  found  also  in  other 
bodies  whidi  csbibit  sinmlaz  polarisa- 
tion. 

Tartaric  acid  and  its  salts  turn  the  plane  of  polarisation  to  the  right;  racemie 
acid,  which  is  id.  ntica!  in  chemical  componition  with  tartaric  acid,  and  agrees  with  it 
in  nearly  all  its  cliemical  relations,  has  no  action  whatever  on  pohirised  light,  either  in 
tlM  free  alais^  or  when  combined  with  bases.  Now,  the  crrstals  «f  tartarie  add  and 
the  tartrates  are  hemihednil ;  those  of  raeemic  acid  and  the  nicemates,  with  one 
exception,  are  holohedral   The  exception  alluded  to  is  the  raceroate  of  sodium  and 

 ' —    A  eolatkm  of  taeaaiats  qfeodmrn  and  raettte  of  ammoninm,  in  e<^niva- 

*  —  of  a^ueh  is 


Fin.  TOO. 


Fin.  701. 


lent  proportioTis,  pelds  by  evapcwtioa,  OTstab  of  a  doaUa  sal^  tibe 
zcprasented  in.^  700,  701. 
It  Is  a  rfght  veetaagdlar  prism,  P,  M,  T, 

having  its  lateral  edges  replaced  b}'  the  faces 
//,  and  the  intersection  of  tbeee  latter' laoee^  with 
the  Hg»  T,  replaced  by  a  ftee  %.  If  ^  crystal 
wen  holohedral,  there  would  be  eight  of  these 
frees,  four  abore,  and  four  below ;  but,  as  the 
llgores  show,  there  are  but  four  of  them,  placed 
alternately:  moreover,  these  hemihedral  faces 
occupy  in  different  crystals,  not  similar,  but 
opposite  positions ;  so  that,  as  in  the  case  of 
quartz,  the  one  kind  of  crystal  ii^  ai  it  VSM^  llie 
reflected  imrirro  of  the  (it!irr. 

But  furtlier;  by  carefully  picking  out  the 
tilD  kinds  of  crystals,  and  dissolving  them 
•efamtely  in  water,  solutions  are  obtained  which,  at  the  same  de^rree  of  concentration, 
exert  equal  and  opjxjsite  actions  upon  poUirised  light,  the  one  detlectiug  tiie  |ilaue  of 
polarisation  to  the  right,  the  other,  by  an  equal  amount^  tO  the  left.  Moreover,  tho 
•solutions  of  the  right  and  left-handed  crystals,  yield  by  evaporation,  crystals,  each  of 
its  own  kind  only ;  and  by  mixixLg  the  K^ntions  of  these  cnstais  wiiii  chloride  of 
aaUBBi,  ealehun-salfeB  are  obtaiBsd;  wh^,  when  dsoonpossd  %  salphaiie  aeid,  yield 
addi^  agreeing  with  each  other  in  composition,  and  in  every  other  respect,  except  that 
tiieir  eqrsldliae  ftmns  exhibit  opposite  hemihedral  modiiiciUioDs,  and  their  solutions, 
when  ledMed  til  Hie  HIS  degree  of  ooneentzailioB,  aiAifaii  eooal  and  vgp/Hsm^/^atdm 
enpolaiissdl^lil; 

XX  a 
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Of  tin  tm  ftddi  thus  oVtained,  the  one  which  tnrns  the  plane  of  polaifltiail  to  ttw 

right  IB  identical  in  everj  respect  with  ordinar}'  tartaric  acia;  the  other  iscalled  anti- 
tar  taric  acid.  The  twoarids  aw  ulnn  distinguished  as  dextro-  andl«TO-racemi«^ 
dextro-andlievo-tartarieacid.  When  equal  \rpif»htAofthefle  two  acids  are  diseolrvd 
in  water,  and  the  solutions  mixedt  •Uqmd  ' '  ^  '  an^!.  which  has  no  a^ion  whatever 
nn  jx>l<^nKed  liirht,  and  yicld!»  V<y  "Viij-ioratiim,  holohodral  crystals  ofracpTnicacid.  A 
simikir  result  is  obtained  b  v  iriixia^  equal  qviautities  of  any  of  the  salts  uf  the  two 
aeida,  nawiptiiig  flw  dovble  suit  of  R>dii]m  and  ammouind. 

Hcncp  it  appears  that  racemic  acid,  a  bt-dy  which  has  no  action  ny^'^p  ixdarised  lifrlit, 
and  crystallises  in  holohedral  forms,  is  a  compound  of  two  acids  (  tartaric  and  uatii^r- 
taric),  whidi  have  equal  and  opposite  effects  on  polariHed  light,  and  mjilallise  ui 
similur  l>ut  opposite  In  raitiedral  forms.  These  acids  differ  also  in  their  pjro-electric 
rekiions.  The  cxTStals  of  both  become  dectrio  wbea  heated,  bat  the  corresponding 
extremis  of  Hm  tmo  odiiliil;  opfonto  ekelrietl  irtitat.  BMande  Mid  it  vm  f^io- 

electrio. 

Tartaric  acid  may  bo  oniTerted  into  racemic  acid  bv  tike  action  of  heat,  nrorided 
mdj  ii  1»  SModatM  with  aoaie  labilwm  vindi 

temperattiTe  without  decompoaing.  There  are  mnny  suh^tance?  whose  effect  on 
polarised  light  is  aUmd  by  heat.  This  is  remariEabW  the  case  with  the  alkaloids  uf 
doehona  mm.  When  einehonine,  or  any  of  its  nlti  (wbidh  rotate  to  file  right), 
is  heated  in  sucli  a  manner  as  not  to  prodvi -i  1  i^omposition,  it  is  transformed  into  an 
komeric  alkaloid,  cinchonicine,  which  tonis  the  jplane  of  polarisation  to  the  left 
ISimilarly,  c|ttiniiie^  wliielt  roCalet  tho  piaa«  of  twtariiatioii  to  tiie  kftk  is  mnrarted  by 
heat  into  qninicine,  which  turns  it  to  the  ripnts  Now,  when  tartrate  of  cinehonlne 
is  heated,  it  is  first  converted  into  tartrate  of  cinchonicine,  and  if  the  beat  be  tiien  con- 
tinned,  the  change  extends  to  the  tartaric  acid,  half  of  which  is  converted  into  maSi- 
tartaric  acid.  If  the  process  be  stopped  at  a  ceitain  point,  and  the  fused  mass  treated 
with  water,  a  solution  is  obtained  wnich  yields,  fln^t.  crystals  of  antitartrate,  and  after- 
Wards,  of  tartrate  of  cinchonicine.  But  if  the  heat  be  longer  continued,  the  two  acids 
nnite^  and  form  raeemate  of  cinchonidRV^  Aom  which  racemic  add  may  be  j^pared, 
identicnl  in  ercry  respect  with  ordinary  ftwiiaiq  mad,  and  tcpmbla  bj  fcha  mhu  imtint 
into  the  two  opposite  tartaric  acids. 

But,  what  is  very  reauulcBblei,  there  if  fbrmed  at  the  same  time  a  modification  of 
tartaric  acid,  which  has  no  action  whatever  on  polarised  li^dit,  and  yet  is  not  separable 
into  tho  two  opposite  adds.  In  d^cl,  when  the  fused  mum  ubtiiiuvd  by  Lcuiin^  tartrate 
of  cinchonine  is  treated  with  water,  and  chloride  of  calcium  added,  a  precipitate  is 
formed,  consisting  of  nic?niatr<  of  calcium,  and  thi^fihnita^  if  toft  at  Mi^  dipoiito  Ciyitato 
of  the  calcium-salt  of  iaactivu  tartaric  acid. 

There  are  other  organic  oompoonds,  which  are  atoo  Opiieally  active  in  their  ordinary 
forms,  but  exhibit  in ftivo  ana  inseparable  modifications.  Malic  acid,  as  it  exists 
in  fruits,  tons  the  plane  of  polarisation  to  the  right;  so  likewise  does  aspartio  acid, 

Nov,  both  tlioM  acids  naj 

be  formed  iromfumaric  acid,  an  optically  inactive  ffubf^tance.  Acid  fiimaratc  of  ammo- 
nium is  C*K*(NH*)0*  —  C<H'KO\  which  is  also  the  formula  of  a^artic  acid,  and  thia 
add  is  Mtwily  fbnsed  by  bectiiif  tlia  acid  flntafata  of      ^^w*    But  tha  MffHio 

acid  thns  produced  is.  lik.   ftunaric  acid,  optically  inactivak    AglMlIt  aipwlae  ftoid  It 

ooareitod into  malic  acid  by  tl,  >  action  of  nitrous  acid: 

c*wm*  t  J I  NO'       c«n«o»    rf*  +  h»o. 

Both  active  and  UMkotive  aqpartic  acids  undogo  this  transformation ;  but  active 
MpoKie  Mid  yields  sdxrt  wm  mSA,  sad  insotiTS  ssMotie  addyidds  iaastiFB  awlia 
aad.  X(  ither  inactiw  Mpsrlis  Mv  i&Mliys  mslie  Mia  cm  be  sflpiiittod  Inis  two  selds 

oppositely  active. 

vyommon  oil  of  tvrpentina  pnsinsw  eonndofftble  dsztio^otstoKT  power  i  but 

the  isomeric  substance  obtained  by  hsilUBg  ths  sitiflaial  Solid  ouaphor  of  torpcstiBe 
with  quicklime  is  optically  inactive. 

Ftisel  oil  hat  ocen  shown  by  Pasteur  to  be  a  mixturo  of  two  kinds  of  am^Uo 
aloohol,  which  diffl»tfi|^iti|y  in  boiliagpoiat  One  of  thfss  aeads  is  opiiedlly  aoUve^ 

the  other  inactive. 

Oiroolar  Volarisattoa  tadiiea4  by  Macnetto  aetioa. — Faraday,  in  1845, 
arada     ampoftaat^MOfoy,  tlMl  bodies  vMeh,  ia^Irofdiaary  stite,  «xert  no  particn- 

lar  action  on  polnrinied  light,  acquire  tho  p-iwer  of  circular  {Hjlari^ation.  wlu-n  subjt-ctod 
to  the  influence  of  powerful  eleOric  or  magnetic  forces.  A  polarised  ray  passing  along 
tiie  axis  of  a  priaai  or  oyliader  of  a  ^nsparcnt  snbelaaee^  sadi  as  water  or  f^Sm,  baa 
its  plane  of  polarisation  deflected  to  the  right  or  left,  a*?  soon  as  the  medium  is  sub- 
jected to  the  action  of  au  eltx:tric  current  passing  round  it  at  right  angles  to  the  ray, 
or  to  tbat  of  two  <^posite  n^agnetic  polrs  (pemtBvat  or  ciectx^magneticX  so  plaoMi 
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* 

ftkit  their  line  of  junctioD  «diiisldM  with  tha  divMtiaii  of  tlie  my.  Tfatt  lottttion  oensM 

aa  Boon  as  tb.'  olf  ctric  or  magnetic  force  ceasee  to  act;  its  amount  Tories  directly  ns 
the  streugth  ot  the  current,  and  its  direction  changes  with  that  of  the  current  or  of  the 
maginetie  fcne^  li  tlie  mMiimi  hM  avotatory  power  of  ita  uviHrthe  total  «fibet  is 
equal  to  the  sum  or  diffpronc  of  fho  natural  and  induced  rotations,  acconliiig  the 
electric  or  magitetic  force  acts  with  or  agatnt>t  the  natural  lotatoiy  power  of  the 
medium.  (Faradaj,  FhiL  Txaiuk  1846,  p.  1.) 

These  remarkable  phenunit  na,  which  fed  to  tht*  discovpry  of  th<'  uuivcrtiulity  of 
magnetic  action,  have  since  [tem  followed  out  in  greater  doiail  bjr  PoniHct,  £.  Ikc- 
qaerd,  Wiedemann,  MatthieaaeD,  Vetdet,  and  otheit. 

Vt^rdft  (Ann.  Ch.  Phys.  [3]  xli.  370  ;  xliii.  37)  hm  confirmed  Faraday's  result  relat- 
iag  to  the  nrufiortionalit^  of  tlie  rotation  to  the  magnetic  force;  and  has  also  shown 
tliil  whan  me  maginetie  xinoe  ads  oWquely  to  the  tay,  tit  rotation  of  t^k«  plane  of 
polarigation  is  proportional  to  the  cosine  cf  the  cnujh-  contained  hvtwan  the  direction  of 
the  ray  and  that  of  the  magnetic  action;  in  other  words,  the  rotation  is  proportional  to 
the  component  of  the  magnetic  force  which  is  parallel  to  the  rag.  In  accordance  with 
this  law,  the  ae^OB  is  greatest  when  the  direction  of  the  magnetic  force  coinddea  with 
that  of  the  ray,  and  is  reduced  to  nothing  when  it  acts  at  right  angh  t<  to  th«  ray. 

I/irutkiJi  (.f  the  rotation. —  Faraday  found  that  tho  direction  of  the  induced  rotation 
it  tha  same  as  that  of  the  acting  electric  ctirrent,  or  of  an  electric  current  which  would 
induce  the  acting  mamutic  pohirity.  Thib  law  iw  truo  with  regard  to  all  diamapnotic 
Bubstanct  s;  but  Verdtt  has  yhowii  that  in  curtain  magnetic  bocuea  the  direction  of  the 
induciMl  rotation  ia  opposite  to  that  of  the  current.  This  inveiaa  or  MMolitw  xotetMm 
in  .xhiliift  J  hy  thn  salLs  of  iron,  titanium,  cerium,  and  lanthanum;  whereas  those  of 
nickel,  cobalt,  and  molybdenum  tixkibit  pusitim  rotation,  that  is,  in  the  same  direction 
aa  the  current;  while  of  manganese  aalts,  some  exhibit  positiy^  othera  aegatiTO  Tota- 
tion.  When  a  salt,  such  as  ft  rric  chloridi?,  which  txhil>it«  uegatlvo  rotatory  jx)\vi  r, 
dissolved  in  water,  which  is  positive,  the  negative  rotation  actually  produced  increaaea 
with  the  atrength  c€  tha  aolutibit;  tha  aane  aalt  diawdvad  in  akioliol,  ether,  ok  wood- 
spirit,  which  ^rodaea  Bindi  leia  pontiTa  tohitioii  than  watar,  esh&nta  «  afeiE  groater 
se^tiro  rotation. 

MagnUh  rotatory  powers  of  dijerm^t  ittfoftrnMi^AB^  liqoida  and  transpaxent 
non-cr}'Btallino  solids  on  which  Faraday  experimented,  exhibited  more  or  less  magnetic 
rotatory  power.  According  to  Matthiessen  (Pogg.  Ann.  Ixxiii.  66,  71;  Compt. 
rend.  xxiv.  969;  xxv.  200),  thia  power  is  not  exhibited  by  fused  phosphoric  acid,  Hint, 
agate,  ox  flootide  of  ealcium.  Crygtallised  bodiea  in  general  do  not  exhibit  it ;  rock- 
s«dt,  howfv<»r,  is  susceptlMo  of  it  in  a  very  hiph  degree.  Mercnrie  ehlorido,  carbonate  of 
lead,  and  cliroumtt;  of  lead  are  quito  unsuscepliblc  of  magnetic  rotatory  power,  when 
crystallised,  hoi  exhibit  it  strongly  in  the  amorphou.s  btati'. 

Faratlay's  heavy  glass  (boro-sUicate  of  h-ad)  was  formerly  regarded  a^thc  substance 
rooftil  liighly  suscf^  tible  of  magneUc  rotatory  power ;  but  Matthieai^eu  has  shuwn  tliat 
•averai  other  kinds  of  glaas  eudbit  it  in  a  awl  higher  degree.  The  greatest  rotatory 
power  i«  cxliihit<  d  by  the  silicates,  and  perhaps  by  the  chlorides.  Among  bases,  oxide 
of  lead  is  the  un«i  which,  when  introduced  into  glass,  produces  the  greatest  increase  o( 
magnetic  rotatory  power;  then  fcUow  tha  oaddaa  Of  hiamdi» antisMirr,  siac^  marenn, 
aflver.  Magnesia,  Btrontia,  and  baryta  do  oot  appear  to  ssart  aaj  UlflaailOBj  hm% 
potash,  and  aoda  diminish  the  efiect. 

Bertia  (Ann.  (A.  Fhys.  [a]  xxiii.  b)  hat  ohtabedtha  fcHowing  valuea  of  tha  n^- 
netic  rotatoqr  powtts  of  aorwal  aahatafWMb  aa  compawd  with  that  of  Faiadiy'a  hawy 
glaas: 


Heavy  glass        .      •  «  ,  100 

Guinand's  flint-glai53    .  .  .87 

Matthie6«>n's  llint-glaae  .  ,  89 

Common  fliut-glntjs      ,  .  .63 

Stannic  chloride  ".       .  .  .77 

Sulphide  uf  carbon      .  .  .74 


Trichloride  of  phosphorus  .      •  0^ 

Solution  of  c!ilori»1f»  of  ?ino  ,        ,  ^ 

Solution  (  f  elilunde  of  calcium     .  4d 

Water  .              .       •       .       .  W 

Alcohol  at  360    ....  18 

Ether   16 


Th<'  dippprsion  of  the  different  colonred  raye  by  magnp^^i''  r^^tntion  in  flint-f )?\ss 
(Berlin)  and  in  oil  of  turpentine  (WieUomanu),  foiloMB  liic  bamc  iawa  ut>  tn  cixcuiar 
polarisation,  produced  by  quartz  (p.  672). 

Cause,  of  the  Mutjmtic  notatory  action. — Faraday  at  first  attributed  the  observed 
effecla  to  the  direct  action  of  the  magnet  on  the  rays  of  light ;  but  further  research 
convinced  him  that  the  rotation  of  the  plane  of  pOMiiiation  is  duo  to  a  temporary 
modification  in  the  molecular  structure  of  the  transparent  medium,  induced  by  (Ik* 
action  of  the  correni  or  magnet.  In  aoxudance  with  this  view,  it  is  found  that  aiiy 
wlw3i  intsdiBaca  with  molaeular  dispiac«pant>  Ukawiaa  inpedM  tha  devidu^ment 
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of  the  rotatory  power  by  magnetic  action:  hcnct  it  is  that  this  power  is  l>nt  rarely 
developed  in  oystals.  The  deTalopmeiit  of  thia  power  is  likewise  hindered  bj  pres- 
•utt,  but  fitToomd  by  brat,  vfaidi  koMtaat  th»  qp*ow  betwaco  the  milnnki^  tad 
ihereby  freilitttes  Iheir  diaplaMniMit  Ij  maffuKds  aftioo. 

1UOBT«  OWBXKOAXt  ACTXOV  Ol*.  A  lar^o  niiTnlri  r  of  substiiiicos  suffer 
dieinical  change  on  exposore  either  bo  sunlight  or  to  certain  artiticial  Hources  of  light; 
tiM  action  thus  elfiictea  is  said  to  be  flbfloucu  action  indiused  by  light   The  undnhitoiy 

or  meclianical  tbeon*  nf  Hcht  find  hrat  erifily  cxpl.iins  thiM  pt'cuh'ar  ai  'io!i  of  lit^ht, 
inasmuch  as  this  theory  supposes,  in  accordance  with  the  principle  ot  the  conserrution 
of  energy,  that  the  mpid  Tibration  of  the  Innimfttoafl  ether,  giTing  iis»  to  vhat  wv 
term  light,  ah-  f  rarisfiTr.  <1  to  l!i<'  sm^est  particles  of  tho  niatorial  snbstance,  tbiw 
producing  the  chemical  change.  Amongst  the  most  sinking  eflects  of  the  chemical 
rh;ii)g«s  eSeeted  by  action  of  may  in  the  first  place  be  raentkmad  the  action 
by  li-Iit  iipou  the  tralt'i  of  silver,  giving  rise  to  all  the  marvellous  results  of  photography; 
*  and  secondly,  the  convenion  of  the  carbonic  acid  ^  contaiDed  in  the  air  into  its  oon- 
•titoent  dements,  by  plants  in  aunligfat,  a  ohenuoal  dooompoaition  i^on  which  the 
vholc  living  world  depends. 

The  pecidiar  blackening  which  exposure  to  light  effects  upon  chloride  of  silver  was 
observed  as  early  as  the  middle  of  the  sixteenth  century,  but  the  explanation  of  the 
phenomenon  avus  fiEst  given  by  Scheele  in  the  year  1777  (  Vm  der  Luft  tmd  dent 
Fi-urr,  Tjeip*si(\  17M.  p.  64).  He  clearly  prrivcil  that  whr-n  cli!ori>ii'  of  silvi  ?  is  exposed 
to  light  a  Mack  substauoe,  inscduble  in  ammouiu,  but  soluble  in  acids,  is  form«l,  whilst 
at  tlie  same  time  bydrocfalons  acid  il  set  free ;  and  hence  Scheele  concluded  "  that  the 
blapkiu'K.s  uliicli  the  luva  mrvfa  nc<\mmt  fVim  the  sun's  light  is  Milvcr  !>y  rt:'dn.'tion." 
tStiheel©  iikewi&c  proved  that  thi-  varii>Ui,ly  colouri'd  sobir  riivs  du  nut  aff-  >ilvcr-s>alt« 
in  the  same  degree,  and  that  t!u'  i  hloride  of  silver  is  blackened  souiut  in  the  violet 
than  in  any  other  of  tho  ray*.  The  tlieory  of  the  decomprisition  (if  silver-salts  by 
light  h.AB  made  but  sligiit  prugn  i^a  tiiuee  these  first  experiments  of  Scheele,  in  spite  <^ 
the  mormons  dordopment  which  practical  photograpBjr  haa  attained;  and  even  at  the 
present  day,  as  regards  the  chctni^tn-  nf  tin*  pliotoirrnphic  procewes,  we  are  nnablo  to 
advance  far  beyond  Scheele's  three  fundumeintal  discoveries,  (1)  the  productios  of  a 
black  powder  utMlnble  in  nitne  add,  (2)  the  fonnation  of  flee  hydzodikrie  add, 

(8)the  tpedtic  activity  off  ho  vi.'hr  niys. 

The  fliat  definite  experiments  made  on  the  chemical  action  of  light  upon  vegetation 
wore  those  of  Priestley.  This  acate  reaeonnr  and  active  experimenter  diowed  (£rp6ri> 

iinnts  and  r  rat  ions  on  DiJTi  rf/i(  Kn<J.>  of  Air,  Birmingham,  1790,  p.  293  V  thnt  it 
is  only  in  presence)  of  li^t  that  plants  are  able  to  decompose  the  carbonic  add  of  the 
sir,  aadmiiataing  the  carbon,  aiod  liberating  the  oxygen,  and  thns  purifying  a  doaed  at* 
mosphore  rendered  impure  by  the  r*  .'•pii  atiun  of  animals  or  by  the  burning  of  a  candle. 
These  results  were  soon  afterwards  eouiirmed  and  enlarged  by  the  labours  of  many 
diemists  and  botanists,  amongst  others  by  Ingenhousz,  Decandolle,  Saussure,  and 
XKtter,  and  thus  by  degrees  the  gnuid  relations  of  the  atmospheric  eqiiilibrium  of 
animal  and  vcji^i'tahlc  lift-  hframo  appnr»»nt.  It  is,  howevor,  only  within  the  last  ft^w 
years  tbatth^  immediate'  dep^-udt  ik'<-  of  ail  terrestrial  life  upon  the  solar  rudiatiuu^  has 
been  nniversally  admitted.  Wo  now  know  that  the  animal,  throu^  the  vegetable^ 
dfrives  it?'  power  from  the  sun  ;  that  it  is  the  rapidly  A-ibrating  solar  rays  vrhiph  aro 
absorlit'd  hy  plants  and  stored  up  in  them,  to  be  given  out  again  in  the  various  forms  of 
energy,  either  tuiimal  or  mechanical,  n]>oa  the  destruction  of  the  Wg«tabto  Olganisnk 
by  oxidation.  Oidy  the  mosf  rapidly \  ! brat inp:  of  the  8oI  tr  rays  are  able,  ns  a  mlf>, 
to  eftect  chemieili  change,  aHillrencr  !h.  so  violet  or  rriost  I'ttrrangibie  rays  Tiavu"i't'C^>rvv  J 
YHe  spodal  name  6f  the  "ehfttilcal  i*^iy  there  Ts.  bowever^no  Oliferehce  in  kind 
betwcrn  the  sr  and  the  otHdT  Ailarittdlationa^Uujy  alldiiftronijin  waTO-lcqgtha  and  in 
intensity  of  vibration. 

The  moa'^ur.  nit-nf  of  the  chcniloal  acflt>n  of  li;:?it  arid  tlio  invi'stipif ion  of  the  laws 
which  rcoulato  these  important  actions  arc  subjects  which  have  naturally  attracted 
eonaidenme  attention.  The  diet  pereon  who  succeeded  in  measuring,  although  but 
roughly,  the  chemical  action  of  light  was  Dr.  D  raper  of  New  York.  He  employed  for 
this  purpose  a  reaction  originally  observed  by  Gay-Lussac  and  Th/uard,  that  chlorine 
and  hydrogen  when  mixed  in  equal  volumes,  do  not  combine  in  tho  dark,  but  when 
»  xpos<  d  to  diffused  light,  gradually  unite,  and  even  eonbine  so  rapidly  as  to  produce 
an  explosion  when  placed  in  direct  sunliglit.  Draper  constructed  an  instniinenf  by 
which  the  quantity  of  hydrochloric  acid  formed  by  thu  actiuu  of  lipht  during  a  ^ivcu 
1  ituo  could  be  approximately  determined,  and  although  the  method  which  ht  <  niployed 
was  very  inoompleta^  hia  eapsriaeata  led  him  to  the  flntgicat  kw  o£  phoco-dMoneal 
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Mtions,  viz.,  that  the  chemical  action  »/  lifjht  varies  in  dirrct  proportion  to  the  in- 
tmtitjf  of  the  lia/U,  and  to  the  time  of  the  expotwre.  Tiie  sulgect  of  the  measurement 
of  the  chemical  action  of  light  has  been  placed  upon  an  enet  Mlantiio  haalt  hj 
the  feeeHroli(t4  of  Bunsen  aud  Roscoe.  For  tlu>  detailed  do soriptloil of  methodii 
employed,  and  for  many  of  tho  results  which  these  chemists  obtained,  we  most  refer  to 
their  original  memoirs  (Phil.  Trans.  1857,  pp.  365,  381,  601;  1859,  p.  879;  1862, 
]k.  139),  aa  ire  oan  here  only  give  a  short  summary  of  the  principles  upon  which  their 
modes  of  measuring  t  hf  clu  niirnl  action  of  light  an*  founded,  and  a  itatement  of  lOme  of 
the  more  important  results  to  wliich  they  have  been  led. 

Dmcription  of  the  Chlorine  and  Ilydrogm  Chemical  Photoin^er  of  Bunsen  md 
Jioscoe. — Thi.s  inntrumeut  is  founded  on  the  same  principle  as  the  photometer  of  Draper, 
that  of  the  combination  of  a  mixture  of  chlorine  and  hydrogen  when  exposed  to  light, 
Init  iSSm  ftom  Dnpafs  hastrameiit  in  being  eapaUa  of  giving  accurate  and 
traitwortliy  TTionsurements,  inasmuch  as  certain  necessary  conditii  iiH  for  giving 
CBMfeness  to  the  indications  are  fulfilled.  These  consist  mainly  in  the  ptirfect  ttnifoir< 
n%  of  the  gaaeow  wSatan,  oonitancy  of  [mwrMO  on  tho  0m  and  liquids  thronghont  * 
the  apparatus,  and  i  limination  of  tho  disturbing  action  of  mdim.t  heat.  This  most 
delicate  chemical  photometer  ia  zepresented  in      702.   It  oonaists  essentially  of  three 


paita;  nanidy,  first  the  apparatot  In  wIdA  tfie  lenaitiTia  gaa  is  generated  by  the 

electrolysis  of  hydrochloric  acid;  pnpondly,  the  apprirntn?^  in  which  the  gas  is  exposed 
to  light,  and  thirdly,  the  apparatus  iu  which  the  volume  of  hydrochloric  add  juroduced 
!■  s  ghmi  time  is  rad  off  The  mixed  gas,  eomlsting  of  hydrogen  and  chlorine  in  eonal 
volumes,  is  evolvctl  from  hydrochloric  acid  in  the  glass  vessel  a  eontaininu'  two  carbon 
poles,  by  means  of  the  four  cells  of  the  Bunsen  battery  C.  By  help  of  the  gyrotrope  D, 
ttie  cnmnt  of  eleetrieity  can  be  greatly  weakened  at  pleasure,  and  evuntkm  of  gas 
in  the  vessel  a  rednced  to  a  small  amoiuit  The  mixed  gases  pass  from  the  vessel  a 
through  the  water  contained  in  the  washing-bulbs  w,  and  thence  through  a  horizontal 
tube  provided  with  a  gla^s  stopcock  s,  into  the  insolation  resael  t,  in  which  the  gases 
are  exposed  to  the  action  uf  light.  The  lower  half  of  this  vmmA  itUMkimdto  prott  ct 
it  from  the  action  of  the  light.  Fnjm  the  insi'lufion  vessf^  the  gas  posses  throuuh  tlio 
horizontal  measuring  tube  X:  provided  witli  u  luiliiuietre  «i  uli*,  then  through  the  water 
in  the  v^iel  /,  and  finally  into  a  cylinder  filled  with  slaked  lime  and  charcoal  to  absorb 
the  chlorine.  Whin  the  p\.s  is  ;!lliiwr<l  to  pass  through  the  apparatus,  the  liquids  in 
Of  v>,  i  and  I  gradually  become  saturated  with  the  gas ;  but  as  the  saturation  goes  on 
1h»  composition  of  the  gas  variee,  and  it  is  only  after  tiw  gM  htm  oontinued  to  pass 
through  for  thn-c  or  four  tlays  that  the  liquids  iK-i  omc  jierf'-efly  saturjitt  d,  and  tho 
mixture  consists  of  exactly  equal  volumes  of  hydrogen  and  chlorine.  Duriiig  the  pro- 
aeaa  of  aatnatioii,  flra  |»botoehenueal  aenaitimMW  of  gas  inayMea  eontinually, 
until,  when  the  absorptidnit  trie  .'<|uililii  ium  it  attained,  the  sensitiveness  roaches  its 
maximum  deoree  and  the  apparatus  is  readylor  use.  It  retains  this  same  sensitivenesa 
for  weeing  and  only  rcquixw  a  dioft  MtiinitaOD  Meh  day  preriovs  tffthe  aetnal  obaerra^ 
tion.  The  obst-rv-ations  are  made  by  closingjthe  stop-«'oek  f,  and  allowing  tln'  liirht  to 
act  on  the  gas  in  the  upper  part  of  the  vessel  t.  Combination  then  occurs,  accompanied 
bgr  •  dindnution  of  Tofume,  owing  to  the  absorption  by  the  water  of  the  hydrochlorie 
add  formed,  so  that  the  atmospheric  pressure  forces  the  water  in  through  tli<'  tube  k 
towards  i.  Tho  rate  of  movement  of  the  column  of  water  per  minute  gives  the  dimi- 
nution of  volume,  and'therefore  the  chemical  action  effected.  The  pressure  on  the  gas 
in  the  jar  in  the  insolation-vessel  and  measimng-tube,  during  the  observations,  is 
necessarily  uniform,  from  the  construction  of  the  apparatus;  but  it  is  also  nece.s.sary 
that  uniformity  of  pressure  be  insured  in  all  other  parts  of  the  apporatu^i  m  the  intervuli* 
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bctxrc'»n  the  obserrAtions :  otherwise  the  eompositioD  of  the  gaseoits  mixture  will  be 
altered,  aod  tlie  reisults  will  be  no  longer  exact.  This  aniforraitj  of  preMire  w 'm- 
mwi^  by  mniang  the  ga«  pass,  aftar  tiie  stop-cock  s  is  closed,  tfaroaf^  tbe  hmt  tabe 
m  V,  containing  water,  and  thmoo  through  the  ttibc  h,  wliloli  dips  nn  !  r  t',  '  wat«T  in 
the  vessel  the  prassoro  being  regulated  by  raising  or  depressing  the  lube  through 
the  4saoatdiOQe  nHMl3ipiee»  t  WHsii  tlia  stofHiot^  ii  open  tlw  «s  inll  jmm  citlMr 

tlirouirli  the  insol.ition  vcssi-I  or  throui;h  tho  pro ssure«ltguLltliar  7,  AQfiOfmflg  lO  Um 
depth  to  which  the  tube  k  is  immersed  ini  the  water* 
To  pravwut  My  disUiriMUiM  ftoin  tiie  sfftcte    wdStBA  Iteat  (Ibr  As  iiiali'uuuiit  aisbi 

as  a  ildicnf*'  air-themiometOT)  the  lijiht  fmm  a  coal-gas  flainf.  or  other  source,  having 
been  condensed  by  the  convex  lens  M,  is  made  to  pass  through  the  (nrlinder  Jf,  closed 
with  plate-glass  ends,  and  filled  with  water.  A  terowi  hs  also  placed  in  firont  of  the 
insolation  vessel  to  parevent  radiation  of  hmt  from  the  body  of  Ue  ol>»<  rr^r ;  umi  th.i% 
together  with  the  screen  L,  serves  to  prercnt  radiation  from  extenuil  objects.  Jt  was 
found  by  experiment  that  the  heat  ovolvod  by  the  combination  of  the  niix>^  gases  did 
not  exert  mj  sennblo  influence  upon  the  results.  The  whol*  nt tha  mpptn^toB  InitiwieQ 
a  and  I  is  connected  by  ground-glass  joints,  or  by  fusion,  no  caontehonc  or  other 
organic  substance,  which  could  be  acted  upon  by  chlorine,  btdog  introduci:d,  L-Jic«»pt 
where  the  waste  gas  is  carried  eft  The  instrttraent>  when  thus  arranged,  is  extremclj 
<l>*lie;ite  ;  th»>  li;:ht  *mitfed  from  a  small  straip:ht  flame  of  coal-^as.  42  mm.  in  hfi^'ht, 
placed  at  a  distance  of  216  mm.  from  the  insolation  vessel,  producing  an  action  repre- 
•entad  by  the  motion  of  the  oolmnn  of  watar  owr  neaily  14  dirisions  of  tlie  seal*  in 
one  minute.  The  sev'  ml  in  licatioiis  obtained  agr^  closely  with  eacli  uther,  and  i^how 
that  the  instxttment  gives  both  accurate  and  trostworthy  results.  Thus  the  actiim 
aflboled  ligr  *  ced-gat  ilaoM  of  copatant  iKflwroioiip  on  4ifllamit  dagra  iraa  aa  fidlova: 


Dste.  ftflitMlat   

Jime  11  ,  •  .  14HM>  *  .  :  <!•  0*01 

„    12  .  .  .  14  26  .  .  .  +  0-36 

«,    18  .  ,  •  13-80  .  .  .  -Oil 

„   19  ,  .  .  ISH)  •  .  —  0*08 

M    SI  .  ,  .  13-88  ,  .  .  -0-03 

„   «6  .  ,  ,  13-72  .  ,  .  -O'W 

13-81 

Obsertations  made  with  the  constant  flame  placed  at  different  Icnown  dist  ances  from 
the  insolation  vessel^  proved  that  the  amount  at  the  chemical  action  varied  inversely  as 
the  square  of  the  distance;  and  cqperimentt  madt  In  Septonber  with  a  flame  of  the 
same  dimensions  as  used  in  Jnn«^  gave  xaaiilta  agraeing  noal  anetiy  irith  tlioaa  oUainad 

three  months  previously. 

Fbotoclicinlcial  Zndnotloiu — When  the  gaa  is  exposed  to  lij^t^  the  quantity 
of  hjdroebloric  acid  doea  not  at  onoe  attain  tao  mazunun.  A  oertam  tine  alwwfa 

elapses  before  any  a!territinn  of  vohimo  is  oT>.«erTed ;  a  slight  alteration  l>,  Itowever, 
aooa  noticed,  and  this  gradually  increases  until  the  permanent  maximum  in  attained. 
Thia  Tmnarksble  fket  waa  llivt  obeerved  by  Draper,  who  explained  it  by  .siipr)-):iiiig  that 
t!ir  chlorine,  on  exposure  to  light,  underwent  a  permanent  allotnijiie  in<idiflcHtion,  in 
which  it  possessed  more  than  usually  active  properties.  Bunsen  and  B«jBcoe  have, 
however,  shown  tiiat  neither  chlorine  nor  hydrogen,  when  separately  insolated,  under- 
goes any  such  modification,  no  difference  indeed  being  pen^eptil>lo  between  the  ac^n 
of  light  on  the  prases  which  have  been  separately  insolated  before  mixing,  and  on  a 
mixture  of  the  samti  gases  evolved,  and  previously  kept  in  the  dark.  The  light  appi  ara, 
therefore,  to  act  by  increasing  the  attraction  batwaro  the  chemically  active  moleculea, 
or  by  overcomincr  certain  n'^^i-'inne*"^  v  !r'c!i  oppose  their  combination.  This  pci-iiliar 
action  is  termed  phutoelu  nucai  induction.  The  authors  have  ful'v  iiiTe<< titrated 
the  laws  of  photochemical  induction,  and  htm  determined  the  relation  existing  !j«tweeil 
th»»  intensity  of  the  liglit.  thi-  miu^  of  the  gas,  and  the  duration  of  the  inductive  action  ; 
for  the  results  thereby  ol  ituinod  we  must,  however,  refer  the  reader  to  the  original  papers. 

The resiittance  to  combination  which  prevents  the  unioBof  tho dilorine  and  hydrogen 
gnscn  ant II  tlie  action  is  assisted  by  light,  is  increased  to  a  remarkable  extent  by  the 
presence  of  even  the  minutest  traoo  of  foreign  mmB,  Thus,  an  excmt  ctf 
hydrogen  aboy»  tlut  contained  in  tlw  noRaaTntttave  ndneea  tlw  aelion  fton  IM 
to  .38.  The  fi>l!n\vir^  t.-xblc  sliow?*  the  effect  of  the  prfsencc  of  small  quantitieg  of 
foreign  ffiises  upon  the  souBiiivfuess  of  the  mixture.  In  each  case  the  rato  of  combi- 
nation (?tlw  pace  gaaca  is  supposed  to  be  100. 
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Natiirr  of  foreign  gal. 

Volume  of  chlorfaM 

-4-  hjdrogvn. 

Volant  of  foreign 

cat. 
• 

Ratio  of  combination 

of  iti i \ t un- _ 

None    •      •      •  • 
HjrdMwUaiio  mU  • 

f  AAA 

9 

1000 

1-3 

1000 

(  10- 

60*2 

GhloriM      .      •  • 

1000 

\  7$' 

[m- 

41-3 

Hydrogen     .      •  • 

1000 

87-8 

Oxygen .... 

1000 

}  18* 

9-7 
2-7 

Non-insolated  gas 

1000 

66-6 

Tiut  inenm  in     nte  st  lASA  tauAimikm,  gOM  on  m»  to  •  eertain  point,  xmAet  - 
the  influence  of  light,  appears  to  arise,  not  ftoni  Wy  peculiarity  in  light,  but  rathor 
from  the  mode  of  action  of  the  choBical  attnotioBt  theiBMlTea.   Chcmieal  induction 
is  in  fact  obsetred,  when  than  i»  nothing  bat  p«M  ditmlesl  iolion  to  produce  the 

change.  Thus,  if  a  dilute  solution  of  aqueous  brouiino  be  mixed  with  tartaric  acid 
and  left  in  the  dork,  hydrobromic  acid  is  formed,  and  the  rate  at  which  this  hydro- 
bromic  add  is  produceid  is  not  uniform,  but  increases  up  to  a  certain  point,  according 
to  n  Imt  similar  to  that  which  is  obserred  in  photochemical  induction.  Than  |disno- 
mena  seem  to  lead  to  the  conrlusion,  that  the  chemical  attraction  between  any  two 
bodies  is  in  itself  a  force  of  coustant  amount,  but  that  its  action  is  liable  to  be  modi- 
fied bj  opposing  foro^,  similar  to  those  which  alToct  the  ooodoetion  of  heat  or  electxi> 
city,  or  the  distribution  of  mapnetism  in  steel.  Wc  orerconie  thoso  rosistances  when 
we  acceleruto  the  formation  of  a  precipitate  by  agitation,  or  a  decompofsitiou  by  inso- 
lation. 

One  of  the  many  interesting  applications  of  the  law  of  photochemical  induction 
XttUtea  to  the  phenomena  of  photography.  As  an  instance  of  this  application,  Buusea 
and  Roseoe  quote  the  icmarinble  obaerrationa  of  Baeqnstel,  fimn  irnich  he  aamuBed 
the  pxistenco  of  certain  rays  which  can  continue  but  not  commence  chemical  action. 
In  order  to  explain  the  j^enomoion  obsenred  by  the  French  pb^cist,  it  is  not  neci«s- 
eaiy  to  suppose  die  constonee  of  n  new  property  of  light,  as  tfie  fteli  ate  easily 
ei{ilained  hy  the  laws  of  photochemical  induction  (Phil.  Trans.  1867,  p.  400).  It  is 
probable,  indeed,  acoordinff  to  Bunsen  and  Boecoe,  that  the  relations  tiius  pnyved  in 
tihe  eaae  of  cUokne  uA  nydrogen  oeenr  in  «  slightly  mofilled  Ibm  In  oCncr  |Aof»- 
dunueal  processes. 

CompanttlTe  and  Absolute  Measurement  of  the  Cbemlcal  Xayv.— The 

first  essential  for  thi:  exact  measurement  of  photochemical  actions  is  the  possession  of 
n  eonatont  source  of  light.  This  Bunsen  and  Roseoe  secured  by  employing  ft  flame  4^ 
pOTC  carbonic  oxide  pas,  burning  from  a  platinum  jet  of  7  mm.  in  diameter,  and  issuing 
at  a  gLven  xate  and  under  a  pressure  wry  slightly  diifuriug  from  that  of  the  atax>6pher«. 
The  action  which  sneh  a  standard  flame  produces  in  a  given  time  on  the  sensitive  mix- 
ture of  the  chlorine  and  hydrogen,  placed  at  a  given  distance,  is  taken  as  the  arbitnry 
unit  of  photochemical  illumination.  This  action  is,  however,  not  that  which  is  directly 
"obearved  on  tih»  scale  of  tiie  inatnmaot  Tbn  tme  action  ia  obtained  only  by  taking 
account  of  the  absorption  and  extinedon  which  thi^  Hght  undi'rtroos  in  passing  through 
the  Tarioas  glase-,  water-,  and  mienHKreens  placed  between  the  flame  and  the  sensitiTe 
gaa  Thsae  ledoetianB  can  be  made  by  help  of  tlie  detanninnlionB  detailed  in  tiie  me- 
molliabov.*  referred  to.  "When  these  sources  of  error  are  eliminate  d,  it  is  |\k«sil.lL%  by 
BMnna  of  this  standard  flame^  to  zednoe  the  indications  <tf  different  instruments  to  the 
same  mdt  of  biminona  luisuiiitj,  and  titna  to  teadep  dtcn  comparable.  Vot  tiila  pur- 
pose, the  authors  define^tihe  photometric  unit  for  the  chemically  active  rays,  as  th-  amount 
of  action  produced  in  one  minuU  bj/  a  standard  Jlame  placed  at  a  distance  of  one  metre 
from  the  normal  mixture  of  chlorine  and  hydrogen  ;  and  they  determine  e^qwrimentaUy 
for  each  instrument  the  number  of  such  units  whidi  correspond  to  one  division  on  the 
scale  of  the  instrument.  By  multiplying  the  observed  .number  of  divisions  bv  the  nnm- 
ber  of  photometric  units  equal  to  one  division,  the  observations  are  reduced  to  a  com- 
parable standard.  It  ii  paopoaed  to  call  tiiiennit  achemical  unit  of  light,  and 
t«Mi  tliou«;ind  of  thom,  onr>  chemical  degree  of  light.  Acc  nlinL:  to  tlii-^  standard 
of  iijf  UHuronu  nt,  the  chemical  illumination  of  a  surface,  that  is,  the  amouulut  chemically 
active  light  which  falls  perpendicularly  on  the  pfame  aufiice,  can  be  obtained.  It  haa 
thus  been  found  that  the  distance  to  which  two  flames  of  coal-gas  and  c  irbonic  oxide^ 
each  fed  with  gas  at  the  rate  of  4106  c  c  per  second,  must  be  removed  from  a  pli^e 
i"HHi»,  in  order  to  eflfect  iqpon  it  an  amoont  of  chemical  action  represented  \n  one 
dfgvMof  light*  va%inthacMe«f  the  eodrgaa  flamfl^  0*930  vetae^  in  thatofcanoDK 
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oxide,  0*661  metre.  The  chemical  illuaunatiog  power,  or  chemical  intensity,  of  varioiu 
•ouoet  of  light,  vaeammd  by  the  ohRmioal  action  fISMbed  by  these  sources  at  equal 
diatance.*)  and  in  equal  times,  can  also  b6  tfnm  s.m  I  in  terms  uf  this  uait  of  light ;  and 

•thpse  chemical  intensities  may  be  comparea  with  the  vL«ibk  li}iht-j»i\nn{r  intciisitii's. 
In  like  manner,  the  authors  define  chemical  brigbtuus^,  us  tin*  amount  of  light 
measured  photochemically,  whidi  lUb  {Mfpendiculurly  frum  a  luminous  surface  a|x)n  a 
physiral  point,  divided  by  the  Mppar»*nt  magnitude  of  the  aurfiiec ;  ;in«I  thi'.  clumi"  il 
brightiit'gs  of  circles  of  zf^nith-sJi^r  of  difierent  sizes  has  been  dctt  rmiiit  d.  Ex|H'rijiieat 
shows  that  the  chemical  bii^tness  of  varioni  nied  poftions  of  zenith-sky,  not  exceed- 
ing 0-0000?)  of  the  total  hwivcns,  is  the  same;  or,  that  tlic  ohi-miail  action  effected  is 
diractly  proportional  to  the  apparent  magnitude  of  the  iiiuminatiug  burtaco  of  zenith- 
dy.  It  io,  nowevcr,  possible  to  express  photochemical  actions,  not  only  acoording  to 
an  arbitfiin*  standard,  but  in  ab>ulute  units  of  time  and  space.  This  has  born  .lorif  hj 
determining  the  absolute  toIuuh^  of  hydrochloric  acid  formed  by  the  action  of  a  fixed 

'  aomrae  «f  ii^l  daring  a  given  space  of  tame ;  and  in  thil  way  t1i»  efamieal  ilhniriiiBtioii 
of  any  stirfaee  may  he  i.\[»resseil  by  the  height  of  the  column  of  hydrochlori.-  a.  id 
whidi  (be  hghr  f^ns  upon  that  surface  would  pzoduce,  if  it  passed  through  aa  unli- 
mited afDios]>h(^re  of  oiioniie  and  hydrogen.  This  height,  meanoed  in  metres,  Bunseit 
and  K',3,'oc  call  a  1  i  irli  t-ni  i*  t  re.  Tiu'  chemical  action  of  the  solar  rays  can  be  expressed 
in  light-metres,  and  the  mean  daily  or  annual  light  thus  obtained  regulates  the  che- 
mku  diaate  of  a  place,  and  pointi  the  my  to  relations  for  the  chemical  actions  of  the 
sohir  rayiv  vtuoh  w  the  thcmiie  .aetioM  ava  alvaadgr  repEcaented  bj  iaothamalab  iw* 
Serais,  &e. 

■  Oliemloftl  Aottoa  of  BUtaae  Bayllffbt.— In  order  to  detemine  the  choBiioal 
aetton  exerted  by  thft  whole  dtflhse  daylight  upon  a  given  point  on  the  earth's  snifces^ 

the  authors  were  obliged  to  have  reeonrse  to  an  iiiJirfct  method  of  <  xpennienting, 
owin|^  to  the  impoeaibilit^  of  measuring  the  whole  actioa  directly,  by  means  of  the 
sensitive  mcctim  of  ehlorme  and  hydrogen.  For  tiie  porpoee  of  obtaining  the  wished- 
for  result,  tho  chtniical  aetion  proceeding  from  a  portion  of  sky  at  the  zenith,  of  known 
magnitude,  was  determined  in  absolute  measure ;  and  then,  by  means  of  a  photometer, 
whose  peculiar  construction  can  only  be  understood  by  a  long  description,  the  relation 
between  the  visible  illuminating  power  of  the  miae  portion  of  zenitlMA^  and  that  of 
the  total  heavens  was  determined.  As,  in  the  case  of  lights  from  the  same  source,  but 
of  different  degrees  of  intensity,  thu  chfiiiical  actions  are  proportioned  to  the  visible 
mnminating  effects,  it  was  only  necessary,  in  order  to  obtain  the  chemical  action  pro- 
duced by  the  total  diffu'-e  lipht,  to  multiply  t!ie  chemical  action  of  t!ie  rrntth-portion 
of  sky  by  the  number  ivpresenting  the  relation  between  the  visible  illumination  of  the 
total  fll^  and  that  of  the  same  i^tnith-portion.  The  laws  according  to  wliich  the  dhemieal 
rays  arc  disprrscd  by  the  almoHphnr  ran  only  br  a««ccrtained  from  oip<Timenf«  made 
when  the  sky  is  perfectly  cloudless.  In  the  determinations  made  with  this  specially 
aaanged  photometer,  eare  was  tberafoie  taken  that  the  ali|^teet  traee  of  eurad  or 
mist  was  absent,  and  the  pplationH  bct'^Tcn  the  vt'tible  illuminating;  >  ffect  of  a  portion 
of  sky  at  the  zenith  and  that  of  the  whole  visible  heavens,  was  determined  for  ev«y 
lialf  noni*  Itom  sanrise  to  snnset,  the  obsenrations  beinj^  made  on  tlie  sommit  of  * 
hill  near  Heidelb.  rf;,  froiu  wlii.  h  fli,-  horizon  was  perfectly  free. 

The  amount  of  chemical  iliuminatiou  which  a  point  on  tlie  earth's  surface  receives 
fnm  the  wbde  heaTens,  dependa  <m  the  height  of  the  sun  above  the  horizon,  and  on 
the  transparency  of  the  atmosphere.  If  the  atmospheric  transparcncv  undergoes  much 
change  when  the  sky  is  cloudless,  a  long  series  of  experiments  wonlcf  >>e  needed  bi  f  re 
the  tnie  relations  of  atmospheric  extinction  for  the  chemical  rays  cuuld  be  arrived  at ; 
the  authors,  however,  believe  that  the  alterations  in  the  transparency  of  the  air  with  a 
doudles.s  sky  nrc  very  sb^ht,  and  they  think  tltcniselve':  justified  m  considering  the 
dhemieal  iiluuiiuatiou  of  tlie  earth's  surface  on  cloiulb-ss  days  to  be  represented  simply 
aa  a  ftuetioaof  the  sun's  zenith-distance.  This  supposition  is  confirmed  by  experi- 
ments made  on  different  occasions  m  ?th  varying  zenitn-disfaner  of  tlie  sun.  inasmuch 
as  these  all  agree  closely  amongst  themselves.  From  a  series  of  observations  made  on 
Jmie  6, 1858,  the  relation  between  the  amoant  of  light  optieaUy  measured,  fiUlingftom 
thr  whole  sky,  and  the  amount  (taken  nnity)  which  at  tb.'  sanir  time  fall>  fnmi  a 
portion  of  zenith-sky  equal  to  j^th  part  of  the  whole  >i6iblc  heavens,  has  been  calcu- 
lated for  emrf  decree  of  the  sun's  senitfa-distance  ftom  20^  to  90^.  Theae  nambera 
multipli.'d  by  the  vh'  n.ii  al  li;,di(  ,  »  dinp;  from  the  same  portion  of  zenith-sky  for  the 
«uue  zenith-distance,  ^vo  the  chemical  action  effected  by  the  whole  diffuse  light.  The 
amonat  of  ehemieal  light  wfaidi  ftlla  ftom  the  eenith-poortini  of  aky  is,  however,  tbe 
chemical  brf-^bfnes?<  of  that  portion  of  sky.  This  cln3mical  brightness  was  determined 
W  the  chlorine  and  hydrogen  photometer  on  various  days  and  at  various  hours  when 
the  was  Mdbetly  doodlesa;  thenee  the  authors  obtained  the  chcmioil  action, 
iipwiBtd  In  dtgrtea  of  light*  which  is  afihcted  on  the  Mfth*a  foftea  by  •  potCion  af 
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zenith-sky  equal  in  area  to  Y^^^.^.th  p;irt  of  the  whole  ht  dTcnB,  ■under  corresponding  gun's 
zenith-distances  from  20°  to  90*^.  The  numbers  thus  obtained  have  only  to  be  rnulU-  • 
plied  bj  those  of  tiie  tanaeof  series  of  observstioQs^  in  order  to  give  the  ehemieal  actioa 
effected  by  the  total  diffuse  light  of  day  foae  zenith-distances  varying  &om  20"^  to  90^.  * 
Knowing  the  relation  existing  between  the  sun's  altitude  and  the  chemical  action,  the 
chemical  illumination  effected  during  each  minute  at  any  given  locality  at  a  given 
time  my  be  calculated.  For  the  following  pUoes,  the  amoout  of  chemical  iUrnniiMirieiB 
eipressm  in  degreesof  light  which  falls  from  sunrise  to  soneetetthe  vemel  eqninoxia: 

Melville  Island  .  ,  10,690  Ileidtlbeig      .      ,       .  18,220 

li.jkiavik.       .  ,  ,  16,020  Jiupiea     ....  20,660 

St  l  eterabnig.  .  .  16,410  Otuo      «...  91,670 

Mancheetar  .  18,220  | 

COMntottl  JbetfM  «f  MmM  mmalUtikt,  The  ehemieal  aetioa  of  tiie  dixeet  iUB- 

lifrht  was  Jeterminerl  Ly  ullowiiiii  a  small  hut  knowu  portion  of  direct  sunliuhl  tu  fall 
into  the  dark  room  in  vhich  the  ioatrument  was  placed,  so  that  the  insoUtiou  vessel 
tree  heOied  in  Ihe  peneil  of *i«jfl  thus  admitted.  By  help  ot  SIbcmami*e  hdloetat, 
the  sun*s  image  was  reflected  during  the  whole  day  upon  on^  spot,  a  small  opening  of 
known  size,  in  the  window-shutter  of  a  dark  room.  The  fraction  of  the  total  sun's 
rays  thus  admitted  and  allowed  to  fall  upon  the  chemical  photometer  was  calculated, 
and  the  action  thus  eflSwted  was  obeervea :  hence  the  ftnKranA  of  action  can  be  foand 
whicli  thesun  would  have  produced  if  din-ctly  yhininp  upon  the  instrmnent, — a  con- 
dition impossible  of  course  to  fulfil,  as  the  action  would  become  too  rapid  and  the 
whole  apparatus  would  be  shattered  by  explosion. 

The  day  oho-st  ii  for  observation  of  the  sun's  action  mast  obviously  bo  clondleps,  if 
we  wish  to  obtain  an  idea  of  the  relation  existing  between  the  ch^oical  action  and  the 
hei^i  ct  die  ana.  Beginning  the  observationa  as  near  amiriae  aa  possible,  we  find,  for 
instance,  on  September  16, 1868,  one  of  the  days  on  which  such  a  series  of  experiments 
vae  made,  th^  at  7^  9"  a.m.,  when  the  sun's  senith-distance  wm  30',  the  observed 
aetion  amoonted  to  1*53 :  that  ia,  in  one  aainote  the  column  of  water  moved  through 
1"52  division  ;  or  the  quantity  of  hydrochloric  acid  formed,  when  the  sun  stood  at  the 
height  (mentioned,  was  represented  by  1*62  division  on  the  scale.  Gtadoallj,  as  the 
daj  WOM  en,  the  oliaarved  aetioD  ftr  eaeh  minnta  beaaiM  huegw;  natfli  at  0*  14*  a.m., 
the  hite&t  observation  possible  on  the  day  in  qu<stioii,  owing  to  the  foraiiition  of  cloud?, 
the  action  reached  18*3  divisions,  or  was  thirteen  times  as  large  as  at  7^  9".  In  the 
last  eoihmm  ot  fhe  aeeompanying  table  ia  fcnnd  tha  aettoaa,  sxpieasod  in  depoea  of 
light,  which  would  have  been  ohserved  at  tiia fiBMgoiiig  limeib  if  tfievhda  smiligfathad 
been  alkrwed  to  fall  on  the  instrument : 


Hour. 

Obtenrad  action. 
1  mlautft 

Total  tuD*! 
astkm  iu  d«trsss 



7"  a» 

760  30' 

1-62 

7  36 

7S  49 

10*60 

7  40 

71  87 

6  09 

2213 

8  0 

68  34 

7-66 

27-85 

8  7 

67  30 

8-S8 

38-87 

8  26 

64  42 

12-48 

45-86 

8  64 

60  48 

1709 

62-69 

9  14 

68  11 

18-61 

67-61 

This  great  increase  in  the  chemical  action  with  the  rise  of  the  sun  in  the  heavena 
results  simply  firom  the  fact  that  the  solar  rays,  in  passing  through  the  air,  are  extin- 
ffoished  or  absCNrbed,  lost  in  fact  as  li^dit ;  and  that  as  the  sun  rises  higher  above  the 
Sorinoo,  the  adnsm  of  air  through  i^di  tiie  rays  pait  ia  oonat«Bt|^  being  laawaad; 

Con«»quently,  -more  of  the  direct  nys  reach  the  earth. 

Now,  tiie  law  accoixiing  to  which  tiie  dir»x't  ray**  of  the  t>ua  are  thus  absorbid  in  the 
air  can  be  obtained  from  the  e^arimenta,  Of  vnleh  the  foregoing  is  onl^  au  example: 
hence,  if  the  action  wliii-h  the  !?un  prodnce?.  when  at  a  piven  height,  t«  knovn»>(ia 
po!^table  to  calculate  the  .-witiuu  whieh  it  would  produce  at  any  other  height. 

The  hnr  regulating  the  chemicil  aetion  ef  oiieei  annl%^t  may  be  thaa  expiataad : 
The  amount  of  eliemieal  action  ctlectcd  at  a  point  upon  the  earth's  f-nrface  on  any 
cloudless  day,  by  ihe  direct  t>olar  rays,  depends  alone  upon  the  sum  a  ;^toi!li-di^>tauce, 
or  upon  the  height  of  the  colnain  <tf  aiv  tuongh  which  the  nqra  have  to  pass. 

That  theae  eaknlated  ceanUa  agree  yeiy  dbaeliy  vith  the  axpeamiVklal  dal»--«itii 
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the  obperviil  action— i't  Bhon  hyUtanptoABg  tiM  WUnibMI  ill  TaUi?  ILf  C^NMU^  tllft 

obacrred  mid  oilculuicU  iictioo : 

Tabu  IL 


'SMn'i  tc!nfth-ili«- 

1  tUIK'lf  Ht  tuue  of 

ob»«ry«ttoa. 

CK«miical  IUuminati  >ii  or  mut't  di- 
rect r«jr«  at  tho  caith'n  surl.ico  ex- 
(iretted  In  Uvgretis  of  llgbu 

Obierrad. 

C«leutiitcd. 

93  0 

96-4 

50  61 

W-3 

86-8 

67  36 

631 

67-9 

68  11 

67-6 

66-2 

60  48 

68*S 

64  42 

46-9 

47-9 

67  30 

38-9 

36-6 

W  M 

87-9 

881 

71  37 

22-4 

21 

78  49 

16-6 

16*3 

76  Id 

6-6 

9-8 

r       ±  -  7  digrtjfs  of  light. 

Knowing  the  law  whkh  regtdates  the  absorption  of  the  chemical  rajs,  we  cnn 
calculate  wnat  tlie  action  would  be  if  tliere  were  no  i^inoflphere  to  diminish  th«?  pow«r 
of  the  mrs.  It  is  thus  found  that  if  the  suii'b  mjB  wor*'  not  thua  weakened,  hy  pats- 
sago  throutrh  tht'  atmosphere,  they  would  produce  an  illuiuiiuitiuii  represented  by  318 
degrees  <>f  lujht ,  or  they  would  eilM  R  combination  in  one  minute,  upon  an  unlimitHl 
atmosplHTi-  of  chlorine  and  hj-dro^^  on  which  tliev  fell  ptTju  ndi.-ularly,  of  ;i  cohimn 
of  hydruchioric  acid,  35  3  Jiutns  in  hiiijht.  The  stiii  b  ruv«  having  p4u»i»cd  pvrpeudicu- 
hriythioagh  our  atmosphere  to  the  eia's  h  vd,  efTuct  an  action  of  only  14-4  ligldm 
metres ;  or  three-fifths  of  th«ir  chOTalcal  Mliniy  Jiw  bten  lotfc  fay  fstinenoa  and  dit^ 
persion  in  the  atmosphere. 

A  larg<  ininibt  r  of  most  iBtwwHng  eoocissions  may  be  drawn  from  Hm  fcelB  Almdy 
nntictd.  Thus,  for  instance,  we  may  detenoinr*  the  clK'nii.-al  ;icfioii  whioh  the  sol;ir 
rays  will  produce  on  the  rarioua  planets ;  for  we  know  that  the  intensity  of  the 
diemieal  iliniuiiation  variea  inrersely  as  tJie  square  of  tli»  itirtitiifr  of  the  planet  from 
fhf'  Run.  Tho  nuTn^<  r>  in  TaM'  III.  expr^v<i  thip  chemical  action  in  di-rri  is  of  light, 
and  in  heights  of  columiu  of  hydrochloric  acid  caUed  ^kti-mel^n*.  Henco,  we  a«e  how 
nudh  tlio  ann*!  dbemieal  aolioa  Tariea  on  the  difflhwnt  planat^  tfa«  mpetior  planal* 
receiving;  .<:o  ttnall  a  {>ortioii  as  to  ruiuler  it  impoesilde  tbatthie  Idlidof  ^Timill  asd 
vegetable  life  whieb  we  here  etyc\y  caa  there  exiiL 


Cberaical  action  In 

Mean  dirtancet. 

Ltf  ht-<J.-ff:ce*. 

Light-m«tT«(. 

0-387 

2125  0 

23ol 

0-723 

60h-9 

676 

1-000 

818-8 

88*8 

1-624 

187-1 

15-2 

6-203 

11-8 

12 

9*880 

8*8 

0-4 

19-183 

10 

o-i 

80-U40 

0-4 

0-04 

Tntc'r\'stin<^  conclusions  cau  ho  drawn  from  those  facta,  concerning 'the  distribution  of 
the  chemical  rays  on  the  surface  of  our  earth  in  dif&^eut  la>titudea,  and  at  different 
eleratioiis  above  the  eea'a  lereL  frrther  ranored  a  sittti^on  is  ix<m  the  level  of 
the  sea,  the  higher  up  in  the  atmosphere  it  is  placed,  the  greater  is  the  amount  of 
chemical  action  which  it  receives.  Thus,  in  the  highlands  of  Thibet,  where  corn  and 
grain  flourish  at  a  height  of  from  12,000  to  14,000  reet,  the  chemical  action  of  the  direct 
sunlight  is  1^  times  as  great  as  in  the  neighbouring  lowland  plains  of  Hindostan.  In 
the  same  way  we  can  calctilnte,  fur  nny  point  of  thc»  eartli's  surf  ico  whoso  latitude  is 
known,  the  amount  of  ciitiiaical  acLiou  which  the  direct  Bunlight  i  ffccts  at  anj  ^i\««u 
time  of  day  or  jrear.  In  Table  IV.  the  numbers  repreaant  the  chemical  action  effected  bj 
dijDectBanUghtiaoiMininii(eatthepUQflaai4iKWivii^^  Ouma 
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accompany  the  original  memoirs,  showing  the  riao  of  tho  action  with  the  progress  of 
the  sun  through  the  hearens.  By  eompanng  tho  numbers  in  tho  table,  it  is  seen  hem 
greatly  this  cliohiical  action  rliffcrs  at  various  points  on  tho  earth's  surfarr :  an*!  we  c;m 
understand  how  it  is,  that  at  the  latitude  of  Cairo,  where  the  chemical  action  of  the 
dinekmnliglitlitiriM  as  great  as  it  is  in  that  of  MnehMter,  the  whole  floKftond 
him  oawM—  a  mott  twpieal  and  inxnrint  rlttKnirtm, 


Tasu  jy^—OkmMJMo»4^eUd  by  Direct  Sunligki  in  Oa$  MbmU  on  tk» 

Vltnud  Xjumog  at 


Hm 

nu 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

6  A.3C  or  6  P.M. 

00 

00 

00 

0-0 

on 

0-0 

00 

7  M 

6 

00 

0-02 

007 

0-22 

0-38 

0-89 

1-74 

s 

4 

0*07 

I'M 

8-88 

8*86 

802 

18-81 

80-12 

8 

0-67 

6-62 

10-74 

18-71 

23-99 

35-88 

5001 

10  „ 

S 

1-86 

13-27 

20-26 

32-91 

40-94 

68*46 

78-61 

n  H 

1 

s-os 

18-60 

87*68 

48-84 

68-19 

74-87 

98-83 

12atB0C 

n 

30'«0 

8048 

47*16 

67-88 

80-07 

106-3 

A.  Mel 

ville  Island. 

R  Hei 

deiberg. 

li.  Kejkiarik,  loeiuid. 

• 

F.  Naplec- 

C.  St.  PetersbuTl^ 

D.  Manchester. 

Meaanrcment  of  tbe  Ctiemloal  Action  of  tbe  Oonotltaent  parts  of  tbe 
Solar  SpootnuBa— for  the  purpose  of  meosiirinff  the  chemical  activity  of  the 
Tsrious  portiomi  of  the  weAar  ipwrtruiu  (as  rcgardsthonSitate  of  ddoriiw  and  hydrogen), 

Bunsen  and  Roscoe  reflected  the  sun's  niys  through  a  narrow  slit,  and  then  dtwm- 
posed  them  by  passing  them  through  two  quartz  prisms.  The  spectrum  thus  produced 
was  allowed  to  fall  upon  a  white  screen  covered  with  a  solution  of  quinine,  and  any 
d<  !>•  1  {x>rtion  of  the  light  measured  by  a  finely-divided  scale  allowed  to  fall  upon  the 
insolatiun  vessel  of  tho  phototri'^tfr.  For  the  purpose  of  identifying  the  fixed  lines  in 
the  lavender  rays,  use  was  inadi  of  a  map  oi  those  lines  made  by  Professor  Stok^ 
As  tho  Tmaam  components  of  white  light  are  irregularly  absorbed  by  the  atmosphere^ 
it  was  necepsary  to  make  all  tlio  observations  qniekly  one  after  the  other,  so  that  no 
appreciublo  ditTcrence  in  the  column  of  air  through  wLich  the  rays  passed  should  occur. 
Jn^.  708  eihibiti  tho  dwmioal  aotioii  cActid  lyfiaoupoKlaoiioof  tho  opoctnnn  on 

JV-708. 
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the  sensitive  mixture  for  one  particular  lenith-distance  of  the  sun.  Several 
of  diemieRl  intsmlly  in  the  spectrum  ore  here  notieed. 

Between  the  lines  G  in  the  indigo,  and  H  in  the  violet,  tho  greatest  amoant  of  aeCkn 
was  observed,  whilst  another  maximom  was  found  to  lie  near  I.in  tho  ultra-violet  ram. 
Li  the  dhnetion  of  the  red  end  of  ^e  apeetroat,  the  aetkm  beesme  hnpercepttUe 
ahoat  D  in  thr  orange  (the  maximum  of  risible  illumination)  ;  but  towanls  the  other 
end  of  the  spectrom,  the  action  was  found  to  extend  as  fiir  as  Stokes's  line  U,  or  to  a 
iHitmce  frcnn  Ae  Bee  H  greater  then  tito  total  length  of  the  9rdinary  vielble 
spcftrani* 
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position  effected  by  the  chemically  wtive  rays,  varies  according:  to  the  nature  of  ths 
substance  acted  upon  ;  thus  Sir  JohnHenchJ  showed  (PhiL  Ttaoa.  1840,  Part  I.)  that 
iodide  of  silver  washed  with  nitrate  was  decomposed  by  nUm-irielst  TtcjB  wWdi  onrltd 
BO  aetion  whatever  upon  the  chloride  of  silver;  and  whereas,  in  the  case  of  the  iodids^ 
thr-  actlni  extends  but  a  little  beyond  the  line  E,  the  action  in  the  case  of  the  bromide  is 
visible  to  tlu'  very  extremity  of  the  visible  red  rays,  and  the  maximum  action  on  the 
bromide  li.  fi  in  th.>  indigo  rays,  that  of  tllO  iodide  lying  in  the  lavon.l.-r  raya  between 
til.  liiK  s  I  and  M.  (Sea  also  £oeq«or»ra  TCsalt%  p.  632 ;  and  Daguia,  IMU 
dc  I'hj/siqu4f  iv.  226.) 

niMinilwl  TlioloMiiiliiii  adapto*  to  fk»  piup— oa  of  BE«toorolocle«l 
S«iilstratlOD. — Having  thus  ase.  rfained  the  cliit^f  laws  rei'ulating  the  chemical  actkoi 
of  light,  and  the  distribution  of  direct  and  disuse  sunlight  upon  the  earth's  suifiMa 
Mentha  sky  is  rnidonded,  DwHwow  Bimgen  and  Boacoe  pvoe«^ed  to  ibond  a  maftliod 
of  measuring  applicable  to  the  direct  determination  of  the  total  effect  produced  by  tho 
varying  cloud  and  sunshine  of  our  changing  climate.  The  object  of  this  new  inyesti- 
gation  (PhiL  Trans.  1863,  p.  139^  has  been  to  inreot  a  Irufll worthy noda  of  neansiBg 
the  daily  variation  in  th<-  sun's  cnemical  intensrity,  which  shall  be  so  ai^md  dmplt 
of  practice  as  to  bo  applicable  to  regular  meteorological  registration. 

Although  many  fruitl.  ^a  attempts  have  been  made  to  construct  photometers  by  a 
comparison  of  the  blackness  producc€  by  sunlight  upon  ^hoto^phic. paper,  l^unsen 
and  Rosooe  found  that  the  deauwd  and  could  ba  obtamed  in  thia  waj  by  attention  to 
certain  essential  conditions. 
For  this  purpose  it  was  BMSMUy  to  construct  an  apporatna  In  which  photographie 
I  paper  Wild  b%  *^|i0ill(1  tft  Wff?^^  ^  ^^nit^  times  measured  by  small  frae- 

taoDs  of  a  second.  This  in- 
F^.70i.  alnmait»edled*paad«liim 

photometei^  if  RfMMBtad 
in^.  704. 

An  iron  stand  eamaa  the 
metal  plate  A,  which  can  be 
placed  horizoDtallv  by  three 
uei  acrawi^  and  in  vlilch  a 
straight  slit,  15  millimetres 
broad  and  190  millimetrea 
long,  is  cut.  Orer  tins  dit, 
which  is  shaded  black  in  tho 
drawing^  is  placed  a  very  thin 
and  elastic  Meet  of  mica,  bed, 
blackened  at  one  end  fW>m  b 
to  c,  and  fastened  at  d  to  the 
curved  drum  E  attached  to 
the  pendnlum  F.  When  the 
ponauhim  is  allowed  to  vi- 
brate, the  sheet  of  mica,  as  it 
rolls  on  and  off  tho  oomd 
drum  E  at  each  vibration,  un- , 
covers  and  again  covers  the 
alit,  so  that  eadi  point 
tliroughnut  the  whole  length 
of  the  slit  is  expoeed  for  a  different  period.  If  we  wish  to  use  this  instrument  for  the 
pupoaa  of  aipoaiBga  pihotographie  snrfiuw  to  tlie  aetion  of  tii»  li^  fat  diffgrait 
timoa,  the  paper  is  gummed  upon  the  white  surface  of  the  metallic  slide  (G^,  704); 
tint  is  then  covered  by  a  metallic  lid,  which  dues  not  touch  the  paper,  and  tiie  whaLb 
•mn^iement  poriiad  into  the  dark  groove  h,  placed  direetiy  under  tin  dit,  and 
protected  fnim  the  entrance  of  li^ht  by  a  lappet  of  cloth,  which  hangs  in  ftx>nt  The 
metellic  lid  is  then  withdrathi,  the  screw  k  turned,  and  thus  the  paper  is  slightly  pressed 
agunst  tha  afit^  ao  that  no  light  eaa  enter  sideways  between  the  paper  and  Ae  thin 
mefalbV  rd^'.  s  of  the  slit.  By  raising  the  lever  nml  at  tho  p.  ndu'um  is  released 
from  the  catch  at  m,  and,  alter  completing  a  ribration,  it  is  held  last  hy  a  lower  catch 
atn.  If  it  ba  nqohwd  to  double  or  to  midtiply  the  time  of  insolation,  it  is  only 
necessary  to  repeat  the  \nbration,  onco  or  sereral  times,  care  l>eing  taken  before  aaw 
vibration  to  raise  the  rod  of  the  pendulum  so  as  to  allow  the  end  to  fall  into  the  uppee 
oaldL  la  order  thtis  to  set  the  [•endulum  in  motion,  and  to  stop  it  with  certainty  aad 
case,  the  I«T«r  ia  oocc  for  aU  balanoed  hf*  HttaU  w«kitt  at  A  M  that  the  iim  •  «  !• 
bi^aligfatlir  haaTier  than  the  arm  /. 

I  this  inatmment  can  be  used  for  measuring  the  diemieal  action  of  light,  it  is 
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1.  To  know  the  relation  existing  between  the  seTeral  tints  aad  th*  iatMwty  of  the 
lif^  macesary  to  prodnee  Mdi  tints. 

2.  To  construi^t  ^enesitivo  paper  which  b1i all  always  pOMtM  the  MBM  dcgVM  ofMBsU 
tiTinesB,  and  can  easily  be  prepared  when  required. 

It  WIS  Ibvnd,  hf  a  long  seriee  of  e^qperimenta,  that  it  was  possible,  by  adhering 
strictly  to  a  oertaia  method  of  manipvlraon,  to  prepare  standard  pa^HTs  which,  when 
made,  posiiess  a  constant  degree  of  sensitiveness ;  so  that  if  the  same  lig^  falls  npon 
them,  the  papors  art^  always  coloured  to  the  same  tint. 

Ezpnriment  likewise  8howe<^l  that  the  tint  attainsd  by  snch  a  paper  was  con5itant 
■when  the  quanti/i/  of  litrht  fallino:  upon  it  also  remained  eonstart ;  so  that  llplit  of  tho 
ijiti-nsity  50  falling  up<jn  the  pajM-r  fur  t!it>  time  1,  produced  the  same  blackening  effect 
as  light  of  the  intensity  1  falling  upon  it  for  the  time  50. 

Knowintr  this  law,  which  regulates  the  degree  of  shade  of  tht*  paper,  and  liavinsT  a 
sur£ice  of  a  perfectly  constant  degree  of  sensitiveness,  it  is  easy  to  obtain  absolute 
measufsments  of  the  chemical  actkm  of  light.  For  this  purpose,  an  arbitiaiy  mitt  of 
measurement  chosen,  by  making  ft  StaMatd  tint  OT  pUBtvilioh  OUI  bs  Sisilj  and 
exactly  reproduced  at  any  time. 

The  quantity  of  light  -whldi  shall,  in  esseond,  or  the  viitof  time^  prodnee  a  hleokeB' 
ing  effect  on  the  st.inthir  l  photographic  paprr  rqnal  to  that  of  the  .standanl  tint,  is  said 
to  have  the  chemical  intensity  1.   If  the  time  needed  to  produce  this  same  tint  ie 
isvBd  by  experiment  with  the  pendidiun-iAolometflr  to  be  9  seeottd^ 
intensity  is  f>ne  half,  and  so  on. 

All  that  is  needed,  in  order  to  obtain  accurate  measurements  of  the  chemical  action 
of  difihse  daylight  or  sunlight,  is  to  be  able  to  find  the  time  necessary  to  effect  a 
Uedcsiung  of  the  normal  paper  equal  in  shatlc  to  the  standard  tint.  This  ie  dOBO  hj 
means  of  the  gr.i  luated  strip  made  in  the  pendulum-photomrter. 

For  the  puqxjsc  of  accurately  comparing  these  tiutw,  the  onlinary  daylight,  or  even 
ISB^I^ht,  cannot  be  used,  as  a  change  would  thereby  be  produced  on  the  sensitive 
paper.  A  lijrht  which  doos  not  act  clit  niically  mn.st  be  used ;  such  a  light  thf  mono- 
chromatic soda-flame.  Tht«  light  from  this  tlame  jioKsessos  another  advanta*:**,  nam<  ly, 
that  the  mmvoidaUe  diflerences  of  colour  are  not  si  i-n  ;  rariatitin  in  .sfm/ir  alune  being 
perceptible.  The  arrangement  for  thus  reading  off  the  point  having  a  shade  equal  t-o 
that  of  the  standard  tint  is  seen  in  Jig.  705.  A  milliiiletre  scale,  similar  to  the  one 
Vfoa  the  sli^  is  ftslMied  npon  •  nooden  board,  a  {fig.  70SX  eovend  with  paper,  and 
Bfltmhle  IB  ft  flpnofe  mnm  %  fixed  wooden  stand.  Tlie  stiqp  «f  ~^  "  n- 

Figs.  706  and  7M. 


tbted  pepw  is  Asn  ent  off  ftom  flie  dide  ^  and  gummed  upon  the  board  a,  so  that  it 

has  the  same  position  r<  lativo  to  the  scale  on  the  board  as  it  had  to  the  scale  on  the 
slit.  A,  fig.  706,  representa  a  small  square  wooden  block  having  a  circuUur  hole  in  the 
middle  6  to  6  am.  ni  diametsr,  tiie  lower  half  being  covered  by  the  paperof  ^ieh  ^e 
degree  of  shade  has  to  be  determined.  This  block  is  presstnl  by  nu-ans  of  a  spring.  u« 
is  seen  in  fig,  706  in  a  fixed  jposition  against  the  strip  of  paper.  On  throwing  the  image 
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oftbeio&4haMC,b)rlAlp«f  tiMttmfwiMM  B^vpon  llw  opening  in  ib^ 

blovlv,  it  is  easy,  I'V  drawing  tho  sliilo  liHokwiinls  Jiml  furuiird^,  to  di-tcrnnno  the  fxaet 
point  at  which  the  upper  and  lower  halves  of  the  cixvmUr  bole  appear  equally  dnA. 
It  Is  then  <m\f  wsmmtry  to  raid  off  4MI  tf»  fteale  tbi  irambflr  representing  the  Hmm 
which  thf  piiper  at  tli.it  point  has  l-t'on  iiiM'Iatcd,  in  order  to  determine  the  degi«e  ot 
ahnde  which'the  papt^r  in  that  time  has  attained.  To  ensure  aocurat^  in  the  obserra- 
tioni,  it  10  Moommrf  tint  thseje  shoold  always  be  placed  in  one  and  the  same  position ; 
nuMA  adTantigpoQH^  m  a  dinotioii  nmtfy  pcfpendieiilav  to  tha  msAiOb  of  tiia  eliip  cf 

paper. 

By  help  of  this  eoda-flamo,  the  coincidence  of  shade  of  the  graduated  strip  with  the 
atandurd  tint  can  be  iwd  off  with  the  ^Matoft  fNMdiUMi.  Ibis  ftcty  as  well  as  th* 
possibility  of  preparing  a  constant  sensitive  paper,  is  seen  hy  refpn»ncp  to  the  foHow  ing 
tables,  extracted  from  the  detailed  pa^r  print^  in  the  Philosophical  i'mnsactioos  for 
IMS,  to  wfaieh  w  nnwt  niw  tot  pontive  pnmf  of  tlie  datioaogr  tad  tmfewoilhliMi  of 
the  nn"*thod. 

Pnpt  rs  variously  propared  were  exposed  for  the  same  time  to  the  »ame  hght. 

Each  reading  is  the  moan  of  several  obaawatiotti;  idioiti^  in  the  munlM*  diowf 
identity  in  iho  shade,  and,  thereforf.  tlic  constant  fon^itirfnfs*?  of  the  [liiptrs. 

The  standard  paper  is  prepared  by  soaking  photographic  paper  in  a  solution  of  com- 
mom  salt  of  ghmi  otfength  (3  to  lOOX  aadthan  i3kmiof(  it  to  lie  sptm  the  eazlhee  of  « 
silvrr  polntion  (12  nitrato  uf  silver  to  100  of  wattTl.  Wht  ii  the  Hfr.MiErth  of  thf  salt  solu- 
tion varioa,  the  aonsitironess  of  the  paper  alters  very  rapidly.  Variation  in  the  strength 
of  the  «iher4»th  pfodueea,  on  the  eontfeij,  Imt  little  eheage  in  tfaeoeuitHeBflai  of  the 
paper. 

i)ifiivent  qualities  of  paper  and  idtcrationa  of  atmospheric  moistttro  and  temjparatttm 
do  not  •ffi»et  the  leniitiTeDeM  of  the  paper. 

1.  Iffmt  of  aUrriitg  the  Strenf^fh  r)f  thr  Sih\  r-hatfi.    Paptr  sulUd  inaadtUim 
CQUtitining  3  j>^.  CMoriiU  of  sodium  to  100  a/'  Water. 

I  NUrate  of  liWertO 

100  of  witter.  OtlAPrr^r  A. 

U  128-6 

10      ..      .      .  128-7 
1  8       .       .       .       .  1287 


6 


l'i97 


129-  7 
1270 
128-0 

130-  0 


2.  Effect  qf  altering  the  Strength  qf  the  Salt  Sokititm, 

KaCl  to  BMutingt. 

lODofMtar.  Obterrer  A.  Obterrer  B. 

1  .  .  .  .  62-6       .       .  60-4 

2  .  .  .  .  967  .  .  946 
8  ,  .  .  •  132-6  «  .  129-6 
4      •  .  •  •  167-0      »      .  1680 


• 

Naato 
100  «f  water. 

liiltesHy  19d>  1. 

iBtenttty  No.  3. 

Obterrer  A. 

ObMTVtr  B. 

ObMtTar  A. 

ObMnrnrB. 

TTppee  part  of  sheet  2 

2-950 

70-2 

70-0 

101-3 

101-6 

T/Ower  part  of  shoet  2 

3-026 

70-6 

69-3 

101 -.5 

1017 

Middle  of  Mheet  1 

3-026 

700 

69-5 

100-9 

100-9  j 

Kiddle  of  iheetS  . 

8HM)0 

70-0 

70*4 

lOl-O 

looi)  j 

AH  these  papers  were  silvecod  in  a  solution  containing  12  pt«.  of  nitrate  of  sUTer  to 
100  of  watfT. 

In  order  to  measure  the  chemical  intonsity  of  the  daylitrht  at  any  time,  all  that  is 
iiepdcd  is  to  expose  a  strip  of  standard  paper  in  the  ponduJum-pbotoraeter  for  a  given 
liuniLer  of  vibrations,  and  then  to  find  upon  the  strip  thus  exposed  the  point  at  which 
a  shade  equal  to  the  standard  tint  has  been  produced.  Heference  to  a  table  gives  the 
tiiiio  of  exposure  neeeasaiy  to  produce  this  tint,  and  the  reciprocal  of  this  timr  ropr**- 
seijts  the  intensity  of  the  acting  light.  If  the  time  necessary  were  3  sceondte,  th« 
chemical  iatiuity  vould  be  | ;  if  the  time  wexe  ^  Moond,  the  intensity  would  be  3. 
In  this  wny  cnn*P9  of  daily  f-hrmii'vil  in*f  iisitr  arp  made,  which  show  the  varlafioTi 
cnutMid  by  clouds,  or  by  the  chaugiiig  uiutude  of  the  sua.    These  curvies  show  maxima 

tvd  ndttiiiM  mlQf  eorwo|winditig  to  the  tppeanuoe  and  dioiqipfWiBoe  of  the  m& 
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bduttd  a  cloud.  Tbft  ditibreaoe  between  iko  mm's  chemical  intensity  in  snmBMr  and 
k  dav^  Men    MftNDM  t»  the  earn  cn)^.  70T. 


Fig,  707. 


Based  upon  the  prindplos  of  thf  pendulum-pliotometer,  a  much  eimpler  method  of 
makiog  these  meaeucementa  has  been  ammgod,  as  follows.  A  gradnated  strip  made 
in  the  pendolnm^photometaf  is  fixed  in  hyposulphite  of  sodium,  and  pasted  upon  a 
board  fUniished  with  a  scale.  The  shades  of  certain  points  on  this  fixed  strip  are 
compared  with  the  shades  on  giren  points  upon  a  graduated  strip  prepared  in  the  usual 
wa^,  and  not  fixed  in  hyposulphite.  The  fixed  strip  is  thus  calibrated  in  terms  of  the 
unit  of  measurement,  and  it  may  then  be  used  M  »  liiiWM  OP  measuring  the  diemieal 
action  of  li^ht.  SniaU  picors  of  the  Htandar'l  \>:\y^-r  rh*  then  exposed  for  a  pren  time 
to  thf  light  vvliidi  it  is  dcsuwl  to  mousurt',  uutU  ihe  shade  approaches  that  uf  a  part  of 
tile  fixed  strip.  The  point  of  exact  coincidence  is  then  read  off  hj  the  soda  fiame 
nsnal.  In  this  way  a  piece  of  standard  paper  of  1  square  inch  of  area  will  «"rr.-  f  .r 
40  separate  determinations,  and  the  wboU<  arrangement  for  exposure  mav  be  earned  in 
tile  pocket.  The  curve  of  the  ohcnieal  intensity  of  dajMlid  Mli-Ugfat  (n  Manchester, 
made  with  thia  (small  instmm^^nr  on  more  than  10  scpamte  days  of  the  year  1864,  ftilly 
bears  out  the  occuracj  and  eai>e  with  which  theso  measurements  con  be  made,  and  the 
iwulta  of  his  expeiimaDto  indnoee  the  writer  of  this  otiek  to  express  a  hop<>  that 
before  long  these  instruments  may  be  introduced  into  meteorological  observatories. 

Chemical  Brightneu  of  variom  Points  on  tie  Sun's  Surface. — The  determination  of 
the  chemical  brightness  of  the  yarious  portions  of  the  sun's  disc  is  an  interesting 
Implication  of  tiiii  new  method  of  photometric  measurements. 

By  help  of  a  cnmera  p1a^pd  on  a  3- inch  rofhictor,  tho  writer  nll^wed  th^  image  at 
the  »un — of  about  i  inches  in  diiimeter— to  fail  upou  the  HtanJard  paner.  The  sun- 
picture  thus  obtained  present!  iafresting  ftatttm:  in  the  first  place,  tne  chemical  in- 
tcnsity  of  tlx-  central  portions  are  S-5  times  as  j?rp;,»  rr-  thnf  of  the  portions  on  tho 
limb.  A  difierence  of  this  kind,  in  the  case  of  the  iummouii  and  calorific  rays,  hua 
■beady  been  observed  by  astronoouil,  ud  h  k  dottbtiem  Oiowd  bj  tiift  ahraptiMi 
iffeeted  hy  the  solar  atmusphpr<». 

Th>'  following  re»ult«  were  obtained  by  measuring th/S  qH^kmJ  brijathtness  at  various 
points  on  the  bun's  disc,  on  May  0,  1863 ;  from  tiUM  munbfln  it  Will*  IMi  tiiat  tik» 
irnirinmn  iaUaaity  iwU«  vny  uMgnlaify. 

OBmcwAx.  BBmmvn  or  Sini'0  DiMi 
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1 
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BO'S    •    48-i   .  M'l 
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WM  not  oanaed  by  irr^^alarity  in  the  paper  or  in  the  lenses,  are  probably  owing  to 
tho  pre?"en(»e  of  clouds  in  the  luminous  atmosphere  of  the  sun,  and  they  may  probably 
have  mm*)  iutimate  connection  with  the  well-known  phenomena  of  the  red  prominences 
Mm  daring  tlw  ioitt  edipie. 

OyUcal  and  Clkemioal  Bxtlnctioa  of  tla«  Obemloal  Bays.— In  oidcrtO 

determine  wliflhcr  thi^  ju't  of  photoi^lu^niioal  combination  (in  thf  cim-  of  chlorine  and 
lurdrogen)  necessitous  Hih  piXKluct  iuu  uf  a  certain  amount  of  mcchauiral  effect,  for 
vniilL  an  aqaifilAnt  quantity  of  light  is  expended,  or  whether  thitt  phenomt  non  is  de- 
pendent upon  a  restoration  of  et|uiTibrium  effeotfNl  withotitany  oon^pondiiiire  iuival'-nt 
MMKt  of  light,  Bunsen  aud  lunicoe  hare  studied  the  phenumeua  occurring  at  Uie  bounding 
wattuMt  Mid  in  the  interior    •  medium  exposed  to  the  chemical  rays. 

When  light  passes  thron^li  nny  medium,  part  of  it  is  Lxst  l-y  n-fleofion  at  the  surfacp, 
another  p(»tion  by  abK>iption  within  the  medium,  so  that  the  quantity  of  emenn;nt 
K^t  {■  only  «  ftMtioii  of  tiie  iaeideiit  Ug^t.  Thii  is  tnie  witli  tlie  ehenied  m 
with  tho  luminoiis  rays,  and  Bunst  n  and  lloscoe  have  dctennint  il  the  cof-flRcienti 
of  absorption  ajul  refle(^ioa  of  the  chemical  rays  for  glass,  water,  sAd  mica.  Br 
passing  light  firom  ft  oomtaat  tonrce,  through  cylinden witli  piate-([^aai  ends  fiOedtHth 
dry  chloT-ino,  thoy  found  that,  with  a  given  length  of  cylindt-r,  the  qnantity  <)f  (.•hctiiical 
rays  transmitted,  when  no  chemical  actton  takes  olace,  is  to  the  qoa&ti^  in  the  inci- 
dent Kght  in  a  eoivtaiit  mtio ;  or  in  otiier  uroidi^  tae  nlmtpStm  of  tii«diemieal  ny»  is 
proportional  to  the  intensity  of  the  light  They  also  found  that  the  quantity  of  the 
chemical  rays  tranfmiitted  varies  proportionally  to  thedensity  of  the  absorbing  medium. 
If,  however,  thf>  ligLt  passes  through  a  medium  in  which  it  is  not  only  absorbed,  but 
also  excites  chemical  action,  it  is  found  that,  in  addition  to  the  opUciu  extinction  al- 
ready ypoken  of^  a  quantify  of  light  is  lost  proportionHl  to  th»!  amount  of  chemical 
at  tion  prcxluccd.  Thus  the  depth  of  puro  chlorine  gas  at  i)^  C.  and  0*76  m.  pressure, 
through  wbieh  the  Ught  of  a  coal-gas  flame  must  pass  in  order  to  be  reduced  to 
is  found  to  be  173"3  mm. :  hone.-,  hino-  Iheqiuintity  of  light  abn^orbed  rnrtps  as  toe 
density,  the  depth  of  chlorine  diluted  w  ith  an  eoiud  volume  of  air  or  other  non-absorb- 
ing aiMl  chemi<nlly  inactive  gas  required  to  produce  an  extinct  ion  of  ^  would  l>e  346*6 
mm.  But  when  the  sensitive  mixture  of  equal  volumes  <if  ( liIorin«<  and  hydrogen  is 
used,  the  deptli  of  the  mixture  to  which  the  light  must  penetrate  in  order  to  be  r^uoed 
to  ^  is  found  only  to  be  234  mm.  Hence  Bunseii  and  Boocoe  eoMMa  Chat  tigfiii  It 
tin  this  case  abgorbtd  in  doiug  eh.  inii  ul  work. 

Light  fsoxA  other  sources  gives  results  similar  in  character,  although  difierent  in 
nraoant  Difllieeli^tof  monungNflectedftomthenenithef  adondkead^ 

to  ,\^l>y  passing  through  1.10  mm.  of  chlorine,  and  throiigli  7^'3  mm.  of  tlir  sensitive  mix- 
tare  i  difinse  light  is  reduced  to  ^  hty  pawing  through  197  mm.  of  chlorine,  and  through 
67*4  mm.  of  tne  aenaitivi  mtztaz*. 

morning  light  are  absorbe  d  hy  chli'nni>  miicli  moro  ijuickly  tlum  those  of  l;in>i>-light ; 
and  those  of  evening  light  with  still  grnitcr  focilitv.  From  this  we  may  coocludo  that 
the  chemieal  ntym  fvAeeted  at  dilftmit  times  and  hours,  pofwess,  not  only  quantitative, 
but  also  qualitative  differences,  similar  to  the  various  coloured  rays  of  the  visible  spec- 
trum. Photographers  are  well  aware  of  this  qualitative  difference  in  the  light,  as  they 
know  that  the  amount  of  light  photometrically  estimated  gives  no  measure  of  its  photo- 
chemical activity;  thejpnten  iMainftenae  monnng  li^  toa  lingfat  arening 
tat  taking:  pictnrrs. 

i*hotograpkic  Trantpartncyt  or  Diaetinic  Powtr  of  d^srent  Media. — It  has  aiready 
tMOkflMationed  (p.  632),  timt  tiieelumlaal  myi  of  tlio  ifMelmni  ave  alMOi%ed 

d.  gre«^f>  by  diff»^rent  media.  On  this  .suhjocf ,  soni.'  important  cxpcnm*  iits  have  lately  ht .  n 
made  by  Professor  W.  A.HiUer  (PhiL  Tmns.  Ibm,  p.  1;  Chem.  Soc.  J.  xvil.  69). 
Ilia  mode  of  otiservatioii  eoadhtod  m  mlhicting  the  rays  wUeh  bad  iKfwwed  a  twaa- 
parcnt  medium,  through  a  prism  and  Ions  of  quartz,  and  rcceiring  them  on  a  surfiu^c 
of  ooUodion  coated  with  iodide  of  silver  (p.  693).  whereby  a  permanent  inmrrf>  of  the 
dMntieal  apeitram  mi  obMoed.  The  light  employed  was  the  electric  light  i^iibtMinod 
from  an  induction-coil  between  two  metallic  wires,  gen^mlly  of  fine  silver),  which  is 
peculiarly  rich  in  cheniieil  ruys,  yielding  a  ehrmicnl  sprctnim  equal  to  four  or  five 
times  the  length  of  the  visible  spectrum.  The  ioUuwiug  arc  amouj^  the  mot»l  important 
lesults  obtained: 

1.  Colourless  solids  ^v'  i  -h  are  equally  transpnTftit  to  the  visible  rays,  mrr  f»rf»ntly 
iu  permeability  to  tlie  cii< m ical  rays. — 2.  Bodies  which  ar»>  photographicaUly  trauspu- 
rent  i«  the  solid  ftim,  preserve  their  transparency  in  the  liquid  and  gMOOne  atatcK.— 
3.  Colourlc-ss  tran^mrent  s^-lids  which  ahsorb  the  chnmn  al  rays,  prr'^crve  thrir 
absorptive  action  iu  the  liquid  and  gaseous  states. — L  Pure  water  is  photugraphicaliy 
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tMMparent^  so  that  maay  compounds  which  cannot  bo  obtained  in  the  solid  form 
■iiBf  Witly  tsMu^arent  »r  mA  enMiriimiits,  may  he  subjected  to  trbl  In  iqvaovi 

Bohition. 

Tho  f'jllowinj;  talilos  exhibit  the  photopmphie  transparenqr  ol  ft  &Wof  the  TSKUniS 

soUdii,  Iit][aids,  ^va,  and  vapoars  subjected  to  experimeat • 

PMooifHio  iBAHmaiiior  Oft  2>iA0iiiiio  Pofwu  c» 


5MMS. 

Bock-crystal  .  .  74 
lee  .  .  .  .74 
VbaoMfgat .  .74 
Topas  .  .  .65 
Kock-salt  .  .  .63 
Iceland  spar  .  C3 
8ulphaf<-  of  magnesium  62 
liorux  .  .  .62 
Diamond  .  .  .62 
Bromide  of  potassinm  .  48 
Thin  glass  (0  009  in.)  .  20 
Iodide  of  potassium  .  18 
Mica  (0  007  in.)  .  .16 
Kitrato  of  potassium  i  16 


Water 

74 

Alcohol 

68 

Dutch  liquid  • 

36 

Chloroform 

26 

Benzene 

21 

Mi  thylic  alcohoL 

20 

AmyUc  alcohol  . 

20 

Oxalic  ether 

19 

Glvoorfn  . 

18 

Ethor 

16 

Acelic  at'id        .  . 

16 

Oil  of  turpentine  . 

8 

Suljjhidf  of  carbon 

6 

Trichloride  uf  arsenic  . 

6 

Gaset  ami  Ftftmn* 

Oxygen     .      ,  ,74 

Nitjogen    .       .  .74 

Hydrogen  .      .  .74 

Carbonic  anhydride  .  74 

Ethylene   .       .  .  C6 

Manh-gas  .      .  .  G3 

Hydrochloric  acid  .  65 

Coal-gas    .       .  .37 

Benzene  rmj^om  .  .  36 

Hydrobromic  acid  .  23 

Hydriodic  acid  .  .  16 
Sulphurous  anhydride.  14 

Sulph^'dric  acid  .  .14 

Air,  U'l  iu.  pnsjsure  .  74 


The  photographic  image  obtained  upon  the  collodion  plate  commenced  in  each  cane 
at  the  same  point  of  the  spectrum,  corresponding  with  a  tpot  a  little  more  refrangible 
than  the  line  G.  Calling  the  line  H  100,  aad  nmbenng  backwards  for  the  less 
refirangible  rays,  the  line  B  beinf^  ut  84,  the  commencement  of  the  photopjaph  in  CMb 
ease  is  at  96*6,  and  the  cxtren^o  limit  of  the  most  refrangible  rays  at  170-6. 

When  abeorption  occurs,  it  is  tlmoft  ilvftji  exerted  upon  the  most  refirangible  rays ; 
but  in  tho  case  of  the  coloured  gases  and  rHiH>urB,  chlorine,  bromine,  and  iodine, 
the  absorption  differs  from^  the  general  rule,  and  is  by  no  means  proportional  to  the 
di^itii  of  colour.  A  column  of  ehlorine,  with  its  yellowish -green  colonr,  onli  otf  tlio 
rays  of  the  less  refrangible  extremity  through  fully  two-thirds  of  the  spectrum;  the 
red  vapour  of  bromine  cuts  otf  about  one-sixth  of  the  length  of  the  spectrum,  the 
■iMOKbent  action  being  limited  to  the  less  refrangible  extremity,  whilst  the  deep  violet 
vapours  of  iodine  allow  the  less  r«'fiMii;^ible  rays  to  pass  fri'ely  for  the  first  fourth  of 
the  Bpectrom;  then  a  considerable  abst^rption  occurs,  and  afterwards  a  feeble  renewal 
of  flie  pIiotogmpbiA  aetion  is  «adiibit«d  towaida  the  mora  refrangible  end. 

Among  the  various  compounds  submitted  to  examination,  tlie  fluorides  were 
found  to  be  chemically  the  moat  transparent;  then  follow  the  chlorides  of  the 
alksli-metalfl  aifd  ftlkftline  •artk-iaetala ;  tlie  bromides  tan  km  diaetinie, 
and  the  iodides  8how  a  ^^trikiIlf^  diminution  in  this  rrsjiect.  The  group  most  remaifc* 
able  fur  its  absorptive  power  is  that  of  the  nitrates.  Nitric  acid,  whether  aimn^ 
dMMlred  in  water  or  eombinod  with  bases,  has  a  speeillo  power  in  anraslzng  fha 
chemical  rays ;  the  less  refnmgible  portion  it  transmits  freely,  but  intercepts  ths 
spectrum  abrjipUy  at  the  same  points,  whatever  salt  be  employed,  provided  ths  base 
M  diaetinie.  tm  ehloratas  are  remaikably  djaetfaii& 

Glass,  even  in  very  thin  layers,  abworbs  t!ie  wliule  of  the  more  refrangible  chemical 
TKjn.  Hence  it  might  appear  that  lenses  of  quartz,  or  of  water  enclosed  in  qnarti^ 
would  be  far  superior  to  those  of  glass  fbr  the  use  of  the  photographer.  This,  however, 
is  not  the  case ;  for  glass  is  very  transparent  to  the  less  refrangible  portion  of  the 
chemical  rays,  extending  beyond  the  ^'iolet  end  of  the  visible  spectrum  to  a  distance  as 
much  beyond  the  line  H  as  the  red  end  of  the  spectrum  is  below  it ;  and  these  rays  are 
ptecisely  the  most  abondant  and  powerAd  chemical  rays  in  the  sohir  "spectrum,  whidi 
contains  but  few  nxyn  of  refrHngibility  much  beyond  this  point;  whaieasin  the  eke* 
trie  arc,  these  highly  refrangible  rays  predominate. 

J)iaetinic  bases,  united  wnh  diaetinie  adds,  xmoaSif  Itarnish  diaetinie  salts ;  but  such 
a  result  is  not  uniform  :  none  of  the  silicates  are  as  diaetinie  as  siHea  itnelf  in  the 
form  of  rock-crj'stal.  Again,  hydrogen  is  eminently  diaetinie;  and  iodine-vaponr, 
aotwithstanding  ita  de.  p  violet  colour,  is  aho  laigcfy  dtastinic^  but  hydriodic  acid 

gas  is  gr>  atly  inferior  to  eithiT  of  them, 

Cvjupoinicfs,  OH  such,  do  not  appear  to  act  more  energetically  as  absorbenta  than 
simple  bodies. 

Htokes  (Phil.  Trar.s.  1862,  p.  6nn\  bv  receiving  the  invisible  rays  upon  n  fluorescent 
screen,  finds  that  the  vegetable  aikafoids  and  the  glucoaides  are,  almoi>t  without 
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exceptioD,  inteosely  opaque  for  a  portion  of  the  iuTuoble  rays,  abeorbing  them  with  an 
toMgy  MmpsraUe,  fbr  fAk%  moot  part,  to  tkaft  ividi  wMdi  eotowrbg  nattan^  vatk  m 

indigo  or  madder,  nlj^nrb  the  vi-^ILle  r<iy^.  Th**  ini>i1e  of  a^siirpfion  is  also  pen' rally 
kighly  characteristic  of  each  coBvpouad,  ajod  fiwquent^  Tcrr  diffsceDt  in  the  aame 
bc^,  accoarding  ns  it  is  «xafBxiifd  u  aa  Mid  at  an  aHtalin^  •bratton. 

fnie  quality  of  the  rays  rrfitctid  from  polished  fHurfac<  s  varifs  in  a  manner  which 
cannot  be  predict«d  from  the  degree  of  luminosity  of  the  surface.  Qoid  aad  lead, 
though  not  the  most  brilliant  Q$  the  matala,  reflect  tha  Aemical  raya  mora  uufcrmly 
than  the  brilliant  vhite  surfSuet  of  aUver  tfd  specBlllHi-aHfteL  (MilloJT**  Bmmt9 
i^CkmriMtry,  Sxd  ed.  foL  iL  pu  8M.). 


The  inpoatant  fli^eto  ^tidveed  hf  ma^aAk  <m  living  plaite  Ihw  aSraidj  Imm 

noticed.  Many  experimenta  have  been  made ror  the  purpc  ye  uf  Jtt«  rminiiig  the  action 
which  the  different  portions  of  0olar  light  effect  upon  plants  dating  Tazioua  stages  o£ 
their  growth.  The  subject  is  an  extremely  complieatea  one,  and  the  TesuHs  of  TUioM 
«apaiuiientt-n<  dither  widely.  Thus,  for  instance,  whilst  Payen  concludes  that  the  violet 
rays  are  those  viiich  enpecially  determine  the  growth  of  the  plant,  l>aubeny  and 
Draper  statf.  a.s  the  n-sult  of  their  experiments,  that  the  yellow,  or  most  luminous  rays, 
ar«  those  which  act  most  powerfully  in  dMomponi^  ^  carbonic  acid  of  the  air. 
Mr.  Robert  fitiAt*  dfswt  the  foUoviag  cimdiiaioiie  ftom  hie  inT— tjgatkmi  on  Uiis 
subject : 

1.  Tho  luminous  rays  prevent  the  germination  of  seeda. 

2.  The  chemically  HCtiv#»  my  qnii.'ken  gi-nrihiation. 

3.  Light  acts  to  ^ect  the  decomposition  of  ourbonic  acid  by  the  gruwuig  pltmt. 

4.  The  huniiNNU  and  ahemieel       «re  eesMtiel  to  the  tonetion  of  the  oolonring 

natter  of  leaves. 

5.  The  luminona  and  chemical  rays,  independent  of  the  calorific  rays,  pn-reut  tha 
derelojpment  of  the  repiodttctilfe  Cfrgnna  of  plnnta. 

fi.  Thf  lii-at -radiations  rorre?tpondiiip  with  the  extreme  rixl  rajf?  of  the  spectmn 
£icilitute  the  flowering  of  plants  and  the  perfecting  of  their  reproductive  oij^ins. 


The  flint  well-authentiMted  attt  mpts  to  {>rodace  pictures  by  means  of  the  chemkal 
action  of  s«n-Hpht  wpre  made  liy  Thomas  Wedgwood  and  Sir  H.  Davy  in 
the  year  18i»2  ;  f  but  it  would  appear  prububle  fjvm  ret-ent  investigiition^  that  Boul- 
ton  and  Watt  actually  obtained  sim-picturee  at  the  Soho  Works  so  early  as  the 
year  1799-  No  written  f^tntenient  of  the  method  employed  in  their  experiments  hap, 
however,  as  yet  been  found,  aud  we  mvist  then  fore  .st  ill  give  tu  thi-  furmei"  (jxperiuienters 
the  einditof  having  finsi  dcscribe^l  i  m  de  of  obtaining  pictures  by  the  means  of  ann- 
lisrht.  The  method  adu]iled  by  Wedgwood  wa.s  that  of  moistening  white  paper  or 
leather  with  a  solution  of  nitrate  of  sih'er.  By  this  moans  he  co|>ied  leaves  and  paintings 
on  glass,  and  took  prdllea,  and  Davy  em  enceeoded  in  obtainiiq^  pictaiea  of  olgeels 
seen  in  the  sohir  niiern<;copo ;  but  neither  of  these  phemi-st;*  was  able  to  prerent  the 
unshaded  portions  of  the  picture  from  being  coloured  by  exposure  to  diffused  light.  In 
the  year  1814  BL  Ni^pee  eEamincd  the  action  of  ligk.  on  eettain  resinous  substances 
with  the  olijeef  of  obtaining  an  unalterabli-  iim::'  ii.  rhi^  rii^nera.  In  this  he  sncceeded 
to  a  certain  extent,  inasmuch  as  the  light  reudrrtKl  the  re»iu  insoluble  in  the  usual  soU 
Tents,  ao  that^  by  tiie  snbeeqnent  action  of  an  aaid  on  tibe  eacpesed  nietaUse  plats^  thoee 
pads  upon  whirli  tlie  light  had  not  fallen  were  etohed.  In  1827  M.  Ni^pee  commtmicated 
an  account  of  his  experiments  to  the  Boyal  bodety,  and  in  the  same  year  he  informed 
M.  Daguerre,  who  nad  been  pgerionsiy  imtnnauclwaiftilly  engaged  in  the  aame  pnrsnit, 
of  the  particuhirs  of  Itlf*  process.  The  two  investigators  continued  their  researches  in 
common,  proposing  many  difierent  modes  of  nrodaoing  the  "  Heli(wta|^ie  pictures,"  as 
they  were  termed,  trithovt  great  sneoesa,  nntfl  (Jie  death  of  Nifrpee In  18SS.  I^i^mem* 
continuing  his  experiments  after  fliis  event  with  the  son  of  Niepce,  was  fortunate 
enough  to  discover,  in  1839,  the  method  which  bears  his  name,  and  to  obtain  a  prizo 
and  pension  ofikred  by  the  French  government  for  the  discovery  of  a  method  fbrpar^ 
manently  fixing  the  image  formed  in  the  camera.  The  prooes^i  of  Daguerre  consisted 
essentially  in  nilowTng  the  vapnnr  of  iodine  to  act  ujKsn  a  plate  of  polinhed  silver,  which 
thus  becomes  coated  with  a  thin  tilm  uf  iodide  of  silver;  tiiepLute  prepared  in  this  way 

•  8m  IU>port  l>y  Rob«rt  Hunt  "0«  tMe  are 
Radiation^^  Brit.  Assoc  Reporu  for  INM^ 
t  Journal  <ir  Boyat  limttimsB,  Jum  INI. 
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WW  nnt  «i|kOiad  to  light  in  tli«  CMnim,  so  amiiged  that  the  inuigeof  tlie  otgectto  b« 

copied  fell  upon  tJie  iodiiied  8tuf:ie<',  wliiclj  (In  rdiy  ii!nli  rg(jps  a  chaiip:<%  not  hnwcver 
visible  on  withdrawing  the  idate  from  the  camera,  in  order  to  develop  the  latent 
iinag^  HmvLbAb  wm  ezpoMa  to  tho  aodon  of  the  rttptmr  of  ueremy,  which  prodtusM 
different  eflfects  on  rarioos  parts  of  tlio  plate,  uooonling  us  tlie  iixMdo  lias  Limmi  moroor 
leis  altered  bjr  the  action  of  the  %ht.  The  undoi-omposed  iodide  was  then  dissolved 
by  plaeing  the  plate  in  a  etvon^tolatioii  of  h\  po.-^ulphite  of  eodnun,  aadthe  inotnte  waa 
thert'hy  permanently  fbced.  Since  Dagiurre  .s  tinir,  this  process  has  undi'iYonp  t-on- 
aideiable  improTements ;  amonficst  these,  we  uui^  mention  the  eiqpoeiiie  of  the  plate  to 
the  Taooor  of  bramine,  bj  whidh  the  senritiTeiieaB  of  the  film  ia  greatly  inoreaaed,  and 
the  reanction  of  metallic  gold  upon  the  surface  of  the  film  during  the  process  of  fixing, 
by  which  the  lights  and  shades  of  the  picture  are  rendered  more  effective.  Fw  thedetaus 
of  the  process,  as  now  practised,  we  must  refer  the  reader  to  photographic  text-books. 

The  niiture  of  tha  invi^ihlf  choniical  change  effected  by  the  light  on  the  iodo- 
bromide  of  silver  is  not  un<lL'^^^too'],  but  it  is  evidently  analogons  to  tlio  chungo 
producc-d  by  the  light  on  the  mixture  of  chlorine  and  hydrogen  before  combination 
enanes,  which  has  been  termed  photochemical  induction,  the  film  being  so  modified  aa  ' 
to  render  it  susceptible  of  decomposif  ion  \v}v^)  brought  into  contact  with  the  vapour  of 
mercury.  The  amalgam  thus  produced  varies  in  thicknesd  according  to  tho  in- 
teniity  and  duration  of  the  action  of  the  lidit^  Middiflbrent  shades  are  therefore  seen,  • 
when  the  picture  ia  newad  hgr  xeAeetad  caamapoiidii^  to  the  Ug^ta  andehadeaof 
the  leal  object. 

The  subject  of  the  paradoction  of  ean-piebmna  en  paper  attracted  but  little  attentioB 
from  tho  time  of  Wedgwood  until  the  year  1S30,  when  Mr.  Fox  Talbot  published 
his  plan  of  "photogenic  drawing."  Thu  consisted  in  exposiug  in  the  camera  a  paper 
•oaked  in  a  wmk  aointiaii  of  eoogmoB  aalt,  and  afterwafda  waahed  over  with  a  atrpog 

solution  of  nitrate  of  silver;  the  iniage  thus  obtaiu'il  wa.s  a  nepAtive  one,  the  light 
beiQg  dark  and  the  shadows  lights  and  the  pictures  were  tixed  by  immfarHion  in  a  solu- 
tion of  eommon  aalt. 

Many  ini{)rovenientfi  have  been  made  in  this  process.  In  1841  Fox  Talbot  patented 
the  beautiful  process  known  as  the  *'  Talbotype  or  Calutype  proceaa,"  in  which  the 
paper  is  coated  with  iodide  of  aUrer  by  dipping  it  first  in  nitrate  of  silver,  then  in 
iodide  of  potassium.  Paper  thus  prepared  is  not  sensitive  per  s«  to  th<-  a<  i  ion  of  liglit, 
but  may  be  rendered  so  by  washmg  it  over  with  a  mixtiure  of  nitrate  of  silver  and 
gallic  or  acetic  acid.  If  it  be  ejq>osed  to  the  camera  for  two  or  three  minutes,  it  does 
not  receive  a  visible  imagtt  (viileaa  tho  light  has  been  very  strong) ;  but  still  the  oom- 
pound  has  undergone  a  cert^iin  change  l)y  the  influence  of  the  light":  for,  on  subse- 
quently washing  it  over  with  the  mixture  of  aceto-nitrate  of  Riln^r  and  gallic  acid, 
and  ^ntly  warming  it,  a  native  imaga  comes  out  on  it  v  !  ^reat  distinetBaaBL 
This  image  is  fixed  by  washing  the  paper  with  hypAsuljihite  of  sodium,  -which  removes 
the  whole  of  the  iodide  of  .'^ilvr  r  nut  acted  upon  by  the  iight,  aud  thus  protects  the 
jgittan  from  fkuther  change  )>y  i  xposure  to  Ught  The  amative  picture  thna  obtained 
iH  rrndTcd  transparent  \>y  placing  it  between  two  shcot«?  of  Itlnf  titicr-pnper  saturated 
with  white  wax,  aud  passing  a  moderately  heated  smoothing-iron  over  thu  whulc.  It 
may  then  be  used  for  printing  fotiHm  pieturet,  by  laying  it  OB  a  riieet  of  paper  prepared 
with  ehloride  or  iodide  of  Kilver,  and  cxpusintj  it  to  the  sun. 

A  mo^  important  step  in  the  prc^press  of  photogruphy  is  the  substitution,  by  Mr. 
Areher,  of  a.tnutBpareiit  film  of  lodiaed  eoflodion  apfvad  upon  gliusfiwtheiodiaed 
paper  used  in  Talbot's  pK>eess,  to  receive  the  negative  irna;,n'  in  tlie  camera. 
The  process  is  thus  rendered  so  much  more  certain  and  rapid,  and  the  positive  pic- 
tmea  obtained  by  tranafttfing  the  negative  by  printing  on  pnper  are  (bund  to  be  eo 
much  sharper  in  outline,  than  when  the  transference  occurs  through  paper,  as  in  the 
Talbotype  process,  that  this  method  is  now  universally  employed.  In  tbis  process,  as 
in  that  ot  the  Calotype,  the  image  prodneed  in  the  camera  is  a  Vidmt  one,  and  requires 
development  with  substances  such  as  pyrogallic  acid,  or  protosulphate  of  iron,  which, 
having  a  tendency  to  absorb  oxygen,  induces,  in  presence  of  nitrate  of  silver,  the  re- 
duction of  the  chloride  or  iodide  to  the  metallic  state.  For  a  description  of  the  be*t 
apparatus  and  latest  processes  used  in  the  Collodion  method,  the  XMdar  may  oonaolt 
Hardwich's  "^Taiiual  of  Photographic  Chemi«rtry." 

A  large  nutnl)er  of  other  metallic  salts  bciiides  the  suilta  of  silver  ar©act«d  upon  by 
light.  The  photochemical  ri  laii(jns  of  many  of  thesK^  salts  have  been  specially  studied, 
by  Sir  John  Herschel  (Phil.  Trans.  1810),  iu  his  celebrated  Memoir  "On  the 
Chemical  Action  of  the  Rays  of  the  Solar  Spectrum ;"  and,  founded  upon  these  different 
actions,  a  number  of  methods  of  producing  pictures  have  1  >een  deacnbed,a]l  of  whidi  are 
of  secondary  interest.  For  a  full  deaaripiioii  of  theaa  methoda,  we  ma^t$t»  tho  reader 
to  Hunt's  "  Beseiurchee  on  Light." 
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LIGHT,  CHEMICAL  ACTION  OF. 


JKslarv  o/lftf  Ciwwfeol  Ckmae  effected  by  Light  m  Shtr  Alto.— Although  the  exact 

cTioniieal  (lecompo«iItion  (flToctoa  1<y  lif:^lit  on  the  chloriilo,  Lromide,  and  iodide  of  silvpr 
has  too^  been  a  sul^oct  of  czjperimtmtal  discussion,  stUi  much  rmains  to  be  karnt 
oonemmg  tlw  eompowtion  of  tfie  photographic  image.  The  gcnenl  TCMilt  of  inTeatigaF 
tions  npHdi  this  Mihji  ot  inay  1>i'  stat-  d  to  be  that,  iu  the  first  place,  a  sub-salt  of  silver 
of  a  grej  or  violet  colour  is  formed,  whilst  by  a  ftirthcr  action  of  the  U^it  the  silver  is 
probably  reduced  to  the  metallic  state.  It  appears,  however,*  nUMt  dnnetdt  to  prepare 
the  sub-salts  of  alver  fan  a  pure  stated  either  by  the  action  of  light,  or  bj  otiu  r  chr  niit'al 
methods,  the  evidence  of  the  presence  of  such  a  salt  in  the  violot-ooloured  chlorido 
depending  upon  the  well>known  fact  that  this  substance  is  unacted  upon  by  nitrfe 
acid,  but  decomposed  by  ammonia  into  chloride  and  mctaL  The  recent  ezperimects  of 
Vogel  (Popg.  Aim.  cxri.  197)  confirm  this  i^ult,  as  he  yhows  thnf  whrn  pure  and  dry 
chloride  and  bromide  of  silvi  r  are  insolatt^i,  ehloriue  and  broiuinc  ;irc  liberated,  and 
a  sul>staiiH>  insolubla  in  nitric  acid,  in  eaehoase,  produced:  he  was  unal>k>  to  detect 
firee  iodine  pur«  iodide  of  silver  is  exposed  to  Hij:ht.  and  hence  he  concludes  th-it 
this  ssdt  is  not  decomposed  by  light.  Vogel  has  liki  wise  observed  that  the  result* 
obtained  when  the  above-mentioned  aalta  are  pr<  |iare<l  witli  an  excess  of  sCver-smlt;  • 
instt>ad  of  an  cxcrr^s  of  the  precipitant,  are  somevliat  ilifftrent  :  thus,  whilst  the  iodide 
prepared  with  excess  of  iodide  of  potassium  shows  no  change  of  colour,  that  prepared 
with  exoeaa  of  ailTer  beoooiei  deeidedly  grey  on  exposore  to  light 

A  singular  effect  producrd  l-y  the  red  rays  npoa  a  blackened  silvered  paper  was 
obficrvedlongagoby  Bitter,  and  oontinnad  by  He  rscheL  If  prepared  paper  aoBked  in 
altrate  cf  rilver  aoration  be  bladEened  by  cxposmm  to  ISsbt,  and  then  aabraitlad  to  the 
action  of  the  solar  spectram,  those  portions  ujion  which  the  violet  rays  fall  beeome 
darker,  whilst  those  exposes!  to  the  red  rajs  become  lighter,  and  assume  a  brick-red 
eolmir;  henoe  ft  would  app«  ar  that  the  leait  xefrangibw  vaya  exert  ofypoaite  aetionB 

upon  the  Sensitive  silver-salts.  Claudethas  alFO  shown  (PliH.  Trans.  1S47)  that  ex- 
poeure  to  the  red  rays  neutroliaca  the  eflfoet  previoos^  produced  on  a  aenaitiMd 
dagiHwreotype  plate  by  white  Ught. 

We  are  as  yet  quite  unaoquaiuted  with  the  essential  nature  of  the  change  brought 
about  by  the  action  of  light.  Thus,  we  do  not  know  whether,  in  the  blackening  of 
chloride  of  silver,  the  light  used  up  in  the  decomposition  is  equivalent  to  the  woilc 
done,  as  in  the  case  of  the  decomposition  of  miter  by  the  galvanic  current  where  the 
force  needed  to  wpamte  the  molmd«?a  of  oxyfjen  and  hydrogen  is  nn  large  as  that 
evolved  by  the  combinations  of  the  gases;  or,  wiitther  the  chemical  aetions  of  light  re- 
semble that  sadden  aplitting  up  whidi  oeenrs  in  ecrtfun  oompoidndB  (the  chloride 
of  nitrogen,  for  exnmph  )  wlicre  they  are  placed  in  eirennr^tances  under  which  they 
can  no  longer  eximt,  and  where  the  force  establiahing  the  change  bears  no  equivalent  tola- 
tion  to  the  finoea  developed  in  the  leanlting  deeompontton. 

r  o  /ii  o- J)  h  (>  I  raph  j/.— Many  [attempts  have  been  made  to  reproduce  in  the  photo- 
graph the  colours  of  natural  bodies ;  and  although  these  attempts  have  not  succeeded 
to  tne  fhll  extent  of  fixing  the  oolonred  picture,  yet  a  certain  degree  of  jiDgresg  in  the 
production  of  tint^'d  images  has  been  made.  Thus,  for  instance,  Becquerel  (Ann. 
Ch.  Phys.  [3]  xlii.  81)  bus  described  a  method  by  whieh  a  ool<)iire<I  image  of  the  solar 
spectrum  can  bo  prepared,  as  well  as  reprcseuUit  ions  of  the  coloured  rings  formed  in 
crystals  by  polanaed  light.  In  order  to  obtain  these  coloured  images,  a  polished  plate 
of  silver  is  immersed  in  diliiti-  hy<Ir.udil.)ric  acid,  and  a  film  of  sub-chloride  formed 
upon  the  biivtrr  by  allowing  tlie  pUle  to  form  the  positive  eleetnxle  of  a  JJunseu'.s  Uit- 
tary.  The  plate  thus  pre^  an  <1  beeomee  variously  tinted  when  exposed  to  the  solar 
spectrum,  some  of  the  niys  being  rcproduoe^l  witli  their  distinctive  colours,  whilst 
others  either  produce  no  effect  or  give  rise  to  lintii  differing  from  their  own.  Other 
operimenters,  etpeeiallj  Ni6pee  de  St  Vietor  and  Campbell,  have  obtained 
somewhat  analogous  results;  but,  as  yet.  the  cohmred  images  pn.Klucod hj theae and 
similar  procet«»e8  have  resisted  all  attempts  to  render  them  permanent. 

Photograpkie  Engraving^  Lithography,  and  &allHtnography. — The 
original  photographic  .'pmcess  proposed  In  1S'J7  by  Nl'pce  has  l»een  lat<'Iy  modified 
by  M.  JSi^pce  de  St.  Victor,  for  tJie  pro<^luction  of  photographic  engraving  on  steel. 
A  iilate  of  eted  ii  oorerad  with  a  layer  of  Wtnmen,  and  being  placed  imder  aa 

omlnaiy  positive  photi  ij^raph,  is  exposed  to  h^ht;  on  ti-eating  the  bitumen  with  naphtha 
and  hvmo],  those  portions  which  have  not  been  ineolated  diaaolve,  leaving  the  ateal 
plate  exposed  for  the  enbeeqneot  action  of  tcid.  The  plate  fhue  prefsared  if  tiien  anb- 
mitted  to  the  usual  proe  r  ,  niployed  in  aqua-tiut  engraving.  A  somewhat  similar" 
process  was  patented  by  Mr.  Fox  Talbot,  in  1H6S,  for  etching  by  chemical  means 
ft  poaitiTe  photograph  on  a  eopper  plate.    This  method  has  recently  been  modified 

•  See  Report  oa  the  Nature  of  tb«  I'bofaifn|»hk  Inu«e,  Brit.  Amoc.  BeporU.  18S9k  p.  106. 
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and  applied  mdependoutiy  bjrBirlLJamcH  nnd  Mr.  Osborne  of  Melbonrac,  to  the 
prodndiQii  of  Jithograpba  ami  imcogTaphs  ftom  photograpfaa.  Mr.  Osborae's  process 
consists  in  coating  a  sheet  of  paper  with  a  solution  of  acid  chromate  of  potassium  in 
geUtu^  «ad  ezpcwiog  the  prepared  paper  to  light  by  placing  a  negatirn  photograph 
OTwit.  After  a  ftv  minutes^  eatposurr,  the  paper  is  placed  in  water;  the  unchanged 
portions  arf-  then  easily  washed  away,  and  those  parts  which  have  been  acted  upon  by  the 
ii^t  remain.  This  picture  is  then  coated  with  lithographlo  ink,  and  transferred  to  fho 
mo<^nphic  stone  by  pressure;  the  prints,  obtaiil^d  by  traiuifcr  iu  tlie  ui-uid  way,  are 
lamarkably  sharp  and  delicate. 

A  process  of  photofralTiinogTaphy,  founclMl  on  tho  clocoTnpo«»ition  of  {rdatin  and 
acid  chromate  of  potassium,  has  like^vise  been  propOiied.  T1h»  action  of  light  on  this 
]nixt^lr(  produces  a  change  in  the  gelatin,  rendarca  evident  on  immersing  the  plate  in 
wntcr,  ]>}■  ii  diff  rence  of  level  of  tbo  various  parts.  A  mould  of  thin  rai.si  <1  picture  is 
then  taken  iix  gutta  percha,  and  a  copper  plate  is  made  from  the  gutta-pereha  mould 
the  electrotype  process ;  this  plate  is  again  oopiiMl  by  deotrolysis,  and  ftom  tida 
seooiui  cupprr  plate  the  prints  are  fftruck  olf.  This  proce5?s  pivee  the  means  of 
making  an  infinite  number  of  multiplications  of  the  some  subject,  but  the  impressioiis 
obtatnad  ms  not  my  diitiiiet.  H.  EL  B. 

SMHar*  fi|yn.whlL0iuxii«(i818> 
*  %mmnm.  See  Coai.  (l  lOSS)  and  Vvm  (ii.  731). 

XiXOiroZBr.  CH'^NO'. — A  brown  substance  obtained  by  Reicliol  (Uihcr 
Chinarindt  und  derm  chendtcke  ButandthHUf  LeipQ&  1866)  from  old  Huanoco  cin- 
diona-barlc,  and  fiuCber  axamfaad  Heasa  (AnxL  ^  Phann.  dx.  841).  It  it  tetjr 
soluble  in  alkaline  cazbonatc-s  ;  tlio  solution  doos  not  nbsorb  oxygon  from  tho  air  at 
eommon  tempotatiurM.  The  hrowu  substance,  boiled  with  caustic  potash,  gives  off 
ammonia;  and  the  snlwtttDOP  then  nrnafnlur  fai  aohiti  appears  to  have  the  eompon- 
tion  Cn^O',  agreeing  with  quiuova-ruil  and  phlobaphonc,  an<l  rt'><onil>lin^  a  substance 
obtained  bj  Beiohel  from  red  oinchona-bark.  Sesse  is  of  opinion  (hat  a  brovn  hiunus- 
Hka  aDtNteaee^iiaviag  also  (Jw  aomposHioii  C*PO*,  and  fsmitinlly  itiiiiniit  from 
S<^hw:irtz's  dndiompvsd  (L  969X  it  d^ponted  in  the  iMiki  of  cindhona  and  ether  allied 
apedes. 

UOXrOKB  or  XYUTS.  These  names  were  applied  to  avolntik  liquid  of  vari- 
ahte  oompoeitioii,  and  hoifinf  at  ahoot      ohtahMd  mm  cfudatKood-spirit  by  trmitmrat 

with  chloride  of  calcium,  and  Kiibse<^|u<  nt  n-cf  ification.    Vulckel  (Pof^g.  Ann.  Ixxxiii, 
272, 667)  assumed  to  it  the  composition  CTU'^O';  but  the  analjsea  nude  oi  it  bj  other 
TvaWeidemann  and  0«hw»is«T>,  Liebig,  Kane,  and li.0m»liii,«adiilnt 

Eliacn'pancics  (fh-  pfrcontai^e  of  carbon  difTcrinplty  about  10  per  cent.),  and  Dancer 
I.  Soc  J.  zriL  222),  b^  a  more  careful  investigation  of  crudo  wo<td-epirit,  has 
that  it  is  a  mixfaxe,  in  Tariahle  proportions,  of  methylic  aloohul,  acetone,  aeetale 

«f  SMthyl,  and  dimethyl-acetal,  C^HMQ*  —  ^^^^!|«0*,  and  that  Hm  sappOMd  lignone 

cr  aqi^Ute  hss  no  existence.   (See  Mbtuyl-acxtai.  and  ISmmrif-iajotMau) 

ucrarsar.  See  JjsmenanL 

liXaUBXTm  A  mineral  having  the  wg^jm  and  Atgacter  «f  q^ena  (Dafr anoj)^ 

foiUTrl  VA  1  tnlr-oco  rock  in  the  Apennines. 

UCOVBTStlTir.    St-r.  tho  iT  xt  article. 

&IOUftXJfctlM  VU&OA&E.  VfivU. — ^Xhe  ripe  btrrks  of  this  plant  contain, 
aeeording  to  NiakUe  (J.  Fhem.  [3]  xzzr.  888),  a  ennaoti  eoloorfng  matter,  ligulin, 

8oIubl-'  in  water  and  in  alcohol,  either  pure  or  I'thcriscil,  but  insoluble  in  « tbcr.  It  diio.s 
net  contain  nitrogen,  is  not  decomposed  by  48  hours*  boiling  with  pure  water,  is  coloured 
gre^  by  alkalis  (Niekl^  recommends  this  xeaetion  fot  detectuig  acid  eeilMmato  of 
calcium  in  water),  and  reddened  again  by  acids.    It  has  not  been  obtained  pur<\ 

The  lfav($  of  privet  yield,  according  to  Pol  ex  (Arch.  Phann.  [2]  xvii.  76),  a 
Yellow,  hygrofeopic,  bitter  extract,  called  ligustrin,  insoluble  in  ether  and  in  ano* 
hlle  alcohol,  but  soluble  in  water  and  in  dilute  alcohol^  forming  solutions  which  do  not 
give  distinct  reactions  with  any  nietalHc  m\\.si.  Strong  sulphuric  acid  gives,  with  ligus- 
tcin,  a  deep  iudiim-blue  colour,  changing  on  dilution  to  a  eorndower-blue  or  violet. 

The  leaves  i3i  hsA  ef  plifat  oootein  maaaite.  (Polax,  loe.  eit,  KtommjBT, 

ibid  n.  •2'^\.) 

3UZAZTS.  A  f^ilicafe  of  iron  irom  Przibram  in  Bohemia,  having  the  appearance 
of  ^^reen  earth  or  claucouite,  and  probably  a  product  of  tJie  decomDoeitiott  of  ixon 
pyrites.  It  ii  a  dnO,  amorphous,  earthy  sohateaee  of  blackish-green  colour,  and  in  flue 
powrder,  epiiewiBg  tnaefaoeat  with  leefc-ffiea  flobnt  nnder  the  mictoicope.  Uaidneas 
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—  about  2.  Specific  gruvity  =  3'048.  A  spedmpn,  as  pnrft  as  could  bo  ol.taincd  (it  i« 
a&en  mixed  wiUi  iron  pjrxites  and  feme  hy dxate^  gave»  by  analyraa,  32-48  nilic^  51-62  iron 
•ad  ozjgen,  rad  lO'lO  ipvfter  (  m,W90,  iaolndiiig  1*96  Mitaate  of  edchim,  and  0-63  iron 
pyritoH),  agreeing  approximately  with  the  ftnwds  (SP«?0.38iO«  H«0).2(Ff  «)"'H0« 

UlCACXir.  A  snl.stnnce  ol»taim<!  by  Braconnot  (Aim.  C\i.  Phys.  [3]  x.  319) 
from  the  (Sard,  ii-snail  {Lirnas  ayrtttis).  When  dry  it  forms  n  white  <arthy  mass,  tvisily 
ommliled  l^etwi  on  the  Angers.  It  It  •onumiiat  soluble  in  cold,  more  soluble  in  l>oiling 
water,  soluble  in  boiling  alcohol,  in  enncBntrated  liy^lrocliluric  aoid,  and  easily  in  alka- 
line liquors.  The  sohition  in  cold  water  is  precipitate  by  tannic  acid,  corrosiro  sob* 
limate,  neatral  lead-aoeti^  ftnrons  sulphate,  and  the  acetates  of  eupper  and  mangaaeM^ 
bnt  not  by '  X  i!  ifp  of  ammonium.  By  dry  distillafion  it  yields  eaibOUto  odT  ABIBO* 
nium,  and  leaves  charcoal  witii  a  small  ijuaiility  of  alkaline  ash. 

TiTMA'l'.  According  to  A.  Vogel  and  C.  Eeischaner  Jahrb.  Pharm.  ix.  179), 
many  eoloared  snails  of  the  genm  JAmax  contain  ft  iWikwiwag  matter  which  appears 
vioU't  ill  dilute  aoi-l  '^'  l-uion,  bmwn  or  black  in  more  concentrated  solution.  It  is 
obtained  by  macerataig  tht^  anim^iLi,  froed  from  their  viscera,  with  dilut«>  nitric  acid, 
and  j)recipitHtin^  the  solotion  with  ammonin.  Ths  Inown  or  black  iridescent  pfMi|ii« 
tate  IS  insoluble  m  water  and  in  alcohol.  The  nitric  acid  solution  gradually  a^snmwi 
a  camsoa  colour,  then  becomes  colonrieas.  The  <toVm^«'«'«^  matter,  when  ignited,  leaves 
ft  liigB  qniotilj  of  iilM)qpliato  «f 

I Tm.   Syn.  with  CmTMnm  0* 

ftZSCl!.    Oxide  of  calcium  (see  Chixaxu^  i.  718). 

Xtxncs,  OB&OBIM  or.  S«ft  GBuaam  (i  904,  908)  and  VtnocKumam 

(iu.  237). 

SaniiWftW.  0>*BK-*lliaTolMikoQiif 
ling  the  torn  and  pr<  ssod  rinds  with  water  (i.  1003). 

UMS-7Z>OWB&,  OJJt  Of.  A  volatile  oil,  obtained  from  the  flow(>rs-  of  Tilia 
eurupmi,  by  distillation  with  water  (Brussatt  J.  Tharm.  vi  396),  or  by  exhauistion 
widi  ether  in  ft  percolator.  The  UMwat  does  not  exceed  0*1  per  eent^  It  is  lighter 
than  M-nf "r,  very  volatile,  and  has  a  strong  odour  of  limo-flownrs.    (Om.  xiv.  378.) 

XXMJBSTOW.  The  generic  name  of  all  rocks  having  carbonate  of  fiir 
their  primnpal  constituent  The  principal  accessory  constituents  are  as  fdXUfWtt^^ 
1.  Silica  and  altunina.  The  former  occurs  in  crystalline  limestones,  sometimes  as 
crystalline  quartz;  in  compact  linu-Htones,  somftimps  as  sand  in  small  quantity;  most 
frequently  combined  with  alumiuu,  iu  the  form  uf  clay.  Nearly  ail  limestones  contain 
small  quantities  of  day,  and  in  some  the  quantity  amounti  to  smreral  units  per  cent., 
th  •  Unit  '^r-mt'  thrn  pa^i^inp;  into  marL  Lim^  stom  s  also  occur  containing  silicato  <^ 
caiaum,  as  at  Gjeiiebak  iu  South  Norwav. — 2.  Iron :  sometimes  a»  ferric  oxide,  some- 
times  ss  fenons  ssifaonate ;  ^nersUj  onij  in  small  qtnaatities  and  traces. — 3.  Manga- 
nese '.  eith(*r  a«5  manganic  oxido  or  as  manganous  carbonate  In  still  snialb r  quantity 
than  the  iron,  and  ouen  absent  ult4>gether.—- 4.  MAgne8i%  as  carbonate:  a  very  frtiquent 
ftoeeseory  sonsdtttnit  of  limsetones,  but  in  trae  fiimMlooes  not  esseeding  0-5  to  1*0 
per  cent.  "When  the  proportion  is  lar^r,  the  limestone  passes  into  dohmiific  lime- 
Stone  and  dolomite. — 6.  Phosphoric  acid :  appears  to  occur  only  occasionally,  and  in 
Tsry  ineoDsidemUs  <^natity,  no  limestone  having  yet  been  firand  to  oonlain  mora 
than  0-2  per  cent,  of  it. — 6.  AlkaliH,  namely  potash  and  soda,  h.ive  been  found  in  a 
oonuderaUe  uumUsr  of  limortones  bv  Schramm  (J.  pr.  Chem.  xlvii.  440)  and 
Fshling  {ibid.  446).  Sebnunn  fama  hmn  O*!  to  0^  per  cent  aNcaH,  Ibr  the  SMist 
part  SMS  carbonate,  in  pmaller  quatitity  as  chloric^  FehHnp  obtained  fn)m  alnminous 
Hmestones  alwut  3  per  cent  aikaliue  carbonate.  Aoeording  to  {jchiamm,  soda  always 
ooonn  in  larger  quantity  tlian  potash,  al)out  in  tiie  ntio  of  3  at.  soda  to  1  at.  potash. — 
7.  Organic  (l»ituminou.s)  matter,  j^robably  in  all  limestones,  excepting  a  few  crystal- 
line ones ;  sometimes  in  more  traces,  sometimes  in  more  considerable  quantities.  In 
anthraoonite,  stinkstone,  and  bituminous  limestone,  the  presence  of  organic  matter  is 
wory  conspicuous. 

The  following  enumeration  of  th^  Mib-specics  and  varieties  of  limestone  is  taken 
from  Ur^s  Dictionary  of  Chemiatri/,  and  originally  from  Jameson's  Mineraloay: 

1.  Foliftted  limestone;  of  which  there  are  two  kinds — etdctpar,  anh  foliated 
granular  limettone.  The  first  will  be  fuund  in  it"*  alpb:d>etle;il  plaec  in  this  Dictionary. 

Granular  foliated  Umestone. — Colour  whit*,  of  varioufi  shaiies,  sometimes  spotted; 
massive,  and  in  distinct  angulo-granular  concretions;  lustre  glistening,  between 
pearly  and  vltre>>u?» :  fracture  foliated  ;  tninsliiecnt ;  hard  as  calcspar ;  l>nttle  ;  pppfitic 
ranvity  (of  Camira  marble)  2*7 1 7.  It  gi^nerally  phosphoresces  when  pounded,  or  when 
auwnongkMringsools;  inlbsiMe;  eitefssew  with  aaidft    I»  is  ft  pvn  Mboosto  of 
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calcium.  OMimiii  b«di  in  granito^  gacus,  &c.,  aad  mrely  in  Hecondarj  rocks;  it  is 
found  in  all  thf  prrnt  ranges  of  primitive  nwlts  in  Europe,  anil  affortlH  tin-  fi'iest  marbles. 
Pahau  marble,  Pent^lic  marblo,  tha  Marmo  Gtteco,  the  white  marble  of  Limi,  of  Car- 
nm  and  of  Moaot  HjrnMttu.  tfie  tnmahiemt  white  marble  of  statnariea,  and  fladbto 

whitfi  niarblo,  ure  the  chlof  of  the  whitt"'  nmrW'^  wliich  thi-  aneionts  ii.sed  for  .eoulptiirr- 
and  architectore.  The  red  antique  marble,  liv^to  antico  of  the  Italians,  and  Egyptian 
of  tbsandento;  the  FMIi  Mlfod^  aii  indetenniin^ 

serpentine;  yillow  antique  marble;  the  antique  CiiH.ilin  marble,  markoil  witli  fn'«'t  ii- 
ooloured  sones.  caused  b(jr  tale  or  ehlorite ;  and  African  brec<a»  marble,  are  the  prin- 
^nl  eolovrsd  inari>l««  of  the  andeotik   lie  Seottidi  nunblee  ar^-tfae  nd  and  white 

^Kree,  the  form»r  of  wliii-Ii  contiiins  homblendo,  s.ililitc,  mica,  an  J  f^rcon  oarth;  the 
looa  marblOt  harder  than  most  others,  consisting  of  Umestone  and  tremolite,  or  ooca- 
rfcnuillj  ft  dtdmnite ;  the  Skye  marble  ;  the  Assjnt  in  Sutherland,  introduced  into  com* 
mcvco  hy  Mr.  Joplin,  of  Gateshead:  it  is  white  and  grey,  of  various  shades.  The 
Glontilt  marble ;  the  Ealachulish ;  the  Boyne ;  the  Blairgowrie ;  and  the  Glenavon. 
BUtherto,  but  few  marbles  of  granular  foliated  limestone  have  been  quarried  in  England. 
The  Mona  mttbU  is  not  unlike  Verde  antico.  The  black  marbles  of  In  lan<l,  now 
penernllj  used  hy  ardiitti'ts,  arc  luctillitcs.  The  Tori'*^n,  In  the  county  of  Watcrfonl 
IS  a  fme  variegated  sort ;  and  a  grey  marble,  beautifully  clouded  with  white,  has  bee 
Jhund  near  Kilcrump,  in  the  same  oonntj.  At  Loughlougher,  in  Tipp<Tar\',  u  tin 
purple  marble  is  found.  The  coimt y  of  Kerry  affS^rds  sproral  varieeated  raarhles.  Of 
the  Continentalmarbles,  &  oopiou.s  account  is  given  by  Professor  Jameson,  Mimralo^y, 
ii  p.  MS. 

2.  Compact  limestone;  of  which  there  w»  three  kincli  tcmmm  compact  Him* 

atone,  blue  Vesutian  limestone,  and  roetione. 

a.  Common  compaei  Ummkm  Yum  lunudly  a  grey  colour,  with  ooloaxed  definettfona. 
Massive,  corroded,  and  in  various  extrannous  .shapes;  dull;  fracture  fine  .splint  crj- ; 
translucent  on  the  edges;  softer  than  the  ctroceding  sub-species;  easilj  frangible; 
■beak  ^yish*white ;  specific  gravity  2*6  to  z*?.  It  efllatTMoeB  witii  addi,  andmirns 
into  quicklime.  It  is  a  carbonate  of  calcium,  with  variable  and  generally  minute  pro- 
portions of  silica,  alumina,  iron,  magnesia,  and  manganese.  It  occurs  priacinally  in 
MOimdary  fbnBatio>ns,  along  win  taaditone,  gypsum,  and  ooaL  Many  ttdmu  petri« 
factions,  and  ."jonie  vejirctable,  are  found  in  it.  It  is  rich  in  ores  of  lead  and  sine,  the 
JBngUsh  mines  of  the  former  metal  bdng  situated  in  limestone.  When  it  is  so  hanl  as 
to  take  a  polish,  it  is  worked  as  a  marble,  under  the  name  of  shell,  or  lumacccUa 
nctUe.  It  abounds  in  the  sandstone  and  coal  formations,  both  in  Scotland  and  Eng- 
land ;  and  in  Ireland  it  is  a  very  abundant  mineral  in  all  the  districts  where  clay-f^Iaf 
and  red  sandstone  occur.  The  Florentine  marble,  or  ruin  marble,  is  a  compact  liuie- 
•tone.    Seen  at  a  distance,  slabs  of  this  »ton(<  resemble  dnwings  done  in  bistre. 

h,  /?/)//>  Vesuvian  Limestone,  Colour  dark  bluish-grey,  partly  veined  with  white; 
rolled  aud  uneven  on  the  surfifice ;  fracture  fine  earthy  ;  opaqut* ;  streak  white ;  semi- 
bald  XB  ft  low  degree ;  feels  heavy.  Its  constituents  are,  lime  58,  carbonic  acid  28 '5, 
water  somewhat  ammoniacal  11,  magnesia  O  o,  oxide  of  iron  0'25,  carbon  fl-25.  and 
eilica  l  '2o  (Klaproth).  It  is  found  in  loose  masses  among  unaltered  ejected 
minerals,  in  the  Mlf^lKmiliood  of  Yenmiui  In  moeaio  irodb,  it  m  wd  ftwp  leparcsent' 
ing  the  sky. 

0,  Boe$Ume.  Colours  brown  and  grey ;  massive,  and  in  distinct  ooneretions,  which 
tieromd gntnnkr;  doH;  opaque;  ftaetuMof  tihemanveandgnird^  a{>inoBchhig 
to  soft;  brittle;  specific  pravity,  2  G  to  2  G8.  It  dissolves  with  efferv.  pcence  in  acids.  It 
occurs  along  with  red  sandstone  and  lias  limeatooe.  In  England  this  rock  is  called  Bath- 
etone,  KeCCoii<«tO]M,  PorttandHrton^  and  Ooiite.  It  ezteodi,  with  but  UtUe interruption, 
fr  III  S  r  .  t shire  to  the  banks  of  the  Uumber  in  Lincolnshire.  It  is  used  in 
architecture^  but  is  porous,  and  apt  to  moulder  awaj,  aa  ia  aeen  in  the  ornamented  woxk 
of  tiie        of  Henij  YIL 

t.  Ohalk,  flbmidy  deeeribed  (L  B45). 

4.  Agari  c  mineral,  or  Rock-milk.  Colour  white;  in  crusts  or  tuberose  pieces ; 
dull ;  composed  of  fine  dusty  particles ;  soils  strongly;  feels  meagre ;  adheres  slightly  to 
the  tongue ;  light,  almost  supernatant.  It  dissolves  in  hydrochloric  add  with  effer- 
vescence, being  a  pure  carlKjnate  of  calcium.    It  is  found  on  the  north  side  of  Oxfonl, 

between  the  Tsiji  and  tlie  Cherwell,  and  near  Chi[pping  Norton  t  as  also  in  the  fissures 
of  limestone  caves  oo  the  ConliueuL    It  is  formed  by  the  atLritiuu  of  water  uu  lime- 

■tone  loekflL 

5.  Fibrous  limestone,  of  which  there  are  two  kinds — satin-spar,  or  the  common 
fibzOQS  i  and  fibrous  cnlcHunter.  jSa^»-«par.  White  of  various  slmdes  ;  massive,  and 
in  diMliiet  tSumm  cmontioiu;  Inilm  ^iileniug  and  pearly;  firagmoits  splintery; 
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feebly  tnnslacent ;  as  hard  aa  eateai^MM  ciipnr  ;  ( anily  frangible ;  ffpedftc  gravity  2*7. 
Its  coMtituonts  ar.-,  lime  50-8,  carbonip  acid,  il  G?  Strompypr says  it  contains  muJl 
qnantities  of  g^'piium.  It  occurs  iu  ibiu  layen»  in  day-Hlale  at  AUton  Moor  in  Ottlli* 
Mmd;  in  layers  and  veins  in  the  Bdddle  dMot  of  Sootland,  aa  in  FiAaUMb  It  it 
tom*»timp'i  cut  into  necklaces,  &(*. 

Fihrous  calc-nnter.    Used  as  marble;  the  ancients  formed  it  into  onguent  vases, 

6.  Tufju'cous  lim('fiton»%  or  Calc-tuff.  Colour  grey;  raafsiro,  and  in  imitative 
shapes;  enclosing  leaves,  boneSk  aheUs^&c.;  doll;  fraoturc^e-grained  unereo;  opaque; 
•oft;  fiB«ls  voogh;  btitfl«L  It  is  pne  cnbduto  of  oilaiim.  It  oooom  in  bodi^ 
genomlly  in  the  neighbombood  of  riffOB;  BOOT  0talf4>inn  in  Fiftohbo^  md  otiMr 

plac«'s.    Vf*f'i\  for  lime. 

7.  Pisiform  limestone,  or  Peastone.  Colour  yellowish -white ;  roassive,  and 
in  diatinet  oooewdona,  ivlddi  we  round  granular,  oompoHcd  of  others  whio}i  ar«>  veiy 
thin  and  concentric  lamellar.  In  the  centre  there  i«!  a  bul>l>Ii>  of  air,  a  grain  of  saml,  or 
of  eome  mineral  matter ;  dull ;  fracture  even ;  opaque ;  soft ;  brittle ;  specific  ^vitj 
2*532.  It  i«  caitoate  of  oakum.  It  io  Iband  in  greott  moaeoi  in  the  Comity  of 
Carlsbad  in  Bobonia. 

►-8,  Blato-spar;  Scktrfii-ftpnth.  Coloiir  whito  of  various  shades ;  mMsivp,  and  in 
distinct,  curved  huiicliax  coucreiious ;  lm>Lre  giisteuii^g  and  pearly ;  feebly  trauslucoiU ; 
•oft;  between  sectUe^nd  brittle ;  feels  ratbor  greasy;  t<[iiviHo  gravity  2*^.  Itsooniti- 
tn^'nt';  are,  carbonstf-  of  calcium,  with  three  per  cont.  of  oxide  of  nianpinpse.  It  oeours 
in  primitivo  limestone,  iu  metalliferous  beds,  and  in  veins.  It  is  found  in  Gleutilt ; 
in  Aasynt ;  in  Cornwall ;  and  near  Gtaucd  in  beland. 

9.  Aphrite  (i.  349). 

10.  Laoallite ;  of  which  there  are  three  kinda — oompaott  priimaticj  and  foliated. 
a.  Oompaet  lneolUte  ie  mbdirided  bito  oomnoD  or  bladr  stacble ;  and  itisdnloiMb 

a.  77/,  coin/iuifi  compact.  Colour  ^reyiMh-Mnok  ;  massive  ;  gHmmerinfi: ;  fracture  fine- 
ffrained,  uneven;  opaque;  semi-hard ;  streak  dark  ash>grejr;  briule;  specific  ^vity  Z» 
When  two  ^eeee  are  rubbed  together,  a  fetid  urinous  odovr  ii  eachMed,  wbieh  fa  in- 
creased by  iHmthing  on  them.  It  bums  white,  but  forms  a  black-coloured  mass  with 
sulphuric  acid.  Its  constituents  are,  lime  63*38,  carboni<»  acid  41*5,  carbon  076,  mag- 
nesia and  oxide  of  manganese  0'12,  oxide  of  irjn  {)-2.%  silica  1*13,  sulphur  0-2fi, 
chloride  and  sulphate  of  potassium  with  water  2  02  ( J  o  h  n  ).  It  is  said  to  occur  in  beds 
in  primitive  and  older  secondary  rocks.  IflUls  of  tliis  mineral  occur  in  the  district  of 
Assyut  iu  Sutherland.  Varieties  of  it  are  met  with  in  Derbyshire ;  at  Kilkenny ;  in 
the  counties  of  Cork  and  Galwaiy.    It  i.s  the  Ntro  anHoo  of  the  Italiaiia. 

^.  Stinkstone  or  Swincstone.  Culour  wliite  of  many  shades,  cream-yellow,  grey, 
black,  and  brown ;  masiuve,  dibsemioated,  and  in  distinct  granular  concretions ;  dull ; 
fracture  spHnteiy;  opaque ;  semi-hard ;  streak  greyish-white;  enila  ft  Mid  odonron 
friction  ;  Ijrittle  ;  specific  gravity  2  7.  The  same  chenn'cal  characteri  m  the  procedinfr- 
Its  constituents  are,  8S  carbonate  of  calcium,  413  silica,  8*1  alumina,  1*47  oxide  of 
iron,  0*58  oadde  of  muiga&eee^  O'SO  eaibon,  0*58  Ume ;  •iiH>biir,  alkali,  mI^  WBtei\  2*20 
(John).  It  occurs  in  beds,  in  secondary  limestone,  alternating  occasionally  with 
•eoondoiy  gypeum  and  beds  of  day.  It  is  found  in  the  vicinity  of  K(nth  Berwick, 
reetiBg  on  red  aandstoiie,  and  in  the  'pnsA  of  Eiibean  hi  Qallowi^.  It  ia  employed 
for  burning  into  lime. 

6.  Pri9maiio  lucMtUte*  Colours  black,  grey,  and  brown ;  massivei,  in  ball^  and  in 
diatinet  commImmm;  eoctanal  avtlhce  sometimes  ebK»ked,  intend  lutM  aiiining ; 
cleavage  threefold;  translucent  on  the  edges ;  semi-hard ;  streak  grey;  brittle ;  when 
rubbed  it  emits  a  strongly  fetid  urinous  smell ;  specific  gravi^  2*67.  When  its  powder 
is  boiled  in  water,  it  gives  out  a  transient  hepatic  odour.  The  water  becomes  slightly 
alkaline.  It  diaaalvee  with  eflbrrescence  in  hydn>ehkne  aoid,  leafing  A  cfaarcoaly  re> 
sidnum.  It.«i  con«!titnent.«"  rpsemble  those  of  tlio  preceding'.  It  oeenrs  in  balls,  in 
brown  dolomitf,  at  ISuildiag-hill  near  .Sunderland,  It  was  at  one  time  cidlcd  MudrC' 
fontt, 

c,  Fiih'atrd Oft tparry  lticnf!<fi\  Colours  white. prey,  and  black;  massive;  disseminated 
and  crystallised  in  acute  six-sided  pymmid^t ;  iuicrual  lustre  glimmering ;  fragmcnta 
tbomboidal ;  trani<lucent ;  senii-biura ;  brittle ;  emits  on  friction  a  urinous  smell ; 
specific  pravit y  2*65.  In  other  veapecta  iiniilar  to  tliepEeoeduig.  It  iaibond  in  Teina 
at  Andreasbei^  in  tJie  Uarta. 

11.  Marl ;  of  wbieh  there  are  two  IdndB^  earthy  and  eompaet.  Earthy  mart  baa  a 
grey  colour;  consists  of  fine  dusty  particles,  feebly  cohcririi: ;  dull;  soils  slightly;  ia 
u^t;  efierveecee  with  acids;  and  omits  a  urinous  smell  when  first  dug  up.  Its 
ooawtnanta  aw^  eatbooate  of  calciuia,  with  a  little  alumina,  silica,  and  bitumen.  It  occurs 
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in  tedi  In  tlw  Meondny  limestDoe  and  gypsnm  fiwmationB  in  Thuringia  and  KnaMd.- 

Qmpnct  marl  has  a  grey  colour ;  is  masmrp,  Tfsienlar,  or  in  flatft'u<  d  hn\h :  contains 
petriiacLioDB ;  dull;  fracture  earUiy,  but  in  the  large  maiiH>ei$  sluty  ;  yivldn  to  the  iiiul; 
opaque;  streak  greyish-whtte;  nnttle;  feab  Magre;  Bpeci£<-  gravity  2-4.  It  into- 
mescos  Tx-fore  the  bunrpip<«,  nnd  mAta  into  a  pTTrnish-]>lack  slag.  It  eflrerresces  with 
acids,  lu  constituents  are^  carbonate  of  calcium  du,  silica  12,  alumina  32,  iron  and 
oxide  of  manganese  2  (Kirwan).  It  oewui  in  'beJa  fai  the  mcapAvFj  loete  liiiMrtona 
It  is  frequent  in  the  coal-formations  of  Scotland  and  England. 

12.  Bituminous  marl-slate.  Golour'greyish-black;  massire,  and  frequently  with 
impressions  of  fishes  and  plants ;  lustre  glistening ;  fracture  slaty ;  opaque ;  »hiniu^ 
itieak;  soft;  sectfla;  frangible;  i^adflo gnniljr  2*66.  It  is  said  to  be  cnrbonato  of 
rnlcinm,  with  albumin.  ir«jn,  nnd  bitnmen.  It  occurs  infloctz  llnii  stono.  It  frcqnmtly 
cutttu  ins  cupreous  minerals,  petrified  tisUes,  and  foitail  remains  of  cryplugamuus  plants. 
It  nbouidfl  in  Um  Hwt&  (J  ameaon.) 

USKSTTXC  iLCn>.  C"H»0«  (H.  Vohl,  N.  Eer.  Aroli.  Ixxiv.  IG).— An  acid 
piodaoed,  tog^jwir  with  £»buc  and  acetic  acida,  by  treatuuj  oil  of  lim^  or  oil  of  zoee- 
mny,  irnh  add  duwniale  of  potanwnm  and  mlnlrario  aekL  As  aoon  as  thp  a^ion  b 
fini.'^ht'd,  the  liquid  ia  diluted  witli  \vat<  r.  and  tii<-  linn  ttio  acid,  whiv.']i  j;opanitcs  as  a 
resin,  is  washed  and  purifled  by  repeated  solution  in  aqueous  carfoooaU  of  jpifiiaiiTiin, 
precipitation  with  nitric  acid,  and  recrystallisation  from  alcohoL 

Limettic  add  is  white,  ciystalline;  volatilises  when  heated,  and  forms  a  crystalline 
deposit  on  cold  bodiaa.  It  liaa  naitlMr  taste  nor  amaUj  diasohea  ^aiing^  Im  waUr, 
easily  in  alcohol. 

The  *Uver-Mlt,  C"H'A|^*0*,  obtained  lirjr  adding  nitrate  of  silver  to  the  acid  nen- 
tralised  with  ammoaiai  ftcma  •  povdar  aparinglj  solaUe  in  watir  and  Mnnkening  on 

exposure  to  light. 

mMVnr.  The  bitter  prind|^  oofttained  in  the  pips  <^  onu^ee  and  lemons. 
It  forms  small,  bittor  er^tals,  sparingly  soluble  in  water,  ether,  and  ammonia ;  eaailj 
in  alcohol,  acetic  acid,  and  pota.<ih  :  from  the  potash-solution  it  is  predpitated  by  acids. 
Sulphuric  add  dissolves  it,  lormiug  a  red  liquid,  from  which  the  limonin  is  predpitated 
hj  imfiar.  Mibde  add  dtaaoHw  it  vithout  alterut  ion.  It  melts  at  124^,  and  solidifies 
to  an  amorphous  mass  on  coolinfr.  Accnrdin<?  to  SchmidtN  analysis  (calculated  with 
the  old  atomic  weight  of  carLou),  it  contaiii.s  08-04 — 60  02  per  cent,  carbon,  and 
6-32— 6-49  hydrogen,  whence  Schmidt  diduetd  t!ie  fonnula  C  ■'-H»H>'',  (Bemayi^ 
I^n -f.n.  r  .s  K.  p.  \^  xxi.  806.— Schmidt,  Ann.  Ch.  Pharm.  U.  838.) 

x>xaco«lTB»  Bn/um  HamUt$,  Bjf4r<nuSe»^ptkKeid*<(fJr<m,  (SeeIaon,oxii>B8 

OF,  p.  395.) 

MVABm.  Fl>*S0*.2CnHO.  Oupnom  SuIohaU  of  Lead.  Cupnous  Angtetiii, 

Blihi,'<t(r.  Knpffrhh  i.spath. — Occurs  in  crystals  belonging  to  the  monoclinic  system. 
Specific  gravity  6*2—6-5.  Hardness  3*5 — 3.  Lustre  vitreous  or  adamantine^  Colour 
de^  acmre-blue.  Streak  naleblne.  Translucent  Fracture  oonchoidal.  Analyeisbj 
Brooke,  75*4  sulphate  of  lead,  18  0  oxide  of  copper,  4-7  water  =  98-1 ;  by  Thomson, 
74-8  sulphate  of  h  ad.  19*7  oxide  of  copper,  and  5*5  water.  It  occurs  at  Leadhills,  also 
at  Roughten  Gill  in  Cumberland,  in  cry^tnln  sometimes  an  inch  long;  at  Linares  in 
Spain,  and  near  Ems.  It  occurs  altered  i  ruaita^  a  change  like  that  of  anglesite  to 
c<<nistt. .  (Brooke^ Ann. PhiL  [2]  iv.  117.— Xkonaon, IliiL Jtfa§.  1840 ; oee p. 402«-* 
I>aua,  ii.  391.) 

BBViMMMHM*  Sea  Simsnk 

USSACXaJtZTB.   A  mineral  oontialing  of  aieenite  of  copper  with  basic  sul- 

phatc  of  niclvd,  and  wuf* t;  and  containing, accoroing to  Lindaclccr  s  analy8ii'(Ja!irb. 
K.  K.  G<-ol.  Ji.  iclis.  i?.  652),  28  <>8  AsK)*,  6-44  80>,  1615  Ni-O,  2-90  Fe«0,  and  9-32 
water  ( =3  99  73),  agreeing  nearly  with  the  fbrainfai  4AoaiO»JliWO*.SKi»0.8H»0. 
Specific  gravity  2 — 2-5.  Hardness  2 — 2'6.  Lnstre  Tttrcons.  Colour  vcrdijjrris  to 
apple-green.  Streak  pale  green  to  white.  It  dissoives  after  longer  heating  in  hydro- 
ctaknieadd.  (Dana,  Ii  MO.) 

UWZW.  Acrystallisable  substance  from  Lbnnn  caf7iortien>ii  (rapcnstcoher,  Ann. 
.Ch.  Pharm,  xL  32'2.— Ifandw.  d.  Chcm.  iv.  924).  According  to  C.  Schroder  (N. 
Eepert.  Pharm.  x.  11),  the  best  mode  of  preparing  it  is  to  digest  a  considerable  quantity 
of  the  plant  with  dUnte  milk  of  Uma;  mix  the  filtered  yellow-  liquid  with  hydrochloric 
acid,  wliicli  form«i  a  precipitate  remaining  suspended  in  the  liquid;  agitato  with  ether, 
and  leavo  the  liuiu  to  crvstalliso  from  the  ethereal  solution.  It  forms  small  white 
ag^FBtals,  having  a  silky  luMre^  heavier  than  water,  dissolving  veiy  spai  in^ly  in  water, 
very  easily  in  alcohol  and  ether,  ftomcwhat  Ic^foi  pa.'<ily  in  acetic  acid  and  in  chloroform. 
The  aqueous  solution  tastes  slightly,  the  alcoholic  solution  ioteusely  and  p«rt»istoutly 
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blHer.  LInIn  melts  and  decomposes  vfaen  heafod.  It  gives  hy  aoalyals  C2  D2  fx-r 
eeot.  cwbfltt  aitd  4*72  hjrcfaaiptt?  dotf  not  ewlTO  amaioniw  wiieo  botltd  with  milk  of 


Kttivo  Mi^liid«  ofeQlwIt 

DZB.  Papaverola'c  acid.  Trcekenoltdure. — C'^H^O'  (Pelonze 
and  Boudt  t,  Ann.  Ch.  Phys.  [2]  lix.  43. — Laurent,  ihid.  Lxv.  150  and  298. — Liebig, 
Ann.  Cb.  rUarm. xxxiii.  113.— Sacc,i6i(^.  U.214. — Schiiler,  <^»J.ct.2d'2>. — A.C.Oudo- 
manns,  Jan.  Selicik.  Onderzoek.  i.  Stok.  184.— Om.  xvi.  306). — An  oOjaeid  occurrinff 
in  linsffj  mill  poppy  oils,  end  perhaps  also  in  othor  drying  oils.  To  prfp.m^  if,  lin-itd 
oil  (or  poppy  oil)  is  aaponifled,  and  the  soap  purified  by  repeated  tuilttng  out,  after 
vl^h  it  M  ^Mwred  in  •  large  (quantity  of  water,  and  toiown  down  by  an  tsxi^m  of 
chloridr  of  enlHum.  Thp  pnvlpitatcd  L-alL-ium-.silf  is  WMshtHl,  jires^t-il,  and  digested 
in  eUier,  whidi  dutsolTes  out  Uie  Unoleate  of  calcium,  and  ieares  the  salts  of  tha  solid 
fit^  Mid*  «idinolT«d.  Hie  ethaMl  at^vtioii  is  aeoompoaed  br  cold  hydraehlorie 
acid,  vrh.Tfliy  the  linolcic  at-id  i»  tiopurattsl,  and  remiiins  diBa«>lvo(t  in  the  ether;  the 
aolution  is  dmwn  oS,  aod  the  aUiw  diatillad  at  as  low  a  temperature  aa  poaaible,  in  a 
•tnoB  of  by  Irogen.  TlicM  tfMn  fwmins  daik-Tdbw  linolaie  add,  wUeb  it  diiaolred 
in  alot'liol,  and  pnvii'i<ated  by  ammonia  and  chloride  of  harium.  Tht^  l>ariuiri-.s;ilt, 
after  being  washed  and  pressed,  is  dissolved  in  ether,  and  the  warts  and  granuies, 
gradually  formed  in  the  solution,  are  repeatedly  reciy stall ised  firom  ^hee.  From  tb« 
baiiiim-Milt  thr  acid  i9  separated  by  agitating  with  ether  and  hydrochloric  acid, 
pipetting  off  the  ethereal  larrr  of  liquid,  ajid  distilling  off  the  ether;  it  is  .dried  in  a 
racuura  oyer  oil  of  vitriol  and  a  mixtiiro  of  lime  Hud  sulphate  of  iron  (Schiiler).  A 
nmilar  method  is  employed  by  Oadomaana,  who,  bowsrar,  prefers  precipitating  the 
linoleate  of  sodium  by  clilorido  of  caldtiTn  in  a  f«trontrly  Bmmoniaeai  solution,  Sacc 
digests  linseed  oil  with  oaddi'  of  h-ad  and  wator.  at  a  gentle  htut;  exluiust-s  the  pale-grey, 
greasy  soap  with  ether,  which  leaTt^s  m&rgamte  (palmitate  according  to  Schiiler)  and 
a  little  basic  linoleate'  of  lead  undissolved ;  evMporates  the  ethereal  sohition  ;  and 
decomposes  the  residut^  wi  ih  hydrochloric  acid.  The  acid  tbos  obtained  is  watihed  with 
boiling  Vlter,  dissolved  in  et!i<  r,  and  recovered  by  evapflittii^  the  solution.  Or  be 
decompoeee  the  Ifd^nlt  witli  Ml|l^dEie  edd,  m.  ^sSMmSm  the  linaleia  Mid  with 
ether. 

Prop^^te.— linoleltt  aeid  ie  •  fidafe-jilknr,  limpid  oil,  of  ^leeifle  gnrvit;f  0*9106  aft 

14°,  luiving  a  high  rffnirtivo  jji.wor,  a  weak,  a<nd  reaction.  It  doos  not  .--olidify  at 
18*^ ;  tastes  mild  first,  afterwards  harsh  (Schiiler).  It  ia  more  limpid  than  poppy 
till  (Ovdemaans).  It  ii  inaoloUb  ia  ipoto*,  but  dunolme  nadiij  in  cAter,  1«m  eM^jr 

in  a!<'<>h"f. 

DecoiuposttioM  — 1.  On  standing  in  the  atr  for  ten  weeks,  the  acid  absorbs  2  per 
cent  oxygen,  and  beeomoyiarfd  and  tongh  (Schii ler).   It  takae  vp  nure  osgpgen  the 

fn^sluT  it  is,  and  thickens,  so  that  at  la^t  it  will  scam  ly  flow,  but  remains  colourless, 
and  does  not  avolve  carbcmio  acid  (Oudemanns).  A  thin  layer  oo  wood  espoeed  to 
tihe  air  ftiiM  s  Twrnish;  on  j^aes  it  oadj  beoomea  touf^h  (Sehiler).  T^nelarte  of 
pota.'i.stum  or  Binliun),  containing  an  excess  of  alkali,  f^iposinl  in  tho  fini  ly  divided  state 
to  the  air,  absorbs  oxygen  greedily,  and  becomes  yellow  and  dzy ;  it  then  dissolves  in 
water  wHh  dark  brown-red  colour,  and  deposits,  on  addition  of  hydrochloric  acid,  a 
bfown  Kr««y  resin,  similar  to  that  produced  by  the  action  of  nitric  acid  (Sacc). — 
2.  By  ory  aUtillation,  products  aro  formed,  difRront  from  thf^c  j-iclded  by  olfic  add 
(Laurent). — 3.  With  nitric  acid,  the  acid  swelL*  up  cousidt^rably,  and  yields  a  greasy 
resin,  suberic  ndd,  and  a  little  osalie  add,  the  last  probably  derived  from  adhering 
pther  (Sacc).  Nitroff  arid  nnd  rnfrrurona  nitrate  drj  not  fomi  t-Iaidic  acid  with linoWo 
acid.    (Felouse  and  Buudet ;  Laurent;  Bchiilcr;  Oudemauus.) 

Li%oUnt§9, — The  mono-aoid  mJIs  am  difficult  to  obtun  pan^  and  generally  contain 
too  mnflll  a  proportion  of  baisf,  on  ncconnt  of  their  easy  conrrrsion  into  acid  salts 
(Schiiler,  Oudemanns).  Th.  y  are  white,  for  the  most  part  uncrystalJi.'»ablo,  and 
separate  from  their  hot  solntions  in  flakes;  by  epontanrous  eyaporation  they  are 
ohtaini'd  in  the  form  of  a  jelly.  Whon  expo.si'd  to  tlip  air,  th'>y  beconui  aolouiaa  aad 
odorous.    They  are  soluble  in  aloohol  and  ether.  (Oudemanns.) 

Bmrhm^lU  —The  salt  produced  by  mixing  chlocida  of  barium  wiu  fihe  add  to  wfawha 
large  excess  of  ammonia  has  been  added,  cfjntains  a  ppoportion  of  ban.-ta.  varying  fn«ni 
12-04  to  24  per  oeut.  (0>*H"£.'\0*  »  23  46  per  cent  Ba*0).  It  is  white ;  soparates  from 
aleohol  on  cioflling  in  miemaoopic  crystals,  and  ftom  ether  on  apontaBeoiaaavapomtioB, 
in  more  distinct  cry>fals.  'VVlion  cxjx>sed  to  the  air,  or  when  kept,  and  also  on 
boiling  with  alcohoL  it  becomes  yellow  and  sticky.  It  dissolyes  veiy  eaaiJjr  in  ether, 
loM  eaailr    aloobol ;  aad  ia  inawnUe  in  water*  (OndemanaaX 

ThaaBfaiawt^raawablaalfcabarimn-aalt  It  was  oofy  onoa  obtained  of  Hia  oo»< 
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position  C*'H*'CaO' ieontainiiig  9*72  p«r  owiW  CaH)),  and  jnoet^  oontained  »  amalkr 
proportion  of  lime.  '  (OsdamMmi.) 
The  cupric-saU  if  bliudi<gi««B,  iniolnbk  in  and  iiMriy  lo  in  ■leohoL 

(Oiidemanns.^ 

LeadsaJt. — The  acid  dissolves  a  large  qoantitj  of  oxide  of  lead,  and  forms  there* 

Mrith  a  mVui,  plaster^Hke  mass ;  with  a  MnaU«r  qnantity  of  oxide  oi  Irad  it  forms  a 

thick  liquid  which,  on  pxposnrf'  to  th<*  air,  remains  for  a  lone:  time  greasy,  and  of  the 
conaigti'uct"  of  oiiitnieut  (^Liebig).  Thf  ethereul  .sjhuion  of  the  k-ad-balt  becomei* 
resinised  daring  evaporation,  and  throws  down  a  whttt  Litsie  salt,  upon  which  an  adid* 
red-brown,  jelly-like  salt  is  de|x>8ittHl  ;  tlii.s  lust  .mu' )!•<  I'kf'  lin-f^t-d-oil,  and  shuws  a 
Tiirying  comp<^tion  on  analysis.  E&pos^cd  to  the  air  lu  tiuu  iuAera  upun  wood,  lino- 
leate  of  lead  doM  not  form  a  varnish,  hnt  •bspf  off  ia  MtlM.  (oaeo.) 
The  mdgneaium-salt  is  insoluble  in  water. 

SUv&^mlt. — Nitrate  of  silver  throws  down,  from  the  sodinm-salt,  a  white  precipitate, 
iriiidi  Bamfy  tStadMiM  ftom  reduction  of  slvw.  It  ^nkw  mdily  in  aqwwu  ammo- 
nia, aad,  on  erapornting  the  solution,  a  pnrtinr!  rrr-^HlIi^es  out;  anotfur  pootiaii  is 
dMomposed  and  colours  the  liquid  black.    ( U  u  d  c-  at  u  u  u  s. ) 

Bodtum  iwft.— 'Whao  the  aod  ia  diiadTed  in  eawtie  aoos,  aalted  Ofot  with  ehlorida 
of  Fodium,  and  driod,  and  the  residue  is  freed  from  cldoride  of  nodium  by  dissolving  it 
in  ether  and  evapuraliiw  the  solutioD,  an  acid  salt  is  obtained  containing  7*d  per  cent. 
]fa*0,  and  agreemg  -with  tha  ftraiiila  M7f&*NaO*.C'^DP0';     aalfflilation,  7'7fi  par 

cent.  Na-0. 

The  sinc'Salt  is  insoluble  in  watt-r. 

XkKWSBm*  The  seed  uf  the'  dux  plant  {^Linnm  uaiiatietimum).  The  following 
analyfea  of  it  aia  ghan  1^  Waj  (Joon^  Boy.  Agr.  Sot;  z.  pL  %)i 


Composition  of  LiMeed. 
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33  aampieb  of  oil-cake,  obtained  by  expressing  the  Hxed  oil  ttfm  lisaeed  grown  in 
Tarioua  aooatriaa,  exhibited  an  ametuit  «r  nitiogen  Tarjing  fWm  8*08  toO^  par  east., 

liiT  fn  ni  to  1.5-3'2  f^^r  conf.,  iish  from  5-15  to  22  G0  j  or  c  ut,  wab  r  fn^ni  C  oG  to 
10*26  per  cent.  The  qoantitj  of  albuminons  substances  calculated  from  that  of  Uie 
■ibrogMi  variaa  In  Cha  88  aamplea  from  28  to  ahora  88  per  aant 

Anderson  (Highland  Agr.  Poc.  J.  nt-w  series,  No.  69,  p.  376)  found  in  HuKocd, 
84*44 albuminous  substance i  34*00  oil;  3073  gonii  aogar,  and  c^nloae ;  3'33 ;  ash  and 
7*80  watar, 

Mcurein  (J.  PhaoD.  [8] zz.  88) hac au^jaad tha aavcfal fttto of  Uttaaad Villi th* 

IgJiowing  zesolta : 

/Gacn  and  adtnUa  nHa  

Soft  resin  and  ^xad  oil  

Water  

Matter  insoluble  in  water  and  in  ether  . 
Soft  resin  and  fixad  ofl  

S8  Water  

HHtter  Holuhli^  ill  water  ..... 

Fix»»d  oil  

Water  5 

Hatter  soluble  in  watar  S 
Matter  inaoltthla  in  watar  and  in  athar.  .18 


Episperm  21 . 


U 
1 

2 
4 
6 

2 
3 

18 

30 


100 

For  analysis  of  the  a«h  of  linse<  d.  hoo  Flax  (ii.  657). 

Linseed  also  contains  a  larip:e  quantity  of  mucilage,  which  is  deposited  in  the 
itsr  layers  of  aaOa  a#  tfie  epidennia,  and  vwells  up  when  the  aoad  w  nuMMiated  with 
water,  so  much  as  to  burst  th.>  rdl-walls,  1  pt.  of  linseed  l>oil©d  with  16  pt?.  water  yields 
a  nudlage  thick  enough  to  be  drawn  out  into  threads,  and  fioimii^  a  dark-coloured 
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lag!',  also  Ifjj^iimia,  albumin,  nn  orgajiic  acid,  perhaps  malic  add,  and  aat^»«aidteent% 
clueflj  lime,  potiuih,  and  iron,  purtly  aa  phoephates,  partly  united  in  the  a»h  with 
earbooio  atld.  JimmA  mucikgc,  precipitated  by  alcohol,  gave  11  per  ceut.  aah,  cmo* 
lauiitag4pw«AoiiiK»ioifiid(Schmidt>  Ann.  8m MpdUMS. 

TtTtn'BEO  OXZi.  The  fixM  oil  -  -"-p- 'sseil  from  the  swds  of  TAnvm  ii^ittiiiannvon. 
vuky  taken  as  the  type  of  the  c\sm  U  oila  called  drying  oile,  Sxaax  their  tropertj 
«r  drying  up,  when  oipowd  to  the  air,  to  a  tnnupttFeiit  xvuhnm,  not  farittfa  mam. 
They  probably  all  rohfinblo  1ins6«d  oil  inoonfAiiiing  a  ylyoeride  of linoleic  acid,  together 
withnalmitin  (and perhaps  stearaa^  by  the  ntrying  proportions  of  which  their  ^aSKmem 
in  aei(«ntt!iMd.  in  tiie  inpoM  state,  they  c<nitnB  abo  amciis,  {Brum,  and  dbaniB, 
togethiT  with  a  yello'W-  fulouring  prineiplo  possos!«i.  d  of  ta.stc  and  t<mell. 

The  cold-preMod  oil  of  firesk linaded  i«  pale  yellow,  and  without  disagreeable  taste. 
Tb»  eommeraal  oQ  if  dscie  yellow,  tad  Ims  %  rarp  penetrating  smell  and  taste. 
Speeific  gravity  at  13°  »  0-9347  (Sch tiler,  Sehiibler),  0  9337  (van  Kerchofl^ 
Jahreeber.  1859,  p,  701);  other  statomeots  vary  between  ' 0-928  and  0*953.  Specific 
gravity  at  12"  »  0-9395;  at  26°  -  0-931 ;  at  50O  -  0-9125;  at  940  -  0-8816,  that  of 
wsttf  Si  Ifl®  h«ilig  taken  as  unity  (Saussure).  It  docs  not  solidify  at  -  15°  to  —  16^ 
(Giifisprow),  nor  at  —  28°  ("Brandis);  according  to  Schiilor.  it  diposita  a  little 
solid  fat  at  —  18^  It  contains,  on  an  average,  78-11  per  cent.  C,  lU  US  H,  and  10-93  O 
(Sacc);  the  «otd-drAwn  oil  runtains,  on  <in  average,  75-17  per  cent.  C,  10*98  H,  and 
13-85  0,  corresponding  to  the  formula  C"H!^  (Lefort>,  (Sm  Saamv^e  auMk 
Ann.  Ch.  Phys.  [2]  xiiL  388.) 

It  contains  margarin  (pulmitin,  according  to  Schuler;  stearin,  aeetvdin^  tO 
Unvmlorl"  n),  and  a  glvceride  of  linoh  ic  aeid  (Sacc).  By  saponification,  it  yiddl 
^th  maivaniic',  and  ^lis  linoleate  of  lead  (G  ust>ero  w,  Kastn.  Arch,  xijc  80). 

Linteea  oil  exposed  to  ■andnne  for  some  weeks,  in  contact  with  an  aqueous  solution 
of  an  equal  weij^^ht  of  proto'^tilphate  of  iron,  becomes  limpid  and  eohnirlessi.  £xpo«t*d 
to  the  air  in  thin  layers,  it  dries  up  to  a  transparent,  resiuuus,  moderately  elastic  masiL 
vsaembling  caoutchouc;  whc^i  heated,  however,  it  does  not  melt,  but  carboniaet  ana 
Imrns  {L<  uc!u\  Kasta.  Arch,  iil  107).  A  peculiar  fat  is  produced  at  the  same  time, 
together  with  a  cnunhlT  substance  insduble  in  ether  (Uoppe,  J.  pr.  Chem.  Ixxx. 
117).  Uiaed  with  ehau  so  at  to  ibnn  a  iwwdflr,  and  apmed  to  tiie  aiv  ftsr  fooct 
"w>  ii;s,  it  dri-'S  Tip  wmph-t<  ly,  and  on  dissttmii;!;  out  the  eaH>'>nate  of  ctdcium  witli 
l^diochhuio  acid  ,aad  oilmurting  the  residue  with  ether,  a  white  mass  of  the 
aomirtewM  of  tw  is  obtained,  iHiidi  bchatM  like  oleic  add  eltored  1  >y  e\}K>Mii«  to  the 
air.  There  remains  behind  rr^^inou^  linj-t-rd  <.iil  in  the  form  of  a  yeIlowi>li  coii^lDm''- 
rate  masa,  which  is  insoluble  in  alcohol,  ether,  volatile  and  fixed  oil^  is  <»nvcrted  bv 
aleoholie  hydiochkrio  add  into  a  tarr^'  suholetiM,  and  dissolves  in  esnsHo  potam 
(Un  verdorben,  Schw.  J.  xvii.  245V 

Impure  oil,  containing  mucus  or  albumin,  becomes  rancid  in  the  air,  more  quickly 
in  BxinHluiie.  and  has  then  a  repulsive  odour  and  taste,  a  dark  colour,  and  add 
naction.  Concerning  the  formation  of  ozonised  oxygen  in  the  oxidation  of  Ihlteed  oQ, 
fff'  Solionbein  (T.  pr.  Chem.  Ixxiv.  338).  When  the  oil  is  boiled  fnr  i^ome  time, 
till  it  Imisi  about  \  uf  its  weight,  it  becomes  thicker,  tenadomi,  aiid  vi^^id,  aud 
dries  up  still  more  readily  than  in  the  fresh  state  to  a  tough,  turpeo tine-like  aittii^ 
R^rr^ely  sohihlr  in  oils:  Prinftrs'  mrni^h.     (See  Imc,  p.  272.) 

I.insred  oil  (ajso  imt  or  poppy  oil),  heated  to  about  323^—375^,  takes  fire 
and  hums  quietly,  without  ftirthor  heating  from  without,  till  tar  or  charcoal  remains. 
If  the  burning  hf  interrupted  by  eloKini;  tne  vessel,  there  remftins  a  browii,  tnrp«nit  lnp>- 
like  body  which  may  be  used  m  btrdlimt.  When  this  substance  \&  lx)ilrd  con- 
tixiuuusly  with  water  eontaini]||f  nitric  acid  (water  being  added  to  prevent  the  too 
violent  aetion  of  thf  aeid),  an  odour  of  acrolein  is  constantly  evohid,  and  the 
substance  becomes  solid,  of  the  oonsistenctj  of  plaster,  resembles  India-rubber;  and  no 
longer  sticks  to  the  flngem.  It  is  then  not  completely  fugfbb^  diasol'vea  to  an. 
emulsion  in  sul{'hi(!e  of  earhon.  phrinlcs  when  Itoihd  with  concentraf  d  natistic 
potash,  diflt(dves  only  on  addition  of  water,  and  is  again  precipitated  from  the  wilotion 
Igr  adds.  This  mibstanee  it  edinble  in  alcoholic  potesh  and  predpitable  by  aoids ;  it 
swells  in  ether  fn-c  from  rdeohol,  and  partly  dl.ssolvt  s  in  a  larger  quantity  of  ether; 
alcohol  precipitates  it  from  the  solution.  In  rock-oil  it  swellB  without  dissolving; 
also  in  a  litfle  (nl  of  tvrpentfaie,  but  dteolreo  eompletely  in  a  laiger  quantity,  aail 
ri  iiiains  unaltt  red  on  eTa(H^raf ion.  Linsoed  and  nut  oils  yield  eicht  or  tt>n  tini(«  as 
nuicb  of  this  caoutcbonc-likfl  substance  as  poppy  oil  (Jonac^  N.  Be  Arch.  zlTi  169; 
S,  w,  Chem.  xjuvIL  8S1^ 

Linseed  oil  submitted  to  rln/  'lis(iUii('i<>n  gives  off,  without  lioninf^,  white  vapour>", 

whidi  ooadense  to  a  colomkes  oil,  having  an  odour  of  bread ;  on  the  disappearance  cC 
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thcitd  vapoUM,  it  b«;gin8  to  boil,  t»x|>(UiU%  aiKl  a  dUtiilAte  of  browu  em- 

pyreumatM  pvoteelik  nntQ  a  mMi  ifNMnbling  jtify  and  mamkium  MMfaui  Miiiid. 

(Succ.) 

Huiphur  dissolves  in  hot  lias^'cd  oil  with  red  colour,  jmrtiiiily  crystalliidug  on 
ooolmg;  on  longer  henting,  the  oil  t  ik-  ^  up,  with  fvolutiou  of  snlphTdric  acid,  ^th  its 
wcif^ht  of  sulphur,  and  funns  ther«wiLk  a  brown  viscid  mass  :  /<i{(>/  lalmm  of  tu/phtir. 
(See  Kadig,  Uorst  and  Ulcx,  N.  Br.  Areh.  iL  15;  aim  Kc  iuiiuii.  J. pr.  Chein.xlii. 
IM.)  linseed  oil  disflolyes  sfienium  (Berzelius) ;  it  dissolves  nearly  ^th  araenlnw 
acid,  wliorfby  it  is  rt'tiilpn'd  In  avitT,  jireeij'itahle  by  oil  of  vitriol  aijd  liydri_>chloric 
ufiidt  and  ooagulable  by  aUuJia  (W,  Henry,  <8chw.  J.  ii.  636).  Fhotphorut  boiled 
with  UnMad  tSk  weqmrn  a  •esrlci  eolon  (Bainstth.  J.  pr.  Ohon.  sit.  257).  Haatod 

with  \\h  its  weight  of  {ihoj-jiboruM  to  7'^»®  the  oil  become!^  brown-lilack,  and  after 
cooling  forms  a  leathezjr  sabstance  iiuM>iuble  in  linseed  oU;  ^tJi  phosphorus  Harms  » 
^tia  tar,  ▼hadi  ttam  with  di«  drying  oils.  (Jonas,  N.  Br.  ArA,aaL  189.) 

Wlit'ii  linsfed  oil  is  heated  with  ini  i"dtne,  th«  rt>  ^lass  ov<  r,  fii>t  itxline.  tln  ii  an 
empyreumatic  oil  coloored  brown  bv  iodine ;  afterwaixis  white  vapours  of  hydriodie 
acid  are  evtdved,  fitdlowad  hy  a  thi«k  yaOcmish  oil,  and  at  last  charcoal,  containing 
iodine,  remains.    (Reins ch.  J.  pr.  Chem.  xiv.  263.) 

Brominated  Unseed  oil  is  obtained  by  drenching  the  cil  trith  8  or  10  parts  of 
wuter,  beating  it  to  between  and  80°,  and  adding  bromiun  by  drops  as  lon^  as  the 
eoloor  disappears,  removing  the  excess  of  bcomi]^,  if  aceesaary,  I'y  further  addition  of 
oil.  The  product  i.s  then  wju-^hed  with  warm  wnt«^  and  dissolved  in  ether;  the 
solution  is  }>]iaken  up  with  warm  watur,  and  the  brumiiiaied  oil  thus  fireed 
is  dri.  d  at  120^.  It  is  browa,  wasllw  like  MMiaed  «l  whan  haatad,  has  a  apadfle 
gravity  of  r345  at  14'5°,  and  contain«4  10"77  per  cent,  hmminc.  corresponding  to  the 
formulu  C  ■lir"H''0'.  Chlorinut*U  iihjittd  uii,  prtparwi  in  like  manner,  is  a  dark-vellow, 
thick  liquid,  of  specific  gravity  1*088  at  6'6°,  and  HBtaiM  par  oaat  aUoona 

(C'»Cl"H-*0«).    (Lefort,  J.  Pharm.  [3]  xxili.  313.) 

On  mixing  from  15  to  25  pta.  chioride  of  mivkur  with  100  pts.  linseed  oil, 
aaontdioao-liBs  products  aia  obtaiaad,  vliieh  an  the  haider  the  mot«  chlodde  of 
Fiilphnr  thr-y  contain,  and  arr  not  attacked  b}'  moderately  dilute  adds  and  aqueous 
alkiUis,  but  are  ultimately  saponiiied  by  concentrated  alkalis.  Thev  become  brown  afc 
130^,  and  UadDen  and  melt  at  a  hif^  tempmrtnm.  The  addition  of  6  per  oeut. 
chloride  of  .^nlphur  thickens  linseed  oil,  but  dues  not  cause  it  to  h.irden;  the  product 
sUU  retains  the  solubilihr  of  tJie  fatty  oils.  When  to  a  solution  of  1  linseed  oil  in 
Sn  or  40  pis.  snlfdiide  or  eai^bon,  a  quantity  of  chlorida  of  anlphw  ia  added  equal  to 
Jth  tht^  Weight  of  the  oil.  tin-  mixture  remains  fluiil  fur  i-nnie  days,  and  dries  up 
to  a  varnish  on  wood.  (rerra»  Gom|i(.  rend,  jivii.  878;  aee  tUao  Cofmpt.  resd. 
xlvii.  972.) 

Witii  |tn  its  volume  at  tjtttgy  pkotphoHe  «oA^  fioaaed  oQ  iMOdnaa  luovBlah-jallov 

or  green.  (Calvert.) 

Cold  strong  stUphurie  add  colours  it  yellowish-brown  (Gaul tier  de  Clanbry^ 
dadc  red-browB  (Heidenreich,  van  Kerckhoff);  it  coagulates  the  oil,  oolonra  it 
purple-red,  violet,  and  bbu-k.  and  evolves  sulphurous  and  formic  acids;  and  thf>ro 
remains  at  last  a  lougli,  black,  i"opy,  supouitiable  mass  (Sacc).  From  this  la.st,  waicr 
and  alcohol  take  up  substances  which  precipitate  gelatin  :  HatehHfa  artificial  tannin, 
A  niixturi'  of  5  volume-s  linseed  oil  wifli  1  volume  sulphuric  acid  of  specific  grjivity 
1*478  to  1*635,  shaken  vigorously,  be<ome.s  green  in  lo  niinutes  (Calvert).  Wlien 
10  gia.  linaeed  oQ  are  mixed  with  7^  grs.  sul(>huric  acid  containing  90  per  cant  H^SO*, 
Ae  temperature  rise?  to  75°.    (F.  hling,  Din^^'l.  pol.  J.  129,  63.) 

LinsMd  oil  takes  tire  with  fuming  nitric  and.  Linseed,  hemp,  aud  uoppy  oib  take 
ftra  mofa  aaaflj  than  nttt-oil ;  with  dilute  nitric  add  an  addition  of  sulpbnrio  add  ia 
necessary  (Rotielle).  A  vigorously  shaken  mixture  of  1  inset  il  oil  with  |th  its  volume 
(rf  nitric  add  of  specific  gravitjr  1*18  to  1*22|  becomes  yellow  in  d  minut^^s ;  with  acid 
of  a|M»nfle  gravftj  I'SS,  green  to  Inoim ;  with  nitro-anlpbnric  (equal  parts  of  <ul  of 
Titnol  and  nitric  acid).  gre<'n  (Calvert,  PhiL  Mag.  [I]  vli.  101  ;  J.  pr.  Chem.  Lxi.  351). 
See  also  Lescallier,  J.  Pharm.  xiii.  203.  Linseed  oil  shtUiea  with  water  and  very 
dOnte  nitrie  add,  la  dmoloriaed  after  aome  time,  and  conrerted  into  a  Taraiah  (Aim. 
1782,  -lO).  On  (Iropj)ing  2  to  4  dnitna  of  strong  nitric  acid  iiito  a  hundredweight  of 
hot  hnseed  oU,  a  slimy  sediment  ia  formed,  with,  frothing,  and  the  oil  is  chanjged  to  a 
Tarnish,  aa  witli  oxide  of  lead  (Jonas,  Ann.  Gh.  Pham.  xzxit.  238).->A  mixture  of 
1  pt.  linseed  oil,  and  2  pts.  commerdal  nitric  add,  heated  with  4  times  its  bulk  of  water, 
acquires  a  red  colour,  swells  up,  evolves  nitdc  oxide,  and  forms  a  tough,  elastic  resin. 
Tlus  last  contains  mai^garic  add,  and  tbe  mother-liquor  oxalic  and  suberic  acids.  Tlie 
radn,  heated  with  nitrie  add,  again  becomes  r^ily,  and  is  then  decompcwed  (the  mar- 
gasie  add  ualj  ranaining)^  ivith  fbnnatkm  of  fiubario  and  pimalio  adda  and  a  Tolatile 
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fktbr  mbBtaMSS  haring  the  odoar  of  butyric  acid  (3so«)L-~l?lt]i  mitrom  mM  WhkbJ 

oil  does  not  form  claidic  acid.    (Pelouze  and  Boudet.) 

In  contact  with  aqamits  mimiimia  and  akohd,  it  is  attftcked  vith  dtfficul^,  and 
jifllda  •  nun  quantity  of  warty  cry^tXa  of  an  amide  yASA.  melti  at  100°.  soUdnliw  at 
97**,  and  dissolves  f.-uidy  in  alcohol;  it  coQt&iDg,on  an  average,  76'2o  pr  cont.  C.  13  02 
H,  and  6  03  N,  and  has  therefore  the  compoeitioii  of  maigaiainidat  with  which  i&  ia 
identical.    (Rowney,  J.  pr.  Chem.  Ixvii.  159.) 

Iiinseed  oil  yields,  with  alhilis,  a  very  soft  soap.  On  h^ing  with  |th  its  volume 
of  caastio  sodii  of  specific  pr-ivity  1-34,  it  turns  ytllow  and  remains  flnid  (Calvert). 
By  distillation  with  an  excess  of  alkali,  it  cvolvea  hydrogen,  together  with  a  fishy  odour, 
and  yields  a  green  distillate.    (Al.  Miiller,  Handuxjrdrh.,  vL  874.) 

Pof.as.si70H  and  .•«>dinin  oxidise  in  linsocd  oil  some'whiif  more  quick!^  than  in  vdfltOa 
oils,  with  formation  of  so:ip.    (Gay-Lassac  and  Th^nard.) 

'f^iTM^  oil  is  oxidised  with  peculiar  ftoQily  by  acid  chromaU  €(f  poUunum  and 
dilute  sulphnric  acid,  and  yields  an  aek^  ttaNM^HmuUing  dintallafcu.  (A.nbftoh«r, 
Ann.  Ch.  Phann.  Izziii.  199.) 

It  dissolves  oxide  of  lead  whan  heated,  and  is  decolorised  thereby  and  raudsNd  more 
easily  dr>nng,  forming  what  is  called  bailtd  oil  (see  Liebic,  Ann.  Ch.  Pharm.  xxxiii. 
110;  W.  Henry.Scher.  J.  iu  636;  Schindler,  Br.  Arch,  xli  146;  Varrentrapp 
BimMHtrh,  in.  128).  Wl»n  ohdem  vith  BaHo  <ugtaU  M  and  Mb  atTcol^  ft 
throws  down  a  turbid  mucus  containing  oxide  of  lead,  above  which  is  a  y- !1  w  var- 
niah  orwifafninig  4  or  6  per  cenL  oizide  of  lead.  Exgfmd  to  the  sun  in  contact  with 
mtnui'ie  <Mtti»,  it  ndiioea  liw  wtmwuy  to  a  liquid  naaa  (Fit  eha,  Ann.  CtL  Fham. 
XX.  200);  ]'  irtial  ro*!uction  takes  place  in  strong  Bun-nhlne,  the  oxide  becoming  blackish- 
grey;  but  it  is  only  when  heat  is  applied,  that  a  small  quantity  of  metal  is  obtained. 
(Ann.  Oh.  Pharm.  xx.  200.) 

Linseed  oil  dissolves,  according  to  Bucholz,  in  about  5  pt^.  of  boiling  and  40  pts. 
of  cold  alcohol ;  according  to  Brandes  (GiUx  Ann.  zliv.  289)»  in  S2  pta.  aloohol  of 
specific  gravity  0*82  and  in  1*6  pt  ether. 

UFAXm.  Sjn.  m&  Fetob  ipab  (iL  67T). 

UnO  ACTD.  CH'O*  =  C»H«0«  .  H»0  ace-oiding  to  Lanrent  (Ann.  Ch- 
Phys.  Ixvi.  169);  C*H*0*  according  to  VTirz  (Ann.  C]i.  Pharm.  cv.  257);  the  latter 
formula  ^aces  it  umung  the  homolugues  uf  oxalic  acid,  included  in  iho  general  formula 
OH!^~*0*.  This  acid,  discovered  by  Laurent,  is  produced,  tc^ether  with  ptmelic,  su- 
beric, adipic,  and  other  acids,  by  the  action  of  nitric  acid  upon  oleic,  stearic  ■>r  vi-lmitic 
acid,  and  is  coutuined  in  the  mother-liquor  which  remains  afL«;r  the  pimelic  and  .■,uberie 
ftcids  have  been  separated. 

The  best  mode  of  preparing  it,  is  to  beat  oleic  add  in  a  retort  for  about  12  hours 
with  uu  equal  Weight  of  nitric  acid  of  ordinary  blrength,  then  add  frmh.  nitric  acid,  and 
repeat  the  operation  four  or  five  timet.  Hie  united  solntiona  ate  then  to  be  evaporated 
to  a  f  inr'!i  of  their  T  ulk,  and  the  concentrated  liquid  left  at  rest,  till  pimelic  and  su- 
beric licids  crystallise  out.  The  remainder  of  the  nitric  acid  must  then  bo  removed  from 
fhe  mother-hquor  by  evaporation  ae  oompletsly  as  possible,  taking  care  that  the  uaea 
does  not  blacken  from  too  ^jeeat  concentration;  the  crystals  which  separate  from  it, 
consisting  of  adipio  and  lipio  aoids^  arc  dried  and  dissolved  in  hot  ether,  which  leaves 
ft  few  l»vwn  imporitiea  nndilMolTed;  the  Motion  is  left  to  evapocato  toludf  ifci  ImUc, 
and  the  liquid  which  covers  the  crystals  is  evaporjitetl.  The  two  product.**  thus  obtained 
by  evapomting  the  ether  are  se^rately  dissolved  in  boiling  alcohol,  and  the  solutions 
are  left  to  evaporate  in  the  air.  By  repeating  t  hese  opentMoa  aeveoral  tfattea,  two  aeida 
are  obtained,  viz.  adipic  acid  crystallised  in  rounded  tuberculous  aggregated  grain s, 
andlipic  acid  in  slightly  elongated  laminae  ^Laurent),  in  txanalooant  cmata  made  up 
of  ooamar  sroupe  of  small  prisms.  (Wirz.) 

Lipic  acia  is  moderately  soluble  in  cold  toattr.  ^Tben  ft  flew  grains  of  it  are  heated 
on  a  watch-gla.'fs,  till  pfutial  fusion  takes  place,  the  add  crystallises  on  cooling  in  a 
fibrous  mass,  while  a  portiou  volatilibets  and  condenses  on  tlie  non-melted  m;is3  in 
brautifhl  needles  having  the  form  of  prisms  with  rectangular  base. 

Tlip  a"id  crystallised  from  water,  cuntain.s  1  at.  water,  which  it  loses  by  sublimation, 
the  auiiydrous  acid  then  condeuning  iu  lung  uhiuing  uuixllisti  (Wir^).  Itu  vapour  is 
vciT  sunbeating  and  excites  coughing.  When  deprived  of  its  water  of  crystallisation, 
it  does  not  melt  bt  low  140°  or  145^  (Lanrent) ;  aocording  to  Win  il^melta  at  160^. 
It  is  very  Soluble  in  alcohol  and  ether. 

Lipic  acid  is  dibaaic,  tile  Jbrmola  of  its  salts  being  C*H*M*0*,  which  is  the  same  as 
th-it  of  the  itaconatcs  (Laurent);  CHOPO^  (Wira).  The  Mtlta  when  heated  with 
sulphuric  acid  give  otf  iipic  acid. 

The  mmtmSim-9alt  crystallises  in  long  prisma  (Lanrent).*— The  Imkm  wtf 
iBpintei  after  ft  nhile  ftom  ft  mixed  eolnfcwn  of  ehkrioe  of  harinra  and  l^vto  of  ftm^ 


Digitized  by  Google 


LIPYL  -  LIQUIDS,  DIFFUSION  OF.  705 

inonlutn  in  quaclnitic  prisms,  passing  into  thf  ootaluHlmn  (Laurent). — The  calcium- 
aali  u  precipitated  in  like  manner  in  square-based  priamfiy  containing,  according  to 
Wiw,  <>HWO*.BK).--Tli»  enpHe  taU,  C»H^«0*,  la  oVtainod,  by  boiling  cnpric 
carbonafr  with  th.-  ncid,  in  gre^n  cnstalline  mrales,  irhich  may  bo  frr-oii  from  adhering 
acid  by  hea^im  to  IjM^— 200°  (Wirs).— The  mim^t  ooat^  C^H^AsfO^ 
(Laurent);  tfa*AffO*  (WirsY'— The  §odi«m'MM  aytitBSImett  in  Hat  rhombic  pnsms 
containing  C'n»N;i'0«. 6IPC).    ( W  j  r z. ) 

The  exutence  of  lipic  acid  must,  however^  be  regarded  as  somowhat  doubtful. 
Qeiluadt Tegatded  it  menfy  as  tmpora  raednie  aad,  and  Arppe  (Ann.  Ch.  Pharm. 
cxv.  143)  In  his  more  recent  inrcetigation  of  the  products  of  tl)»„>  action  of  nitric  acid 
on  oleic  acid,  baa  arrived  at  the  same  oonduMOO.  He  prepaz«d  the  acida  by  Lanrautfa 
pwKieai  abovv  deaeribed,  from  oMo  add  obtained  by  saponifloBtioD  of  toe  ao^ealled 
sttann-oil.  Tlie  )■  M  v,  *  Jut  ion  ol.faini'l  l»y  t  vaporating  the  nitric  acid  with  addition 
of  water,  yielded  a  gFanularfowder,  which,  a^reDeated  cmtaUiaation.  melted  at 
and  was  nnsd  to  eraabt  or  mbnto  add  nixed  willi  tmomet  add  vbidi  cooU  ba  m.- 
trat-tod  l)y  cold  ether,  and  pnjvrd  tu  1><>  ;\2M}laic  add  (pk  tha  Hma  add  waa  alaa 
found  in  tho  mother-Hqtiors  of  the  Miberic  acid. 

UVTZi.  A  hypothetical  radicle,  C^II',  supposed  by  Bci-zelius  to  exist  in  tiie 
■atoral  fats  and  fatty  acids.  At  present  however  these  compounds  are  regarded  as 
derivatives  of  the  teiatomic  xadical  gi^fouyl,  G'H*.  (Sae  Emmaaf  ii.  618,  ami  QlvM' 

UiuuSj  ii.  877.) 

UQVIIK   Thii  term  is  applied  to  bodies  in  that  peooliar  state  of  aggregation,  in* 

termediato  l>etween  the  solid  and  the  ga^eouK,  in  wliich  tlie  juirtieles  are  free  to  move 
amongst  themselTes  in  all  directions,  but  do  not  exhibit  the  constant  tendencs^  to  fly 
aannder  -nrhieh  is  characteristio  of  {he  gaseons  state.*  The  oonditiona  wbidi  are 
supposed  to  give  rise  to  this  particular  state  of  aggregation  hava  been  already  cco- 

sicfercd  in  connt>ftion  with  the  dynamical  theory  of  );cut  (p.  133). 

XiXQimiAJaBikS*  A  Liilitatn  product  from  a  htrgii  tree  {Ldquidambar  tttt/raci- 
folia)  growing  in  Lousiana,  Florida,  and  Mexico. 

Liqiiifl  UqttidiihJmr,  or  Oil  >>f  h^/nidanihar,  wlilcli  is  obtained  by  making  Inci^iixi^ 
in  the  tree,  is  received  immediately  in  vessels  to  protect  it  from  the  air,  and  decantwl 
after  a  wUIa  to  separate  a  portion  of  the  opaque  balAam  which  settles  to  the  bottom. 
It  has  the  consistence  of  a  thick  oil.  i.**  transjiaront.  of  aml>ep-yellow  colonr,  .nnd  hits  un 
odour  like  that  of  Uquid  storax,  but  uior^)  agre^aUu ;  ilb  taste  is  aromatic  uud  irritatca 
the  throats  It  eontaiiis  a  eonsiderablo  quiintity  of  benzoic  or  cinnamic  acid,  and  a 
drop  of  it  rt  dilens  litmits*  stringly.  Tr>'atrd  ^vitll  boi Hug  alcohol,  it  IsaTSB  onlja  small 
residue,  and  the  filtered  liquid  becomes  turbid  on  cooling. 

Soft  or  WIUU  Liquidat/ifHtr  proceeds  either  Utam  the  opvjjOB  deposit  atwva  mm- 
tioned,  or  from  jinrts  of  the  bjilsam  which  have  run  down  the  stem  of  the  tree,  and 
thickened  by  exposure  to  the  air.  It  has  the  consistence  of  very  thick  turpentine  or 
aoltpitdi;  it  is  t^rnqne  and  wliitid ;  its  odottr  is  less  irtrong  and  more  agreeable  tlian 
that  of  the  oil  jnst  mentioned;  taste,  sweet  and  aromntic,  l)ut  irritating.  It  contains 
a  large  quantity  of  benzoic  ur  cinnamic  acid.  By  long  exposure  to  the  air  it  soliditioH 
com^etely  and  beeomes  almost  transparoit  It  was  fonMAy  sold  aaidsr  tba  aame  of 
WkUe  i^N  MMm.   (Crcr  h.,  iv.  386.) 

JM^OTOn,  mmrBlOtr  or.  "Wlion  two  ll  jnid.s  of  difTcrcnt  de  nsity,  and 
capableof  mixing,  are  placed  iu  coutact^  dilVusion  taki >phtce  bvtweuu  theui,  much  in  the 
same  maniit  r  as  I'ctween  gases,  excepting  that,  as  the  particles  of  the  liquid  are  less 
freely  mobile  than  those  of  tlu  tras  the  rate  of  difihsion  is  slower.  The  phenomena  of 
liquid  didusion  luire  been  uiiiiutt  ly  investigated  by  G  rah  am,  in  two  classicid  series  of 
researehew  published  in  the  Philosophical  Transactions  for  1850  and  1862,  also  in  the 
Journal  of  ihe  Cliemieal  f^  n  i.  ty.  iii.  60,  267;  iv.  83,  and  xv.  216  ;  and  important  con- 
tribiiHons  to  the  subje^jl  have  also  been  made  by  Fick,  Simmler  and  Wilde, 
IJeilstei  u  and  other*. 

The  rate  of  diffusion  varies  with  the  nntnre  of  the  liquids,  the  tsmpentare^  and  in 
the  case  of  solutions,  with  the  degree  of  concentration. 

1.  IMgnatiMi  of  Saline  Bolottona.  The  appanitus  nned  in  Graham's  first  scries 
of  experinionts  consisted  of  a  set  of  phials  of  nearly  equal  capacity,  caat  in  the  same 
motdd,  and  further  a4ju.sted  by  grmding  to  a  uniform  size  of  aperture.  The  pliials 
were  9*8  inches  high,  with  a  neck  O  d  inch  in  depth,  and  aperture  1*26  iadl  tride ; 
capacity  to  base  of  neck  eijual  to  20Rn  grains  of  wnicT  or  between  4  and  •*»  (^nnce*.  For 
each  tUffiution-^hiai  a  plain  glatnn  wuter-jur  waa  ai»u  provided  4  inches  in  dtaiucter  and 
7  indies  despi  (^.708.) 

*  Mny  vrhen  mm  Um  twn    fluid  "  m  •rnonymnni  with  liqiiM  ;  botOill  It  locsrNSi  i  jMrta,  pre. 

ntpemktnt.  tlMeoml«tfT««r«0M,«adlMiuaj|«  b.)ta  IKtad  «id  fM* 
oj..  IIL  7t  /* 
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The  diffbiion-phial  was  filled  with  the  suline  tolntion,  sal-ammomac  for  instance,  to 
the  btM  of  the  neck,  or  inor«  correctly  to  a  dutance  of  0'5  inch  from  the  ground 
surface  of  the  lip.    The  neck  of  the  phial  was  then  filled  up  with 
distilled  water,  a  light  float  Wing  first  placed  on  the  surfaw  of 
the  solution,  and  care  being  taken  to  avoid  agitation.  After 
the  phial  had  been  placed  within  the  jar,  water  was  poured  into 
the  jar,  bo  iih  to  c<>v.  r  the  open  phial  to  the  depth  of  an  inch, 
which  required  about  20  oanees  of  water.    The  saline  liquid  in 
the  phial  is  thus  allowed  to  communicate  freely  with  the  water 
in  the  jar.    The  diffusion  is  interrupted  by  placing  a  small  plata 
of  ground  glass  on  the  mouth  of  the  phial,  and  raiding  the  latter 
out  of  tlie  jar.    The  amotint  of  salt  difiused,  called  the  diffu- 
sioD-produet,  or  diffusate,  is  asoaitaiiMd  by  eraj>oratingtiie 
.water  in  the  jar  to  dryness,  or,  in  tha  aaaaof  ^^ir*'U\  l^Cva- 
'dpitating  with  nitrate  of  silver. 

The  rMolts  of  several  series  of  experiments  made  in  this  manner 
nT»»  given  in  the  following  table,  the  second  column  of  which  give* 
the  quantity  of»salt  in  100  pta.  of  the  solution,  one  per  cent  of  salt  umounting  to 
20-8  grains;  the  third,  the  time  of  difFusion;  the  fourth,  the  tanpMtaa^'OB  tbtt 
Fnhrtnht'it  ffflalit;  the  fifth,  the  quantity  of  salt  <liffu8e<l  in  graini:— 

Tabli  L — Diffusion  of  Sauhb  Soumam, 


nr  cat. 
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1 

o 

A1  O 

7  41 

a 
9 

o 

01  U 

Ji  J  green  ■orin  vciu  •       «       •  * 

a 
m 

K 

O 

Otf  / 

A 

K 
i# 

/>1  -A 
Ol  U 

8 

5 

67-68 

■  ljuriuuic  itciu        •         •  • 

o 

« 

o 

01  u 

1  '^•l  1 
I  0    I  I 

n  >  iiroorouuc  aciu  .       •  • 

il 

09-7 

lb  oa 

iimminB        •       *       ■  « 

1  n 

W\ 

0  o4 

JxjH  rarjmc  whu  •        •  • 

1  -TfiK 
1  f  uo 

♦J 

1  i  DO 

1 

5 

61-2 

6-99 

Hydrated  nitric  acid  (NO*H) .  . 

A 
« 

o 
o 

a\'A 
A 1 .0 

14  7« 

8 

6 

61-2 

67-92 

•  ] 

1 

10 

49-7 

8-69 

ITjdntcd  ndilinie  add  (80<H)- 

2 
4 

10 
10 

49-7 
49-7 

16-91 
33-89 

S 

10 

49-7 

68-96 

Chiomioaoid  • 

1762 

10 

67-3 

19-78 

2 

10 

48-8 

11-31 

4 

10 

48-8 

22-02 

8 

10 

48-8 

41-80 

1 

10 

681 

8-09 

Sulphurous  acid 

2 
4 

10 
10 

68  1 

68-1 

16-96 

3300 

8 

10 

68-1 

66-38 

1 

4-04 

68*4 

4-98 

2 

404 

63-4 

9-59 

Ammrwia     .      .     .     .  | 

4 

404 

03-4 

19-72 

8 

404 

fi3-4 

41-22 

2 

10 

48-7 

8-62 

Alcohol       .      .      .      .  1 

4 

10 

48-7 

16-12 

8 

10 

48-7 

85-60 

1 

11-43 

641 

7-72 

Kitcata  of  baiim  .     .     •  • 

2 

11-43 

64-1 

15-04 

4 

11-48 

64-1 

29-60 

8 

11-43 

64-1 

54-50 

Nitrate  of  strontium 

0-82 

11-43 

51-6 

5-39 

1 

11-43 

64-1 

7-66 

Xntnteof  aaUam .           .  . 

2 

11-43 

641 

1601 

4 

11-43 

641 

29-04 

8 

11-43 

64-1 

66-10 

Aoetataof  barinm. 

1 

16-17 

m 

7*M 
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8ub«tance. 

Per  cent- 

Fabr. 

Diffbtmte. 

1 

mr 

88*1<» 

7-84 

( 

1 

8-67 

63-0 

6-32 

2 

8-fi7 

63-0 

1207 

4 

8-67 

6S*0 

28-96 

I 

8 

8 -.5  7 

63-0 

1  '-92 

( 

1 

8-67 

63-0 

6  0d 

OKlnnriA      atw^ntinffn  J 

9 
4 

8-67 
8-57 

68*0 

63-0 

11-88 

23-58 

I 

8 

8-67 

630 

4446 

f 

1 

ll'iS 

68-8 

7-92 

1 

2 

11-43 

63-8 

16-36 

Chionde  of  oaifaum      .      .  i 

4 

11-43 

63-8 

30-78 

8 

11-43 

63-8 

6166 

\ 

1 

11  43 

60-8 

6-51 

Chloride  of  manganeae  . 

1 

11-48 

60-8 

6-63 

Nitrate  of  magnenam  • 

1 

11-43 

60-8 

6-40 

Nitrate  of  eopper  .  . 

•1 

11-43 

60-8 

6-44 

Chloride  of  zinc    ,      ,  . 

1 

1143 

50-8 

6-29 

Chloride  of  maguflmm  . 

1 

11-43 

60-8 

617 

Cupric  chloride 

1 

11-43 

60-8 

6-08 

FerrouB  chloride   .  . 

1 

11-43 

63-6 

630 

• 

1 

1G17 

66-4 

7-31 

2 

1617 

66-4 

12-79 

4 

16-17 

65-4 

23-46 

8 

16-17 

66-4 

42-82 

8 

lR-17 

C2-S 

42-66 

16 

It;-17 

G2-8 

7606 

«4 
1 

16-17 

62-8 

102-04 

lfi-17 

66-4 

6-67 

S 

1617 

66-4 

12-22 

4 

lii-17 

6.5  4 

2312 

flol^lMitoof  aine  . 

8 

1617 

664 

42-26 

8 

10-17 

62-8 

39-62 

16 

l'i'17 

62-8 

74-40 

24 

1G17 

62-8 

IUI'42 

1 

1617 

66-4 

5-48 

flnlnna^A  j\t  ttlnvmnintn  ^ 

omPHm  u  vK  luuiBiuiuui  «        >  | 

2 
4 

16-17 
1G17 

6,V4 
66-4 

l(»'2l 
19-28 

( 

8 

1617 

66-4 

33-.Vi 

f 

a 

7 

G3-4 

1301 

Kitntoofailvw   .     .      .  ■{ 

4 

7 

63  4 

26-34 

I 

8 

7 

G3-4 

51-88 

f 

2 

7 

63-4 

12-35 

Nitnto  of  ■odium  «     .      .  4 

4 

7 

63-4 

23-56 

I 

8 

7 

63-4 

47-74 

1 

7 

63-4 

6-32 

2 

7 

68'4 

12-87 

Chloride  of  iKxliam 

4 

7 

6«'4 

24-96 

8 

7 

63-4 

48-44 

2 

7 

63-4 

12-14 

Iodide  of  sodium  . 

2 

7 

69-S 

1218 

Bromide  of  sodiam 

2 

7 

59-8 

12-14 

riiloride  of  putafsitiTn  . 

2 

6-716 

60-8 

12-24 

Uromido  of  potasttiutu  . 

2 

6-716 

69-8 

12*48 

Iodide  of  potaHfalBl 

2 

6-716 

/■.0-8 

12-51 

Chkndda  of  wwhin . 

1 

5-716 
8-08 

69-8 

6-99 

• 

1 

68-2 

7-23 

Eicarbonate  of  potasaiam 

2 

8  OS 

r.s-2 

14-0.> 

4 

8-08 

68-2 

26-72 

8 

8-08 

68>3 

52^1 

liicarbouate  of  ammouiam     .  | 

1 

8-08 

68-2 

6-91 

♦2 

<»  <> 

8-08 

68-2 

13-66 

%  t  2 
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Bicarbonate  of  ummoniam 


Bicarbonate  of  aodiam  . 


Hjdnteof 


Carbonate  of  potawium 


Oubmiftaof 


Sulphate  of  sodium 


«  • 


Sulphite  of  [ 
Sulphite  of  smlium 
ITypOBulphite  of  potaaaium 
n  yiK^solphite  of  sodimB . 
Sulphovinate  of  potiu'^sium 
Sulphomate  of  sodium  . 

Oxalate  of  pota«im 

Oaalato  of  ndinm . 

Acetate  of  potaiainm 


■1 


Aoalateof  iodiim. 

Twtrate  of  pofnsslim  , 
Tartnte  of  aodium  . 
Hydwwhlnnite  of  nonliiiio  . 
Hjrchodilontoof  atfTdiBiiM  . 


9&r  cMl* 

Hay*. 

Fate. 

 1 

4 

M7 

G8-2° 

27-00 

8 

9-87 

68-2 

60-10 

1 

9  87 

68-2 

7-31 

9-87 

68-2 

13-81 

4 

9-87 

68-2 

26-70 

S 

9-87 

68-2 

52-38 

1 

404 

63-3 

6-56 

2 

404 

63  3 

12-84 

404 

63-3 

2504 

_ 

o 

4-04 

63*8 

62-24 

1 

4-95 

6S*2 

5-81 

4-95 

68-8 

11  09 

4-96 

68*2 

80-66 

8 

4-95 

63-2 

40-44 

1 

808 

63  6 

6-13 

8*08 

63*6 

11*92 

8  08 

63-6 

2288 

808 

63-6 

4.V  44 

1 

9'9 

88*4 

6  02 

9-9 

63-4 

11-70 

4 

9  9 

•63*4 

21-42 

8 

••9 

88-4 

88*74 

1 

8-08 

60-2 

616 

808 

60-2 

11-60 

4 

90r% 

88*70 

8 

8-08 

60-2 

43-92 

I 

99 

69*9 

6-33 

8 

8*8 

88^ 

12*00 

4 

8*9 

59-9 

21  no 

8*9 

69-9 

41*38 

8*08 

88*8 

11*88 

99 

59-5 

11-83 

8  08 

69-7 

12-37 

8 

t1> 

084 

11-88 

808 

59-7 

12-60 

8 

9*9 

69-6 

1303 

8*08 

88-8 

8*80 

8 

8  08 

WO 

18*17 

4 

808 

699 

8*4 

8 

8-08 

58*8 

48-88 

1 

9-9 

59-9 

6-24 

1 

8-08 

60*2 

6-44 

I 

8*08 

80-S 

13*82 

8-08 

60-8 

23-4  I 

8-08 

60-8 

47-26 

8-8 

88Hi 

8-87 

9  0 

69-5 

12-16 

9-9 

696 

25-04 

8i» 

00-6 

48*04 

808 

50-9 

10 -96 

9-9 

69-6 

10-66 

11-48 

84-1 

11-80 

8 

11-48 

84*1 

11-48 

of  otlien  made  in  a  aiBB 

.lead  to  tlM 

following  genoral  concluHions : 

1.  Different  salts,  in  solutions  of  equal  strength,  diffuse  unequally  in  equal  times. 

2.  With  each  salt,  the  rate  of  diffusion  increases  with  the  temperature,  and  at  any 
giren  temperature,  is  proportionate  to  the  strength  of  the  solution,  at  least  when  the 
quantity  of  salt  dissolved  docs  not  exc<'ed  4  or  6  per  cent. 

Later  experiments  (t'heni.  Roc.  J.  xr.  236)  have  shown  that  diffusion  inm-ases  at  a 
Ui^er,  though  not  greatly  higher,  rate  than  the  temperature,  and  that  the  more 
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iiighly  diffusive  the  gnbstance,  the  less  docs  it  ^in  iu  di^usireness  Iqr  imto  of 
temperatmre.  for  hydEOohlorio  acid  the  zate  of  diffiwioii  mw  fimad  to  incmse  M 

follows: 

DillWmiat  1.V55  C.   (60<>  F.)  -  1 

„         26-66  C.   (80°  F.)  -  i  ;?545 
„         37-77  C.  (lOOO  F.)  »  1-7732 
41-88  C.  (laoo  F.)  -  S-1812 

3.  There  exist  olaj^brs  of  equMiffu-ivf  siibstancrs  which  coincide  in  many  cases 
with  the  isomozphotts  groups,  bat  ar^  on  the  whole,  more  comDreheusire  than  the 
htter.  Thui,  th«  wm*  nto  of  diflbnon  is  sxliilrited  hy  hydirAloric,  hjdrobromic, 
iind  liydrioiJIc  ncicl  ;  hy  the  elil<ini.le.'i,  i')dItlA8,  and  brnni.les  of  the  a Tkali -metals ;  by 
the  nitrates  of  bariom,  strontium,  and  calcium ;  thu  sulphates  of  ou^potiiiia  and 
ane,  fte.  ft& 

1.  For  -I  veral  {rrt:>np3  of  salts,  it  is  foiui'l  that  tlie  s.juaresi  of  the  tira<-s  of  e(jual 
diffiudou,  from  solutions  of  the  same  strength,  stand  to  one  another  in  a  simple 
immeriau  relation.  Thna,  tlio  dillhmte  from  a  aolvtioo  of  nitrate  of  potasBhtm  in 
7  days,  was  e<pial  to  that  o1 1  lir.e,!  fmni  an  equally  wtrong  solution  of  carbonate  of 
potassimn,  in  U  9  daya^  numbers  which  are  to  one  another  as  1 :  \/  2  s  1-414.  Similar 
icfliilfcB  were  obtained  with  3  eent  aolntions  of  nitrate  and  sulphate  of  pota88ium, 
equal  diflvwutes  of  the  two  being  obtained  in  r;  ")  iml  i  n.-,  days,  in  7  and  9*9  day-,  and 
in  10*6  and  14'85  da^s ;  alw)^  with  hydrate  and  nitnUi^  of  potaNniun»  and  with  nitrate 
and  eaitNmafe  of  eoffinm.  The  timet  of  equal  difhaion  of  1  per  eent  tohitioiia  of 
cliloride  of  armnonium  and  rlil.'riilc  of  sodium,  were  fo  one  another  as  2  :  3. 
Now,  acoording  to  Graham's  experiments  (ii.  812),  squares  of  tho  times  of  equal 
difhriott  of  gasee  are  to  one  another  hi  the  ratio  of  their  denritieeL  Hence,  by 
analog)*,  it  may  be  inferred  that  Ihe  ni"h  *>ul.  of  the-e  8«'veral  salts,  as  they  exist  in 
aohition,  poesees  densitiee  which  are  to  one  another  aa  the  squares  of  the  times  of 
equal  diflneion.  Thw  the  $oluiion>-iimiUie$  tit  sulphate,  nitrate,  and  hydrate  of  potaa- 
i«ium,  an*  to  oc<-  aimtlicr  as  the -luart  H  ,,f  th,.  niinilier«  1.  2  and  1,  t  iiat  is  :is  1*5,  I  and  1. 
Theae  solatiou  dcnsities  appear  to  relate  to  a  kind  of  moiecules  di^erent  from  the 
ehemkal  atoms,  and  the  weights  of  whidi  are  either  equal,  or  beer  to  one  another  a 
simple  numerical  rehitiun. 

The  difiusioa  of  a  salt  into  the  solution  of  another  salt  takes  pLsux>  with  nearly  the 
•ame  Telodty  as  into  pmre  water;  at  least,  when  the  solntions  are  dilute.  Onuum 
has  shown  that  (he  diffuwion  of  a  4  per  cent,  solution  of  carbonate  of  sodium,  is  not 
sensibly  affected  by  the  presence  of  4  per  cent,  of  sulphate  of  sodium  in  the  liquid 
atmosphere ;  nor  that  of  a  4  per  eent.  solntiott  of  nitrate  of  potasitium,  by  the  same 
proportion  of  nitral'  of  amnioniuin.  The  presence  of  4  per  cent,  of  hulphate  of 
sodium  reduced  the  diffusion  of  carbonate  of  sodium  by  only  |  of  the  whole.  Iu 
Btrongcr  solntions  tlie  retardatioB  would  prabably  be  greater.  There  is,  indeed, 
reason  to  beJii  vi>  that  the  pheii' inena  of  liquid  diffusion  are  exhibited  in  their 
simplest  fiirm  only  by  weak  solutions,  the  effect  of  concentration,  like  that  of 
eompression  in  gnses.  l^ing  to  prodnee  a  departure  from  die  nmnal  diaractec 

Till'  rate  of  ditlnsion  i-<,  ho\v,  v.  r,  materially  affrct«  d  wheji  the  liquid  atmosphere 
already  contains  a  portion  of  the  diffusing  salt,  the  consideration  of  this  case  leads  to 
the  general  qneation  of  the  motion  of  particles  of  a  dissotred  snbstaaee  in  a  aohition  of 
unequal  concentration.  The  ^^etu  ral  hiw  wliii  h  refrnlaft  h  f«ueh  movements  appears  to 
be  this : —  I%e  vdocity  mik  which  a  miuiUe  aait  d^wna  from  a  stronger  into  a  waker, 
tolMiioH^  i»  proportioned  io  the  difference  of  oonetnfrution  hiiwm  Nto  eontkfwmo 
.^Ivtiin.  Tflis  law  has  not  pret  been  experimentally  demonstrated  In  a  suffteient 
number  of  cases  to  establish  it  completely ;  but  in  the  case  of  chloride  of  sodium,  it 
has  been  shown  to  be  tme  by  the  following  experinumta  of  FteL  (PhiL  Hag.  [  i] 

X.  30.) 

A  cylindrical  glass  tube,  open  a^  both  ends,  was  cemented  mto  a  Tessei  completely 
filled  with  common  salt,  the  cylindvteal  space  filled  np  with  wat«»,  and  the  whole 

immersed  in  a  large  jar  containing  water.  Tlie  apparutn^  was  then  left  to  itself  for 
seTexul  weeks,  the  water  in  the  jar  being  from  time  to  time  taken  out  and  renewed. 
Kow,  as  the  lowest  stratum  of  fiqmd  in  the  tube,  beinpf  in  oontaet  with  nodiasolred 
.■•alt.  must  renuiin  constantly  satunited,  while  tlie  u]  i>i  nii  .st  lavi  r,  which  is  in  contact 
with  pars  water,  contains  no  salt  at  all,  a  coruim  normal  state  of  diffusion  will 
ultimately  estal^uh  itse]f  throughout  the  length  d  the  tobe^  oharacteriaed  by  the 
condition,  that  each  horizontal  stratum  will,  in  a  giv<  n  time,  give  up  to  the  stratum 
immediately  above  it  as  muuh  salt  as  it  receiTes  Sxoxa  the  one  below.  When  this 
state  is  attained,  the  densities  of  the  sneeeesiTe  strata  decrease  firom  below  upwards 
iu  arithmetical  progresai-  ii.  This  hiw  of  di  crease  was  verifle<l  cKi'i  rirni  nfally  l  y 
immersiog  in  the  liquid,  ai  vartou»  depths,  a  glass  bulb  suspended  from  the  arm  of  a 
bilttDce,  and  ooiinterpoised  by  weights  itt  the  0|q^oiile  seale.  This  Uw  of  dscicwas. 
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howerer,  is  troa  only  with  r^j^id  to  ejrlindrical  colamns  cf  or  oHien^  in  vlnda 
the  horizontAl  section  is.of  nniform  mn^ilu«1.\  In  other  canes,  the  law  of  dp<T«>!\«e  of 
deasitv  may  be  calculated  accord lug  to  the  term  of  the  vertical  Bcction.  In  funnel* 
■haped  tubea  E!dc  Iim  alwini  that  the  ramlli  of  mlwihtiom  agveo  with  thooe  of 

Now  k't  A'  denote  the  quantitv  of  mlt  which,  in  the  normal  stat.^  of  diflfTiaion, 
powM,  in  a  unit  of  time,  throogn  a  unit  of  horLsontal  •ectioti  of  a  c  I  n  In  il  tube 
\vhos«  lieiglit  is  eqtinl  to  the  unit  of  length ;  this  quantity  is  called  tlic  diffusion' 
coefficient :  uko,  let  Q  be  the  quantity  of  salt  which,  in  the  time  /,  flows  tcwa.  the 
mouth  of  the  tube  into  th<>  vrat*  r-an u  pbere;  h,  the  height  of  the  tnho;  $,  JJm 
horiwntil  Mctioii ;  and  d,  tbe  deoaitgr  of  the  liqiEid  at  tba  bottom ;  thfltt 


Hence,  with  a  tube  of  given  dimensions,  and  a  solution  uf  known  and  constant 
dmmty  at  the  bottom,  the  diffusivn-coefficfmit  K,  of  «Bj  ttlft  may  be  oiJenlatod  from 
the  quantity  Q,  diffused  out  in  a  given  time. 

This  we lUud  hiia  Leon  apphed  by  Pick  only  in  tlio  case  of  chloride  of  sodium.  It 
is,  in  fact,  though  simple  in  principle,  somewhat  inconvenient  of  application,  on  account 
of  the  long  rimo  at  kast  Ibniteen  dayi— which  mnot  ebfoe  before  the  nonaaletato  ia 
attained. 

Anot  her  method  of  determining  the  difiusion-cocAeient  of  a  salt  ha« been  devised  by 
Jolly,  and  applied  in  several  ca.sf.s  by  Boil  stein  (Ann.  Cli.PIiarm.xcix.  Ifij).  The 


i^.  709. 


apparatus  used  cousuisLs  of  a  gLxaa  tube  {Jw.  700),  about  tkrvc  inches 

"loffaoi    "  " 


long,  bent  round  ftt  the  bottom,  and  oat  off  near  the  bend,  so  that  the 

level  of  the  orifiee  is  not  much  more  than  a  millimetre  above  the 
bottom  of  the  bend.  The  uppir  end  of  the  tube  slightly  drawn  out 
and  dosed  with  a  stopper.  This  tube  is  ftUed  with  a  solution  of  known 
concentration,  and  fixed  upright  within  a  jar  of  water,  the  orifice  of 
the  tube  being  two  or  three  lines  below  Llie  level  of  the  water.  The 
aelt  then  immediately  begins  to  diffuae  into  the  water,  and  as  the  Kqaid 
near  the  orifice  bfcomes  dihifed,  it  piQSses  round  the  bend  to  the  upper 
part  of  the  tube,  its  place  being  fujiplied  by  more  concentrated  liquid 
from  above.  With  this  apparatus,  Beilstein  has  obtained  the  Ibllow- 
ing  diflfnsion-CDeffleients  (taking  that  of  chloride  of  pita«f«inm  for  nnity), 
fur  solutions  containing  4  per  cent,  of  salt,  and  at  the  temperature  of 
«»C.(«'8<»F,) 


Chloride  of  potassium      .  1*0000 

Nitrate  of  potassimn        •  0  9487 

Chloride  of  sodium  .      .  0-8337 

Bichromate  of  potassium  .  0*7643 

Gaibooatoofpotaoainm  .  0*7t71 


Sulphate  of  potassium 
Carbonate  of  sodium . 
Sulphate  of  sodium  . 
Sulphate  of  magn^ium 
Swphato  of  ooppef  • 


0-6987 
0-6436 
0-5369 
0-3587 
M440 


Beilstein  infers  £rom  hia  experimental  that  the  rate  of  diffiudon  is  not  exmetly 
prup'  i'tional  to  the  difRttonee  w  densily  of  two  oonttgnons  etnitai  bnt  increase*  in  a 
tiODiewbat  greater  ratio. 

Simmler  and  Wilde  (Po^  Ann.  e.  217)  are  of  opinion  that  the  want  of  agrce- 
'  ment  of  BeOetoin'f  iwnilts  with  ttm  law  ariiee  from  a  defSset  in  the  method  of 
experimenting.  Beilstein'fl  calculations,  indeed,  are  ba«ej  <jn  the  8uppo^i!I■>ll  that  the 
■trangth  of  the  solution  in  the  tube  (ji^.  709)»  though  constantly  decreaudng,  ia 
uniform  at  any  instMii  of  time  tlmmgfaoQt  ^  entire  bngth ;  whereas,  a  little  eon- 
sideration  will  show  that  the  density  nvar  the  orifice  must  be  less  tliau  tliat  in  the 
lazger  ann  of  the  tube,  and  in  this  aim  less  than  near  the  bottom  of  the  bend,  where 
the  Uqnid  nmst  etagnate  to  a  certain  eoitont  ¥nm  thia  eowoe  of  erroi^  Fid:*e  mode 
of  obsorvatii >n  is  fri-e.  S  i  m  m I e  r  and  W i  1  d e,  however,  propose  uther  inetlioils,  ea-Ier 
of  ezecntion  than  Tick's,  and  not  subject  to  the  necessity  of  waiting  till  the  normal 
state  of  diAirion  ie  eilabliBhed.  One  of  tiieee  motfaoda  is  eunflar  to  fhat  adopted 
by  Graham  (p.  70C).  excepting  tliat  the  vessel  confiiining  the  solution  is  ju  rfectly 
OTlindricaJL  a  condition  which  greatly  simplifies  the  calculations;  and,  instead  of  being 
fdjMd  at  the  bottom  of  the  water^jar,^  its  month 

within  a  lino  or  two  below  the  surface  of  the  water ;  th<-  suit,  as  it  diflFus.  s  out,  h  tlma 
made  to  flow  over  the  aides  of  the  vessel  and  fall  to  the  bottom,  leaving  an  atmospheni 
of  pan  watorabofeb  AnotlMr  method  proposed  b;^  the  wme  anthom  io  to  plaee  dio 
Mhno  ootntioii  in  a  tesael  hanng  the  fttm  of  a  triengiilor  pteit  md  detexmine  the 
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▼arhti<Mi  of  deuify  at  ^BAmt  dspCiis  beloir  tlM  ■nftee  lij  obsemtioii  of  CIm  ; 

of  rffraction. 

Graham,  in  his  later  expcrimeoU  (PhiL  Trans.  1862,  part  i.;  Chem.  Soc  J.  xv, 
p.  217)  abo  VMS  a  plain  gla^  jar,  in  vlldi  the  salt  is  alloired  to  lis*  from  below  in  » 

cylindrical  column.  The  jars  were  152  mm.  (H  iiit  !i<  >*')  in  hoiplit,  and  87  mm.  (  'M  *> 
inches)  in  width.  In  operatin^L  seren-tentbs  of  a  litre  of  wat«r  were  first  plucod  iu 
the  jar,  and  thai  oiie>t«ith  of  aUtM  of  theHqaidto  badiflkued  was  carefhllyeonTeyed 
to  the  bottom  of  the  jar  by  means  of  a  fine  pipette.  The  wholo  fluid  cuUinin  flu  n 
measured  127  mm.  (5  inciies)  in  height.  As  much  as  fire  or  six  minutes  of  time  wore 
oeenfrfad  in  amptying  the  pipette  at  tiie  bottom  of  Ibe  jar,  and  eartrandy  little  difl> 
turbance  was  occasioned  in  the  suponncumb.-nt  water,  as  could  bi»  distiiii'tly  scon 
when  the  liooid  introduced  by  the  pipette  was  coloured.  The  jar  wuh  then  lelt  undis- 
twbed,  to  ukMT  dMRiaion  to  prooaad,  the  axpstimeala  bainpr  alwav-s  condoeCed  in  an 
MMUtmcnt  of  constant,  or  nearly  const anf  t('tnf>erature.  When  a  n  rtuiii  time  had 
ci^Mod,  the  diffhsion  was  interrupted  by  drawing  ofi*  the  liquid  from  tiie  top  by  means 
of  a  small  siphon,  slowly  and  deuberatelj,  as  the  liquid  had  been  fliat  faitwwiiead,  ia 
pactions  of  50  cubic  centimot  ros,  or  one-sixteenth  of  the  whole  volanie.  The  open  end 
of  the  short  limb  of  the  ai[)hon  was  kept  in  contact  with  the  sur&oe  of  the  liquid  in 
the  jar,  and  the  pofCaon  of  liquid  drawn  off  was  veeervad  in  a  graduated  neaaiive.  By 
evaporating  carh  fraction  KCpiirately,  the  quantity  of  salt  which  had  n.-^en  into  r<ju:d 
sections  of  the  liquid  oulomn  was  ascertained.  A  particular  advantage  of  this  method 
&  that  it  affixda  uie  maaaa  of  aaeartahdng  the  amolata  rate  or  TolMity  of  dillhskNi, 
rendering  it  pos^ille  to  state  the  distance  which  a  salt  travels  per  second  in  tenns  of 
the  meter.  Such  a  constant  must  enter  into  all  the  chronic  phenomena  of  phTsioIogy» 
aiid  boldi  a  plaae  in  lital  acioioa  ao(  vdiiM  tha  tiaia  of  the  frUii^ 
the  pIvBCB  of  ptfitatioB. 


Tlie  substances  whoso  diffu.'iion  has  been  considered  in  the  preceding  pages,  though 
they  exhibit  considerable  divrrsities  in  their  diffhsive  mobility,  all  belong  to  the  more 
diffusive  class.  Opposed  to  them  is  another  class,  which  are  much  less  diffusive, 
and  are  likewise  distinguished  from  the  former  by  several  well-defined  physical  and 
chemical  ehanicters,  especially  by  the  .li'Mciico  of  the  power  fo  crysLallise.  Such  are 
hydratod  silicic  acid,  hviln»te<l  alumiiiii,  and  other  metallic  oxides  of  the  aluminous 
class,  when  they  exist  in  the  soluble  form;  also  starch,  dextrin  and  the  gums,  caramel, 
•taanin,  albumin,  gelatin,  vegt'table  and  animal  extractive  matteca.  These  bodies  are 
also  dit*tinpTiished  by  the  gelatinous  character  of  their  hy(!nite.«<  Although  often 
largely  soluble  in  water,  tley  are  hrld  in  solution  by  a  most  feeble  force.  Tlieyapp<'ar 
singularly  inert  in  the  capacity  of  acids  and  baaei^  and  la  aU  the  Mdinaiy  chemieal 
relations.  But,  on  the  other  hand,  their  pt-culiar  physical  aggregation,  too  ther  with 
the  chemical  iudiffercnco  referred  to,  appt'urs.to  be  required  in  substances  that  csiu 
intervene  in  the  organic  proeeesea  of  lifei  The  plastic  elements  of  the  animal  body  an* 
found  in  this  class.  As  gelatin  appears  to  be  it'^  type,  Hiibstances  of  this  class  may  b«? 
designated  as  coUoida  (from  glue),  and  theirpeculiar  furui  oi  aggregation,  as 

the  eottoUUd  eamdUiom  ^maUmr.   Opposed  to  the  colblidal  is  the  cry htaliine  condition. 
Substances  afTi'ctinp  the  latter  fonn  may  be  chissed  aaeryelatfoirfff.  Xha< 
no  doubt  one  of  intimate  molecular  constitution. 

Although 
nctivit}'  of  th< 

the  crvstulliue  structure  shuts  out  external  impressious,  the  softness  of  the  eelatinous 
eoUoiid  partakes  of  fluidity,  and  ■mblee  the  eoUoid  to  beeoae  a  medium  for  liquid  dif- 

fu«inn,  like  water  it.self.  The  same  penetrtTTu'lity  appears  to  take  the  form  of  e»'men- 
tation  iu  such  eoUo'uLs  as  can  exu>t  at  a  high  tem^M^rature.  Hence  a  wide  sen.sil)ility 
OB  the  part  of  colloids  to  external  agents.  Another  and  eminently  characteristic 
quality  of  coIloid.i,  is  their  mutability.  Their  existence  is  a  continued  metastaf^is.  A 
colloid  may  be  compared  iu  this  respect  to  water  while  existing  liquid  at  a  teniix'mtnre 
ndsr  its  u.sual  freealMg-pofat»  or  to  a  supersaturated  snliiM»iolntioa.  Flaid  colloSda 
app*?ar  to  have  always  a  pfrtotts  modification  ;  and  they  often  pass,  binder  the  slightest 
influences,  from  the  first  into  the  second  condition.  The  Hohition  of  hydrated  silicic 
acid,  ftr  instance,  is  easily  obtained  in  a  state  of  [turity,  but  it  cannot  be  preserved. 
It  may  remain  fluid  for  days  or  weeks  in  a  Kculed  tuljc,  but  is  sure  fn  p.  I  if  in  is*  Miid 
become  insoluble  at  last.  Nor  does  the  change  of  tliis  colloid  sijipear  to  »lop  at  that 
pointb  For  the  mhiefal  forms  of  silicic  acid,  de{>oaited  from  water,  such  as  flint,  are 
often  found  to  have  passed,  during  the  geological  ages  of  their  existence,  fi"om  the 
vitreous  or  colloidal  into  the  crystalline  condition  (U.  Rose^  The  colloidal  is,  iu  fiict^ 
a  dyjumSal  state  of  natter;  the  ojrtalkidal  beii^  the  ataiieal  conditioii.  It  vnj  be 


chemically  inert  in  the  ordinary  sense,  colloids  ptMsess  a  compensating 

heir  own,  ari.sing  out  of  tln  ir  physical  proiK-rtiew.    While  the  npidity  of 
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look.  d  iijHMi  as  (h.  ^  1  il,le  pfiBHoy  soarce  of  the  force  appmrtng  in  the  phenoraeos 
of  \  it:ilij y.  To  tho  gnuliinl  mannpT  hi  which  oolloidal  ciiaBgr-H  tako  placp  (for  thoy 
ahva^d  li'  inaiid  timo  m  an  element),  mt^y  Iha  eharactenstie protraction  of  chemioo- 
organic  rhuiii^t'*  also  bft  wfanwd. 

The  following  experimpntf?  mnd*  by  the  method  of  i  n-  d'fftT'ion  (p.  700).  oxMhit  thf 
difference  of  diffusibilitv  of  colioidsy  namdy  gum*  Uiuuia,  or  caramel,  aa  compared 
with       «yt»Miiaa«l  mayatmnMrn,  iihlmAU  o#  lAmn,  a>Aj3»»m  «#  mil  ftn- 

ragab 

TaKfl  XIL— i^i^u^MNi^iO  |Mr  eawC  tointMons  (10        qfsub^ance  in  100  cttdiu; 


NumtxT  of 
ttniium  {(roin 
abov«  (lonn- 
wrt^d^). 

Chlori.lH  o) 
lodium. 

Sulphktc  of 

DlkgDUiUID, 

nilCP. 

Tnate. 

Albumin  at 

Cararotl  »t 

10»_1 1". 

1 

•104 

•007 

•906 

1  -003 

•003 

3 

•129 

"Oil 

•008 

1  -003 

•003 

3 

'102 

•018 

•012 

1  003 

•004 

4 

•198 

•010 

1  •004 

•003 

6 

•267 

•njo 

•030 

•003 

•005 

6 

UO 

•0^5 

•069 

•004 

•007 

•  • 

•003 

T 

-m 

*188 

•108 

•006 

•017 

•  • 

•008 

8 

■536 

•218 

•ISO 

•O.'^l 

•031 

•010 

-019 

9 

■054 

•m 

•087 

•069 

•016 

•028 

10 

•766 

^99 

•m 

•818 

•148 

•047 

•038 

11 

•881 

•730 

•710 

•407 

•288 

•113 

•076 

12 

•091 

1-022 

1076 

•784 

•666 

'848 

•216 

18 

1*090 

1*388 

1-485 

1-187 

1-080 

•888 

•706 

11 

1187 

1-803 

1-758 

1  731 

1  719 

1-892 

1728 

lo  and  16 

2-260 

3-684 

3-788 

6  001 

6097 

0*726 

7-206 

9i»90 

lO'OOO 

10-003 

9-999 

9-997 

10*000  1 

10-000 

Here  the  superimposed  column  of  water  being  111  millimetres  (4^38  inches)  high, 
the  rliluridc  of  sodium  i»  &}uud  to  have  diffused  in  sensible  quantity  to  the  top,  and 
could  have  risen  higher.  TKw  tap  of  the  diffusion-column  of  sulphate  of  magnesium, 
nnd  likewise  that  of  sugar,  appear  to  have  just  reached  the  top  of  the  liquid  in  tho 
fourteen  days  of  the  experiment.  But  the  colloids,  gum,  tannin,  albumin  and  caramel, 
exhibit  a  great  falling  off  in  the  rate  of  diffusion.  Gum  and  tannin  do  not  appear  to 
be  carried  by  diffusion  higher  than  the  seventh  stratum,  the  minute  quantities  found  in 
tho  highiT  strata,  which  together  do  not  exceed  0*02  grm.,  being  doubtless  tho  result 
of  accidental  dispersion,  arising  probably  from  a  movement  of  the  upper  liquid,  oeoft- 
sioned  by  slight  inaqoaUtiM  ol  tflmpflntoM.  The  diffiiwon  of  «lbamia  mm!  of  ommel 
is  still  slower. 

By  coutiuumg  the  diffhsiim  oi  diSeae&at  mib^tmem  tSU  eqqal  qnaatitiM  had  diflliMd 
oat,  the  foUowiof  Kemlto  wtn  obtainod: 


of  Equal  ly^ffkilim. 


Hydroehlooe  add 

Chloride 
Soflar  • 
%1plwtft  of 

Albumin 
Caramel 


1 

1 
7 

49 

98 


The  diffusion  of  hydrochloric  add  in  three  days  corrci^ndg  with  tho  diAisioa  of 
chloride  of  sodium  in  Stivou  days.  Hydrochloric  and  the  allied  hydracids,  with  other 
monobanic  aci^  are  tJie  most  diffusive  substances  known. 

The  diffusion  process  in  alcohol  appears  to  be  several  timios  slowfir  thaa  iu  vnUr, 
The  following  table  exhibits  the  results  of  expcrinumts  on  thno  fidMlaMar  ^' — * — * 
in  Hlcuhol,  nnd  placed  under  ft  OOloilUl  of  alMhol,  the  O^emMOfel  Mllg 

exactly  ae  deecabed  at  p.  700. 
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Xawji  IV.— JDti^iiMoit  <^  10  per  cmt.  solutions  of  lodiM  mud  Amiau  qf^tattium 

in  aicoM  in  $even  tUijft, 


Mntnm. 

ImMmmmlt  tM 

AortMtB  nfirnm 

nmn  v  Mm  u  « 

1 

•028 

066 

•017 

2 

■033 

•057 

•017 

3 

•046 

•061 

•018 

4 

•038 

•063 

•017 

5 

•037 

•064 

•Oil* 

6 

•039 

■066 

•020 

7 

■081 

•070 

•022 

8 

•143 

•071 

•024 

9 

•263 

•072 

•025 

10 

•417 

•095 

•080 

11 

•637 

•286 

•210 

12 

•936 

•619 

'498 

13 

1-235 

1167 

•992 

14 

1*606 

1-907 

1-700 

U  and  16 

4-Ml 

e-Mi 

lOOOO 

lO^OOO 

10-000 

3. — Applloatluu  ot  Xtiquld  IMffaslon  to  Cbemlcal  Analysis. 

Mixed  fialu  maj  bo  more  or  less  separated  by  their  oneaual  diflftisLbiiity.  A  solntion 
«)f  1  pt.  of  euboottto  of  ^taoditm,  M  I  pt.  earlxMiafe*  <if  aodiom  ia  la  pts.  of  inter 
pla.  I  ll  hi  a  n  diflFii^"on-phj[al  {^ff.  708),  yioMetl  in  lOdiiys  at  15°  a  difibsate  coDtHinin^ 
63*6  ptii.  carboaato  of  potaanum  to  36  4  pta.  carbonate  of  aodium ;  tha  diffiiwtft  in 
25  days  ooDtamed  the  sain^  nlto  In  neaxty  the  aame  proporden.  InaqiMlitj  of 
i^l'ix  ind.'fd  sorri.'whnt  inorcafscd  hx  mixture,  so  that  t!u»  actual  reparation  in  ynttUT 
than  that  calculated  from  the  relative  difinsibilitiea  of  the  mixed  salit^tauces. 

Simflar  xwdHs  iron  obtained  bj  the  method  of  jar-diflhibm  at  p.  700 ;  whan  % 
inlxfiirv  of  fvrn  ?.:i)rs  was  |ilao»^l  at  ihv  Ijottom  of  the  jar,  tLo  more  (liffasiTe  ^^alt  tra- 
vt  ilnxi  upwards  the  most  ra{)idiy,  showing  ittielf  first,  and  alwajs  moat  laigaly,  in  the 
upper  aMa>  The  IbUowing  table  ahowa  the  Mtnlti  obtHBed  mtli  ft  mixture  of  equal 
fiirte  of  the  diloridae  «f  poteaemm  ei^ 

Table  V. — Piffuawn  of  a  mixture  of  6^  cent,  qf  CMoride  of  Pottmncm,  and 
6  per  €int»  «i  Ckhndt  «f  aodium, /m^  mm  dag»  at 


Number  of 

pMaMHun' 

1 

•018 

•014 

•032 

2 

•026 

•016 

•040 

3 

•044 

•014 

•058 

4 

•076 

•017 

•092 

5 

•101 

•084 

•135 

e 

•141 

•063 

•204 

7 

•186 

•104 

•289 

8 

•262 

•161 

•403 

9 

•330 

•212 

•542 

10 

•349 

•S61 

•700 

11 

•418 

•458 

•876 

12 

•611 

•659 

1070 

13 

•652 

•684 

i-2;jG 

14 

•615 

•772 

1-887 

15  and  16 

1-386 

1-551 

6^1 

ICKMO 

The  fu>t  six  strata  coiitaln  TOjjftlier  5G1  millipTammrg,  of  which  404  milligram mrs,  or 
72  per  cent.,  that  is  ncurlj'  three-&urthjB^  are  ckluride  of  potaMium.   We  have  to 
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deticeiKi  to  the  tenth  sts&UUD  be£ore  tiio  aalta  axe  found  in  equal  propttctions.  TbM 
progrescioii  Is  Ihtn  JaTarted,  and  ddonde  «f  sodiini  mom  to  prepondento  in  th* 

loWtT  sfnit;l. 

It  in  eridcot  that  the  preceding  experiment  might  be  so  conducted  as  to  diflxise 
away  the  ditotAe  of  pctmtimii  ami lnOTe  Mow  »  vS^bm  oofining  chlocideof  eodiiiM 
in  relatiTo  excess,  to  gnat  aD  €KteBt  aa  tliB  diknda  of  potaamua  ia  iBma4  abow,  ui 
the  hiet  ejqpecunentk 

FnrthcVy  the  uulim  ui  wldflii  eUoride  of  potaarimi  waa  oooccBbatod  ni  tiie  eo^pcci' 

ni'-uf  ilrsornii'i!.  ho  a.s  to  form  72  jxt  tviit.  of  tin-  •wholo  mixture,  might  }»'  again 
subjected  to  diffusion  in  the  same  manncx.  In  an  axperimant  apon  a  miztore  of  7 '6 
gnna.  of  diloride  of  -po^tammm  and  S'f  gma.  af  dikcide  of  aomno,  the  sis  tupptr 
Htrata  pavi'  filO  rnmi^^rms.  of  salt,  of  which  (110  rnilli^rrm**-,  or  n5'3  per  cent.,  vrcre 
chknride  of  pota^wium.  It  is  obviooa  that,  b/  repeatio^  this  difiiuiivc  rectification  a 
snflkimt  number  of  tiawe,  a  portion  of  the  won  difharra  aalt  might  be  obtained  at 
Inst  in  it  -■^tiitc  of  soiisHih'  juirity. 

The  preceding  examine  iilukmtes  the  separation  of  uneanaUj  dif!uaiTe  lootals  or 
baaea ;  the  ft^wnig  example  represents,  on  die  oliiar  hand,  toe  aefMUcatkm  of  uneqaall/ 

diCTusivr'  acids  unifod  with  a  ouininort  I'lisc.  Chh^riclr  and  Fnlph.iteof  aodfaUK dlflVva 
aeparatelj  in  the  phial  experiments  in  the  proportion  of  1  to  0*707. 

an^^drma  Su^ktU  of  Sodium,  fir  7        at  lO^— 10<»-7«. 


NuinlMT  of 
itratna. 

Cliloridsof 
•odioBln 

SalolMteof 

(tia&Siia 

1 

•009 

•009 

S 

•013 

•001 

•014 

9 

H>24 

*  -005 

•OL'd 

4 

•036 

•003 

•041 

ft 

•060 

•006 

•066 

6 

•09ff 

•012 

•107 

7 

•141 

•028 

•170 

8 

•203 

•069 

•262 

9 

•278 

•116 

•393 

10 

•360 

•206 

•666 

11 

•473 

•817 

•790 

U 

•660 

•607 

inr,7 

IB 

•687 

•694 

14 

•71S 

•909 

1-687 

Iff  and  16 

1'890 

2-141 

3681 

4-999  { 

6000 

gyyy 

TTero  th(»  scparutlon  It*  mIIII  mori'  .'^•■usiLIt'  thati  wifli  tlu^  bases.  Tlie  ,>>ix  iipper 
strata  contain  263  milligrammea  of  salt)  of  vhich  23^  millignunmes^  that  is  90  8  per 
cent,  an  ebloride  of  soditan.  l%e  mit  of  tiie  upper  eight  strata  amomla  to  996 
milligrammes,  of  which  68J?  innil^T^imm.  ^:,  or  83-9  jkt  oent.,  an-  chlorid<'. 

On  comparing  the  difihsion  of  a  mixture  of  equiralent  quantities  of  chloride  of  sodium 
and  mlpbate  of  potassivm  irith  tfiat  a  naixfettre,  dao  in  oqaifaleBt  proportions,  of 
chloriJt'  of  }Mjtas8inm  aiul  sulpliatc  of  soiliuni,  it  was  found  that  tlie  (Iitriisi<Mi  of  the 
metals  is  not  affected  bv  the  acid  with  which  each  of  then  is  odgiually  combined. 
Thia  nsolt  is  qvite  iai  bamony  with  Berthelof  s  view,  that  the  aoHfai  aad  bases  an 
indiflFf'rently  eomhirvd,  or  that  :i  niixltin"  of  chloride  of  {>otns>iiiin  and  siilphato  of 
sodium  is  the  same  thing  as  a  mixture  of  chloride  of  sodium  and  suiphate  of  potassium, 
whait  both  mixtiins  ar»  in  the  state  of  aohitioii.  With  two  acids  greatly  unequal  in 
their  affinity  for  ha'^cs.  howcv  or,  fht-  r.-sult  might  possIMy  ho  difT  ivnt. 

In  some  cases,  diifusion  is  also  capable  of  eSecting  the  decomposition  of  ehemioal 
eompoonds.  Thus,  when  a  aolntion  of  oonnion  al«m Is  ^owed  to  ^UAbn  faito  water, 
the  sulphato  of  pot<i.ssiani  p.iss.'S  out  moro  rapidly  than  tho  Nulj>hat.'  of  aluminium.  A 
solution  of  sulphate  of  potassium  in  lime-wattir  left  to  diffiue  into  lime-watMr  jri^ds 
a  drflhsats  eootaming  hydrate  ot  \  ><  ^t  usiom ;  rinllariy  with  sulphate  of  sottmn.  The 
sulphates  of  pota'-'-inm  and  sodium  ar<»  also  dtHX)mjK>b(  d  hy  carbonate  of  calciiiiri  dis- 
solved in  carbonic  acid  water,  when  the  liquid  is  allowed  to  difhivo  into  pure  water. 
Tha  cUoffidsa  of  potaariva  and  aodiuD  an  not  aea^bly  deeoM|>oaed  by  lioM-iMteriti 
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tUi  naanr.  Wban  Mtngrtid  anhitioiis  of  Ihne-w»ter  and  rndphat*  of  addnm  am 

mixed  in  equal  volumes,  1  prr  cent,  of  chloride  of  sodium  dissolved  in  th.-  mixtun-,  and 
the  solution  left  to  diffuse  into  pun  wiiter,  Mucaly  a  tnoe  of  bjdnte  of  sodium  is 
obtained  ;  Iml  wbm  the  sehilioti  of  eaMuite  of  caMim,  with  uiMditiaD  of  S  per  emt. 
of  chloride  of  fy>diuni,  is  k<  {it  at  the  ooiling  point  for  half  aii  hour,  and  tlie  solution 
mizfid  two  or  three  davs  ailerwuds  with  an  equal  Tohune  of  lime-water,  and  diflftis^Mj 
iato  pore  water  fbr  9\  dayn,  tlie  diflbnte  la  time  eeDa  ia  ftvnd  to  eootain  0*SS4 
grains  hydrate  of  sodium  and  0  371  sulphate  of  soilium.  It  appears,  then,  that  moru 
than  one  condition  of  equilibhum  is  possible  for  mixed  saUtiooe  of  anlphate  of  oaloiam 
and  chloride  of  aodimn.  Gold  sdnttons  of  ^eaa  aalts  aajha  mindwifhoat  deeom- 
position,  or  without  nensible  formation  of  sulphate;  but,  on  heating,  this  chan^xc  is 
uidiioed,  and  ia  pennanenti  aolnhateof  sodiam  being  fiinaed,  and  continuing  to  ejust 
in  tiie  eold  aofanon ;  Amf  ifc  ia  wedeeonpoeitioD  of tiiataaltalMie  by  hydnte  wealciiim 
which  appears  to  jiddtiie  diffused  hydrate  of  soda.  As  the  effects  uf  time  and  tfra- 
pecatQie  are  often  conTertible^  it  ia  poaaibie  that  the  aama  deoonpoeitioa  might  take 
plaoe  at  ordinary  temperatoieaallwseonridflnlitotbie.  tfaiiA  Mtheeaa8|,wehaYe 
an  agency  in  the  soil  by  which  the  jilkaline  carlioii-itt  s  re(juired  bv  ph\nts  may  be 
formed  from  the  Hikiridea  of  potassium  and  sodium,  aa  wall  aa  from  tlae  sulphatee ;  for 
tiie  anlphala  of  edi^ntt,  gneraUy  present,  will  eouTeit  tfKiee  ddotidea  Into  sulplnitea. 
The  mode  in  which  the  soil  "f  the  e;irth  is  moistened  by  r:iin  is  peculiarly  favuuraLlo 
to  separations  bj  difbaion.  The  soluble  aalta  of  the  soil  maj  be  auppoaed  to  be  carried 
down  together,  to  a  eertain  depth,  by  the  Unt  poctioB  of  nln  whidi  fidla,  wiiile  thigr 
find  afterwards  an  atnios}  here  of  nearly  pure  water,  in  the  moi'-turc  which  falls  laat 
and  ocoopiea  the  saxfitce  stratum  of  the  aoiL  Difiuaion  of  the  salts  upwards  into  tha 
watif^  wnh  ita  iwpani^oiia  and  deoonipoaitioBa^  mnat  neeeaaarily  ensae.  The  salts  of 
Mlaaiinm  and  ammonium,  which  are  most  required  for  vcgt  tatioii,  possess  the  highest 
diflfaribiUty,  and  will  rise  first.  Ihe  pre-eminent  difl^sibility  of  the  alkaline  hydratea 
my  alao  ba  aaUad  into  mtkn  Ia  tiia  aoiL  hj  hjdato  of  aakmm,  partiealarly  as  quit^ 
lima  ia  Hjiwd  aa  >  Iwf  df mbi^  to  giMi  landa,  (Oyahsn.) 

4.— Dlaljala. 

Mambranes  or  septa  of  the  coIloTd  class  (p.  710)  possess  a  property  wliich  is  very 
naeftil  in  assisting  difltaaiTc  separations.  The  jelly  of  starch,  that  of  animal  mucun,  of  ' 
pectin,  of  Payen's  T^etabK-  gelotjc  (ii.  826),  and  other  solid  colloidal  hydrates,  all  of 
which  are  strictlj  spcakiug  iiiiiolublo  in  cold  water,  are  themselves  permeable  wlu  u  in 
nmas,  as  walar  ia,  by  tlie  more  highly  diff^udva  aohatanoea.  But  such  jellies  grf>atly 
reaist  the  paf«'«nge  of  the  le.****  dift'ii'-iv<'  mibHtancefi,  and  cut  off  entirely  other  colloid 
anbetauces  hko  tijemflelve.s  that  may  be  in  solution:  in  this  respect  tiiey  resemble 
animal  membrane.  This  mode  of  .«eparatioin  bj  diflhaiott  tihioa|^  a  septum  is  called 
dialysis.  A  mere  film  of  the  colloidal  nrptum  produces  this  separating  effect.  Thiia^ 
if  a  sheet  of  very  thin  letter-paper,  well  »izcd  with  starch,  and  having  no  porosity,  be 
laid  OB  the  andhea  of  water,  a  depression  made  in  its  centre,  and  a  mixed  aolntion  of 
cane-sugar  and  gum-arabic  containing  5  percent  of  each  Rubst.ince  pnur*"*!  upon  it,  the 
sugar  difluaes  through  into  the  water  while  the  gum  remains  above,  so  lhat,  at\er  f  wcnty- 
Ibarboiaa^  Ihawatar  below  is  found  to  contain  about  thgee-fwurths  of  the  whole  Hugar,  in 
aeonditiOD  ao  pure  as  to  crj-stallise  whi'ii  the  liquid  is  evaporated  over  the  water-bath. 
Now  the  siaed  paper  has  no  }>ower  to  act  as  a  tUter;  it  is  meclianically  impenetrable, 
and  refuses  a  passage  to  the  nnxvd  liciuid  as  •  whole.  Molecules  only  permeate  this 
septum,  and  not  mas.ses.  The  niolrcules  abso  are  moved  by  the  force  of  diffusion.  But 
the  water  of  the  gektigeuou.H  starch  with  whicli  the  paper  is  sized,  is  not  directly 
araihible  as  a  medium  for  tlic  diffusion  of  either  the  sugar ovtiiagum,  being' in  a  stat«  uf 
real  though  feeble  chemical  combination.  The  hydratetl  compound  itself  is  solid,  and 
also  insoluble.  Sugar,  however,  with  other  cry-Htalluidij,  cau  ii«'parat<>  water,  molecule 
after  moleeok^  fton  any  hydrated  colloid,  such  as  starch.  The  sugar  thus  obtains  the 
liquid  medium  refiiiirrd  for  diffusion,  and  makes  its  way  tlirough  the  gelatinous  septum. 
Gum,  on  iln-  other  hand,  presenting,  as  a  colloi'd,  an  atbnity  for  water  of  the  feeblest 

description,  is  unable  to  aepacata  tiwfe  Hquid  ftxjm  the  gelatineoB  ataiob,  and  ao  Ibila  to 

open  the  door  for  its  own  passage  outward.s  by  diffusion. 

Diffusion  of  a  ciystalloul  through  a  firm  jtiiy  appears  to  jiroceedat  nearly  the  same 
rate  as  into  pure  water.    This  is  strikingly  shown  oy  the  following  flipeiiiBflOt. 

Ten  grammes  of* chloride  of  so<lium  and  2  grammes  of  tlie  Japanese  gelatin,  orgeloso 
of  Payen,  were  dissolTed  together  in  so  much  hot  water  as  to  form  100  cub.  ccut^.  of 
liquid.  Introdnead  into  the  empty  diflbsion-jar  and  allowed  to  cool,  thia  liqvid  aat 
into  a  firm  jelly,  occupying  the  lower  part  of  the  jar,  and  containing  of  course  10  per 
cent,  of  chloride  of  sodium.  Instead  of  placing  pure  water  over  this  jelly,  it  was 
oofttad  bj  700  anb.  omti:  of  water  aoiitaimng  2  par  oant  of  the  aama  galaae,aooladao 
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far  as  to  be  on  the  point  of  gelatinising,  the  jar  at  the  nine  time  being  placed  in  a 
i\»oling  mixture  in  order  to  expedite  that  change.  The  jar  with  its  contents  was  now 
left  undisturbed  for  eight  d«T8  at  the  temperatore  10**.  After  the  lapse  of  this  time, 
the  jelly  was  remoTed  from  the  jar  in  successive  portions  of  60  cab.  cents,  each  from 
the  top,  and  thu  proportion  of  chloride  of  sodium  in  the  various  strata  ascertained. 
The  results  were  very  similar  to  those  obtained  in  difiusing  the  same  salt  in  a  jar  of 
pure  water,  excepting  that  the  diffusion  in  the  gelose  appealed  more  advanced  in  eight 
days  than  diffusion  in  water  for  seven  days.  With  a  coloured  cr^-atalloid,  such  as  acid 
chromate  of  potaanvm,  the  gradual  elevation  of  the  salt  to  the  tojp  of  the  jar  is  venr 
plainly  seen.  On  the  other  nand,  the  diffusion  of  a  coloured  colloid,  such  as  caraniPl, 
through  the  jelly,  appears  scarcely*  to  liave  begun  after  the  lapse  of  eight  days.  Tlu- 
difiusion  of  a  salt  into  Uu  solid  jelly  maj  be  Ngpided  tm  eementation  in  its  aiinpLeat 
form. 

The  most  suitable  of  all  substances  for  a  dialytic  septum  is  De  la  Rue's  vegetable 
parchment  or  parchment-paper  (i.  819)^  iHiich  is  unsized  paper,  altered  by  a 
short  immersion  in  sulphuric  acid,  or  in  chloride  of  dnc  Paper  so  metamorphosed 
acx}uires  considerable  tenacity,  and  when  wetted,  expands  and  becomes  tnaumeait, 
evidently  admitting  of  hydration.  In  the  wetted  state,  parchment-paper  can  easily  be 
applied  to  a  light  hoop  of  wood,  or  better,  to  a  hoop  made  of  sheet  ^tta  perehs, 
2  inches  in  depth  and  8  or  10  inches  in  diameter,  so  ns  to  form  a  vessel  like  a  sieve  in 
form  {^tj.  710).  The  disc  of  parchment-j^aper  used  should  exceed  in  diameter  the 
hoop  to  be  covered  by  4  inches,  so  as  to  nse  well  round  the  hoop.   It  may  be  bound 

to  the  hoop  by  string,  or  by  an  elastic  btad, 
but  should  not  be  firmly  secured.  The  parch- 
ment-paper must  not  be  porous.  Its  soundness 
will  be  ascertained  by  sponging  the  upiier  surfaoc 
with  pure  water,  and  then  observing  that  no  wet 
spots  show  themselves  on  the  opposite  side.  Such 
defects  may  be  remedied  by  applying  liquid  albu- 
min, and  then  coagulating  the  same  by  hi'^it^  Mr. 
De  hi  Rue  recommenda  the  use  of  albumin  in  cementing  parchment-paper,  which  may 
thuH  be  form<-<i  into  oells  and  bags  veiy  useful  in  dialytic  expt-riiiK-iits.  The  mixed 
fluid  to  be  dialysed  is  poured  into  tho  hoop  u|<on  the  surface  of  the  parchment-paper 
to  a  snuill  depth  only,  such  as  hait  an  inch.  The  vessel  described  (diait/fer)  is  then 
floated  in  a  basin  containing  a  considerable  volume  of  water,  in  order  to  inducr  ihr 
egre«s  of  the  diffusive  constituents  of  the  mixture.  Half  a  litre  of  urine,  dialysetl  for 
twenty-four  hours,  gave  its  crystalloidal  constituents  to  the  external  water.  The  latter, 
evaporated  by  a  water-bath,  yidded  ft  whito  aaline  mass.  From  this  mass  un>a  uus 
extracted  hy  alcohol  in  so  puM  A  condUioB  M  to  H^pow  in  crystalline  tufta  upon  the 
evaporation  of  the  alcohol. 

For  operating  on  smaller  quantities  of  liquid,  a  small  glass  bell  jar,  tied  round  at  the 
bottom,  as  shcnv  n  in  /v.  711,  may  be  used.  Figg.  712,  713  show  convenient  modes  of 
supporting  the  uisirumeut  in  a  basin  or  a  jar  of  water.    In  Mr.  Giaham's  experiments 


Ffff,  711. 


Fiff.  712. 


two  sizes  of  bulb  were  employed,  S'H  and  4*44  inclies  in 
diameter,  the  dialytic  septal  having  areas  very  nearlv  of  ^ 
and  of  a  aqnaiv  metre  (15*6  and  7'8  square  inehes). 
With  100  cub.  cents,  of  liquid  (the  quantity  n«nally  em- 
ployed) the  sej)tum  of  the  smaller  instrninonts  was  covered 
to  the  d^th  of  20  mm.  (0*8  inch)  and  the  septum  of  the 
larger  to  a  depth  of  10  mm.  (0*4  inch).  The  thinner  the 
stratum,  the  more  exhaustive  the  diffusion  in  a  given  time. 
When  a  eonstderable  diflfarion  is  desired  within  24  hoars,  it  is  generally 
to  cover  tlie  septum  deeper  than  10  or  12  mm.  (half  an  inch). 

NumciH>us  experiments  uu  the  diffusion  of  crystalloids  through  various  dialytic 
septa,  sttdi  as  gehtinoos  stanh,  ooagohited  albuBii^  gm-tng^eaBth,  baiidea  aaiiaal 
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mucuH  and  porchment-papcr,  all  tended  to  piorc  how  little  the  diffusive  process  is  in- 
tarftaped  witb  by  tlie  intervention  of  eotkid  mattop.  Salts  sppesr  to  prescrre  theivtMul 
rdutivc  diiTusibility  unchanged.  The  same  partial  pnration  of  niix(  <l  foal's  i'S  nV.servcd 
fts  in  the  water-jar  713).  With  a  mixture,  tor  instance,  of  equal  parts  of  chlorides 
of  potaaaiiiiB  wsA  aomun  in  a  diafyter,  fhe  fint  tenth  part  of  the  uixtare  wUeii  fNMSsd 
thrmi^li  was  found  to  consist  of  59 '17  [»  t  cent,  of  chloride  of  potassium  iukI  10-83 
prr  cent,  of  chkaide  of  sodiam.  Jiouble  aalta  also,  such  as  alum,  and  the  auiphate  of 
eopper  aid  potaMian,  whieh  adaut  of  being  reeolved  into  paiis  ef  wnequally  aiffiwhre 
BB.hy'.  wore  larpply  dprompnosed  upon  the  dialysor,  as  th«>y  are  in  tho  watt  r-jnr.  Thi' 
effect  of  heat  in  promoting  diffusion  appears,  howovrr,  to  be  diminished  in  diuljsis,  at 
Icaat  with  a  parchment-paper  septum.  Thus  the  diffliaiioa  fnm  a  2  per  OBUt  aofaitiion 
of  cUofideof  aodiQmtiBacooatiatiMBDdcf  thMe]^^  was — 

B«tia 

•      IftlO^a  .  .   0-788 gfU.  1-00 

„  aO  ...  0  -04  prm.  1-07 
„  80  ...  0-892  grm.  1-20 
w  40       ...   1-017  grm.  1-87 

The  rate  d  diflfanon  in  water  akoe^  without  tlu!  ocptum,  would  have  been  domUed  by 

an  equal  rise  of  temperature,  instead  of  being  increjist'd  on(>-tliir(l  only  as  above. 

The  following  table  exhibits  the  rate  of  diffusion  of  several  sul, stances,  bothcrys- 
talloids  and  oouoSdi,  compared  with  chloride  of  aodnun  as  ii  standard.  The  laiger 
Ix-ll-jar  (p.  716)  was  used,  and  the  pnrchmont  pnp«'r  wus  chanirt"<l  in  .  ach  rTppriment. 
The  substance  in  solution  amounted  to  2  grras.,  the  depth  of  liquid  in  the  dialyser  to 
to  mm.  (0-4  of  an  ineh]^  and  Hm  iotftoe  of  the  Mptmn  to  0*01  aqjUK  aotra  (16*0 
tqwre  indMs), 

TiaoM  YTL—DUIifaiB  Iknt^k  Purchmmt-paper  during  twenty-four  iaitn;  18^. 


Two  per  cent.  wlaUoot. 

DIftattteta 

Prnrortiooal 

Chloride  of  . 

1-657 

1000 

Picric  acid  .... 

1-690 

1020 

Ammonia  «... 

1-404 

•847 

Theine  

1-lGG 

•703 

Salicin     .       ,       ,       ,  , 

•836 

•603 

Cane-suyap  .... 

•783 

-472 

Araypdalin      .       ,      ,  , 

■617 

•311 

Extract  of  qnorcitron 

•306 

•184 

Extract  of  logwood  . 

•280 

•168 

Catechu  .       .       .       ,  • 

•285 

•169 

Extract     f"  "i  "hineal .      .  • 

•086 

•051 

Gallotaniiic  acid      .       .  « 

•060 

•030 

Extract  of  litmus    ,      .  . 

•033 

•019 

Purified  caninul 

•009 

■on.') 

The  piCna  acid  and  theine  wars  aetnaSy  diflliaed  Ihwn  I  per  emi  eolvfctom,  and  the 

numbers  observed  are  muUijilied  by  2.  The  crystallisablu  principles,  theine,  salicin, 
and  amjgdalin,  appear  gpd&tlj  more  difi\udble  tnan  ffallo-tannio  add,  or  than  gum,  as 
liHlwnalMad^aeen.  ^uhitiaqnali^of  ittaklSttlxtoftdfitetalhe  aepaiitioBof 
Y^gatattb  idnc^lei  l)y  the  agoMy  of  diai^yaiB. 

The  pnrifiealioQ  of  numy  oolloid  (robsteneea  may  heeil^eted  with  great advantn^  by 

placing  them  on  the  dialyscr.  Accompanyinpr  crrptnllcid"?  arc  elirainat*  d.  and  thn 
oollcMid  is  left  behind  in  a  state  of  purity.  The  purification  of  soluble  colloids  oau 
nrdy  bo  efiected  by  any  other  known  meana,  and  dialysui  ia  ovidortly  the  appn^vriate 
mode  of  preparitif^  sn<-h  bodies  frre  from  cn'<talloYd.4. 

When  the  mixed  solution  obtained  by  pouring  silicate  of  sodinm  into  water  acidu- 
lated wHh  hydnxdiloric  acid,  was  placed  upon  a  purdmient-paper  dialyser,  and  aUowed 
to  difT^ine  into  water,  the  latter  T)<  mg  occasionully  changed,  a  quantity  of  silicic  acid 
was  left  upon  the  septum,  amouutinft  after  the  la])8c  of  tive  davs,  to  seven-eighths  of 
die  ori^nal  aOleie  aeid,  and  the  OMOtiofi  of  dliao  add  li^ich  anbaequently  pasaea 
through,  is  frc(«  from  hydrochloxie  add  and  chkride  of  aodium  aa  not  to  give  ft 
precipitate  with  nitrate  of  silver. 

SomUa  rnlicte  add  forms  a  ptvuliar  dasa  of  componnda,  which  like  itaelf,  an  cot- 
kidal,  and  diflfer  mitarriy  from  the  ovdinwy  aUEcataa.  Theae  componndis  which  may 
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be  called  collisilicates  or  co-silicatef,  appear  to  contain  an  acid  of  higher  atomic 
veiglit  than  ordinary  silicic  acid.  Cosilicic  acid,  like  gallotannic,  f^mmio,  and  other 
coUoiilal  acids,  unites  with  gelatin,  forming  a  cosilicato  of  gelatin,  which  is  precipitate 
on  mixing  the  solutions  of  silicic  acid  and  gelatin ;  but,  like  the  gallotaniuUie  (i.  828), 
vari*  8  in  composition  aooording  as  the  one  or  the  other  constituent  is  pMteal iB^OBDML 
Coeilicic  acid  also  predpitiitea  both  albttminie  acid  and  pure  eatfin. 

The  true  hjdrated  alnmina,  also  Cmm's  metalumina  (i.  159),  are  obtained 
■olul  lt'  by  (liiilvKing  solutions  of  these  oxides  in  thAekloride  and  Hootato  of  the  sams 
motal ;  tio,  liki  wise,  hydrated  ferrio  oxide,  and  the  peculiar  ferric  hydrate  (met^ 
ferric  hydriite)  disooTered  by  P^n  de  St.-GiUes  (p.  395),  and  soluble  chromte 
hydrate  (iL  949).  The  sexeral  varieties  of  rnissiau  blue  (ii.  229,  244)  are  obtained 
BMubls  dialysing  their  solutions  in  ootalate  of  anunonium,  the  latter  salt  diflhsing 
away.  Stannic  and  metastannie  teids  both  give  soluble  modifications  when 
dinlyHcd  from  alkaline  solutions ;  titanic  acid,  when  dialysed  from  a  solution  in  dilute 
hydrochlorio  add;  tungrstio  add  *nd  molybdie  acidS|When  the  tungstate  and 
molybdate  of  sodium  in  mhite  solution  are  remttedlj  dislymd  with  a  slight  excess  of 
hydrr>ohloric  aciil.    (Chcm.  Soc.  J.  f2]  ii.  318.J 

A  solution  of  gum-arabic  (gummate  of  <»idnB)  dislyscd  after  i<iditioa  of  hjdxo- 
ehlorie  acid,  gare  at  once  tiie  pure  gumade  add  of  Vrlnj  (ii.  95.5).  Sdiable  album! m 
is  obtained  in  a  state  of  purity  by  dialysing  albuiuin  witli  :i  i  i;:;.in  of  aot  tio  acid. 

Caramel  of  sugar  purified  bj  zepsated  precupitatioa  with  alcohol,  and  aikerwaida 
by  dialysis,  ftml^^Si^  ne  proportimi  of  oaAoa  la  die  Ugheil  of  the  eaiameUe  bodiea  of 
Q^lis  (iL  748^ ;  it  forms  a  tremulotis  jelly  when  conctntrattMl.  and  appears'  dtvidedly 
oolloMial.  Like  all  other  eoUoids,  it  has  a  solable  and  an  insoluble  modification.  Tha 
ktter  has  lt»  wMbflitjfvataced  bj  tiM  aatkm  of  alla!i%  IbD^^ 

and  snbs-'qupnt  rlialysis. 

For  fiuther  details  on  the  prepaxatioa  of  colloids  by  diabrsi%  see  Chem.  Soc  J.  xr. 
M»-.Me;  abothedean^tiaBBof  theseml  siilMlsmss  k  tlimr alpUbetieal ofder 

in  this  Diotionary. 

Separation  qf  ArtmUnu  AM  from  Colloidal  Limids.--Dia3mM  may  be  adTantsge- 
onsly  applied  to  tile  separation  ot  arseniona  acid  and  metallie  salts  ftom  oi^gaaio 

Intions  in  mf^dico-l«»gal  enquirios.  The  proOSBi  has  tlif^  adrantage  of  intr«>dncinp  no 
metallic  substance  or  chenucal  reagent  of  aagr  kind  into  the  ocganic  fluid.  The 
aBrangemant  tg  opewitfaig  fa  also  of  &e  rfaplsat  natus. 

The  oij^daliquid  is  plionl,  fn  the  depth  of  half  an  inch,  on  a  diuly?^'  r  fomii  d  of  a 
bo^  of  gotta  poKha  10  or  12  inches  in  diameter,  oovered  with  parchment-paper  (Jy.  71(^ 
p.  716).  ThedufyimisllMBfloatsd  in  a  bannooaftainjBgaTol^^ 
four  timcF  groat*'r  than  the  volume  of  organic  fluid  in  tlio  dialyser.  The  water  of  the 
basin  is  generailj  found  to  remain  colourless  after  the  lapse  of  24  hours ;  and  after 
being  coneentatea  by  erapomtion,  it  admits  of  tbe  applicafion  of  tiie  proper  reagents 
to  precipitate  and  r«>movp  a  metal  from  solution.  One-half  to  thnr-fourths  of  the 
dTstaUouial  and  dififuaible  oonstitoents  of  the  oiganio  liquid  will  goflerally  be  found  in 
tiia  water  of  l3fa»  baain. 

Tartar-enii^t  io  and  itryohnino  may  lir  popnrat<:'d  fr^m  rl'.-cid  organic  matter 
in  a  aimiiar  manner:  indeed,  all  soluble  poisonous  substances  appear  to  be  gystalloidi^ 
and  liMwtoa  paw  thwui^  ooHoMal  aqpA. 

8oe  loBR  (pk  684> 

Sea  HaA*  (p^  fl8> 

or.  6ia  Iacbt  (pp.  615,  627). 

I,  OSMOBB  OF.  Wien  two  liquids  are  Pfparatid  by  the  interron- 
tion  of  a  porous  diaphragm,  a  flow  of  liquid  takes  place  from  one  side  of  the  septum 
to  the  other,  or  sometimes  nn  unaqoal  flour  of  the  two  liquids  in  <^>posite  diredsona^ 
so  that  the  quantity  of  liquid  inereases  on  one  side  of  the  septum  and  diminishes  on 
the  other.  This  phrnomenon  wiis  originally  designated  by  the  correlative  terms  £q- 
daamose  and  Exosmose,  but  it  is  better  expressed  by  tlia  ahoctat  tnwd  (Oamoaa^ 
from  &<rn6s,  impulsion),  which  includes  the  two  formrr. 

The  passage  of  liquids  through  porous  septa  was  llrst  studied  by  P  u  t  r  o  c  h  e  t,  whose 
UfMumlna,  aSied  an  smtossiosislir,  consisted  of  a  narrow  glass  tobi  .  having  a  funnel- 
snaped  r'xpan''ion  at  the  bottom,  and  closed  at  that  <  nd  by  a  piece  of  bhiild<T.  This 
tube  was  filled  with  a  wdine  solution,  and  placed  in  a  v<  rtical  position  in  u  jiu"  contAia- 
ing  water.  The  flow  of  liquid  in  the  one  direction  or  the  other  was  measured  by  the 
rise  or  fall  of  the  liquid  in  the  tube.  Dutroehct  inferred,  from  his  experiments,  that  the 
velocity  of  the  osmotic  current  is  proportionate  to  the  quantity  of  .«»alt  or  other  dolid 
anbotance  originally  coaliinad  in  the  aaline  solution.  The  experiments  were,  ha  wart; 
inexact,  h«H'au»e  no  allowance  was  made  for  the  alteration  of  hydrostatic  pressure 
caused  by  the  rise  or  fall  of  the  liquid  in  the  tube.    V  i « rordt  (Pt^.  Ann.  IxxxiiL  7^), 
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who  used  a  modification  of  J)ut  rochet's  apparaJtxis,  in  wkiuli  tliis  miurce  of  error  was 
remored,  found  that  the  velocit  j  of  the  eamnt  inenMM  willi  the  ndtttl  MMMntnitiiMi 

of  the  solution,  Tnit  in  a  lower  ratio. 

ProfeMor  Jolly,  of  Heidelberg,  has  examined  the  osmose  of  water  and  saline  solu- 
tions by  n  different  method.  The  saline  solution  containing  a  known  quantity  of  salt 
is  eontainod  in  a  glass  tube  closed  at  the  bottom  \nth  bla^hli'r,  and  plunged  into  water, 
which  is  frequently  clianged,  ho  as  to  keep  it  nearly  pure.  The  tube  with  its  oontents 
is  taken  out  fron  time  to  time  and  weighed,  and  these  operations  wtt  fSMated  tUl  the 
weight  becomes  constant,  showing  that  th»«faol«af  tM  Mlt  hM  paMM  OOt  from  the 
tube,  and  nothing  but  water  renmina. 

Ja  tins  manner  it  is  found  that  a  ghvn  qoantitj  of  any  salt  which  passes  tli  rough 
the  septum  into  the  wutor  ia  always  replaced  by  a  definite  quantity  of  water.  The 
quantity  of  water  which  is  thus  replaced  by  a  unit  of  weight  of  the  salt,  is  called  the 
tndosimtic  (or  osmotic)  equivalent  of  that  laltk  This  aoantity  Taries  with  the  nature 
of  the  salt,  and  with  the  temp<  rature,  increasing  as  trie  temperatur<'>  rises ;  but  it  \» 
independent  of  the  density  of  the  solution.  At  temperatures  near  0°  the  endos- 
•Mtw  aqoiralent  of  hydrate  of  potasstam  was  ftn&d  to  tto  200 ;  of  chloride  of  sodium, 
between  4*3  and  :  of  sulphate  of  sodium,  between  11  and  12;  of  rifntral  Hulphatc 
of  potasaiuBo,  12  ;  of  acid  sulphate  of  potjissium,  2-3  ;  and  of  hydrateii  euiphuric  acid 
(at  IS''  C),  0-36. 

These  results  point  to  the  conelusion,  that  tlie  osmose  between  water  and  saline  solu- 
tions  consists,  not  in  the  opposite  passage  of  two  liquid  currents,  but  in  the  passage 
of  particles  of  the  salt  in  one  direction,  and  of  pore  wMkwtetlM  other.  This  coneht> 
sion  is  strengthened  by  Graham's  observation,  that  eommen  salt  diffuses  into  water, 
througli  a  thin  membrane  of  ox-bladder  deprived  of  its  outer  muscular  coating,  at  the 
same  rate  as  when  no  membrane  is  interposed. 

The  flow  of  water  into  the  saline  solution  is  the  only  one  of  the  two  moTements 
which  can  be  con-ectly  described  as  a  current.  This  in,  in  fact^  the  true  osmo&e,  and 
depends  essentially  on  the  actaaa  of  the  membrane  or  other  porons  septum ;  for  the 
quantity  of  water  which  thu.s  pas«'<»s  into  the  solution  is  often  much  greater  than 
would  be  introduced  by  mere  liquid  diflusion,  amounting  in  some  cases  to  several 
hundred  times  that  of  the  salt  displaced. 

This  action  of  the  septum  has  been  explained  in  varioti^  ways.  Bj'  Dutroche*^  nrr^l 
others,  it  was  attributed  to  capillarity;  but  this  force  is  quite  insufficient  to  account  lor 
the  great  inequality  of  aMession  which  different  liqtdds  exhibit  in  the  osmotic  appa- 
ratus :  in  fact,  Graham  has  shown,  that  solutions  of  the  mogtdiftBenfeflbaraalarCKmDit 
Tery  nearly  equal  ascension  in  tubes  of  equal  diameter. 

OmboM  hM  TSkiBWim  been  attributed  to  the  unequal  absorption  of  the  two  liquids  hf 
thf>  porous  septum.  8nppose  the  septum  to  bo  of  such  a  nature  as  to  absorb  only  one 
of  the  liquids, — the  water,  for  instance.  The  waterwill  then  penetrate  the  septum,  and 
coming  in  contact  with  the  saline  solution,  will  difihse  inton»  More  wate  r  will  thoB 
be  absorbed,  and  subsequently  diffused,  and  thus  a  eontiniuras  current  wiXX  be  set  up. 
If  both  liquids  are  absorbed  by  the  septum,  but  In  different  degrees,  and  each  is  capable 
of  AiAising  into  the  other,  like  water  and  alcohol,  the  result  will  be  the  fbrnatMni  of 
two  unr-qual  currents  'n  opposite  directions.  Water  is  absorbed  bv  nni'mHl  membrane 
much  more  rapidly  tlian  most  other  liquids,  and  accordingly,  when  a  septuui  of  this 
kin  I  h  used,  the  direction  of  the  current  is  in  most  eases  from  the  water  to  the  oHheV 
liquid.  According  to  Liebig,  a  given  weight  of  dried  ox-bladdor  absorbs  in  the  same 
time,  200  vols,  of  water,  133  vob.  of  a  saturato4  solution  of  common  salt,  38  toIs.  of 
alcohol  of  the  strength  of  84  per  cent,  and  17  vols,  of  bone-oiL  When  water  and 
alcohol  are  separated  br  an  nniraal  membrai  e,  the  quantity  of  wafer  which  p-as-ces  info 
the  alcohol  is  greater  than  the  quaiitity  of  alcohol  which  passes  into  the  water ;  but 
vfaen  Che  same  liquids  are  divided  by  a  thin  film  of  ooUoaaBi  lAUk  abnriM  aleobol 
more  quickly  thnn  Tv^ter  thf  conti-ary  effect  is  produeM. 

On  the  other  hand,  !ui  numenjus  experiments  recently  made  by  Graham  (Phil. 
Trans.  1855,  p.  177;  Them.  Soc.  J.  riii.  43)  lead  to  the  conciMOin  that  omUMO 
depends  essentially  on  the  chemical  action  of  the  liquid  on  the  septum.  These  expe- 
riments were  niadf  partly  with  porous  mineral  septa,  partly  with  animal  membrane. 
The  earthenware  osmometer  consisted  of  the  porous  cylinders  employed  in  volteio 
batteries,  about  five  inches  in  depth,  surmounted  by  a  glass  tube  0-  inch  in  diameter, 
attached  to  the  mouth  of  the  cylinder  by  means  of  a  cap  of  gutta  r»ercha.  The 
c;^iDder  mm  filled  to  the  baae  of  the  glass  tube  with  a  saline  solution,  anu  immediatalj 
placed  in  ajar  of  distilled  water;  and  as  the  liquid  within  the  instrument  rose  during 
the  experiment,  water  w;is  added  to  the  jar  to  equalise  the  pressure.  Theriae  (or  fall) 
of  tlie  liquid  fii  tiw  tube  was  vety  regular,  as  obeerwod  0m  hoar  to  honv,  and  the 
experiment  was  grnerany  terminated  in  five  hour^.  Prom  experiments  made  on  soln- 
tions  of  evei^y  varietj^r  uf  soluble  substance,  it  appeared  that  the  rise  or  osmose  is  quite 


Digitizcu  by  Google 


720 


LIQUIDS^  OSMOSE  OF. 


fannin,  &c. ;  bo  Hkfwiso  with  neutral  >:il(>i  nf  tlh'  onrths  aiiil  onlinary  m.  ials.  with 
th«  chlorides  and  nitrates  of  potawium  aad  aodium,  and  with  chloride  of  mercurr. 
A  mom  MiuiMe  Imt  atQl  Tmj  aodante  omdom  is  eoAiUted  by  hrdiodilorie,  nitne, 
Hcrfir,  sulphurous,  citric,  and  tlltaric  acids.  Thps<»  are  8urj)ii>si'a  Ly  thf  stn>nprT 
mineral  acids,  such  as  •nlnhnfe  aaui,  fdxMpboric,  and  by  sulpliate  of  potaesium,  viiich 
AM  ajgda  flseeedaci  "by  sdts  ai  potunvm  and  sodiom,  pnasiMMiiig  a  deetdad  add  or 
aUcaline  rt^action,  sm-h  a^^  dioxalatc  of  {>otassium,  phosphate  of  Sfjdium,  or  tho 
aaibonates  of  potassium  and  sodinm.  Tiu-  hiL'!i1y  otimotic  substances  were  also  found 
to  aetwithmost  adraotaf^  in  aiBill  |'r-<>i><>iii<>ns  producing,  in  fiwt*  the  lazgeat  osmose 
in  the  proportion  of  nnc-(H)artt  r  jwr  i  iTit.  dissolvtHl.  Tlie  same  sub9tano<^8  ivre  likewise 
always  chemiaaliy  acUvQ  bodies,  and  possess  affinities  which  enable  them  to  act  on  the 
aaatenal  of  the  eaithenwan  septum.  Lime  and  ahnninawrre  alwvrs  fomad  in  aolntion 

after  osmose,  and  the  corrosion  of  tiw  septum  ajtprared  to  be  a  necessarv  rendition  of 
the  flow.   Septa  of  other  mntsrials,  soch  as  pure  carbonate  of  wUrium,  g^  pmim, 
I  enaiBoa],  ad  tauad  soislsitiwi^  alflinwgii  not  dsfldsnt  im  yiromty, 
f,  bsMMft  ttuf  «•  lot  HiwinmHy  aetod  ob  I17  tha  ssluw 


Sfadlar  vesoHs  vcm  ofclaiiMd  with  sept*  of  aslnial  niMiibmBA.  (>z4)laddsr  was 

found  to  act  with  much  greater  strength  and  regularity  when  divest*^  of  its  outer 
muscular  ooat.  Cotton  oalioo,  imprsflmated  with  liquid  albumin,  and  afterwards 
liMtad  to  nw^ilstn  tfM  anmmiB,  Ibmed  an  eaeellleiit  sefytam,  Nsembra^  monlifaiie  in 

every  ri  sjx'ii .  Tlie  osmometer  (j!<7.  711)  nsed  in  these  experi- 
ments wss  arranged  like  the  origiiuil  instrument  of  Dutrochet; 
bat  the  mflmbraae  was  aaupofted  by  a  plate  of  perforated  slne^ 
and  the  tube  Mas  of  consiaeraV'le  diamett  r,  viz.  one-tenth  of  that 
of  the  mouth  of  the  bulb,  or  of  the  disc  of  membrane  eaposed  to 
the  liquids. 

Osmose  in  mcmlr.ine  presents  many  points  of  similarity 
to  that  in  earthenware.  The  membrane  is  constantly  uudezso- 
ing  decomposition,  and  its  osmotie  aetno  is  flshaasdola.  Butn 
and  other  substances  capable  of  determining  a  large  osmose  aw 
all  chemically  active  suMtance^  while  the  great  mass  of  neutral 
organic  sidbslaiioes  and  perfiKtlr  veotral  monobasie  salts  of  tha 
metals,  such  as  chloride  (»f  s.xiium.  possess  ojdy  a  low  degreo 
of  action,  or  are  wholly  iii<  rt.  The  active  substances  are  also 
most  efBcisnt  ia  small*  j  n  poftioiw.*  Wilii  a  sdntioB  eonteiD" 
'■'^  To  V'^'^  cent,  of  carbonate  of  potash,  the  rise  in  the  osmonu  ter 
was  167  millimetres ;  and  with  1  per  cent,  of  the  same  salts,  206 
mflliiiMiftwM  In  Hto  homs.  wtni  anotliw  membrane  and  a 
stronger  sofailion,  the  rise  was  8G3  millimetres,  or  upwards  of  3S 
inohea  in  tlia  same  time.  To  induoe  osmose^  the  chemical  action 
OB  tiio  mfliibmia  mnst  bo  diftrant  on  tha  two  sides,  and 
apparently  not  in  degree  only,  but  in  kind,  viz.  an  alkaline 
aetion  on  the  albtuninoua  sobstanoa  of  the  membrane  on  tho 
one  side  aad  aa  add  action  on  tha  other.  The  water  a]<{)rar8 
always  to  accumulate  on  the  alkaline  or  basic  side  <>{  the  mem- 
braoe.  Hanoa  with  an  alkaline  aalt^  such  ss  carbonate  of  sodium,  in  the  osmometer, 
and  water  ontnd^,  tha  How  ia  inwaida;  bat  with  an  and  in  the  osmometer,  tiim  ia 

lu'^^ativi-  osmose,  w:  tin-  fl  .w  is  outwards,  th'  liquiil  then  falling  in  tlie  tub*'.  Tlui 
chlorides  of  barium,  sodium,  and  magnesium,  and  aimilar  neutral  salts,  are  wholly  indif* 
ftvent,  or  appear  to  aet  mef^^  in  a  sabordhiato  manner  to  soma  other  aetiTe  aeid  or 
ba«ic  substance,  which  may  lie  jiresent  in  the  solution  or  the  membrane  in  the  most 
mimUe  quanti^.  Salts  which  admit  of  division  into  a  basio  salt  and  free  add  exhibit 
an  omnotio  aetiritjr  of  the  U^eot  order,  e.g.  the  aoetato  and  Tariona  other  salts  of 
alumina,  ferric  oxide  and  chromic  oxide,  cuprous  chloride,  stannous  chloride,  nitrate 
of  leadf  &e.  The  add  travels  outwards  by  difiusion,  superinducing  a  basic  condition 
of  tlw  un«r  svtlhoe  of  jAe  membrane,  and  an  acid  eonmtion  of  the  ootsr  soiAee,  the 
most  favourable  condition  for  a  high  positive  osmose.  Acnin,  the  dibasic  wilts  of 
potassium  and  sodium,  such  as  the  sulphato  and  tartnite,  though  .strictly  ncutrul  in 
]>n)perties,  begin  to  exhibit  a  poaitlTo  oamose^  in  eonsequence,  perhaps,  of  their  reaoln- 
tion  into  an  acid  supersalt  and  free  alkaline  base. 

The  fallowing  table  exhibits  the  osmose  of  sabstancea  of  all  dasaes  through  mem- 
bnme,  the  degrre  being  a  rise  or  ftU  of  1  miOimrtre: — 

•  The  action  Incrauea  with  Ui«  atnosUi  of  the  lolation  up  In  n  rerUin  poiBl.as  Um  above  exsmplM 
—   •'•TMiiteByrielutioirttlisjgweof  the  laeiabrias  ptabaMy  beaqswt  tsyps*  ap  with  psftklet 
I  the  asnoa  ceassrasnllf  Qlaiinl«h«  s. 
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Chloride  of  cino  . 
Oiloride  of  nickel  . 
Nitrate  of  lead 
Nitrate  of  cadmium 
Nitrate  of  nnnimn 
Nitmte  of  copper  . 
Chloride  of  oofmr 
Stannous  ehkmoe  . 
Ferrous  chloride  . 
MOTcnric  chloride 
Mprcarous  nitnte  . 
M.-reitric  nitrate  . 
Ferric  ooetiUe 
Acetate  of  alauiniuxn 
Chloride  of  aluminium 
Phoaphate  of  sodium 
Qntwoate  of  potasshun 


JDef  r(>ri. 

Oxalic  acid  ....  —  148 
Hjrdrochlorio  add  (0-1  p«r  oent)  -  92 
Trichloride  of  gold  •  •  —  tf4 
Stannio  chloride  .  •  .  —  46 
Flatinie  chloride  ...  i-  80 
Chloride  of  magnesion  •  —  3 
Chloride  of  sodium  .  .  *  2 
Chloride  of  potaashuii  .  .  •  18 
Nitrate  of  ^xlium  •  »  •  2 
Nitrate  of  silver  ....  34 
Sulphate  of  potassium  .  .  SI  to  60 
Sulphate  of  magnesiott  .  •  H 
Chbride  of  caldum  ...  20 
Chloride  of  barium  ...  21 
Chloride  of  strontium  •  •  •  2G 
Chloride  of  cobalt  ...  26 
Chloride  of  manganese       .      .  84 

The  osmotic  actiou  of  carbonate  of  potasfiium  and  other  alknline  salts  ia  iuterftired 
with  in  an  extraordinaiy  mMUMT  hf  u»  presence  of  chloride  of  sodium,  being  vsdMsd 

to  almost  nothing  hy  an  «|ual  proportion  of  that  salt.  Tho  moderate  jKjsitive  osmose 
of  sulphate  uf  potaaxium  is  converted  into  a  very  seasible  negative  o&tnose  by  the 
presence  of  the  merest  trace  of  a  strong  acid,  wliile  the  posttiye  osmose  thesMDAaalt 
in  sinpilftrly  promoted  hy  a  small  proportion  of  alkaline  cnrbonafc  :  thni,  a  1  per  cent. 
solutiuQ  of  feulphate  uf  potassium  gives  au  o&musc  of  21'-',  but  tho  addition  of  0*1  per 
cent,  of  carbonate  of  potassium  raises  it  to  between  254  and  204  degrees.  (Graham.) 

Tf  a  glass  tulje,  lienf  in  the  form  of  a  siphon,  and  having  its  shorter  leg  closed  with 
bladilert  b«  partially  tilled  with  salt  water,  the  t>liort«'r  leg  ilicn  immersjed  ia  a  vesitel 
€f  pare  water,  and  mercury  poured  into  the  long<'r  leg,  8o  that  its  pressure  may  act  in 
opposition  to  the  force  wif)i  which  the  wafer  tends  to  enter  tho  saline  «n]iit!on through 
the  bkdder,  it  will  be  foun  I  laat,  when  the  column  of  mercury  uttjiins  a  certain  height, 
the  two  liquids  will  mix  without  change  of  volume,  the  force  of  the  osmotic  current 
being  then  exaetly  balanced  by  the  weight  of  thv  mercurial  ctilumn  h\  thil  way  tlia 
mechanicul  force  of  the  osmotic  curn  nt  may  be  measured.  (Liebig.) 

Osmose  appears  to  play  an  important  part  in  the  fundions  of  life.  We  have  seen 
that  it  is  peculiarly  txcited  by  dilute  saline  solutions,  such  as  the  animal  and 
vegetable  juicea  are,  and  that  tho  acid  or  itlkaliue  properly  which  these  juiet-s  potNieiw  ia 
another  favourable  condition  fur  their  aotum  on  membrane.  The  natural  exdtMtiiHI 
of  osmose  in  the  ^ubstanco  of  ths  m<»nbniiM» or  eell'Wsiis difidingndi •olntioBi nmrn 

therefure  ahnast  iuevitaWle. 

In  osmose  there  is  also  a  remarkaUy  difoot  nhilitalMm  of  €00  of  the  great  forow  of 

nature  liy  it«  equivalent  in  anotlu  r  force, — the  conversion,  namely,  of  chemical  action 
into  Dieciuiuieal  power.  Viewed  in  thiB  light,  tlic  osmotic  injection  of  fluids  may, 
|Mriu|w;  tna^  tho  deficient  link  which  intervenes  between  coomieal  decosnpoeitHm 
and  Tiiiiscnfar  movcTnent  The  ascent  of  the  sap  in  plants  appears  to  dejieud  npon  a 
siiiuiar  converiiian  of  chemical,  or,  at  least,  molecular  action  into  mechauic;il  force. 
The  jmseo  of  plants  «M  oomtoaitlv  permeating  the  coatiugN  of  die  oq»wflcial  vessels  in 
the  leaves  and  other  orpmna;  ana  as  these  evaporate  into  the  air,  n  fTf»h  porti.jn  of 
liquid  is  absorbed  by  tho  membrane  and  evaporates;  and  thus  a  nguiur  u|nvurd 
current  is  established,  by  which  the  iip  ia  tiaaraifed  ftom  the  roots  to  the  highest 
parts  '  f  t!i.  trt'e.  In  a  siniihir  manner,  the  evaporation  constantly  taking  place  from 
the  bkm  and  iuuga  of  auimahi,  cauMoti  a  coulinuoub  tlow  of  tho  aniauil  juices  from  the 
iatcriov  tovufds  the  amelkoe. 

From  his  recent  experiments  on  tho  pa^fiage  of  Ikjnids  through  c»>noidal  septa, 
Graham  infeis  that  the  water  movement  in  oamoee  is  an  ufikir  of  hydration  sind  of 
dehydration  in  tho  substance  of  tho  membrane  o>  otiier  colloid  septum,  and  that  tlie 
diffusion  of  thf^  saline  solution  pLict^l  within  flie  osmometer  has  little  or  nothing  to  do 
with  tho  osmotic  result,  otlier\vi»«  than  aa  it  affects  the  state  of  hydmtion  of  the  septum. 

Osmouc  is  generally  considorable  through  membranous  and  otli* x  highly  hydrated 
septa,  witli  the  dilution  of  any  culloYd  (gtim,  for  instance)  contained  in  the  osmometer. 
Ytit  th''  diifusiou  outwardi!  of  the  colloid  is  always  minute,  and  may  sometimes  amount 
to  nothing,  Indso^  an  insoluble  colloid,  siioli  as  gum  tragucanUi,  placed  in  powdflT 
within  the  osroometer,  wna  found  to  indicate  the  rapid  entrance  of  water,  to  convert 
the  gum  iuto  a  bulky  geUtinouii  hydrate.  Here  no  outward  or  double  movement  is 
poMible. 

Vui.  III.  3  A 
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The  degree  of  hydrnfion  of  any  golatiiioiis  body  is  much  uffect  1  '  v  the  liquid 
medium  in  which  it  k  placed.  This  is  Trrv  obvious  in  fibrin  and  aniinal  tneinbx4De. 
PUc<  <l  iu  pare  water,  such  colloids  are  hy>lraiod  to  a  higher  degree  than  they  an  u 
rtftitr.U  suiinc  soluHons.  TTi'iico  the  equilibrium  of  hydration  is  different  on  the  two 
Bidi-s  of  I  he  meiubfiiito  of  an  usmomoter.  Th«  outer  surface  of  the  membrane  being  in 
contact  with  pure  water,  tends  to  hydnle  itself  in  a  hig^Mr  decree  khan  the  iiiii«r 
Kurfaoe  docs,  tnr  latter  surface  being  supposed  to  be  in  eontact  with  a  saline  soltition. 
When  the  fail  hydmtion  of  the  outer  surface  extends  through  the  thickness  of  the 
membrane  and  reaches  the  iaaer  surface,  it  there  rect  iv«8  •  oh«ck.  The  degree  at  hjdM* 
tion  is  lowered,  and  water  mtist  he  given  up  by  the  innfr  layer  of  the  membrane,  and 
it  forms  the  0SQU>se.  The  conUiol  uf  the  saline  fluid  is  thus  attended  by  a  continuous 
oUaljda  of  the  fclnliiioua  hydrate^  by  which  it  is  p  soln  d  into  a  loim  gdatuous  hy- 
drate and  fipce  writer.  Tiic  inner  surface  of  the  nn  ml>nuie  of  the  Ofmomoter  corfnift.*? 
by  contact  with  the  ^iue  «ulutioD,  while  the  outer  surtaee  dilate^!  by  coutact  with  pure 
water.  Far  &om  {momotii^  tliit  MfMMtiOB  of  water,  the  diffusion  of  the  salt  thnoglh* 
out  the  sruhstflTTCP  of  the  membrane  appears  to  iin)"  de  osmose,  by  (^4ualisin^  the  con- 
dition as  to  saliuc  matter  of  the  membrane  tlipough  ita  wliole  thickiiiis*.  Ihc  adran- 
tage  wliieh  l  olloVdal  solutions  hare  in  inducing  osmose,  app<  .ir^  todepend  is  part  upon 
the  low  diffusi)  ility  of  aodi  mAaikiaM,  and  tfacur  vaa^  of  pow«r  to  pasfltnte  Um 
colloidal  septum. 

The  anbatances  fibrin,  aHMOttiB,  and  animal  membrane  swell  greatly  whan  immersed 

in  water  containing,'  minntr  proportions  of  acid  or  of  alkali,  as  is  well  V-to'Tti.  On  the 
other  hand,  wheu  the  proportion  of  acid  or  alkali  is  carried  beyond  a  i>.>ini  ix-cuUar  to 
each  aalMlance,  contnetion  of  eolkSd  takei  plaeak  BaA  eolloiias  as  nave  been 
named,  acqnire  tli.*'  power  of  eombininp  with  an  increased  proportion  of  water,  and  of 
forming  superiur  l  itinoun  hydrates,  in  cous(>quouce  of  conta^  with  dilute  add  or 
alkaline  leogents.  I'v^n  pHrchmont-pnper  is  more  elongated  in  an  alkaline  solutam 
than  in  piire  nvjitcr.  When  so  hydrated  and  dilat<'d,  the  eolloTds  pn^.^ent  an  extreme 
OMinotic  seusiliility.  Used  as  septa,  they  appear  to  as£>u.aio  or  resign  tiieir  water  of 
Mlatination  under  influences  apparently  the  most  feeble.  It  is  not  attempted  to  exphiin 
this  raryiii^r  hydration  of  collot'ls  with  the  osmotic  eifeots  lhene<'  arising.  Such 
phenomcuu  beloug  to  colloidal  chemistry,  where  the  prevniliug  chiing4;a  in  campusititm 
appear  to  be  of  the  kind  vaguely  described  as  catalvtie.  To  the  future  investifprtion 
of  cntalylic  af!!nify,  therefirov  must  wa  look  Ibc  tita  tothflV  daoidationof 
(Or  a  haul,  Ch«  m.  8oc.  J.  xv.  268.) 

UMIM,  VBAVSmAVIMr  OT.  (Poltavillo^  Am.  Oh.  fhya.  [31  vIL 
60;  XXI. 76;  Jahresber.  1847-8,  p.  ISO:  Orahnm,  Phil.  Tran?.  1861.  p.  873;  Chem. 
Soc.  J.  XT.  427.) — This  term  is  applied  to  the  passaffe  of  liquids  through  capillary 
tube*  oadwpMMiNk  fa  aMOtdaiiea  wiA  tfie  aaalosy  of  gaaaova  f*aiwplfaix>n  (iL  820). 
The  first  experiments  on  the  subject  were  made  hj  Poiseuille,  who  determined  the 
manner  in  vhioh  the  flow  of  the  liquid  ia  related  to  the  preesnre,  and  to  the  length 
and  diameter  of  the  tabea ;  abo^  iu  maay  eana,  the  humiimp  in  iilneh  il  ia  aAetod  lij 
the  nature  of  the  liquid.  Graham's  enqnirie.s  were  dJnvted  ehiefly  to  the  itlaliM 
between  the  rate  of  tranepiratioa  and  the  chemical  composition  of  the  liquid. 

The  apparatna  wed  hyWh  theae  eonaiatB  aaaeBtialljr  of  a  cmU  brtiatihat 

stout  glass  bulb,  A  (fg.  71 -"'X  about  two-thir<i8  of  an  inch  in  diameter,  havin^r  a  capa- 
city of  from  i  to  8  c.      blown  upon  a  thick  fthuw  tube,  with  a  bore  of  about  2  mtlli- 
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e  ia  node  npon  the  glass  tube  above, 

and  another  d  below  the  bulb,  to  indleate  the  availabl.- 
capacity  of  the  instrument.  The  lower  tube  is  bent  at  a 
right  angle  to  t)io  tipper,  and  •  fine  capillary  tube,  B, 
fnan  3  to  4  inehes  in  lenirth.  is  sealed  to  the  eurred 
extremitj^  of  the  tube.  The  bulb  and  capillaiy  are  im- 
meiaed  &  «  Tensl  of  mter  dariBi^  llia  CApenmeut,  to 

S(  (  ure  uniformity  of  tf  mp<-ni(ure.  The  force  employed 
to  impel  the  liquid  through  the  capillaiy  is  obtained  i^rmii 
eompwMwed  air  eontaiiiea  in  ft  largo  reattvoir  provided 
with  a  merruriiil  panrrf .    The  time  i^  iiottHl  in  .st^'onds. 

The  liquid  may  be  introdaced  into  the  bulb  throQ^ 
the  open  upper  t  ube  by  meeiu  of  ft  tvbe-ftmiiel ;  hot  H  M 
more  convenient,  although  requiring  a  much  longer  time, 
to  fill  the  bulb  hy  aq>iration  through  the  capillary.  With 
thu  Tiew,  the  eompteaaed  tSr  fa  matt  off  by  a  stop-cod^ 

and  (he  upper  tube  of  the  bulb  allowcnl  to  communicate 
^  with  the  receiver  of  an  air-pump  instead,  wherebv  ex- 
hau.^tton  in  nodao^  trfafle  the  open  end  Ht  tho  ca^illaty  is  inOMmd  01  ft  pocCfooof 
the  liquid.  The  liquid  which  entcfa  the  bntb  in  this  manner  ia  aoM  to  be  free  IInmi 
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•ay Mild  imttcrflMit  caM  esoM  obstreetkn  in  Oe  oipOIary  dttring  the  sobseqaeot 
p;if5sagf'  nf  the  liquid  out  wanls,  whili-  (ht*  disconnecting  of  iho  V>albfroai  tlw  Mit  of  th0 
»f  MFatiUL  for  the  purpose  of  fiUiuff  the  former,  is  also  AToided 

From  |Im»  €uiypFlm<ato  <f  Pflhwrnto  it  appear*  that  iriioi  ft  tabe  exceeds  *  ettUin 
length  (wlii rii  IS  Lrpal»Mth»4ini0t«r  msNiMiX  th»  Mte of  iOtt  k ngditod  by 
tho  foUoving  lawB : — 

1.  Th9  to«r  mereuet  directly  as  the  pressore. 

2.  With  tubes  of  equal  diaiMter,  the  qjumtHtiM  diaAaigsd  in  aqnl  tinea  am  in- 
lecaeW  as  the  lengths. 

8.  ui  tabes  of  eqtial  length,  bnt  different  diameten^  (ha  rate  of  efflux  is  as  the  fourth 
powers  of  the  diameters. 

The  material  of  which  the  tube  is  made  does  not  appear  to  influence  the  result,  but 
flie  nature  of  the  liquid  employed  exercises  a  marked  e£R>ct.  The  liquids  used  in 
Poiseuille's  experiments  M-<-re  in  moflt  cases  aqueous  solutions  of  rarioos  bodieit 
especiallj  of  salts.  In  the  majority  of  instances,  the  flow  of  the  solution  was  slower 
thaa  that  of  distilled  water.  All  the  alkalis  occasioned  this  retardation.  In  a  few  in* 
atanees,  no  sensible  alteration  was  produced;  thus  neither  nitrate  of  silver,  mereoric 
diloride,  iodide  of  sodium,  iodide  of  iron,  nitric,  hydriodic,  bromic,  nor  hydrobromic  acid 
seemed  to  have  any  influence,  whilst  sulphydric  and  prussic  acids,  the  nitratt«  and 
chlorides  of  potassium  and  ammonium,  and  the  iodide,  oromide,  and  cyanide  of  pottis- 
sinm,  increased  the  rapidity  of  the  flow ;  it  is  remarkable,  however,  that  concentrattHl 
solutions  of  iodide  of  potassium,  at  tempomtures  aboTe  60°,  and  of  nitrate  of  putasstum 
above  40^,  actually  flow  more  slowly  than  distilled  water.  Strict  attention  to  the  tem* 
perature  at  which  theae  conqiaziaonB  am  made  is  absolutely  neoessaiy ;  for  both  with 
water  and  with  dilute  solntiona  generally,  a  slight  elevation  of  temperature  produces  a 
great  increase  in  the  rapidity  of  efflux.  Water,  ftor  inifiiifWi  at  4tf^  aaoipsi  thioi^ 
the  same  tnbe  2^  times  as  fiist  as  it  does  at  6^. 

Mo  oonneetion  has  hitherto  been  traced  between  the  rate  of  efflux  of  a  liquid  and  its 
density,  capillarity,  or  fluidity.  The  capillarity  of  alcohol,  as  well  as  its  density,  in- 
Oreasee  in  proportion  as  it  is  diluted  with  water,  whilst  its  fluidity  diminishes ;  but  a 
mixture  of  equal  parts  of  alcohol  and  water  flows  out  with  considerably  less  than  ))alf 
the  rapidity  of  pure  alcohol,  and  with  less  than  a  third  of  that  of  distilled  water.  The 
dilution  of  alenhol  therefore,  to  a  great  extent,  retards  its  efflux,  and  beyond  that  point 
inrreases  it :  the  minimum  rate  of  efflux  corresponds  with  that  particular  mixture  ot 
aleohol  and  water,  which  ii attsadad wkh  tha  ma  ■  iiw  ooateMHoii  aft«r  tlta  adaiatma 
of  the  two  liquids. 

The  degree  of  solubilitpr  of  a  body  in  water  apLu  urs  to  exercise  but  a  secondair  influ- 
anoaon  the  rt^llt.  Poiseuille  shows  it  to  be  highly  probable  thut  various  solutions, 
when  intmdiKvd  into  the  blood  of  a  living  animal,  prrivided  they  do  not  cause  the 
serum  to  coagulate,  produce  efft-cts  of  acct-leraf  iou  and  retardation  on  the  capillary  cir- 
culation corresponding  with  those  which  are  observed  in  the  same  liquids  in  capillary 
tubes  of  plfiss.  He  ha.s  shown  this  to  Ix-  tlif>  cas*'.  hy  direct  experiment,  with  iodide  of 
potassium  when  iiyectcd  into  the  veius  of  the  horse ;  and  that  when  various  salts  are 
mingled  with  tha  seram,  and  Iba  Uqiiids  are  aUoMd  to  flpir  o«b  through  small  tubeit 
retardation  or  tcool«niliiiii  Meu%  in  tha  iMfiMpniidiig  caaai^  vith  their  aqnaona 
solutions. 

Tha  Mkniiag  taUsa  MOtain  the  naroeriail  nailts  of  Potenille's  experiments. 

The  "alts  ar««  arranprpd  according  to  the  acids,  which  appear  to  have  the  greatest 
influence  on  the  rate  of  efflux.  The  liters  li,  C,  &c.,  designate  the  tubes  employed. 
L  ia  tha  length,  D  the  diameter  of  the  tuba,  H  the  pressure,  measured  by  a  column  of 
water  in  millimetres,  T  the  temperature  (centigrade).  M  tlic  quantity  of  substance  in 
100  pts.  of  water,  S  the  time  of  efflux  is  seoonos.  The  hgun.'S  priui<>d  in  ihe  thicker 
typa  denote  tha  tima  of  adte  of  pw  water  in. 


Flow     Liquids  through  Capillary  Tubes.  (Poiseuille.) 


M. 


S. 


li.    L-  64 ;  D  -  0-24916  ;  H  »  1000  ; 

T  -  im 

fodidn 


m 
ft 

I* 
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n 
n 
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0 

668-8 

01 

667-6 

0-2 

666-7 

0-4 

665-6 

0-8 

20 

667-6 

Substance. 


M. 


n.    L  -  64  ;  D  -  0  24946 ;  H  -  1000; 
T  -II-O*. 

lodidn  of  potaathnn 

M  tt 

lodiklaof  aodivm 


8  a  8 


10-0 

rm-i 

20-0 

606-7 

60-0 

474-0 

0 

6696 

0-4 

669-6 

2-0 

MO-8 
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Subfsn 

M. 

8, 

n     T  _  HA  . 
IS.    ij      04 1^ 

I)  »  0  24946;  H 
T  •  1 W 

■»  lOvO 

Iodide  «fMA 

100 

570-0 

200 

0771 

Iodine  • 

0 

I  • 

sat 

(f2 

fi687 

6G8-2 

ft  *» 

100 

568-6 

OH 

565-8 

It 

ff 

20 

6600 

tf  • 

10-0 

687-« 

T-11 


«> 

w 
n 
n 
I* 
f» 
w 
I* 
It 
n 
I* 
It 
«l 

n 
n 
n 


H 

m 

n 
ft 

t» 


of  aounoDittm 
w 

of  •odium 

oTIooS  . 

»»  • 
of  BUuDtiiun 

of  «ik&« 


A    li  =  1000;  T  -  11-2° 


0 

01 
0^ 

0-  4 

1-  0 
10*0 
200 

10 

!•<> 

iuo 
ID 
40 
1-0 
4-0 
10 

100 
1-0 

100 


576-  8 
£74-6 
578-ft 
o71-4 
684-5 
641*3 
533-a 
689-4 
5S1*1 
r)7o-9 
692-4 

577-  8 

f)82-a 

.678-8 
586-7 

oSl-2 
623-6 
688'9 

CAVl 


Hydroc 
liydrodikMlo 


1'25 
1-4 


676-8 
589-8 
690-0 


a  L-<7:  D  -0*19496;  H  - 1370 
T  » 14*2i», 


FitioAo  of  rihor. 

0 

741-5 

l»                 H       •  • 

10 

740-9 

H             n     •  • 

10-0 

741-0 

B.  H-IOOO; 

r  -  u-e^. 

Chloride  of  potanhnn 

666-0 

1-0 

660*8 

»»            ««  • 

100 

644  S 

„     of  ammoDiam 

10 

660-9 

M  H 

20 

666*6 

tt                       ti  • 

100 

535-8 

„  ^    of  sodium 

1-0 

5G9-4 

ft            »f  • 

100 

640*3 

„     of  eolciom 

10 

57 1-2 

M                    ff  • 

100 

620-7 

ft    of  nogMoiuii 

1-0 

674*0 

»            ff  • 

10-0 

646*8 

B.  B-M5-1; 

T  -  11-SP. 

Kefctarie  ddoride 

0 

6Ot*0(» 

»»  »i 

10 

608  1 

20 

607-9 

'  tt            n  • 

607^ 

554-0 

Cyanide  of  potassium 

10 

ff  «• 

40 

„     of  mercoiy  . 

10 

»»            fl  • 

4  0 

j64-3 

to  semm : 

Soniin 

Cyanide  of  potawiiam 

1-0 

C  I*  O  1 

ft    of  inoivury 

1-0 

1026:{ 

T  « ii*a». 

575-8 

Su]{diate  of  potaniiim 

1-0 

678-9 

4-0 

6M*1 

It     of  uuQOBiom 

10 

5820 

H                     f»  • 

40 

598-9 

1-0 

6«hS 

»»       »»  • 

4-0 

H     of  magneriom 

10 

590  5 

I*                            M  • 

4*0 

680^1 

„      of  ziiic  . 

20 

595-6 

„     of  ferroiitum  . 

20 

6096 

„     of  morphine  . 

1-26 

690*8 

T  « la^y 

676-8 

Alum  .... 

1-0 

592-4 

}•  ... 

4  0 

688^ 

Phoaphtecfpotafysinm 

10 

583-4 

If                           M  • 

40 

602-7 

It     of  iodiiiiii  . 

1*0 

688*8 

t)           ,,  . 

4  0 

622-8 

„    of  animouium 

1-0 

590-2 

4-0 

686-8 

675-6 

Arsenate  of  poteasium 

10 

583-3 

2-0 

590-8 

«i     of  ooduun 

1-0 

588-0 

4-0 

617*8 

AoMl  eoAomto  of  ain> 

monium  . 

10 

680*< 

Add  earbonato  of  po- 

taMwn  . 

1-0 

580-4 

Acid  oafbooflto  of  so- 

dium . 

10 

689-8 

OuiKuuto  of  aaamo- 

ttiom 

10 

583-8 

_  -  **      »»  »' 
UMmniOteof  potasRium 

40 

602-9 

10 

588  3 

*f             »♦  • 

4-0 

61 70 

It       of  sodium  . 

10 

5925 

»  >• 

4-0 

622-7  I 
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If 
■I 


of  ammoniam 


„    of  sodium 
Add  oxalate  of  potas- 


666S 

1*0 

5711 

100 

G2U1 

1-0 

40 

596-6 

lO- 

IH) 

T  -  11-2®. 


It 


Solid  iodic  acid 


M 


6Y4'9 

6750 

4*0 

674-d 

1*0 

673-9 

3-2 

674-6 

8-2 

£78-3 

566-2 

10 

6701 

I<4 

£.   H-  868}T-141° 

10 
4*0 

6900 

633-1 
668*6 

H  » 1000;  T  •  11<4»  1 

Citrate  of  iron  , 

2-0  1 

•n<o 

5953 

•  T-iii*y>. 

TWitaiHinitia 

H         »          /  • 

10 
4*0 

iT6*6 

581-2 
694-7  j 

Jk  L-lOff;  D-017;  H- 
T  - 12-80. 

lOW-O; 

Acetate  of  anunonium 

'  2-0  1 

123  38 
122  35 

A  H  -  1000;  T  »  Ui>o. 

irydrate  (rf  potanium  . 

M    of  fotthmi 
OooeaiitHitod  amnwoia 

.1*  w 

2-0 
20 
100 
pure 

664-7 
679-4 
6II'4 

628-7 
726-4 

1  — 

M. 

1  " 

E,   L  -  27 ;  D.  01316 ;  H-aOl^a; 
T  -  lO**. 

1         1  480-0 
PtmaeM          .  |  M-t  |  480-0 

F,  L«70;  D  -  0-207;  Ha 
T-IOO. 

Pnrp  serain  .       ,       ,  , 
lOU  water  to  100  eerooi  •  . 
100  pmssic  acid    „       «  , 

lOOmlpi^jdaeaaMln  • 

1 8  080-4; 

1448 
1277 
1878 
1866 

A  H  - 1000;  T- 11-6'' 

Hydrobromic  acid 

Bromic  acid 

»»  M  • 


668  3 

1-0 

669-7 

7-2 

671-1 

1-0 

fi6<J-3 

3-2 

070-6 

T-im 


H  n 
»»       ,  n 

Artiiiciai  Seltaer  water 
SoUdooaUsioU. 


ft 


|Jwiii|JitffttMtifl 


M  >l 

Acetic  acid. 


Solid  dtrie  add 


ti 


anenic  add 


Aiwnlooi  aeid 


acid 

Concrat.  snlphxiric 
Solid  tirtarie  acid 
Serum  of  ox-blood 
Madeira  wine 
Sparkliug  SiUeiy 
Jamaica  nua 


675-8 

10 

677-3 

20 

579-5 

100 

591-8 

200 

604-3 

sat 

580-5 

nt. 

5S4-2 

1-0 

682-9 

2-0 

690-6 

100 

626-7 

1-0 

682-8 

4*0 

603-9 

10 

&85-6 

10-0 

633-4 

pure 

1316  0 

10 

686-0 

10-0 

6821 

10 

686-3 

4-0 

6180 

10 

678-6 

1-0 

689-6 

pore 

1469-A 

20 

601-1 

pmw 

1048-6 

*t 

11841 

m 

1462-8 

•* 

1881-9 

It  is  remarked  by  Gb-Hlmm  that  the  flow  of  s  liqpdd  is  greatly  retarded  by  the  pre- 
sence of  a  small  quantity  of  a  Boloble  ooUo'id;  80  much  so  that  the  traJiJ<piration  tube 
may  be  used  as  a  col]o'idosco}K>.  The  transpirabililjy  of  differeot  salts  appear  also 
generally  to  follow  their  ratio  of  diflfuwibility  in  wato; 

The  isolaftd  fact  dii-eovered  by  Poiseuille  that  aquor.?!s'  ;i1r>n^ol  has  a  point  of 
maximum  retardation,  coinddeut  with  the  degree  of  dilutiou  at  wlucU  the  greatest  oon« 
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densation  of  the  mixed  liquids  occurs, — nrhich  degree  of  dflotkMl  MTMspoiidb  with  Uie 
hydnte,  CH*0.3HK),  haa  been  made  by  Graham  the  starting-point  of  an  imi)orta«t 
fyi-rh'H  of  experimenta  on  the  relation  between  capill&nr  tranf^ration  atui  clK-niical 
comtH>»ition.  The  3-atom  hydrate  of  mothylic  alcohol,  CH^O.SHK),  though  noi 
disttngnialied by  any  particular  d.-^Tce  of  conilenfiation  in  volume,  cxliil>if«  n  poculinrity 
in  itM  tninnpiration  rate,  gimilar  to  thatof  dilute ethyUc alcohol  Thehydraied  ttcids 
uLk>,  in  niutjy  ca.st»},  exhibit  a  characteristic  retardation  of  tnuuipirati<m  at  a  paitfanilMr 
degree  of  bydruti  ii.  In  hydrat^l  substances  gaoMtallj,  the  extent  to  which  tmujlim- 
tion  is  affected  by  annexation  of  water,  is  by  no  means  in  pro^rtion  to  the  intensify  of 
combination.  In  sulphuric  acid,  for  instance,  the  maximum  tra&rouation-tiiiw 
occurs  with  the  hydrate  H'SO'.H  < ) :  in  acot  ic  acid,  with  the  compound  C*H*OMI*0: 
of  nit  ric  acid  with  2IIN0*..'JHH) ;  and  with  alcohol,  as  abovf  observed,  with  the 
hydrutu  C-'IL''0.3H^0.  The  tmuspiration-timee  of  these  hydrates  are  given,  amonast 
•th«  nraUa,  in  the  following  table,  in  which  the  tnBip«rti(Ni4iiM  <tf  vitar  at  UM 
■urn  Umfmttmn  it  takan  aa  tba  anit  of  eoBipariaaii : 


Liquid  (oadUntwl). 


Water . 

Methylic  alcohol  . 
Ethylic  alcohol  . 
Amylic  alcohol  . 
Formate  of  ethyl  . 
Acetate  of  ethyl  . 
Butyrate  of  ethyl . 
Valcntaofetl^l. 
Acetic  add  . 
Butyric  acid 
Valerianic  acid  . 
Nitric  acid  . 
Sulphuric  acid 


CH*0 
C*RK> 

cm**o 

CH«0« 
C'H»0« 

C*R*0* 

C»H'«0« 

NHO" 

8H«0* 

(mo 


'rr«i(plra> 
tkmOm*. 

DegTMof 
hydrsUon. 

Tramptra- 

Uoa-tlmr. 

•             ■  ■ 

IHMMM 

•           •  • 

0-6300 

+  3IP0 

1-8021 

•          •  • 

11960 

-1-  3fl*0 

2-7683 

•           %  • 

S*6490 

m            m  » 

0-6110 

•            *  • 

0-6630 

•            •  • 

0-7500 

•            •  • 

0-8270 

•            •  • 

1-2801 

+  H'O 

2-7400 

•            •  • 

1-6650 

+  H'O 

3-2790 

•           «  • 

2  1.350 

+  H»0 

3s;^'jo 

0-9899 

+  |n»o 

2- 1034 

•            «  • 

21-6614 

+  H»0 

28-7706 

O'iOlO 

+  tBH> 

On  oon^aring  the  traaapiiition'tiniee  of  the  aeToral  alcobolfl,  ethers^  and  adda  Ib 
this  table,  it  wul  be  aaan  tCatt  ao  teaa  llian  obaerratioiia  aztano,  fbe  oraar  of  aaoea*' 

siun  of  individual  substances  in  any  homologous  series  is  indicur.  i]  by  their  decree  of 
transpirability  aa  deadj  aa  by  Uieir  oomporatiTe  volatility,  the  hcaavieat  moiecuiaa 
having  the  slowest  rate  of  eflhiz.  It  may  alao  be  obaerved  that  ^  tiHiayinlim  late 
of  an  acid  is  slower  than  that  of  an  ether  vitb  «Udi  it  ii  nataBMBO;  birt^aa  aeid,  tat 

example,  is  slower  than  acetate  of  ethyL 

XiZQUOKXCi:.  Glycykrizin  (ii.  920). 

XtXXUCOSEVSiUJS',  A  neutral  substance,  existing,  according  to  Emmet,  in  the 
stem  of  the  tulip4Ma  (LiriodeMdron  tuiipifcra).  It  is  obtained  hy  ezhaaating  the 
bark  with  water,  concentrntinp  to  one-fifJh,  washing  the  impure  substance  which 
separates  with  weak  potash,  and  crytiiallising  frura  boiling  dilute  alcohol  It  crys- 
taiHana  in  acales  or  in  radiaail|f  needles.  It  ih  bitter,  melts  at  83°,  is  partly  volatile, 
sparingly  soluble  in  water,  xary  sohiMi'  in  alcohol  and  cfher.  It  is  <!<vuni{)ose<l  hy 
strung  hydrochloric  or  sulphuric  add,  the  latter  converting  it  into  a  brown  resiii. 
lodiaa  aoloaia  it  jaUow. 

ZilKOCOmTS.  Octahedral  Arsenate  of  Copper,  Chalcophteite,  Linsenerz. — 
Thia  nuneral  oocura  in  trimetrie  erystals,  exhibiting  the  combination  ooP  .  Poo ,  occa- 
aioaallT  «b  iMh  In  diameter,  bnt  nsnally  minute.  Angle  wP  :  ooP  -  119^  20'; 
Poo  :  Poo  —72^  M',    Qcavago  lateral,  but  obtained  with  (Sffieulty,   Earely  granular. 

■  3  to  2*6.  Spedfic  gravity  a  2*882  to  2  986.  Lustre  vitreous,  indining  to 
Odloar  and  atreak  sky>blue.    Fracture  imperfectly  conchoidal,  uneven, 
aaetile. 

it  turns  green  and  begina  to  glow,  then  becoming  dark  brown.  Ou 
eharooal  befina  tlie  blow-pipe  it  melta  alowly,  and  forms  a  red  brittle  bead ;  when 
r.  du. .  I  \vith  carbonate  of  sodium,  it  yields  white  scales  of  arsenida  Of  OOppcr 
(Dam our).   It  is  completely  dissolved  hj  adds,  and  even  hj  ammonia. 

The  fcllowing  are  analyses  of  lirooomte  ftt>m  Connnill;  a.  by  Hermann  (J.  pr. 
Chera.  xxxiiL  296)— A.  by  Damour  (Ann.  Ch.  Phvs.  [3]  xiiL  404)— «.  by  Troilo 
Wachtmeiatar  (Kon«^  Vet.  Acad.  fdcfaandL  1832.  p.  80):  — 


Im] 


Digitizeu  L>  v^jQOgle 


LITHEOSPOBE  — LITHIUM,  CHLOUIDE  OF.  727 


A»«0»  1^05  Cu'O  Al'0»  WO 

a.     2a06  3-73  86*38  IQ-Sd  2501 

aS-iO  a-84  S7'40  1(H)9  25-44 

«.     23*14  SDS  39-16  8  04  25-78 


99-02 
98-57 
1<KHM> 


a.  (4Al'OM^O»).n(5rii'O.As»0»).4SH»0 
4.  (iAl*0U''^O»l.4(5Cu'O^«O»).60HK) 
(4AW,I»0»).6(50a«OjU»0»).72H«0 


Lbooonito  oonm,  with  Tarioo*  ores  of  copper,  pyrites,  and  quartz,  at  Huel  Qorlaud 
and  Huol  Unity,  in  Cornwall ;  alflO  ui  uiimte  egj^biB  at  fiiCNligvtuid  in  Hiingny,  and 

in  Ynurtl,,!).!     (Dana,  iL  429.) 

XiZTH£OSPOKB.    Pyn.  with  ITeaty  Spah. 

XtZTBZnaf.  Atomic  v:U(/ht  7,  iij/,ub'jl,  Li.  — Lithia,  the  oxide  of  this  nielal,  was 
discovered  bj  Arfvedson  iu  1817.  It  was  first  obtained  firom  petaUte  (silicate  of  alu- 
minium and  litliJum\  in  wlilc-h  it  exists  to  tho  amotjnt  of  5  per  cont. :  if  exists  alao 
in  lithia-Bpoduiiu'iii!  ()S  per  ceut.),  amblygouitt!  ( 1 1  pi  r  cenLitri^hyliiif  {-ri  per  cent.), 
I^dolite  (3*6  per  ei  iit.),  apyritc,  and  the  toormaUne  of  tlton  u  Sweden.  The  most 
abundant  siftnrce  of  ritliiuni  yt  t  disoover^d  is  a  mineral  springin  Cornwall,  analysed  by 
W.  A.  Miller  {^lupjrts  of  the  Brituh  Association,  1864).  In  sraaUer  quantities  it  is  . 
very  widely  difiuscd,  being  found  hi  aeihwater,  in  many  micas  and  felspars,  in  the  adk 
of  Tarions  kinds  of  tobacco,  in  sea-water,  and  in  many  mineral  springs. — Bunsen  has 
latelv  deteet4fKi  it  in  the  meteorite  of  JuvenaH  in  France,  aiul  in  that  of  ParoaUee  in 
South  Hindostan  (Ann.  Ch.  Pharm.  cxx.  253),  and  Engelbaah  has  tmiid  it  in  die 
metorite  of  the  Cape.    (P<i'!:^*.  Ann.  exvi  .112.) 

Brandes  (Sehewr's  Auiialen,  viii.  120)  btated  that  a  white  combustible  metal  ia 
r)1>taiii(  >I  fnnii  litliiu  by  the  action  of  the  electric  cnrront,  bnt  metallia  litUatniPaa 
f  !>t  obtained  in  definite  fbrm  fay  Banaen  (Pcgg.  Ana.  xeiT.  107).  Tha  ^moom  la  aa 


Pure  eUoride  of  lithium  ib  fased  over  a  spiiit-lamp  in  a  small  porcelain  crucible, 
nn<l  (lt  C0Tnpo«*f>d  by  n  ziiii'-Larl'on  Icittery  of  4  to  cells.  The  positive  p»le  is  a  small 
splinter  of  gas  coke  (tlie  liard  carlon  di-puiiited  io  gaa-retorts),  and  the  negative  i>o\e 
an  tren  wiia  about  the  thiekiu  ss  <  (  a  lujitting-needle.  After  a  few  seconds,  a  small 
silrer-^liitc  pngnlu.H  is  formed  uiidi  r  the  fused  chloride,  round  the  iron  wire  and 
adhering  tu  it,  nnd  after  two  or  thrt  e  minutes  attains  the  size  of  a  small  pea.  To 
elitain  the  metal,  the  wire  pole  and  renins  are  lifted  out  of  the  fused  maaa,  by  a  small, 
flnt,  sponn-ph.iped  iron  Rp.tfnla.  Tlie  wire  niiiy  then  l>e  withdrawn  from  the  still  melted 
metal,  which  in  protected  firom  oxidation  by  a  coating  of  chloride  of  Mthiuni.  Tlie  metal 
mar  DOW  be  easily  remorf«d  from  tliaapatiua  with  a  peo-fadftb  eAflr  having  been  cooled 
under  rock-oil.  l  ii-  se  operntions  may  be  repeated  crcry  three  niinntea;  and  thoa  an 
ounee  of  the  chloride  may  be  reduced  in  a  very  short  time. 

lithlnui,  on  a  freshly-cat  surface,  has  the  colour  of  illTer,  bat  qaidcly  tamiahea  on 
exposure  to  the  air,  beconjintr  f^lif^htly  yellow.  If  melt."?  at  180'',  and  if  pressed  at  that 
temperature  between  two  gloss  plates,  exhibits  the  colour  and  brightness  of  polished 
aOver.  It  is  harder  than  potaarinm  or  aodinmv  tmi  aofter  than  lead,  and  may,  like  that 
metal,  1)0  dTrnm  cut  into  wire.  It  tears  nuieh  more  e.islly  tlian  a  lead  wire  of  the  same 
dimensions.  It  may  be  welded  W  pressure  at  ordinary  temperatures.  It  floats  on 
roek'-oil,  and  k  the  lig^htaet  of  all  known  aolidi^  ita  qpeetfle  gravity  being  0*589~— 
0-578.  (Bun 8 on.) 

Lithium  is  much  less  oxidable  than  potassium  or  sodium.  It  makes  a  lead-grey 
streak  on  paper.  It  ignitea  at  a  temperature  much  higher  than  its  melting  point, 
burning  quirfU-,  and  with  ati  inten.se  white  liLdit.  It  bums  wlu  n  heated  In  oxyeren, 
chlorine,  bromine,  iodine,  or  carbonic  anhydride,  and  with  great  brilliancy  on  boiling 
aelphnr.  When  thrown  on  water,  it  oxidiaea,  hat  doee  net  ftaae  like  aodinm.  Nitrie  add 
sets  on  it  w  violently  t'mt  it  nielt.s  and  off eii  take*;  fire.  Strong  Hulpburie  aeid  nTtnek'*  it 
slowly;  dilute  sulphuric  acid  and  hychrochloric  acid  quickly.  Silica^  glass,  and  porce- 
lain ai»  attadced  by  lithium  at  tctopccatana  bdow  200^.  (Bnoaan,  Ann.  Ch, 
Pharni.  x'-ir.  iri?,^ 

liZTKXfTM,  CKXiOUXXIE  or.  LtCl.  Produce^l  when  lithium  burn"  in  chlorine 
gas;  alfiu  by  dis^ulvirig  litbiu  or  carlxmate  uf  lithiuTu  in  hytlrochloric  ncid.  By  evapo- 
rating the  aqueous  solution  at  temperaturee  above  l6'5^,  or  an  alcoholic  solution  orer 
sulphuric  acid,  tlie  anhydron.i  chloride  is  obtained  in  eulu-s  harinp;  flic  taste  of  common 


to  H.  Rose,  it  ia  ntOfa  TOlatiio  than  chloride  of  potas.siuni,  less  volatile  than  chloride 
of  sodium.    In  open  vaiaela  it  vplitHliBfie  even  below  a  red  heat,  and  ia  partial^  oon- 

Verlcd  into  curbouatc 


follows : 
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The  hydraicd  chloride,  LiCIJtK)  according  to  Rammelsbeig^  LiCL2HK>  MOidillg 

to  Hennann  and  Trooat,  ia  fornipd  when  the  anhydrous  chloride  deliqaeececi  in  the  air, 
or  when  tJio  aqacouB  solution  is  erapmited  at  a  rather  low  t«mperature  (below  10°  X 
and  rr}-stalUM8  in  large  redugakr  iiibms  with  four-Aided  eummits  reeting  on  the 
lateral  i  dges:  it  is  probably  isomorphous  with  hydmtod  chloride  of  sodium.  By  rapid 
qyatallisation,  il  forms  needles  grouped  in  f'-athcr^-  tnfta  like  sai-anunouiuc 
(Hftrman  n).  Botiil  the  anhydrooa  the  hyd rated  chloride  doliqueaee  fUgl/Oj  U  th* 
•ir,  and  dissolve  very  readily  in  water  and  Ln  alcohol.   (C.  Omelin.) 

MTmUM,  mnaOTlOV  AJTO  SSTZatAnOW  or*  l.  Beactiou*  in 
ike  dry  way.^UMam  MHa  ne  irfaite,  excepting  tho  which  oontrintcolooged  add, 

Hucli  a.s  ohnmitc  acid.  They  are  more  readily  fuaihie  than  flie  corresponding  salts  of 
potaasium  and  •odium,  and  ave  penMoent  in  Um  flre^if  the  acid  is  not  too  volatile  or 
aarfljr  deeoraposed.  Fnsed  wifib  earbonatt  pf  aoiUm  on  pbthram  IbO,  they  oraw 
a  dark  yellow  «tuin  round  the  circumference,  whilst  carbonate  of  sodium  by  itaelf  pro- 
dooas  this  effect  to  a  much  amaller  degree  onlj  (Berzelius).  Fused  on  plattnom 
wii*  thflj  oolomr  the  blowpipe  flame  carmine-red.  An  excess  of  a  potasainm-ealt  does 
notiBtarfere  with  the  production  uf  this  colour,  but  the  presence  of  a  small  quantity 
of  aoda  gives  rise  to  the  yellow  flame  (H.  Koae).  Alcohol,  in  which  a  salt  of  Uthiam 
IS  dissolved  or  diflhsed  m  the  state  of  flne  powder,  also  boms  with  a  carmine-red 
flame  (C.  rimolin).  The  same  occurs  also  with  paper  sntunited  with  a  solutioa 
of  a  salt  of  lithium,  or  the  wick  of  a  twper  saturated  with  moistened  pho^hate  or  ace- 
tate of  lithium  (Turner,  Ed.  Phil.  J7  of  Sc.  il  267  ;  iv.  113).  By  means  of  the 
spectroscope,  the  o«xurrenoe  of  very  minute  tracM  of  lithium  may  be  detected,  by  a 
williant  crimson  band,  having  a  rcfrangibility  between  those  uf  the  lines  B  and  C  of  the 
■ohur  spectrum,  and  a  fiiint  yellow  band  somewhat  leas  refrangible  than  the  line  D.  In 
Chasa  two  lines  the  whoio  Iwitcf  the  lithium  spectrum  is  contained,  when  Ibrmed  by 
the  ns^boie  of  a  Bunsen'smuner.  At  very  high  tem]K>ratnn%  howovoiv  aadi  as  that 
of  a  nydrogen-flume,  a  blue  lino  also  mak«<s  its  amx-arance. 

2.  Heaction$  in  Solution. — All  salts  of  lithium  are  soluble  in  wat«r;  hot  the 
carbonate  and  pho.sphate,  an<l  th<'  double  phowphato  of  lithium  and  Hodium  are  bat 
slightly  soluble.  Hence  theollx  r  Hiilts  of  litiiium,  when  not  dissolved  in  too  much 
water,  yield  difficultly  soluble  preciiMtates  with  carbonate  of  MIMMMMR,  potastium,  or 
godium,  an<l  witli  phnsphnfi  of  sodium.  Curlxmate  of  sodium  precipitates  the  salts  of 
lithium  after  some  timtiouly.  Common  disudi4:  phiMphate  does  not  precipitate  them  iu 
Ihb  Mid,  areo  after  a  long  time^  except  on  the  addition  uf  ammonia,  which  ^[radually 
gives  rise  to  an  abundant  precipitate.  But  a  mixture  of  a  salt  of  lithium  with  phos- 
phate of  sodium  beoomca  turbid  by  boiling  or  evaporation,  and  the  dry  residue,  on 
being  treated  with  water,  leavostha  difflcnluysofaibla phosphate  of  litfafaun  and  sodina. 

rhii.^phitir  of  potassium  gives  no  precipitate,  even  on  boilinc;  or  evaporation  ;  but  on 
the  addition  of  ammonia,  an  abundant  precipitate  after  some  time  (H.  lio<<e).  Hy- 
AroJlmotUieic  aeid  throws  down  from  salts  of  lithium  the  almost  insoUble  fluoride  of 
silifiura  and  lithium  (Berzelius),  and /7?Vnc  acid  precipitates  picrate  of  lithium  (H. 
Rose).  Solutions  of  lithium-salts,  even  when  concentrated,  are  not  precipitated  by 
perchkrfe  flflii  Mlplwla  Of  alnifalfalii^  dibUo^ 
acid. 

A  solution  of  a  salt,  which  is  not  clouded  by  caustic  soda  in  the  cold,  or  by  carbo- 
aale  of  sodium  at  a  boiling  heat,  but  yields  with  phosphate  of  sodiuB,  on  an^pontkia, 

an  almost  insoluble  white  powder,  contains  lit hia.  (Berzelius.) 

3.  Quantitative  Estimation  and  Hepar  a  t  iuit. — Lithium,  atl:er  separation  from 
other  metahi,  mav  be  efltiaiitcdaSonlNinate,  avMhate,  or  chloride.  The  hydrate  and  tiw 
oT^nie  salts  of  lifhinm  an-  converted  into  carbonate,  Li'CO*,  when  ignited  in  contact 
with  the  air.  All  litltium-salts  containing  volatile  acids,  may  be  converted  into  s\il- 
phate  by  beating  them  with  Bulj^rario  add:  th«  excess  of  add  au^  be  expelled  hy 
Himplc  ipnition.  without  addition  of  earbonnte  of  ammonia,  because  lithium  does  not 
form  an  acid  sulphate.  The  chloride  is  not  so  well  adapted  for  quantitative  estimation 
as  the  sulphate,  on  accotmt  of  its  Impraseopic  qualities;  hoi  as  lithium  is  generaUy 
ubt  lin.  d  a.s  chloride,  in  the  process  of  Bepar:itin;j:  it  (mm  sodium,  it  is  coiiv>'iiic:it  to 
estimate  it  directly  in  this  form:  it  must  be  ignited  in  a  weli-oovered  crucible,  and 
weighed  immediately  after  cooling. 

Lithium  nmy  ;ilxo  bi<  ff^timatcd  fis  phosphate,  LiTO*.  by  evaponiting  the  solution  of 
a  litbium-^ult  with  phosphate  of  sodium,  •^«*<'^g  a  quanti^  of  hydrate  or  carbonate  of 
sodium  suflldent  to  keep  the  liquid  aOodfaw;  digostiag  tbe  leaidva  with  ammenia, 
and  wanhing  the  precipitate  with  a  mixture  of  c  jiinl  volumes  of  water  and  ammonia, 
then  drying  at  100°  and  igniting.  The  determiuation  may  be  rendered  more  exact 
by  repeatedly  evaporating  tibe  flitmte  and  wash-water,  and  treating  tiiosBaU  quantities 
of  lithium-phosphate  thereby  fieparated,  as  Wfore  (W.  Maver,  Ann.  Ch.  Pharm. 
xcviii.  193 ;  Jahresb.  ia66,  p.  739).   According  to  Bammeiaberg  (Pogg.  Ann.  ciL 
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441 ;  Jahresl).  IfirjT,  p.  141),  solutions  of  lithium  treated  with  pho^phiitp  and  carbonate 
of  aodiom  yield  salta  of  the  form  M'PO*,  oontatning  Tunable  qatiuiititM  of  lithium  uod 
■odhm ;  bat  Fre««Di«t  (2Siitadir.  AiumL  Ohiai.  L  42)  Ibidi  1^  Iha  precipitate  ob- 
taiMdMibore  alwayn  hm  titf  (^>rnpn-<itir)n  Li*fO%  wad,  tueeoKiiB^,  Hulk  Mifft^B 
ptOOM  if  eiyble  of  jieldiug  correct  results. 
LitUnm  it  Mpmtod  from  the  rarth-m«tal>  and  lieaTT  netala  in  tba  tamo 

Manner  as  tlip  other  alkalis,  n.^raoly,  by  sulphydric  acid,  fiufphido  of  ammoiiiuin,  or 
•nboaate  of  ammonium,  <S:c.  From  potassium  it  may  be  separated  br  dichloride  o/ 
fiMtimum,  %liieh  precipitates  potasahmi,  but  not  Ulliiam;  aad  horn  aoaium,  bj  ocm- 
Wliaff  tho  two  alkaliH  into  c-ldoridcs,  and  troatntg  IIm  dllad  chloridf^s,  in  a  well 
«loardboUifl^  with  a  mixture  of  etktr  and  almlMtt  mIqpAoL  irhi«h»  in  the  couzse  of  a 
ibw  dars,  diMolTM  tlia  eUorida  of  Htiifnm,  and  leavw  Uie  ofloriA*  of  aod!«n. 

•  As,  nowcver,  this  lust  pnjcoss  is  sonifwhat  ttHlious,  and  is  apt  to  be  n-ndcrfd  inexact 
the  presence  of  moisUt^  Bun  sen  (Ann.  Ch.  Pham.  cxziL  348)  reoommends  the 

wDoviiiff  isdliMt  naliiod  <■  MCnaitiiiff  nthram,  ^riun  it  csisto  in  the  stala  of  iwiitura 
or  ombinatioQ  with  otiHV  aBtrii  MatalB.  Tht>  anhydrous  mixtoro  of  the  chlorides  of 
the  alkali-metab  is  repaatcdiy  exhausted  with  ether^alcohol ;  the  residue  obtained  by 
avi^>orating  this  solution  is  again  treated  in  the  same  manner ;  and  the  eraponted 
naidue  of  this  extract  is  ignited  and  weighed.  It  is  then  dissolved  in  water ;  the 
total  amount  of  chlorine  is  de^minod  by  pr«  cipitation  with  nitrate  of  silrer;  the 
ffitvate  is  then  freed  from  excess  of  silver  by  hydrochloric  acid,  and  the  potassium  con- 
tained in  it  is  precipitated  by  chloride  of  phitinum.  The  quantity  of  chloride  of  potaa- 
sium  thus  determined  gives,  when  deducted  from  the  total  weight  of  the  chloridi-8,  a 
remainder  A  x  chloride  of  lithium  +  y  chloride  of  sodium ;  and  the  quantity  of 
chloride  of  silver  equivalent  to  the  known  quantity  of  dllodde  of  potassium,  givea^wluii 
deducted  fn)m  the  total  wr-ight  of  the  chloride  of  silver,  a  Vajght  £^  WhODOa  tho  ^IMB* 
tity  of  uhloridc  of  iitiuum  is  colculatod  by  the  formula — 

j:-1  0823B— 2  6525  A. 

4.  Atomie  weight  of  Lithium.  The  earlier  determinations  of  this  ntunberbj 
Azfredson,  Yauqnehn,  C.  Gmelin,  and  Eralovansky,  were  much  too  high,  having 
baen  made  with  lithium-H  ths  contahiing  sodium.  Hennamit  Benelius,  and  Uagen, 
ptepnTf^  r-^rbonate  of  lithium  free  from  Noiliuni  by  precipitation  with  carbonate  of 
ammoumm,  and  converted  it  inla  auluUate,  which  wui*  then  analysM-J  by  precipitation 
with  baryta.    In  tbk  manner  B«BWiiaa  i**"****^  the  number  6*5.    The  numbers  ob- 

•  tained  by  Hermann  and  Hagen  were  lower,  and  even  tliat  of  BorzeliuH  has  been  nhown 
by  subsequent  experiments  to  be  too  low,  the  error  probably  ai-ising  from  partial 
decomposition  of  the  carbonate  of  lithium  during  ftision. 

Mallet  (Sill.  Am.  J.  xxii.  349),  by  decomposing  chloride  of  lithium  with  nitrate 
of  silver,  obtaimHi  the  numbers  G-92  and  6-96.  Biehl  (Ann.  Ch.  I'harm,  cxxi  93), 
hf  the  analysis  of  carlx>nate  of  lithium,  the  purity  of  iHiich  had  been  tested  by 
spectral  analysis,  found  the  atomic  weight  of  the  metal  =  7'026.  Troost  (/-''<>/.  cxxi  ii. 
884),  by  decomposing  the  pure  carbonate  with  silicic  acid,  obtained  the  number  7*01 ; 
the  aaalTsis  of  the  cblonde  gave  the  same  reHult ;  and  the  decomposition  of  tho  aa^ 
Wnate  by  Hulphuric  acid  yieldetl  the  number  7  06.  Fram  all  thoas  fsaulta,  Uia  mni- 
ber  7  is  adopted  as  the  true  atomic  weight  of  lithitim. 

UTSnnc,  mromm  or.  This  compound  erystall^  from  the  aqneooa 
aelution  in  Teiy  sagadl  OgHflB  gnuna^  irtiieh,  at  the  temperature  of  commencinpred- 
nenn.  fuse  to  a  clear  mass,  again  ^'fff^Pg  tkmij  as  it  aotidiiUWi   It  ia  rtrj  ahghtlj 

soluble  in  water.  (BerzeliuH.) 

laTHlUM.  09UBB  OV.    Lithia,  Li«D.— J«i%dr«w  UMm  U  oUaiBod  aa  a 

yellowish-white  spongjr  mass,  containing  a  certain  quantity  of  peroxi  b  ,  by  buniing 
lithium  in  oxygen,  and  learing  the  product  to  oool  in  a  atraua  the  gas.  (Troost, 
Ann.  Ch.  Phys.  [8]  li.  703.) 

The  hydrate  may  be  obtained  from  petalite,  spodumene,  or  lepidolito,  which  are 
silicates  containing  lithium  (most  advantageously  from  lepidolite),  or  from  triphyliue, 
which  is  a  phosphate  of  lithium,  manganese^  iron  and  ahuntnium,  by  the  mlowing 
processes:  — 

1.  Lepidolite,  petaUta,  or  lithia-spodnmene,  reduced  to  fine  powder  by  eai«)ful  levi- 
gation,  is  ignit^  with  twice  its  weight  Of  quicklime  ;  the  mass  is  treated  with  hydio- 
chloric  acid,  then  with  sulphuric  and ;  the  resulting  sulphate  of  lithitmi  is  dissolved 
out  from  thr  sulphnt*^  of  calcium  ;  and  the  last  traces  of  calcium  are  removed  by  pre- 
cipitation with  oxalate  of  ammonium.  The  solution  of  sulphate  of  lithium  is  UMB 
treated  with  a  quantity  of  baiyta-water  jui«t  safficient  to  throw  down  the  Mlplnifie 
Hcid,  and  the  filtrate  on  evaporation  vields  hydrate  of  lithium. 

2.  Troost  (Auu.  Ch.  Phys.  [3j  u.  121)  heats  10  pts.  of  finely-powdered  lepidolite 
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vitb  10  ptakcf  earbonato  of  barium,  5  pts.  8uli)hat«  of  barium,  and  3  pta.  anlphiitB  «l 

potABsiom.  The  fusfMl  mass  separates  on  oooliag  into  a  heiiTy  traiuparent  glaks  and  a 
sapernataut  white  crystalline  sla^,  consisting  of  the  sulphates  of  barium,  lithium, 
potaniun,  and  so<liutn,  and  containing  D«arl,Y  all  tbe  lithium.  The  alkaline  sulphates 
arc  diBsolvi'd  out  by  water,  and  converted  into  chloriJos  by  chloride  of  barium  ;  the 
potuiiiiiam  is  precipitated  by  chloride  of  pLoiuum,  and  the  chlorides  of  lithium  and 
sodium  are  Kparatid  by  means  of  alcohol  and  etheiv  la  operating  on  a  large  sank^ 
the  doul  le  silphato  <tf  lUJunm  and  potaminn  111^7  be  Mpnatod  bj  ftwrinnal  vjth 

tallisation. 

3.  Triphylino  is  dwmlrod  in  ttKOOg  hydrochloric  acid,  aitrie  Mid  boin^  added  to 
bring  the  inm  to  the  stato  of  ferric  oxiao  ;  the  solution  ia  evaporat<>d  to  dryness ;  and 
the  residue  15  treated  with  water,  whicli  leaves  all  the  iron  ais  iUboluble  phobpLato. 
The  edtution  containing  the  chlorides  of  lithium  and  aanganeflo  and  a  little  phoe*  • 
phoric  acid,  h  tmite<l  witli  sulphide  of  Ijuriuiii,  which  rptnorcK  the  two  latter  sub- 
stances ;  the  excess  of  biirium  is  removed  by  bulphuric  add  (ur  bt:Lu<r,  by  carbonate  of 
ammonium),  and  the  filtrate  ia  evaporated  to  drynoaaead  jgw'tad,  Chloride  of  HtMnm 
thus  oVitained  frequf-ntly  contains  chloride  of  sodium,  which  may  l>e  separated  by 
alcohol  and  ether.  The  chloride  is  then  eouverted  into  sulphate,  and  from  thin  sadt 
caustic  lithia  is  obtained  as  above.  (Mftllei^  Ann.  Ob.  fliya.  [3]  zlv.  360.) 

Hydrate  of  Lithium,  LiHO,  s<  parates  from  the  at^ueous  solution  in  small  crj-Ktaniiio 
grains.    It  has  the  same  taste,  causticity,  ami  alkahoe  aetion  on  Te^^etaUie  coluunf 
potash  and  soda,  but  is  much  leaa  aolul'le  intrater.  Itmelte  eaedj  balov  rednessi 
forminnr  u  fused  maea  wlneh  ham  %  eij^eUiae  ftMtaxe.  Itdoea  no*  aiipaer  to  fdatiliae 
at  a  «-iiit«  iieat. 

Fused  lithia,  as  commonly  prepared,  corrodes  platinum  veeada  poiwanftJly,  ao  that 

silver  Te8.*:«  l8  shouhl  always  bo  used  for  heating  it.  Tliis  action  upon  pi atin lira  is  said, 
indeed,  to  be  one  of  the  beet  indications  of  the  preiteuco  of  liUiium;  but,  according  to. 
Trooat  (Ann.  Ch.  Pharm.  exxiii.  it  ia  nc%  produced  by  pun  lithia,  or  by  any 
puro  lithium-salt,  but  only  by  sneh  as  rontain  ea'smm  riml  rubidiiim. 

I*troxide      Lithium  is  said  by  Troost  to  be  fonuod,  together  with  litiua,  when 
litbnOii »  binned  in  oxTgen  gaa. 

UVAUIM;  SirXJPHZSB  of.  tffB,  Tbis  compound  is  foened  l^ien  litbiam 
is  thrown  on  melted  sulphur;  also  when  ^phate  of  lithium  heated  to  ledneae  with 
charcoal.    It  dissolves  in  water  aoid  idcohol  more  easily  ^an  iiiiua. 

XZTBOOSAVBT.   See  Fbixiino,  Cksmicax. 

^^jntWLWKthWUM,    9lon§>-mitTT«im  (Strhmark).   A  kind  of  clay,  of  wbioh  t&erp 

are  two  variotiej*,  tlie  friabh  and  the  indurated. 

Friabie  Idthomarge^ — Colour  white.  Massive  and  sometimes  in  crusts;  pnrtide^ 
eoalj  and  feebly  glimmering;  atnak  aluning.  Slightly  cohering.  Soils  slightly. 
Feels  rather  greasy ;  adheres  to  the  tongue.  Lichi.  Phosphoresces  in  the  dark.  It« 
constituents  are,  according  to  Klaproth,  silica  32,  alumina  26*5,  iron  21,  oblnide  of 
sodium  15,  and  water  17*0.   If.  ooeurs  sometimes  in  tin-stone  veins. 

Indurattd  Lithomarge,  Colours  yellowish  and  reddish-white.  JVIassive  and  amyg- 
daloidaL  Dull,  opaque.  Fracture  fine  earthy.  Streak  shiny.  Soft,  sectile,  and 
easily  frangible ;  aaheros  strongly  to  the  tongue ;  greasy  to  the  touch.  Specific  granty 
2-44.  Infusible  before  the  blowpipe.  Some  varieties  phosphoresce,  and  others,  when 
moiatened,  afford  an  agreeable  smell  like  that  of  nuts.  Its  constituent's  nre,  silica 
4i'2l},  ahiminft  S6'0,  oxide  of  iron  276,  water  14,  and  a  trace  of  potash  (Ki  up  roth). 
I(fc  occurs  in  Tdna  in  potphjij,  gpeiae,  tta^^  BmUKs  ia  Snoaj,  and  at  ZoUiH. 
(J%ineson.) 

&sraosvaKMI]rac  The  zoot-bork  of  lAtkomarmum  ttrvenu  oonteins  a  z«>d 
eokmring  ntttler,  whieh  leeela  viUi  mifter,  aloobo],  etaer,  and  allidia,  in  tbe  asne  way 

as  that  of  alkanet  (i.  128).  exe.  pfing  that  the  litiiospt-rm-red  forms  a  blue  solution 
with  ethei;  whereas  alkanet- red  fimnsa  dazk  red  aolnbon.  (Ludwig  eod  Kromajer, 
Mkp.  ChiuL  wpp.  18M^  p.  Sll.) 

UVmnk  Ltu^hmg.  Thnmmoi  m  miiM,^A  Une  eolonring  matter,  used  ebiefly 

for  prcparinc  fest-papors.  It  is  ohfain<-a  fnim  various  species  of  jR<M\yl/'ii,  Variolaria, 
and  Lecanora,  the  same  lichens  in  lact  that  yield  archil  (i.  866).  it  ^Deara  from  tbe 
ecperimente  of  Oilie  (Berne  £faieiit  yi.  50)  timft  the  blue  eolonraig  matter  is 
develojiod  in  tho  lichens  by  fermentation,  when  the  {  n  ximate  principles  contained  in 
them  are  metamozphosed  in  proscnoe  of  an  alkaline  cazbouatd.  Under  tbe  influence  of 
tbe  air  and  ammonia  alone,  ueae  Uohena  yield  ncrfbing  but  aiehil ;  bnt  if  a&  allcalinn 
rarbonatf  is  likewise  jue^eut,  llie  lichens  undergo  a  totally  difl^ercnt  alteration,  and  the 
pruduct  of  the  fermentation,  instead  of  being  red  or  violet,  baa  then  a  pone  blue  colour. 
TUa  Una  ooloialion  i*  dne  to  tbe  combiiiatioti  el  tbe  neir  coloiiriDg  matter  witb  tbo 
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aBnll;  tr  wada,  as  is  -well  kaomi,  leddaa  Htiinia,  that  h  to  taj,  they  miite  wifh  flie 

alkali,  and  libcmte  the  colouring  mattor  of  the  litmus,  which  in  this  statn  is  ro.l.  like 
thftt  of  archiL  When  2  pt6.  of  RocceUa  tinctoria  and  1  pt.  carbonate  of  potassium  are 
MMSkedly  moistened  iHtn  Mcbonate  of  ammopimm,  or  with  nine  whieh  is  ntaxafeed 
vnh  liatsalt,  the  mass  acquires  in  three  days  a  brown  or  dirty  r<^'l  colour;  in  20 
oar  S5  dm  a  puiple  red ;  in  30  daja  a  blue  oolour;  and  in  40  days  yields  litmus  of  the 
flacet  CMoar  (0«lis»  J.  Pbarm.  la&f.  STTV  L^ams  ii  prepared  in  Eollaiid  ftoi 
Tjrcanora  tartan  a  and  Hoca  Ua  finetoria  from  the  Canary  Iskfl^  tiie  OOloVKd  UUS 
obtained  as  above  being  thickened  with  chalk  or  gypsum. 

Ow  knowledge  of  the  ootoaring  mattcn  «f  Iftonis  k  not  Tary  fland^  ImA  tiMy 
probably  derivea  directly  from  orcin,  like  orcoYn,  the  colouring  principle  of  iwhil.  The 
uincipol  of  these  colouring  matters  is  a/olitmin,  and  tluee  othm  hftTe  been 
mrtlB^ttidied,  namely,  Spa ulolitBiin,  ervthrolein,  and  erTthvolitmin.  The 
following  mode  of  preptcatton  «f  thfM  aowoiiig  nwtiifn  la  gn«B  hj  Kftne  (FUL 
Tians.1840,  p.  298): 

m.  OoiBaMMial  IttMaa  in  powdsgkaitoMtedwMkWillag  water,  aadtiio  pale  Moe 
residue,  which  contains  the  greater  part  of  the  colouring  matter,  in  made  up  iiito  a  tliin 
paste  with  waterj  and  hydrochloric  add  is  added  till  effervescence  ceases  and  the 
uqoideriiilitoftalBnigaasaSiieiBMtkiL  nonaaiblliMk  dnown  on  »  filter;  and 
the  residue,  after  being  freed  from  excess  of  acid  by  washing  with  water,  ia  mil  diiad 
and  xepeatedly  boiled  with  alcohol,  as  long  as  that  liaiiid  extracts  aoythiag  ftm  il 
The  afeehoKe  aohtion  ia  eTaporated  to  diiMeaa  ofar  uw  wata^talii,  and  m»  raidiie 
digested  with  warm  ether  as  long  nn  the  ethrr  is  coloured  by  it.  The  ethereal  .solution, 
distilled  in  the  water-bath  to  remove  the  ether,  leaves  £rythrolein  in  the  form  of  a 
purple  aani*Md  efl.  The  portion  of  tito  aleelwifa  eartmt  wMA  ia  faaolnh^ 
eoDsistB  of  Ery  th  rol  i  t  m  i  n. 

The  xed-lnown  powder  which  remains  after  the  boiliiu;  with  alcohol  («ML  Mfp.) 
omaiate  of  in^nne  Asolitmia.  This  aahetanee  ia  either  Med  with  pare  water,  laA 
pure  azolitmin  obtained  by  evaporating  the  strongly  colotircd  solution;  —  or  the 
residue  insoluble  in  alcohol  is  boiled  with  ammoniafial  water,  and  the  blue  eola- 
tion c'vnporated  to  dryness,  during  which  operation  Obe  gwatar  part  of  the  — wm»/w{m- 
escapes;  the  roniaindi  r  i.-^  st  piirated  by  moi.st«'ning  theaMMW^  ^diodliocionci^  and 
washing  the  resulting  sal-ammoniac  with  aloohoL 

h.  The  strongly  cdonred  Bqqid  obtained  by  hoOinff  Htrnna  witii  water  is  precipitated 
with  neutral  a.  i  f;ito  of  l.  ad  ;  the  j^r.  rii  itato  wa.sh  (l  with  water,  treated  while  still 
moist  with  sulpbydhc  acid,  and  suspended  in  warm  ammouiacal  water ;  the  dark  blue 
Uqnid  ia  ofajpionted  to  dryness,  and  moistened  with  hydroddorie  aeid;  and  the 
saJ-ammoniac  is  Feparated  by  means  of  warm  alco1)i)l.  The  residue  is  but  of  small 
amount  in  proportion  to  the  deep  colour  of  the  solution;  it  sometimes  consists 
of  pan  aaciiifli^  more  rarely  of  Spaniolitmin,  a  aabatanee  not  oontainiDg 
nitrogen. 

Asnlitmin  ia  •  nd-brown  am<aphoas  powder  which  dissolvea  with  blue  oolonr  in 
anmonia,  and  ftnaa  Una  and  iriolat  lakca. 
S{>aiii  htinin  haa  onlj boeB  obtained  mined  wifli  aanh'tmin,  batitqapaaaUpbaflf  a 

li^  red  colour. 

Biythioiein  ia  a  aeuMlvid  maai  of  n  Una  rad  adov,  and  disaobree  in  ammonia, 

inrming  a  purple  liquid. 

Kiyurohtmin  forms  oystalline  grains  of  a  fine  deep  red  odour,  coloured  bloe 
by  potash,  and  Ibuming;  wlllh  amnKnia,  a  Une  compound  insoluble  in  water. 

TliH  following  are  the  analytical  results*  obtained  by  Kane  irith  thoao  anbattnftML 
and  calculated  with  the  old  atomic  weight  of  carbon  (6-12  or  12-24) : 

Erythroleia.        Erythrollmia.  AioHUniD.  Spaololltmia. 

CSaiboii  74-27      66-78      66*3      49*60      60  06  44-64 

Hydrogen  10-68        8-69        8-1        6-36        6-62        3  11 

Of  these  four  substances,  aasolitmin  is  tho  only  one  which  contains  nitrogen.  Kane 
determined  the  nitrogen  only  by  the  comparative  method  which  gave  proportions  of 
H  :  C0»  varying  from  1  :  IT  S  to  1  :  18-8. 

The  composition  of  azolitmin  approaches  pret^  nearly  to  the  formula  C'H'NO' 
(carbon  40*6,  hydroaen  41,  nitroffen  8-2^  according  to  wmeix  asolitmin  would  contain 
1  at.  oxygen  more  tnanoreeBB,  and  m%htbede«iyadftoasfl«Bin  in  the  BMUuMg  ahownhy 
the  ^wBatif^n| 

CH'O*  +  NH»  -I-  ()•   «   OT»HO«  +  H»0. 

If  this  be  true,  tho  action  of  the  alkaline  carbonates  in  tho  formation  of  litmna  moj 
be  explained  by  supposing  that  these  salts  accelerate  the  absorptioiiof  OQCjgenbyorein 
subjected  to  the  influence  of  air  and  f«»*i«**"**>  80  aa  to  pcodnee  a  now  ooD^oond  more 
hi^y  oxygenated  than  orcein. 
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The  ammnnlacil  solnlion  of  azolitmin  forms  ysith  the  salts  of  the  heavy  metals,  prcoipi- 
tst««  which  art)  red  or  bltte»  aocordiug  to  the  qtumtity  of  metal  contained  m  Uiem.  The 
MoUtoMlm  of  btirium  and  mUtm  mn  Um.  Th»  Iwrf  fiom^tttrnd,  whieh  hm  % 
violet  colour  when  rcorntlv  pn-parod,  but  becomes  bluo  when  dri<>l  at  120*',  nppain 
to  contain  2C'Ii*PbN0*.Pb'0.  The  tUmnotu  is  a  lake  of  a  fine  yrioket  cokmr ;  hf 
«noNf«  to  tlw  air  is  th*  moiit  •teto  it  it  eonwitod  into  •  ttmmh  mmpamA  of  > 

^I'lrtifHd  scarlet  colour. 

Acolitmin  suispended  in  water  through  which  chkmne  gas  is  passed  yields  yellow 
ehlorftsolitmin. 

Aaolitmin  subjected  to  the  action  of  nascent  hydrogen,  ia  dissolved,  and  converted 
into  a  oompoand  called  by  Kane,  leucazolitmin,  wiuoh,  hovever,  cannot  be  obtained 
pqnb  liaeaw  it  ocidisM  inmediatelf  sad  beeoiMfl  aoloMml  ^ritos  exposed  to  the  air. 

A  white  compi^tm  l  uf  h-ueazoh'tmin  with  staTiiiic  r-ci  !'  i^-  formed  by  bnilinp  the 
•taaaoos  oompuund  uf  aiolifmin  with  water ;  on  eznoeure  to  the  aix,  it  is  immediAtuly 


UVSR  or  SinPKinK.    An  old  term  applied  to  a  mixture  of  tbe 

sulphides  of  potassium,  obtainrd  by  ht^ntinc  sulphur  witil  fltrhfrnatB  ftf  potMnOB  hk  • 

covered  vessel.    (See  Potassiuic,  SuLriuuES  of.) 

XOZZVZATIOV.  The  application  of  water  to  the  fixed  reaiduaof  bodifl^iirtha 
pwpoia  cf  astoMtiag  tiw  adiM  pail. 

WamXWWamU  AaobllQBoUii&idligrlixiviation. 

XK>AI>BTOWB.  Uagnetic  inn  OM  (p.  MT):  Ma  alio  igAi— — » 

liOAM.    See  Clay  (i.  1023). 

:U99MLXMMm  An  alksloMi  existing,  according  to  Bastick  and  Procter  (Fharm. 
J.  IVam  X  S70.  4M)  in  MMa  h^&m.  R  la  tXtf,  eannot  be  mlatiliaed  wHfaoat 

decomposition  ;  dis'^olve**  very  readily  in  water,  lUoohol,  and  «'ther;  and  forms  crystnl- 
lisable  Halts  with  hydrochloric,  sulphuric,  nitric^  and  oxalic  acida.  The  aolotioos  are 
precipitated  by  taooHD.  It  tcto  aa  s  ttonm  mtn  token  iatanaQj. 

A  wagiMWtaa  waaHaa  ftom  Norway.  (SeeV^MnuiL) 

Xi4CWaink  A  sulphate  of  wagnaajiun  and  sodium,  MgNaSOM|^B!*0;  ftom 

Isohl,  approaching  astnit-hanite  in  composition.  It  is  of  yellowish  enlour,  specific 
gravity  2  376,  and  gives  by  analyaia  62-36  S0\  12  78  MirO,  18*97  Na^O,  14-46  HH), 
and  0-M  Fe«0>  and  AlHP  -  9ML  (Kmfiat,  Haid.      180,  p.  m) 


  .  A  variety  of  pyroadafto  from  Oalumet  Island  on  the  Ottawa, 

Canada,  wlu  ro  it  occurs  iis-ociatea  with  serpentine,  phlogopito,  pj-rites,  and  apatite, 
in  ctystalliut)  limcotone.  It  has  a  weak  sooresinons  lustre,  pale  or  dark  brownish 
eolmir,  and  greyish  strrak.  Hardness  —  8.  9ped8e  gniTity  8*8 — BometSmea 
in  crystals  with  rt>unded  angles,  which  apponr  to  be  pspudomorphs :  one  pave  tho 
angle  124°,  near  that  of  hornblende.  Cuutains  32*49  per  cent,  silica,  1318  alumina, 
88^7  lime,  214  protoxi<le  of  iron,  and  18M  Vltar  (indadiM  OirtMnia 

add)  -  lOl^.  (T.aHnnt,flul.]Iag.[4]ii.8i.) 

XOOWOOB.  m  !s  (h-  rnn>p^ch>\  BlavktU,  '  Tito  twi  lAfafc  yiiMi  tfcli  ipood 
ia  called  by  Lnuwus,  HmmUutifUm  oampeckimmm. 

Logwood  ia  ao  heavy  as  to  wak  hk.  VMto,  had,  oompaft,  of  n  ine  grain,  eupitll  «f 
being  polished,  and  scarcely  susc^tililaof  deoaj.  ItopndiNadMB8ooiiMriaiBa»tiQgad 
with  ooLDOfi,  yellow,  and  Uladu 

It  vielifi  ita  ealoor  both  to  atdrttmiua  aad^watoiy  afliytato.  AleoMeiitoadaft  mra 

readily  and  copiously  than  wat<-r.  The  colour  of  its  dye  is  a  flni-  red,  inclininc  a  little 
to  Tiolet  or  pnrple,  which  is  principallj  obeenaUe  in  ita  wateiy  decoction.  Thi.H,  left 
to  itself,  becoraea  in  time  yellowish,  and  at  lenfl^  Uadc.  Addi  torn  ft  yellow ;  alkaHa 
dfN  [>€n  its  colour,  and  give  it  a  pur{'lf  or  vi<il<  t  Init . 

Stuflb  would  take  only  a  alight  and  £uling  colour  from  deoootioB  of  logwood,  if  thsj 
wvre  not  preriously  prepared  wttk  alum  and  toitor.  A  Vttfa  afaoali  dwadded  to  toe 
bath.    By  these  means  they  acq n in'  a  pretty  pood  violet 

A  blue  colour  msj  be  obtained  fiwm  logwood,  ^  nixing  feid^piavitli  the  bath,  and 
dipping  the  doth     it  haa  aeqoind lSb»  proper  sfiide. 

The  great  consumption  of  logwood  ia  for  ]>lackK,  to  whirli  it  gives  a  lustre  and  rel> 
rety  cast,  and  iat  grm  of  csilui  ahadoa.  It  is  aiao  of  very  extensive  use  for  different 
compoand  eotooBi^  whidi  it  vodd  faadifladt  to  obtafai  efaqnal  beauty  and  Taziety  by 

[•noKepacnuMat^jra. 
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Decoction  of  logwood  is  frequently  mixed  witli  that  of  brazil-wood,  to  render  colours 
deeper,  their  proportion  bi-ing  varitHl  according  to  the  shade  desired. 

Logwood  is  naid  for  dyeing  silk  violi  f.  Tor  this,  the  silk  must  be  scoured,  alumcd, 
and  washed  ;  because,  without  alumiu^  it  wuuUl  take  only  a  reddish  tinge  that  would 
not  stand  wetting.  To  tilk  tlra%  it  must  be  tamed  m  ft  oold  decoction  of  logwood 
till  it  has  acquired  the  proper  oolow;  if  the  deeoetiflii  wan  med  bat,  the  ooloar  would 

be  in  stripes  and  uneven. 

Bergmann  observed,  that  a  fine  violet  might  be  pndMld  fton  logwood  by  impreg- 
nating the  silk  with  solution  of  tin.  In  fact  we  mej  thus  obtain,  particularly  by 
miung  logwood  and  brazU-wood  in  various  proportioo%s  great  number  of  hue  shades, 
Bom  or  le«  inalined  to  Md,  fton  10m  to  Ywlet.  See  UKAoomw  (p.  4).  U. 

MIMm&  Byh.  wt A  LitMUMiiM  (p.  47»X 

MMiVUUDXTB.    A  rarit-ty  of  marcante  or  white  iron  pyrites,  found  at  Freibei^, 
Bdineeberg,  and  in  CornwaU.     Hardness  —  6*6.     Sppciftc  gravity  =»  4  925 — 
Coloor,  tiu-wliite,  sometimes  greenish  or  greyish.    Streak,  black.    According  to  Platt- 
n<;r's  analysis,  it  contains  49*61  per  cent.  S,  4  40  As,  44  23  Fe,  0  35  Co,  0*75  Oa,  and 
0-20  Pb(=  99-24).    (Breithaupt  and  Plattn»>r,  Pogg.  Ajuulxnii.  135.) 

XOVS£-BOOT.  The  root  of  Toddiilia  acul  titd.  By  fmccossive  treatment  with 
ether,  alcohol,  water,  and  dilute  hydrochloric  acid,  it  yithb  about  40  p<!r  cent,  of 
iolnble  matter,  consisting  of  a  bitter  principle,  a  tasteless  resin,  gum,  tannin,  stsAihi 
and  oxalate  of  calcium,  (fl.  Weber,  «falueBoev.  1869,    672.  See  alio  Solmitaf 

ibid.  1862,  p.  625.) 

liOmn.  C"H^'N*.  Pjfrcheneoline.  (Laurent,  Ann.  Ch.  Phys.  [31  ziz.  369. 
•^OVm«i^  Ann.  Ch.  Phem.  lir.  805  and  368.  — Gossmann,  ihid.  ixaL  SSL — 
Q9esmann  and  Atkinson,  ibid,  xcvii.  283  ;  Chem.  Soc.  J.  ix.  220  —Gm.  xii.  199. 
— Gerh.  iii.  179;  iv.  1010. V— An  oi^anic  base  produced  by  the  tlr)-  distillation  of  hy- 
drobflonouda^  benaorbuotiae,  or  azosulphide  of  bens^Mse  ^aurent),  of  amariaa 
(Fownes),  and  by  neating  sulphite  of  benzoyl  and  ammonium  -witli  f.lakfd  lime 
(Qdssmaun).  Its  formattun  from  hydrobenzamide  (p.  183),  or  from  Lhu  isomerio 
eompoond  ■imriwi^  nu^  be  wpwunted  bj  the  etiution, 

40"HW   -   SC«>H««N«  +  0"H»  +  SRH* 

HjrdrobenDitiiidp.  Lophlne.  Oil. 

The  eompoond  G^H"  •  3C'H'  (polymeric  with  stilbene)  ia  probaUj  tbe  o^y  mattflc 
which  diatilaoferwitllthe  lophine.  (Oerhardt) 

Prepariitioit.  —1.  When  hv'lrol^onzamide  is  heated,  ammonia  esscapp.««,  topLtlu  r  wtth 
a  mobile  fragrant  oil,  and  there  remains  a  fused  mass  which  may  be  distilltMi  at  a  hi^ 
tonaperatniv,  bat  is  more  advantageously  treated  by  pouring  it  out,  pulverifdng  it  when 
cold,  and  digesting  it  in  hot  ether,  whidi  extracts  a  small  quantity  of  a  btnly  crystal- 
lising in  shining  lamina  as  the  solution  oools.  The  neidue  is  heutcd  with  alcohol  to 
the  boiling  point,  and  hot  caustic  potash  added  to  it  till  the  whole  is  dissolved ;  the 
liquid  on  cooling  deposits  thread-like  crystals  which  may  be  washed  with  aloohoL  It 
is  better,  however,  to  boil  the  residue  insoluble  in  ether,  with  alcohol  containing 
hydrochloric  add,  mix  the  eolation  at  the  boUin^  heat  with  ammonia,  and  leave  it  to 
eool  (Laarent). — 2.  FrooK  the  mixture  of  lophme  and  amarine  obtained  by  distilling 
benxoylazotide,  the  amarine  ie  extracted  by  boiling  with  rock-oil,  or  the  lophine  by 
boiling  with  alDohol  containing  hydrochloric  acid  (Laurent). — 3.  From  the  distillate 
obtained  by  heatins  aaoenliAidc  of  iK-nzylenc,  the  oily  products  are  extracted  hftfUbtt^ 
tbe  stilbene  bv  bomng  alcohol,  and  the  thionesaal  by  rock-oil,  and  the  residue,  oon- 
eisting  of  lophine,  is  dissolved  by  boiling  with  alcohol  and  potash,  or  with  alcohol 
containing  hydrochloric  acid.  A  similar  process  is  adopted  with  the  product  resulting 
from  distilling  the  mixture  obtained  by  treating  bitter-almond  oil  for  two  or  thno 
weeks  with  sulphydrate  of  ammonium,  which  mixture  ulso  contains  pioril  (Laurent). 
— 4.  The  needle-shaped  crystals  which  sublime  in  the  neck  of  the  retort  doriag 
the  distillation  of  sulphite  of  benzoyl  and  ammonium  with  hydnite  of  calcium,  are 
dissolved  in  hot  alcohol,  and  recrystallised  after  b«>iug  treated  with  animal  charcoal. 
The  formation  of  the  lophine  is  fbelKtated  by  heating  the  retort  very  quickly  and 
covering  the  uppw  parCi  at  the  commencement  of  the  distillation,  with  reii-hot  coals 
(Oossman  n).  The  beet  mode  of  conducting  the  process  is  to  add  a  quantity  of  quick- 
lime, equal  in  weight  to  the  hydrate,  introduce  the  mixture  into  a  rather  shallow  ^iO> 
bular  retort  ooatea  with  clay,  and  cover  the  retort,  as  far  as  it  is  fill<'d  with  the  mixture, 
with  live  coals,  from  the  very  beginning  of  the  operation.  Only  small  quantities  should 
be  operated  on  at  once,  from  10  to  15  grms.  of  the  benzoyl-componnd,  with  abont  4  to 
6  times  the  quantity  of  the  lime  mixture.  When  the  of>eration  is  thus  conducted,  only 
a  small  quantity  of  amarine  fonns  at  first ;  and  wheu  this  has  melted  down,  the  upper 
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part  of  the  retort  begins  to  be  covered  with  radiant  inasAes  of  lophine,  and  the  forma- 
tion of  secondary  products  ceases,  nothing  being  formed  bat  lophine  and  free  ammonia. 
At  the  commeDoement,  a  small  quantity  of  an  aromatic  oil  accompanies  the  lophine, 
appuvntlj  rendting  from  the  daooni^Oirition  of  the  amarino  into  lophine  and  other 
prodiict.o,  the  principal  of  wh\ch  if*  taaunaB  (OoMBiftnii  and  Atkiaion).  Pmifl* 
cation  a.s  in  Liuircnt's  miMliod  (1). 

Proprrtks. — Lophine  forms  colourless  needles,  often  an  ind&loa^  ponped  in  tufts 
and  having;  a  lustre  similar  to  that  of  caffeine;  they  become  opalencent  after  a  whil<', 
bat  retain  their  lustre.  At  '250°  the  compound  sublimesi,  gradually  but  completely, 
vfthont  previouB  fusion,  and  without  deoompositiun.  It  melts  at  SOf^,  forming  a 
tnnsparent  liquid,  which  at  2G0^  s'lli  lifiivs  in  a  radiating  crysfallinf  mass.  It  is  tajite- 
Vem  and  inodorous,  with  scarfoly  an v  alkaline  reaction.  The  alcoholic  solution  exhibits 
fluorescence  Hka  qntaine,  but  not  in  so  high  a  degree.  It  has  no  action  npon  polarised 
light  (Gossmann  and  Atkinson).  G.  Kiihn  (Chem.  Centr.  1861,  p.  237)  ob- 
tained, bjy  the  dry  distillation  of  hydrochlorate  of  hydrobenzamide  (p.  181),  two 
modifications  of  lophine,  one  cry^Ftallibing  in  needles  which  melted  at  230°,  the  other 
(likewise  obteiaad  bj  JSkman,  Ann.  Gh.  fbaia.  «m.  161)  in  needlee  vliidi  nelttd 
«t  1 70°. 

The  composition  of  lophine  has  been  Tarioualy  represented  by  flietennilfl>  CII'^' 
and  C"n'*X*  (Laurent),  C"H»«N*  (Fownes\  r-  n"N«  (Gossmnnn  an.l  Atkin- 
son), C-'^II'^N'  (Liszt).  Fownes's  formula,  C''H'*N',  agrees  best,  on  the  whole,  with 
tiM  analyaes,  and  likewise  affords  the  best  ropw»iiilitfall  «£  tilA  ftnutiaa  ttlBbfb  i 
pond  team.  h^dsobeonBuds  (or  flram  aauiiie): 


  _    _  A\ 

0"          an  86*1  85  6  86-0  86-2  86*7  84  7 

W*           18  6*4  6-4  61  6-4  M  6-6 

IP            88  M  M  •  •  8*1  8-6 


0"H>qff"   888      lOOi)      1084  887  88*8 

Laurent's  second  analysis,  wlnali  diflbi  wmUmMf  frOB  dl  lb*  Mi^  wm  piobtlify 

made  with  impure  matenaL 

Lophine  is  insoluble  in  wUer,  very  sparingly  soluble  in  boiling  alcohol  and  e^Aer, 
crystallising  in  needles  on  cooling.   It  dissolves  to  about  the  nine  amount  in  roek-cO^ 

and  \n  oil  of  turpentine,  whence  it  separates  in  a  crystalline  powder  on  cooling.  It 
dissolves  easily  and  without  decomposition  in  boiling  afeoholie  poUuth.   (Laure  n  t) 

According  to  Ekman  (Ann.  Ch.  Pharm.  cxii.  15 l  i,  100  pts.  of  absolute  alcohol  fli 
dissolve  0-81  pt.  of  lophine,  and  at  21°  from  0*84  to  0  91  pt. ;  at  the  boiling 
point,  270  to  2-76  pt«. ;  and  100  pts.  ether  dissolve  0*26  pt  lophine  at  19^,  0  32  to 
0*88  at  20°,  and  0'32  at  21°.  Of  an  indifferent  substance,  having  Bstriy  the  compo- 
sition of  lophine,  and  formed,  together  with  the  latter,  by  the  decomposition  of  hydro- 
chlomte  of  hydrobenzamide  at  160°-200°  (p.  183),  100  pts.  absolute  alcoh<d  dissolve 
0-07  pt  at  16°.  and  0  33  to  0  37  pt  at  the  boiliBg  point;  ani  lOOpta.  atlur  at  tha 
boiling  point  dissolve  0*69  to  0  74  pt.  of  the  same  substance. 

JJecompositit/Tui. — Lophine  Ixiiled  with  nitric  acid  fonns  nifrolophino  (Laurent). 
It  is  dissolved  by  hromine,  without  evolution  of  vapours  of  hydrobromic  acid.  When 
iStUb  mass  is  dissolved  in  ether,  and  the  solution  mixed  with  aleoliol  and  alxindoned  to 
spontaneous  evajioration,  beautiful  yellow  prisms  with  rectangular  base  separate  out ; 
these  crystals  give  off  bromine  when  Iieate<i,  and,  when  tMtsr  is  poured  upon  them, 
turn  white  and  full  to  powdrr  fLatirent).  L>phine  in  contact  with  ifniidt  of  eih/l 
does  not  form  any  substitution-compound,  not  even  wlif?n  the  two  bodies  are  heatetl 
together  to  100°  in  a  sealed  tube  for  several  weeks.  A  portion  of  the  iodide  of  ethyl 
is  decomposed  into  alcohol  and  hjdriodia  aflM^  vluob  OOMbiasi  with  tba  lophiBa. 
(Gossmann  and  Atkinson.) 

Tba  lopbiva-^iatta  ai«  ftv  tha  most  part  fawolnble  in  water,  end  stjariuglT  solnUe 

in  alcohol. —They  are  rather  nastible.  having  a  tendeney  when  r  r\  tnllis.  d  to  giro 
up  part  of  their  add  and  form  baaSe  compounds ;  this  is  particularly  the  ease  with  tlie 
aoldiate.  (OSaanann  and  AtkfnaoiL) 

Ili/drindatc  (f  T,"phiv\  r^'TT"'N'  TTT,  i^  prepared  like  the  hydrochlorate,  and  crystal- 
lises readily  in  large  needles,  which  are  more  soluble  in  alcohol  and  ether  than  the 
hydfodilogate.  "Wm  a  ^07  arfd  aohliOn,  it  aapacafeca  in  granular  cry^tali.  It  dis- 
solves very  easily  in  iodide  of  i  thyU  In  oOmv  wgpoota  it  lOiCinbln  the  hydlDcMoHltfc 
(Gossmann  and  Atkinson.^ 

HydroMeimU  of  LepkfWy  0"Ri*N'.HCl,  separates  quidcly  on  eooUng  from  a  aoln- 
tion  of  lophine  in  boiling  alei)hnl  eontaining  hydrochloric  aei-1.  If  a  BofartiaD  in  a 
suffld Wit  qoantity  of  boiling  alcohol  bo  mixed  with  such  a  quantity  of  hot  «at»  diat 
aoiouMdiatspndpitrtaiaftfaM^tlialiqnidonoooling  yieldiWsUdadiMdaTrtalKiia 
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lamiiife  (Lauvont).  Tho  f^ocond  m(xlific.iHoii  if  lopliino,  oLfairifd  by  Ktihn 
(p.  184),  Ibmui  a  l^ydrochlurat«^  also  oontouiiag  C''ii'*2i('.HCI,  whidi  aystollises  in 
utfldaesd  nMdlM,  awlting  at  160*.  Whca  hy&oAlkitm  maA  u  added  to  a  hot  aata- 
rated  alcoholic  Bolution  of  loplun<»  till  the  mixturo  exliibita  a  decided  acid  reaction, 
tlM  lijydKMhlonta  traanitst  os  cooling  in  iaige  taranqpareint  needles  ytry  much  like  the 
oyslala  of  pnre  lophiBei  If  Mfc  fof  soim  tims  is  tlw  nollwiyliqtior,  they  change 
into  umall  -white  opaque  prisms,  an  alteration  which  is  prohahly  clue  to  loss  of  wat«r. 
Seveml  other  lophine-oompouuis  oxhibit  a  nmilar  chaaga.  Wnaa  lophine  is  treated 
witii  slamig  hydroehlorle  add,  il  bMonea  mlnona,  and  ena  <ml^  be  netored  to  the 
crystalline  state  by  removing  the  acid  and  crjstallisinp  from  alcohol  (Gossmann 
and  Atkinson),  The  hydroehlorate  is  nearljr  insolable  in  water,  but  dissolves 
pretty  easily  in  akbhol  (Iim«ireiit)L  It  baa  ft  aUjgbt  add  inaction,  dicsolvee  more 
readily  in  Cvuti-r  and  alcohol  thaa  the  gwfe  ba— ^  and  adiibita  itwagw  jtaGwaoanea. 
(Gossmann  and  Atkinson.) 

Rydroddonte  of  bphine  laittHi  witii  diMor&h  of  fttiHmmm  whm  the  solatioas  of 
the  two  salts  in  boiling  alcohol  are  mixed  together,  tlie  i^louWc  salt  separating;  as  the 
bqttid  eool^  in  orange-<»kHired  enrstali^  tJie  funnola  of  which  is  probably 
O^H'^JtcLPtCI'.  TfiaabknplaliBate  of  Xibit'a  aecond  nodifioatioB  of  lophine 
contains  water  of  cryafalHMtiaii,  the  anooiit  af  wbieb  «aa  ivaiid  to  be  diflhmnt  in 
di&rent  preparattoos.   

IHirtd*  of  Lophine,  O^H^^^HNO*,  fbrma  ibe  luht  laannue,  d^rroid  of  lustre.  When 
heatvd  till  they  sotten,  they  give  off  1  at  water  (Laurent).  From  a  concentrated 
alcoholic  solution  of  lophine  acidulated  with  nitric  add,  the  salt  crystallises  in  small 
plates,  which,  if  covered  with  strong  nitric  add  free  frtmi  nitrous  add,  are  converted 
into  an  oily  mass.    (6  u  s  s  m  a  n  n  and  Atkinson.) 

Sulphate  of  LopktM  is  obtained  in  small  shining  rectangular  laminae,  by  heating 
lophine  with  alcoholic  sulphuric  add,  and  mixing  the  solution  with  hot  water,  where- 
upon crystallisation  ensuee.  The  alcoholic  solution  reddens  litmus  and  is  precifnti^ed 
by  water,  a  portion  however  remaining  in  solution,  so  that^  on  adding  ammonia,  a  pre- 
cipitate of  lophine  is  still  obtained.  Laurent  found  in  the  dry  salt  11*5  and  13*2  per 
cent,  of  sulphuric  add;  the  neutral  salt  requires  11*21  per  cent,  of  sulphuric  add 
(Laurent).  When  a  solution  of  lophine  to  which  excess  of  sulphuric  acid  has  been 
added  is  left  to  evaporate  slowly,  the  sulphate  separates  in  broad  transparent  tables, 
wbieh  become  opaque  and  elBoresce  on  exposure  to  the  air.  When  crystallised  more 
rapidly,  the  compound  separates  in  large  needles,  which,  if  left  for  some  time  in  the 
mother-liquor,  change  into  small  white  opaque  needles.  At  each  oystalliMiiioD,  the 
Mlt  becomes  more  basic,  and  by  ft^queat  solution  and  reciystalHittioa;  tba  add  auj 
}>e  almost  entirely  removed.    (Gossmann  and  Atkinson.) 

Lophine  also  forms  crystalline  compounds  with  nitratt  of  sUver  and  diehhrids  qf 

lOXOC^liABB.    A  namn  applie^'I  hj  Breitbaaft  to  «  ynottj  of  ftlapat  olOMdy 

resembling  orthodase^  if  not  identical  with  it 

BimnUMMUVMk  Olcaginoofl  or  httj  bodiaa  oaed  ftr  fsdachg  the  imtkn 
!ietween  pjirts  of  a  machine  or  earriajajc.  ^Seo  Ures  Dictionan/  nf  Arts,  ^fc.  ii.  736; 
the  chapter  on  Railway  and  Waggon  Grease  iiiBich(ird$on  and  Wattt*  Cktmieai  2ecA* 
iMlogy,  voL  i  pt  8,  p.  742 ;  andue avtide pABAivnr  Ona  in  tiUb  Diotioiiaiy.) 

X.irczrJB&  aSATCHBS.  See  Ure»  Dictionary  of  Arts,  4v.  iL  737 ;  BiokmtUon 
and  Wcit^s  Ckemiotl  Tkekmotogft  vol  upt  4, p.  131;  and  the  aitide  fManonM  in 
this  Dictionary. 

SVOVUm.  See  Inraom,  (p.  696). 

XUVA  COBWSA    Chloride  of  silver  (see  Sii.vbr). 

IitrVAR  CAtTSTZC.    Nitnite  <  f  jsilrpr  fti'-ed  at  a  low  heat  (spp  NrTBATBs). 
XiUFnmr.    A  bitter  non-nitrogonotis  snbstaiKio  obtained  firom  lupine'seods. 
(CMaoln,  Ann.  Cb.  Fhann.  zni  308.) 

SiOWIUV.  Tho  yellow,  grunnlar,  aromatic  powder  situat>  d  at  the  base  of  the  onnes 
of  the  hop,  nnd  forming  from  8  to  18  p<>r  cont.  of  the  cones.  It  contains  five  differcait 
sulMitnnc(» ;  viz.  u  volntUo  oil,  a  retiin,  a  nitrogenous  sobstance,  a  bitter  principle,  and  a 
gummy  Mbataacc.  The  cones  contain  about  2  per  cent,  of  tlie  volatile  oil  This  oil 
and  the  resin  probably  give  to  bocr  its  agreeable  axoBSStio  odour,  while  the  bitter 
substance  tends  to  preserve  it   (See  Hop,  p.  165.) 

SUMfi  MKAUAMnii  TbeakibomicaliiaaM<rf  itfaa^phideof  aotiiDOQj. 
Mm»  The  htea  with  which  tbejomiago  of  Toaaela  awdoaad  araof  diflhwnt  kbidi 
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according  to  the  nature  of  1k»  ifftntiam  fo  1»  p«llNenM^  tad  of  tte  f^ifrfftiHWur  to  b» 

diitiiled  in  these  veesels. 

Ifhen  TapouK  of  watery  liquors,  and  such  as  are  not  oorrualvc,  are  to  be  retained, 
U  is  sufficient  to  surround  the  joining  of  the  receiver  to  the  noee  of  the  alembic,  or  <d 
the  retort,  with  slips  of  paper  or  of  linen  oorered  witk  ftoir>pula.  In  raeh  nnia  alM^ 
rif pt  of  wefc  bladder  may  be  conveniently  used. 

When  more  ^netrating  and  dissolving  vapours  are  to  be  retained,  a  lute  is  to  be 
employed  of  qniclclime  slacked  in  the  air,  and  beaten  into  a  liquid  paste  with  whites  of 
eggs.  This  paste  is  to  be  spread  upon  linen  slips,  which  are  to  be  applied  exactly  to 
the  joining  of  the  vessels.  This  lute  is  very  convenient,  dries  easily,  becomes  aoHd, 
and  mfficteatlj  finn.  VeidiMayba  iamad  of  it  haid  <aoi^  to  bair  poJidiiBig  on 
the  wheel. 

Lastly,  when  acid  and  corrosive  vaoonrs  are  to  be  retained,  w»  mifc  lum 
recourse  to  the  lute  caQed  fat  luie.  This  luta  is  made  by  forming  into  a  pmstf 
■ome  dried  clay  finely  powdered,  aliled  through  a  silken  sieve,  and  moistened  with 
water,  then  beating  this  paste  well  in  a  mortar  with  boiled  linseed  oil,  that  it,  ofl 
winch  has  been  rendered  drying  by  litharge  dissolved  in  ity  and  f!t  for  the  use  of 
painten.  This  lute  easily  takes  and  retains  the  form  given  to  it.  It  i&  generallj 
rolled  into  ryliixlers  of  a  convenient  size.  These  are  to  be  applied,  by  flattening  theni, 
to  the  joinings  of  the  vessels,  which  ought  to  be  perfectly  dry,  becnui^e  the  least  nuns-  * 
tore  would  prevent  the  lute  from  adhering.  When  the  joinings  are  wuU  closed  with 
this  fttt  fartfl^tiie  whole  is  to  be  covered  wit  h  ahpa  of  linen  spread  with  lute  of  lime  and 
whites  of  eggs.  These  slips  are  to  be  fiistoned  with  packthread.  The  second  lute  is 
necessary  to  keep  on  the  fat  lute,  because  this  latter  rtimuiiiii  soft,  and  does  not  iM^come  i 
'  tolid  enough  to  stick  on  alone. 

Outta  percha  ma^  be  united  to  glass,  in  tube  apparatus,  by  fadttg  the  gntlA  paicfas 
at  the  point  of  junction  by  means  of  a  hot  iron  knife -blade. 

Fine  porcelain  clay,  mixed  with  a  solution  of  borax,  k  wdl  adftpltd  to  iMMi  taaili^ 
th«  part  received  into  an  aperture  being  smeared  with  it.  U, 

UTTBOUV.  The  yellow  colouring  matter  of  weld  (Rn»rdn  Inffola).  It  was  first 
isolated  by  Chevroul(J.  Chim.  m6d.  vi.  167)»  and  ha*-  been  in  >re  fully  exumined 
and  tntlysed  by  M  oldenhauer  (Aiiri.  Ch.  EuCB.e.  180)  and  by  Schiitzenberger 
and  P«raf  {ihid.  Suppl.  i.  189).  Moldenhaner  preparfs  it  by  rxhausring  wold  with 
alcohol,  di.ttiUiii^  off  the  alcohol  from  the  extract ;  thi  n  washing  with  watar  tuid  diying 
the  residue  ;  exhausting  it  with  ether;  diawlriiig  the  residue  Tell  on  e\'aporatittg  the  | 
ethereal  solution  in  alcohol;  adding  a  larger  quantity  of  water;  heating;  to  the 
boiling  point ;  filtering  hoft ;  and  leaving  the  filtrate  to  cool.  The  product  may  be 
purifiMl  by  roctystalliMtiQO  from  boiling  very  dilute  spirit  containing!  or  3  per  cent, 
alcohol.  S«^hiitzinl'erfjer  and  Paraf  <  xliaiist  the  plant  with  alcohol,  precipitate  the 
extract  with  water,  and  heat  tiie  precipitate  with  water  to  250*^  in  a  steel  apparatus; 
the  Inteolin  then  crystalliaea  on  the  sides  of  the  ▼oenol  on  oooliflg,  and  ouqr  M  ponded 
|jy  two  ciystallisations  from  snperhented  water. 

Ljiteolin  ciTStallifles  from  soluliuo  iu  boiling  dilute  alcohol,  also  from  a  hot  saturat<>d 
nlntioB  in  dlllite  evlphuric  or  acetic  acid,  in  yellow  four-sided  needles  arrai^ged  in 
radiate  •>rriTins  ;  it  may  p.I-^  i  V  r^  r  >i*nr.'  1  i  i  n- (  il.  -  ly  can-fid  Bublinial inn.  It  nu-lts 
at  32U^  with  piirtial  decomposition,  to  a  bhick-t>rown  maiss.  It  is  tuoJorous,  has  a 
■Ughtly  bitter,  astringent  taste ;  dinolvM  fn  li»000  pta.  of  cold  and  5,000  pti».  of  boiling 
watrr^  in  37  pts.  nlcoIuA  [at  what  temperature?]  and  in  025  yX^.  of  dhrr.  It  reddens 
litmus  paper  slightly,  and  unites  with  metallic  oxid^».  It  di.ss<.lvef-  with  deep  yfillow 
colour  in  caustic  alkalis  aaA  tMalnir  carlHjnntc.y,  remaining  in  the  pure  state  when  its 
ammoniacal  solution  is  evaporated  (Moldenhaner).  T5y  prulonp^d  htatine:  with 
ammonia,  it  is  completely  oissolved,  forming  a  derp  yoliow  ttolation,  and  le^aving 
on  evaporation  a  dark  eoloored  residue  which  gives  off  ammonia  when  heated  with 
pOta8h  (Schiitzcnbrrpcr  and  Paraf).  In  cold  dilute  (iciJs  it  is  but  Bparlngly 
aolttble ;  more  easily  in  cold  concmtraitd  stdphuric  add,  forming  a  yellow  solution 
£pam  which  it  is  separated  by  water  vithout  alteiatioD.  It  diaeolvee  sparingly  in  cold 
coneentxated  ht/drochloric  acid,  more  easily  in  warm  concentrated  vitric  acid,  l-ut  is 
nearly  insoluble  in  that  acid  when  cold.  Dilute  nitric  acid  acts  upon  it  ouly  when 
heated ;  strong  nitric  acid  dissolves  it  with  deep  red  colour,  the  solution  being 
decolorised  by  prolonged  boiling,  with  formation  ot'  o.xalic  acid  (Moldenhaner). 
Heated  to  200°  with  ^losphoric  anht/dnde,  it  yields  a  TiA  substance  which  dissolves 
wi&i  triolet  eoloor  in  ammonia  (Schiitzonberger  and  Paraf).  Biiinied  with 
chromatf  of  potnsttiumand  sulphuric  (irid,  it  yield.s  formic  a<^id.  It  does  not  preripitat-e 
A  solution  oigdatin,  but  ibims  a  greeu  precipitate  with  a  veiy  dilute  solution  ot/errie 
chloride,  and  coloim «  oonomtmted  solution brown*red  (Mo  1  denhau er).  According 
to  CheTTCo^  the  nqneooo  OKtMcf  of  weldiSanaa 
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ttftnnms  chloride,  and  arrfate  o/^ead, »  bbdriab^ytyfwdpHrta  wH^firrommt^phUtk 

aud  brown  with  suijjhalc  of  copper. 

Am>fdiag  to  Moldenhaner,  lut(><>Iin  contains  62  6  to  63*0  per  cent,  carbon  and  3*70 
to4*lhjdn>gen,w!icnce  he  dcduo.  s  tlie  f(^rniul!i  C»'H"0'.  rr-qninn-  62  S  C.  37  IT,  and 
33*6  0.  Ao^rdiiig  to  tichutzcnberger  and  Para^  the  air-dri.  d  buKHtanet;  heated  to 
IdO^'  ^res  off  lO'lS  per  oent.  water,  and  diat  irUdk  haa  b<M-ii  drii^  or^r  sulphnrie 
acid  glvp^^  off  7  02  per  cent,  at  the  snmf  tpmpprnturf.  T.ntPoIin  drie<l  at  1.50®  pnve  by 
analysis  Gl  "6  to  62  J  per  cent,  carbon,  and  3-5  to  3  8  hydrogon,  wheoee  Sehiitz»»iil:>ercer 
and  Paraf  deduce  the  formula  C'»I1H)».  which  requires  621  C,  3  4  H,  and  34*5  O.  To 
tlio  Kubstiinc<>  dried  over  sulphuric  acid,  they  aj-sign  the  formula  C'4l"*0*  and  to  the 
air-dried  substance,  2C"H  *0*.H*0.  A  'Uad-.s<iU  precipitated  from  the  alcoholic 
•olotioa  of  luteolin  by  alcoholic  aeeltto  of  lead*  gave  by  am^jais  30-97  per  cent.  C, 
1-98  If,  and  49  33  IVO.  apnH-inp  nearly  wth  tha  fimmiU  C'WO'jPbH),  wlndl 
requirea  81-66  C,  1*76  H«  17*6«  O,  and  49  0  Pb^O. 

SWEBflDMBi    dPtt.    An  ofgania  baaa  iaonafia  uMi  Iwiuijf  lamina  or  toliiidiiia 

(i  675),  discovt-n-d  by  Anderson  (AijU.  Ch.  Pharm.  Ixxx.  v.)  in  bono-oil.  This  oil 
oontaiijui  a  number  of  oiljr  baaea  aoli^le  in  hydrochlorio  acid ;  and  on  daoompoaing  tho 
rraalting  »ohiHtti  wilb  potash  aad  rectifying,  lutidiiia  mmm  om  at  about  145^.  Th« 
same  bas«>  is  foun<!  ::i  <  ml-tar  naphtlia  and  in  Bha1f>  naphtha,  tlie  liquid  obtained 
tgrdttdUiagthebitimiiiiouBshaiBof  Dor{^et.sbire(Gr.  Williama,  Chem.8o&  J.  yii.  97); 
auo  ameiig  dwi  Telidaa  hmmm  oMaliied  by  the  dbmiatten  of  peat.  (Vobl,  Jahrvwk 
1869,  p.  742.   Church  and  Owen,  Phil.  Mag.  [t]  xx.  110;  Jahn-.sV-<r.  ISGO.p.  359.) 

A  base  isomenc^  botaot  identical  arithtbat^com  bwa-oil,  oocuts  among  the  prodncts 
•f  tiie  diy  diatfllation  of  cmehoHiaa,  MidTwwie  ofw  ia  lactHteatiep  between  l&f  and 
166°.  Greyille  Williams,  who  discovered  this  base  (i.  869),  and  has  recently  instituted 
a  aearchiDg  comparison  between  its  propertiea  aad  that  of  Anderson's  base  (Proc. 
Bor.  See.  xiii.  306),  distingiuahea  it  aa  ^-hlti4illa  Tlie  propertiea  of  the  two  bases 
and  of  many  of  their  aito  «a  wiBriaHy  dafcft,  aawiU,  bt  ieeo  by  the  fclkrrtag  ooai« 
paatiya  rtatements. 

fi^fitieti properties  of  the  Bases. — Both  bases  when  pure  are  colourless  refractive 
oils,  Itttidine  haying  a  density  of  0*9467  at  O'',  and  /3-lutid  ine  of  0*9666  at  the  same 
temperature.  Lutidine  boils  at  164*^;  iS-lntidine  betwen  163°  and  168°.  Vapour- 
density  of  lutidine,  by  experiment  (at  200°)  »  3*839  (Anderson);  of  /3-lutidino 
(at  213°)  =  3*787  (Williams);  by  calculation  =  3*699.  It  may  be  inferred  from 
this  that  the  boiling  point  of  iS-lutidine  hss  not  been  estimated  aboye  the  truth,  be- 
cause  if  the  fraction  had  been  tak«n  too  high,  the  yapour-drnsity  would  hare  erred 
in  excess. 

Lutidine  ha^  a  most  characteristic  fmicll,  resembling  that  of  its  lower  homologuni,  but 
less  piiDgent,  and  more  approaching  the  aramatic;  this  odour  is  never  altered  in  the  least 
by  aoy  method  of  purification,  and  after  boiling  with  nitric,  chromic,  or  aqyother  ucid, 
it  is  still  given  off  on  neutralisation  with  an  alkali.  Ail  the  salts,  however  purified, 
emit  the  same  smell  on  the  addition  of  an  alkali.  fi-iutidinehtM  also  a  most  character- 
ialieanall,  qoila  ulfltaa  that  of  lutidine,  and  somewhat  faaanUiiig  that  of  nicotine,  but 
with  f»nt  the  peculiar  punjrency  of  that  baso,  and  far  more  plcfmant.  No  treatment 
with  acids,  or  oxidising  agents,  and  no  amount  of  puritication  of  its  salts,  makes  the 

least  alt  Station  ia  tiba  amO,  or  eawoa  itto  apginuik,  Iwwifar  diataiit]|f,to  that  of 

lutidine. 

Lutidijw  dinolyes  readily  when  shaken  with  three  or  four  times  its  bulk  of  water, 
and  on  wanaiagtha  tiqfoid,  H  becotnes  milky,  the  base  separating  from  it.  ^lutidine, 
on  the  contrary,  rpquires  not  less  than  2-5  parts  of  water  to  ditssoTve  it,  and  the  solution 
does  not  become  turbid  when  wanned  :  on  the  contrary,  a  mixture  of  water  and  luUdine, 
cloudy  frrim  exceoa  of  base,  l)04x>n]e.H  eh  ar  on  warmlag,  Hanea  it  appin  thatlatidfaia 
is  li'ss,  3-lutidinp  morefiolul  l''  in  :.  *     m  in  f'nld  water. 

Both  lutidine  and  3-lutidine  unite  wiiii  ut-ids  and  with  mlts,  forming  crj-stallinw 
OCaftPOBPde,  most  of  which  are  yery  soluble. 

Qmponnd  of  ^-lutidine  with  Cupric  SutphaU.  (C'H»N)'Cu»S0«.4n'0.-  When  /S- 
lutidine  is  gradualiy  added  to  n  solution  of  copric  sulphate,  a  ccipiou?  j^ale  green  pre- 
cipitate ia  Itannad,  which  dissolvi-s  in  cxceai,  mmfng  a  fidi  blue  liquid,  which  after 
filtration,  soon  becomes  filled  with  brilli:'nr  Mmo  prisms  of  eonsiderable  size,  and 
haying  in  the  air-dried  state  the  composition  above  given.  They  give  off  2  at.  water  at 
100°,  and  become  anhydrous  at  200°.  (Williams.) 

Gold-Aoltti,  C^n»N.TiCl.AuCl».— Both  basee  give  salt.^  having  this  composition;  hni 
a  mixture  of  hydrochlorate  of  fi-iuiidine  with  Lrichluride  of  gold  l>ocame  nearly  Boiid, 
whereas  with  the  lutidims-saU  the  precipitate  occupied  only  half  the  bulk  of  the  liquid, 
and  did  not  reqniia  more  than  a  fourth  of  tho  quantity  of  water  to  dlMotva  itthatvao 
necessaiT  io  the  caae  of /9-ltttidine.  (Williams.) 
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Mercuric  salt  o/Lutidine,  C'H*N,2Hj2:Cl,  or  C'H*N.IIhgCl'  Tins  salt  sopawtcs  from 
a  mizturo  of  the  alcoholic  solotioits  of  lutidine  and  mercuric  chloride,  &■  a  white  bulkv 

Srecipitate ;  from  dilate  solutions  it  is  gradnalhr  depo«it«d  in  radiating  OTStals.  tt 
issotvcs  in  boiling  water,  with  partial  deoonpomkn;  wm  frMfy,  and  witbMk  tltwa* 

tion,  in  boiling  alcohol.  (Anderson.) 

Palladium-sal  is.— The  chlorupalladite  of  /5-luti<line,  C'Il»N.UCl.PdCl.  is  ob- 
tained, as  a  nearly  solid  ma«8  of  garnet -red  priMms,  on  leaving  a  mixture  of  the  baae^ 
hydrochloric  acid,  and  chloride  of  palladium,  to  itself  for  four  days.  When  heated  for 
a  long  time  to  100°,  it  in  deoorapotsed,  1  at.  hydrochloric  acid  being  given  off  from  2  at 
of  tha  Mltk  and  karing  Uw  eompoud : 

c«<H»woiw  -  (cmr,HaPda).c'iPNPd.a 

the  last-mentioned  substance,  is  easily  obtainad  hy  acting  on  chloride  of  palladilM  im 
solution  with  /S  lotidiiia.  Thia  faaaa  ia  aol  aaailj  aohU^  aad  fincipitalaa  aft  cm 

(Williams.) 

On  mtziag  aohitioiia  of  hjdrodklorate  of  lutidine  and  ehloride  of  palladium,  exactly 

mmilar  in  concent  nit  ion  to  those  above  enijiloy^d,  no  aqpitals  were  obtained  )>y  tha 
time  that  the  contents  of  the  vessel  coutainiog  the  iS-lntidine  had  nearly  solidiilied : 
aad  erw  after  %  iMUith'a  Rpoae^  tha  qaaatitj  oUaiaad  was  mneh  amalkr  than  tridi 

/l-Iiitidine. 

Platinie  ealte. — The  ckhroptatinaies  of  both  baaee  hare  the  composition 
C'H'N.HClPta<  and  crystaffiae  in  TCCtanguhir  laUete;  b«l  tfas  B4fitidiaa^t  exhiUts 

.  the  same  superior  facility  of  crjTitallising  that  is  observjKl  in  the  corresponding  gold- 
and  ptdladiam-salts.  The  presence  of  hydrochloric  add  in  excess  greatly  retards  the 
formation  of  the  Intidine-salt  (Anderson) ;  but  Willuana  finds  that  this  is  not  the 
ease  with  the  ^lutidiuc^saltf  a  mixture  of  the  hydrochlorato  of  /3-lutidinc  with  platiniB 
clUoride  and  a  large  excess  of  hjdxodiiloric  acid  instantly  becoming  neaxiy  holid. 

DeeomjxmHoH  of  th$  PlaiMe  aattt  tf  MUn^.— diloraplatinate  of  /9-lntidiae  b^ns 
to  decompose  the  instant  the  solution  enters  into  ebullition,  an  insoluble  yellow  powder 
beginning  to  deposit,  and  rapidly  increasing  in  quantity.    After  boiling  with  water, 

!C'H' ) 
Pj..  >2HCl. 

The  solntion  of  chloroplatinato  of  latidine,  on  the  other  hand,  required  21  hours 
artive  boiling  before  any  deposit  b^an  to  form;  and  even  after  soTsral  hours'  boiUng, 
th«'  '!» i  osit  was  very  wniall. 

I^tattnoiu  salts. — When  equal  weights  (1  grm.  each)  of  platinous  chloride  and 
/i-Intidine  were  mixed  in  an  appitratus  surrounded  with  a  non-conducting  medium,  the 
tenipeniture  ruse  from  16°  to  84*^,  and  a  hard  brittle  product  was  obtained,  agreiiig 
almof«t  exactly  in  compomtion  with  the  formula  C^ll'N.PtCL — ^When  lutidine  was 
treated  with  platinous  chloride  under  socaetly  the  same  conditions,  the  temperatoxe 
ruse  two  di>gr«N^  higher;  but  the  prodaeli  ilitead  «C  iMMOai^gA  iMBd kcilttB MNI^ 
mnaiaad  of  the  flouutMioa  of  tzeadsL 

Bfro,-#<.utii*iwii.--ABujttnie  of  1  ToL/Mntidine  and  SToLtodideof  alhylhttftadln 

a  pealed  fiib.  to  '.» 1°  for  three  minutes,  golidifird  on  cooling  to  a  mass  of  crj'stnls  of  iodide 
of  eih^l-fi-iuitdmf,  C'H"(C*HnNJlL— The  plalinum-*aU  prepared  there&om  in  the 
oaiial  WHj,  crystHllises  in  supm  orange^Ioored  fronds,  containing  C*H**V.H€ILFtCiP. 
This  salt  whi-n  lx>il«l  with  water  turns  black,  and  dc|>08it8  platinum.  After  two  days 
boiling,  it  yielded  27*6  per  cent  of  the  metal,  the  ohgiual  salt  containing  26*1)9 
per  cent  (Or.  Williaaa.) 

Kth  vi.-i.uTiDnm. — A  mixture  of  lutidine  and  iodide  of  ethyl  in  the  above  proportions^ 
heated  to  the  same  temperature  for  the  same  timeb  ahowed  no  signs  of  erystalliaation 
on  cooling.  It  requirea  an  hou's  digestion  to  cflbofc  embination ;  and  in  twenty-fooc 
hours,  only  half  the  product  had  crystallised, the  roal  mmainiiifl in  tlni  ftain  rf a  ajni|L 
(Gr.  Williams.  Proc.  Roy  Soe.  xii.  311.) 

A1bthyl./3-lutu)1JJR,  CIP'N  =.  C'11\C1P)N.— /B-lutidine  mixed  with  iodide  of 
methyl,  becomes  heat«><1,  and  forms  hydriodate  of  methyl-fi-lutidine^  a  salt  very  solnUa 
in  water  and  alcohol,  but  nearly  insoluble  in  ether.  Its  alcoholic  pobition  evaponited 
to  a  syrup,  remains  liauid  if  left  at  rest;  but  on  touching  it,  heautil'ul  long  needles 
^lioot  through  the  liquid,  yASi^  WOOD,  beoomf*  eoankCihr  aolid.  Tbe  ddoropUtHmctf, 
<7H"N.HCl.PtCl^  forms  crj-stals  aootaining  m»pcrMBt«]alinak(a&irin^ 
lul.  I'hiU  Trans,  xxi.  [2J  317.) 

airam.  (HnaeB»nn  and  If  arm  ^  Ann.  Ch.  Pharm.  SnppL  ii.  383.)— A  base 
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contained  in  the  box-thorn  (Lycium  barbanm).   Thn  leaves  are  repeatedly  boiled  • 
villi  water  (the  stems  yield  but  a  small  product) ;  the  extnicts  are  precipitated  with 
biiBic  act>tate  of  lead;  and  the  flltnte^  freed  from  load  bv  sulpoiyAne  add,  and 

neutralised  with  pj»rboniite  of  aodium,  is  evapomtM  to  u  thinl  of  ita  ong^nal  volume. 
The  liquid,  very  etruiigly  adduUitt?d  with  sulphuric  acid,  i.s  tli.  n  precipitated  with  a 
aolutitai  uf  phosphomolybdiite  of  sodium,  or  a  mixture  of  30  at.  tungstute  and  1  at. 
phospiiumolybdate.  The  light  yellow  pn-cipitate,  aft  or  wii>hintr  with  water  acidulated 
with  sulphuric  acid,  ismixed,  while  still  moist,  with  carbonate  ol'  barium,  (li  ied  ov»  r  tlie 
water-bath,  and  exhliwted  irith  boiling  alcohol  The  eztHMlt  leave,  attt  r  evapora- 
tion of  th«*  alcohol,  a  syrupy  residue,  from  which  the  biise  m  \y  be  dif^solvfd  out  by 
dilute  hydrvxhloric  acid,  whilti  a  resinous  body  n-umins  uudis^olvt'd.  The  hydro- 
chlorate,  winch  has  a  strong  acid  reaction,  is  easily  soluble  in  water,  sparingly  in 
absolute  ;ilc()hol,  nearly  insoluViIc  in  other,  and  crj-staUises  ii\>m  alci>hol  in  iLizzling 
white  riiombie  prisms,  somt  tinu  s  bait"  an  inch  long,  and  from  water  in  I'eru-likt"  groups 
of  crystals.  The  f_ree  base,  obtained  by  treating  the  hydrochlorate  with  carbonate 
of  barium  and  alcoliol,  is  a  white,  radio-orystalline.  di  licjucsccnt  maw,  which  has  a 
sharp  but  not  bitter  taste,  dissolves  easiiv  in  wat*  r  and  alcohol,  very  sparingly  in 
ether,  and  melts  with  deeompcdtion  when  heated.  Most  of  its  aatti  «M  eijitallisible, 
and  (•a^^ilv  siJnl  b-  in  water;  some  of  them  are  also  deliquescent. 

ITCOPOBZITM.  The  fine  dust  of  Ijoopodinm,  or  clubmoss,  consists  of  the 
spores  of  the  plant ;  when  diffhsed  or  etrewed  in  the  air,  it  takes  fire  from  a  candle, 
and  burns  off  like  a  flash  of  lightning.    It  is  used  in  theatres. 

From  1000  parts  of  these  spores,  Buchohs  extracted  60  parts  of  a  fixinl  oil  soluble 
in  alcohol,  30  of  sugar,  lo  of  mucilage,  895  of  a  substance  insoluble  in  water,  alcohol, 
ether,  cwocnon  of  turpentine,  and  cold  alkaline  leys 

The  leaves  contain  6  0  per  cent,  chlorophyll,  25'0  extractive  matter  and  aeetate  of 
aluminium,  6  0  organic  salts  of  calcium,  magnesium,  manganese,  iron,  lead  (?),  and 
copper  (f  X  and  64*0  celloloee. 

The  infusion  of  lyeopodium  is  used  as  a  mordant,  on  account  of  the  large  qnanlity 
of  acetate  of  aluminium  which  it  contains.  (Pelouse  et  Frimy,  Traiti,  si,  469.) 

MMJUr  aron,  3bM0l««oM,  or  BmmUt^  •  vvlvafe-UaA  lOiMoas  tton*  or 

flinty  jasper,  used,  on  account  of  its  hardneM  and  Uadc  VAOOX,  fat  ttfiog  the  pori^  <tf 

the  precious  metals.    See  Gold  (ii.  92'J). 

This  liquid,  which  tills  the  lymphatic  vessels,  is  colourlees  or  yellowish 
niM  fV^  Md  oofy  if  blood-corpuscles  happen  to  be  mixed  with  it.  It  u  KHnetinM 
tMOf^arent,  sometimes  slightly  turbid  or  ojialescent,  of  a  faintly  saline  taste  and  mawk- 
Idl  uimal  odour;  its  reaction  is  usually  alkaline.  It  coagulates  in  from  four  to 
tmolT  ndinttes  after  its  discharge  from  the  lymphatiea,  tiien  forming  a  gflatinoii% 
tranbiing,  colourless  coagulum,  wnich  gradually  contricfs  more  firnily,  iUid  enclo.ses  a 
laige  number  of  the  so-called  lymph-corpuscles :  this  coagulum  usually  occupies  but  a 
very  small  space  in  proportion  to  the  serum. 

Tlie  e«pecial  morphological  rlcmnits  of  lymph,  in  addition  to  fat-globules  and  nucleus- 
like  formations,  are  the  true  lymph-corpuscles,  which,  however,  do  not  difier  essentially 
"fkom  mucus-  and  pa»>oorpu8cles.  In  lymph  that  has  been  carefully  collected,  bloo<> 
Cfjrpnsfles  are  not  found,  excepting  when  tlie  liquid  has  l)epn  obtained  from  the 
lymphatics  of  the  q>leen,  or  from  animals  that  have  been  starved  to  death.  (H.  N  as  se, 
Mcmdttort.  d.  Pkytiol.  ii  863-410.) 

The  rh'-mirnl  c<mstituenta  of  lymph  are  in  general  similar  to  those  of  blood,  without 
the  red  corpuscles.  The  spontaneoudy  coagulating  substance  of  the  lymph  is  perfectly 
idflirtwal  with  the  fibrin  of  blood,  uk  fanman  lymph  (obtained  ia  eaiea  of  diiMte  or 
ilriinjl  Marchand  and  rolWrg found  0  52  per  cent,  and  Ti"I{t^ritierO*82  percent  fibrin  ; 
irafle  m  the  lymph  of  the  horse,  from  0  04  to  0  33  per  cent,  has  been  iitmnd  bpr  different 
obeerven.  J.  Miller  Ibnnd  that  frogs  which  had  been  starved  to  death  dunng  winter 
yielded  a  lymjth  perfectly  free  frt)m  fibrin  ;  whereas  Na.<^se  fnukl  thtttll»|jl^ll  of  frOgB 
which  had  been  kept  in  a  heated  room  still  coagulated. 

Thealbnmin  of  the  lymph  has  the  same  general  properties  as  Uood-onmraui. 
Geiger  and  Schlossl>erger  found,  however,  tli.it  albumin  from  the  lymph  of  a  horse, 
though  it  exhibited  no  reaction  with  vegetable  colours^  did  not  coagulate  on  boiling, 
1»t  wat,  on  evaporation,  a  membrane  was  formed  on  Uie  soHkee  ei  the  liqmd  as 
if  a  strongly  nlkalino  albuminate  of  sodium  had  been  present.  This  lymph-serum  was 
not  rendered  turbid  by  acetic  acid,  unless  boiled  aAer  acidification:  neither  was  it 
eoagnlated  by  rennet,  whence  tibe  absence  of  essein  may  be  inftanred ;  nor  by  ether. 
Inf  human  lymph,  the  albumin  has  Ven  found  to  vary  fnsm  0-434  to  6*002  per  cent., 
and  in  that  of  the  horse  from  1*2  to  270  per  cent.  Jn  the  ash  of  lymphwUbumin,  even 
after  repeated  extraction  withvaUr  and  ipait,llMie  MomaA  aa  eslaofdiiiarily  lui^e 
qoaatity  of  aOuliae  carbomtea. 
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F  At  ocetira  in  lymph  aiiw  m  mall  qwtitiBg.  aiui  for  the  mott  part  in  a  raponifiod 

form  ;  ?n  the  l^m^h  of  thf  nnrup,  Nasse  found  ifOOHH  per  <*pnt  of  free  fat,  and  0  0^)75 
per  iieuL  of  nlkAlioe  saifn  of  futtj  aciilii;  whilt*  ia  liuiuHn  Ij'uipU,  MttniuiUii  aud  Col* 
ber«  found  0*264  per  c<  nt.  of  a  pale  Mddkh  Ibt 

Till'  I}ni{>li  iilf«o  PontaiuH  IftctatPS. 

lu  horstfii'  iymph,  Na^sf  found  0<i7a5  per  cent,  of  extractive  matters  euluUe 
ID  alcohol,  and  0*9877  per  cent,  soluble  in  water  onlj ;  mhSln,  according  to  GMgfV 
and  S,-!ilns.slK'rp«'r,  the  wliolo  uf  the  extractive  niatt«Ts  nraqmit  to  0*21  ftT  oeO>« 
MaMa  was  unable  to  detect  urea  in  the  lymph  of  the  hortte. 

Mhurtd  WMtkumU^ln  lymph,  m  iaftllthe  anfaMi  fluida,  «hleri4«  of  aodivn  fa 

the  prepoiid'Taf  iiii^  mineral  ronstituiMit ;  in  horses'  l\  mj>h,  it  amounts,  ai-cordin^:  to  Nafse, 
to  0-4123  per  cent.  Alkaliae  citrbonat(*B  vere  foaad  by  Naase  in  horaea'  lymph, 
the  quantity iMfn^eatloiated  at  O^NW  per  eent;  Iwtqaiya  iyMiadrtactinjf  Uiwn:  im 
the  ash  of  tlif  si*lid  constituents  of  the  lymj  h.  liwwcvfr,  the  latter  foun<!  an  al.niidanee 
of  ■Ikaline  carbosatea.  Tba  pwaenoe  of  ammoni  ncal  sal t8,  which  vas  auspoded 
tnr  Naaa^  baa  Iwen  dellirilriycalaUiBlied  in  hotaw*  lymph  by  O^eigcr  aad  6tMx>mhm^. 
Na.'ise  found  that  horses'  lymph  is  coniparativfly  ricli  in  Hulphnric  acid,  wliii'Ii  *'x!sLh 
in  it  pre^formod ;  he  estimates  the  quantity  of  mlpbate  of  potaasium  at  0*0233  per 
aent  Alkaline  phosphatea  oeeop  only  in  t«y  aaaatl  quaaHtiea.  The  earthy 
salts,  with  a  small  quantity  of  ferric  oxide  (arising  prol>al>Iy  fn  in  the  pr«>senco  of  a 
few  blood-ooapnadeaX  vnre  fmad  biyKaaaa  to  asuHint  to  only  0-031  per  oeiu.  in  hone^ 
lymph. 

The  qoantity  of  water  in  lymph  appears  to  bo  very  varlaMc,  Lut  never  fo  prpat  as 
in  the  blood-plasma.  In  human  lyraph^  Marchandfimnd  96-&26  per  cent,  and  L'Heritier 
found  92-436  per  cent,  water ;  in  tl^  lymph  of  hwata,  the  quantity  haa  been  found  to 
wry  from  92-5  to  98-37  per  cent 

Nasse  has  instituted  an  interesting  comparison  (based  on  direct  analyses)  between 
the  composition  of  the  lymph  and  of  the  blood-serum  of  the  horse,  from  which  it  appears 
that  the  individnal  salts  stand  to  one  another  in  precisely  the  same  ratio  ia  the  two 
liqnidfl,  although  their  absolute  quantity  is  rery  dinnotf  on  aooottnt  ni  tba  empanb* 
tivt  ly  larger  proportion  of  water  in  the  lymph. 

TlwTc  are  tilso  oonsidflKBiUo  diflTereoces  in  the  proportions  in  which  the  mineral  con- 
stituents stand  to  the  organic  matters  in  the  two  liquids:  while  inn  I'ts.  of  f-alfs 
correspond  to  1036  pts.  of  organic  matters  in  the  blood-serum,  the  ratio  in  tin  lymph 
ia  as  100  to  aafy  7w.  Accordijig  to  Marchand  and  Culberg,  human  lymnh  cf^ataina 
organic  snd inorptni<*  mat t nrs vaoaafj^  e^aaljpaith  {Ltkmrnm't Pltfmoiogkal (^mdttrff^ 
translated  by  Bay,  ii.  299.) 

uncnmiOV.  AQveekaMMlior  Axan. 


MACS  i^  the  ariUut  or  envelope  of  the  fruit  of  the  nutmeg  {Myrisiica  motciata). 
It  forms  a  aomewhat  thidt,  tempt,  nnetoooav  nlaeilUtcd  membrane,  of  a  yellowish- 
brown  or  orange  eolonr ;  hns  a  somewhitt  more  a^eable  odour  than  mtiuog,  wiOi  % 
warm  and  pungent  taste,  and  is  used  as  a  condimout  in  cooking. 

jVIa(  0  contains  two  oiK  one  of  which  is  unctuous,  bland,  and  of  the  consistence  of 
batter;  the  otiu  r,  wliicli  is  obtained  by  distil!  i»''in  with  water,  is  tliinn"r  :ind  vobitlle. 
By  cohobating  fuiu*  times,  4*7  per  cent,  oil  luay  l>e  obtained  (iiofimauu,  Repert. 
PbamL  sliiL  296);  from  old  mace,  4*1  per  rent.  (Blev,  ibid,  xlviii  94)w  It  is  trans* 
parent  and  colxurli  ss ;  of  spcL-ific  gravity  0  931 ;  smells  strongly  of  mace,  and  haa  ft 
buruiug  aromatic  tai»L«.    It  forms  a  permununt  liniment  with  aqueous  amjTM>nia, 

WlktrtrnW  ta  tfw  name  givan  to  e«rtaan  spots  in  niiienk  of  %  deoper  fana  Aia  ih» 

rest ;  sometimes  proceeding  from  difference  of  aggregiition,  somctimos  from  the  pmUfMr 
of  a  foreign  substance :  day-slat^  for  example,  may  be  maded  with  icon  pyrites. 
WULOIMB.   Twin-crystals  (ii.  169). 

MABBBS.    Garavce,  Krapp.—lho  root  of  BlAla  Unctorum,  mtenri^y  oaed 

in  dyrins  for  the  production  of  a  variety  of  colours,  namely,  re<l,  pink,  pnr}d»',  Idaek, 
and  chocolate.  Otluit  species  of  Jiubia yield  similar  (flouring  matters,  and  are  also  need 
aa  dyeing  mnteriala;  B.  Mmtgiatm^  or  Aftn^M^  irtiieh  growa  in  the  moontwnoaa 
regions  of  nindostnn,  and  is  n't'd  in  that  country  for  pn^ducing  the  r»'d  and  ohoeolate 
figures  seen  in  tl»e  chintz  calicoes  of  the  jblast  Indies ;  and  H,  perrgrina^  which  ia  ailti- 
rated  in  the  Levant^  whare  it  is  called  MUmit  nd  imported  into  thb  Mtttttiy  niidv 
tha  nana  of  TMgMwote;  but  ihiMi  $lm$9rum^ttt49i^  mAIn>  ia  the  oity  apecian 
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eilltirated  in  £uropc:  it  tlirircs  beat  in  swarm  climat«>,  nnd  is  gruwn  estcnsirel/ 
n^^ar  Avignon  in  Fnincc.  al-^  ia  AImcb  aod  fai  Napkt;  in  the  nosth  of  fionpe  tt 

r»4ulr««  a  sheUered  situatiuu. 
'  All  kinds  of  madder  have  a  peculiar  smell,  and  m  faaie  tetwwm  btttw  and  sweet. 

Tln'ir  colour  Vfirics  extronu  ly,  Ix-in^^  .som.'tiineH  yellow,  snmptimps  oranp»'-ri'il,  reddish- 
brown,  or  brown.  They  are  more  or  less  hvgro&cupic  ;  so  tlmt  even  when  clotjcly  packed 
in  euka  in  the  atate  powder;  they  aknrlv  attract  moisture,  inereaaa  ia  weight,  and  at 
length  loHo  thc'ir  |>ulreruleiit  condition,  forniinf;^  a  firm  coht-ri-'nt  mass.  Som^  kin 's 
of  madder,  eepeciallT  those  of  Alsace  and  Uollund,  when  mixed  with  watar  and  left  tu 
•land  far  •  ahcct  tame,  a  tliidc  coagulum  or  jelly— an  wUdi  doea  not  take 
pint'*'  in  the  *<anif'  ([ofrrt  c  with  Avicrnon  muadt  r.  Theniiuldor  of  Avignon  contain>>so  much 
carbonate  of  calcium  as  to  efierresce  with  adda.  The  herbaceoua  parts  of  the  pknt, 
when  giTeo  as  fbdder  to  eattlev  are  ftpond  to  eommwiieafe  a  red  eolosr  to  their  hour*. 

The  principal  inlvantages  which  madder  presonfs.  iis  n  (ly«'-sttifT^  are  tlio  f'jllcjwiiig  :  - 
1.  It  ia  eapable  of  prodncing,  according  to  the  mordants  and  the  method  of  treatment, 
a  great  -vwfotf  of  anlh«nt  eohmra  andabadea ;  anch  as Madt ;  red  of  ^fferrat  kinds, 
from  udull  brownish  rod  to  a  bright  red  and  dc-Hcafo  pink,  WsiJos  the  p<  ("ullar  colotir 
known  aa  Turkey-rvd :  alao  purple  of  Tarioua  shades,  from  a  dull  reddiah-purplc  to  a 
delleate  bimsh-purple  er  luM;  sa  well  aa  ehoedate  of  all  ahadea.— -S.  Ita  e<dom-ing 
matters  huTf  but  little  aflBiiity  fi>r  cotton  fibre,  and  a  grfat  affinity  for  morvbints  ;  so 
that  it  ia  not  diffieolt  to  secure  a  good  white  on  the  parts  of  the  tissue  to  which  no 
mordaitt  haa  been  applied.— S.  The  oompounda  whkb  its  eohmring  matter  or  mattera 
yield  with  monlants,  possess  Jin  unusually  stable  churaofer ;  so  that  they  may  be  rx- 
posed,  without  much  detriment  to  the  ooiour,  to  the  action  o{  varioua  ageats  ior  the 
purpose  of  improving  or  modifying  the  shadSk 

Ohenaleal  Oonstltatlon  of  MUdtff^  There  is  pruhafaly  no  subject  connected 
with  the  art  of  dyeing  which  has  piven  rise  to  po  mnch  di.Hcni^sion  as  the  c<;ni{HisIf  Ion 
of  maddec^  aod  the  chemioil  natujx'  of  the  colournig  mattera  to  wliich  it  owes  its  valu- 
able peopeitiea.  The  eolgect  has  enga^^ed  the  attention  of  a  great  nutaber  of  chemists, 
among  whom  may  be  especially  mentioned,  Eobiquet  and  Colin,  Kuhlniann,  (Taulthier 
de  Clanbrr  and  Persoz,  Range,  Schunck,  Schiel,  Higi^iu,  Debus,  Strt.«ck«r,  Ilochledor, 
Saee,  aaokd  Bnule  Xqip.  Nevertheless,  our  knowledge  of  madder,  as  compared  with 
that  which  we  possess  of  ot!i'T  colouring  principles,  i-*  still  confii>-i  d  and  uncertain. 
According  to  tiume  chemists  i.-'Sacc,  fur  e^roplu)  and  maiiy  manufacturers,  madder 
contains  but  one  colouring  principle,  whDe  most  others  adnut  the  existence  of  at  Icai^t 
two,  viz.  alizarin  and  purparin.  Moreover,  accorflinfr  to  some  chemi.Hts,  tisi-  cnlwiiriiig 
matter  exists  in  madder  ready  formed;  whereas  others  supposi^  that  frtbh  Tnitider 
eontsans  merely  a  colour-generating  substance^  whieh  snbaeqnently,  by  a  kind  of  fer- 
mrntati"n  t-'ives  rise  to  the  c<jlouring  matter  properly  no  calb  vl  :  the  lattSTi  which  IS 
Scliuuck's  view,  appears  to  Us  bus«d  on  the  most  trustworthy  experiments. 

When  o^linary  commercial  madder  is  exhausted  with  boiling  water,  a  daxk-browta 
mtidtly  liquid  is  obtained,  having  a  taste  bi  twcen  bitter  and  wweet.  On  nrlding 
a  small  quantity  of  an  acid  to  this  liquid,  a  dbu-k-brown  precipitate  ia  produced ;  while 
tfie  aepemataot  liquid  becomes  dear,  and  app^rs  of  a  br^t  yellow  enlour.  The 
precipitate  consists  of  alizarin,  puq-urin,  rubiacin.  two  resinous  culonrlnir  niattci-s, 
pectio  acid,  oxidised  ex.tractive  matt^-r,  and  a  peculiar  njtm^nons  substance.  Thn 
nqjidd  mtered  fton  thia  pceeipitato  eontains  the  bitter  principle  and  the  extrsctivo 
matter  of  madder,  as  well  as  supar,  and  salts  of  potasssium,  ciileliun,  and  maprnesinm. 
No  starch,  gum,  or  tannin  can  be  detected  in  tht)  watery  exti^ict.  Alter  the  madder 
haa  been  oon^eCd^  eshansted  with  boiling  water,  it  mppan  of  a  dttH  red  colour.  It 
Ft  ill  ctJiitaius  a  qtjantityof  c<jh>urin^  matt*  r.  ^^!l^ch  cannot,  however,  be  extr;ieti<l  with 
hot  water,  or  even  by  alkalis,  since  it  exiaia  iu  a  state  of  combinatign  with  lime  and 
other  beaea,  ftoning  compounds  which  are  insoluble  in  those  liquids.   If,  however, 

the  refJtdiie  be  treated  with  l>oIlIng  dilute  hy<lrf_>chloric  acid,  flint  aciil  di^snlv.  s  a 
quantity  of  lime,  magnesia,  alumiiUL  and  senjuioxide  of  iron,  as  well  as  some  phos- 
phate and  osahte  of  ealekuD,  whktt  may  be  diaooveted  in  the  tltercd  liquid;  and 
if  the  remainder,  after  being  well  washeff,  be  treated  with  caustic  alkali,  ad^ik-n  d 
liquid  19.  obtained,  which  gives  with  acida.a  dark  reddiah-brown  pr^ipitate  of  alizarin, 
puqmrin,  mbbidn,  teain,  and  peetie  add.  The  fortaxm  of  the  inadder  lell  after  treat- 
m*-nt  with  hot  wstar^  acida^  and  alkali^  consate  almoat  entuelj  of  woody  thtt, 
(Schunck.) 

Of  tihe  sabataneea  thae  diown  to  exist  in  ovdroary  miiddi«v  the  moat  fmnortsiit  ar 

undoubtedly  aliscari n  and  purpurin,  which  arc  in  fief  the  e^>ential  red  culuurin; 
matters  of  the  <fye-etiiflL   They  were  disiovti-e*!  by  Kobiquet  and  Colin,  to  whoi> 
we  SM  indabled  torn  the  M  numaif  of  any  imixxtanor  rdating  to  the  chemialij  «t 
(Ann.      Phja.  [Sj  lazir.  22ft.) 
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Alisaviv,  UiO  Idsario  add  of  Debiui,  M«dder-red  of  Buxtjgcv  Mature  cotoranie 
/       rouge  of  ChmltMer  de  CUnbry  nod  Fenos,  inw  ditaiiied  hf  Bobtq^wt  and  Colin  m  • 

Bublimat(>,  in  I.ii  auliful  rt'dili'^h-yf'll.nv  lu  ^^'dlcs ;  1)ut  the  mode  of  prepuration  wlucli  tliey 
adctpted  kft  it  uuoerUia  whether  the  ttlizarin  pre-«xuiUd  in  madder,  or  was  &  product 
of  4ieoompomtion  of  eoms  oUmt  hodj  pradiie«d  oy  hmt. 

It  may,  howcror,  l)e  oxtractotl  from  ordinary  niatldtT,  as  usfnT  hy  the  <!ycr,  by  tho 
action  of  solvents,  and  obtained  in  crystals  without  sublimation :  hcnoo  its  eidstonoe 
in  ordinaiy  madd»  may  bft  infemd  (see  L  114 ;  and  §ar  details  of  prcpamtion, 
Gni-elin's  Handbook,  xiii.  326,  and  xiv.  130).  Its  ctjnijMn^ifion  cunnut  be  regarded  as 
definitely  established.  Wolff  and  &recker's  formula,  C'*fl*Q*,  is  most  in  acamlauce 
'with  the  rt'Iation  of  aliamn  to  ehlonoaphthaUe  acid,  CMH*C10*,  botlk  of  these  emn> 
ponnds  being  converted,  by  the  action  of  nitric  acid,  into  phthalic  add ;  but  Schunck's 
fumiulu,  C*U'*0\  appears  to  exphiin  more  clearly  the  formation  of  alizarin  from  rubiao 
(p.  745) :  itmurt  bo  remembered,  however,  that  the  formula  of  rabian  itself  is  by  no 
means  well  astablished.  Alizarin  is  vt  ry  liitlt  suluble  in  water,  more  soluble  in  alcuho], 
but  nearly  insoluble  in  aluminium-salts.  Its  alkaline  solutions  have  a  beautiful  violet 
or  purple  colour,  and  it  forms  lakes  of  various  colours  with  the  earthy  and  heavy 
meUdiie  oxides. 

Purpurin,  the  Madder^urpU  of  Bonge,  Matiire  colorante  rose  of  Gaulthier  do 
Claubry  and  Persoz,  Oxilisaric  acid  of  Debus,  is  extracted  from  madder  by  the  same 
prooesies  as  alizarin,  and  separated  from  it  by  its  siipi  rior  solubility  in  alum-liquor. 
It  bears  considerable  resemblance  to  alizarin,  yielding  a  crystallino  sublimate  when 
heated,  ami  being  Tcry  sparingly  soluble  in  water,  but  more  soluble  in  alcohol. 
The  properties  by  which  it  is  oistinguitihed  from  alizarin,  aro  its  f-asy  solubility  ia 
boilinj^  aluni-lifiuor,  forming  a  solution  of  a  beautiful  pink  colour,  with  yellow 
fluorciiceiiee ;  and  secondly,  the  colour  of  its  alkaline  solutions,  which  are  cherry-red  or 
bright  red;  wlwreas  alizarin  forms  violet  solutions  with  alkalis.  These  din^renoes 
might,  however,  be  produeedby  the  admiiture  of  mmts  forei}:^  siib.stanco  with  ;ili?mrin  ; 
and  accordingly  sume  eliemists,  as  alnady  observed,  do  not  regard  purpurin  as  ix 
dtatinetaolNtaiKX^  but  attribute  all  the  colouring  power  of  madder  to  ahzann.  There 
aw,  however,  other  chanictt  rs  which  hliuw  l)eyond  doul>t  that  purpurin  is  a  distinct 
substance:  viz. — 1.  Its  decomposition  when  exposed  to  the  iiir  in  alkaline  solution,  the 
eofeurof  the  liquid  then  changing  froiH  fair^^nd  to  reddish -yellow,  and  ultimately  dis- 
appearing ainiogt  entirely,  after  wliieh  piirpnrin  can  no  longi-r  be  discorered  in  the  solu- 
tion, whereas  alizarin  suilers  no  such  decomfoifition  (Schunck). — 2.  Its  optical 
fmpertin.  Stokes  has  shown  that  when  a  solution  of  purpurin  is  examincil  hy  a  |irt(:m, 
the  Kpeotmm  v  hic!;  it  exhibits  ia  futally  diffen-nt  from  thai  wfaifih  it  {Bodlioed  uiiko 
manner  by  aliioi-in.    (See  Light,  p,  C38  ;  aJao  PcttpuKiN.) 

OoDddmaUo  dilftreneeof  opinion  likewise  exists  as  to  the  relative  value  of  alizarin 
and  purpurin  as  dyeing  materials.  According  to  Robiqnet  and  Schunck,  the  finest  and 
most  pi'rmanent  maddor^olours  are  produced  by  alizarin ;  whereas  Range  and  Strockcr 
are  of  opinion  that  the  liveliest  tints  are  produced  by  purpurin,  and  that  this  substance 
likewise  plays  th^-  prlnri|i;d  part  in  tht<  manufacture  of  Tnrkej-rod.  According  to  E. 
Kopp,  on  the  other  hand,  the  real  ha.'^is  of  Turkey-red  is  alizarin ;  and  he  farther  states 
thai  pnrparin,  though  it  dyes  mordanted  fabrics  p(.>rfi>ctly,  does  not  yield  colours  of 
to  pT«'nt  a  defrrf»*»  of  fitaliility,  and  has  not  sa  great  an  affinity  for  oih-d  clnth,  af*  alizarin. 

i  ixfUi  ixrUuiick's  experiments,  it  appi'ars  tliat  all  the  Uhual  niatldcr-colours  uuiy  Jkj 
obtained  by  means*  of  alizarin, and  that  theo6loan  ao  produced  are  us  pmand  brilliant 
as  ordinary  madder-colonrp  are  nfter  a  long  cnnrfc  of  treat m. mi ^  -willi  stoap,  aeid.«,  &c. 
They  are  likewise  equally  fast,  and  unite  equal  to  ordinary  muddcr-colours  in  their 
power  of  resisting  deeomposit  ion  hy  S(>ay>,  alkali';,  ifcc. 

In  short,  tlie  final  resnlt  (jf  dyeing  with  madder  and  its  preparations  appears  to  l-o 
simply  tiie  combiniition  of  alizarin  with  the  various  mordants  employed.  It  can  easily 
1m  shown,  indeed,  that  the  finer  madder>4So]oan  contain  little  besides  alizarin  in  eombH 
nation  with  the  mordant.  If,  f  )r  instancn.  n  few  yards  of  '  madder-pink  calico  '  l  o  treat 
with  hydrochloric  acid  to  remove  the  alumina  of  tJie  mordant,  then  well  washed  and 
treated  with  caustic  alkali,  aTiolet  aolntion  is  ol^tained  from  which  acids  precipitate 
yellow  flocks  consisting  of  almost  pure  alizarin.  Purpiirin,  on  tho  other  haiul,  is  found 
to  have  almost  entirely  diiiappeared  from  all  madder-colours  which  have  been  sub- 
Jocted  to  a  long  course  of  af^er-treatment ;  a  result  quite  in  accordanoowiUithefiMStalMiTe 
menf  ioned  of  thodocompoatkm  of  pupaia  in  aUiaUao  aobitum  on  oupomw  to  tho  air. 
(Schunck.) 

Madder  likewise  contains  certain  JoDow  colouring  matters :  but  they  are  uselesH,  if 
not  positively  injurious,  in  the  process  of  dyeing.  Ruhiacin  is  a  yt  Uow  crystallised 
colouring  matter,  coinciding  in  most  of  its  properties  with  the  mad der-oraiwoi  Range. 
It  ia  onl^  i^ghtlj  solnblo  m  bolUiig  water,  bvl  diiMlTco  nan  fradj  in  \iiim%  nloobol, 
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and  crystalliMS  therefrom,  on  cooling,  in  gn  enisb  yellow Inntiienia  sealoi  and  neddles.  It 
dit»olrcs  without  deeon]  posit  ion  in  strong  stil|)huric  and  in  boiling  nitric  acid,  and  with 
purple  colour  in  alkalis.  Its  oompotutds  with  metallic  oxides  are  mostly  red.  When 
treated  with  a  boilioff  sohitioD  df  teak  eUoride  or  nitnte^  it  dissolree  entirely,  jieldiog 
a  brownish-red  8olanio%  vhkli  givM  vith  bTdroehlorie  add  a  iloeenleiit  piwipilate 
rubiacic  acid. 

Of  the  two  resioons  colonriog  matters  alreadv  mentioned  (p.  742^  one  is  a  durk- 
brown,  brittle,  resin-like  body,  very  soluble  in  alcohol,  and  mdting  at  a  little  above 
100°;  the  other  is  a  redditth-brown  powder,  Ices  soluble  in  alcohol  than  the  preceding. 
These  two  colouring  matters,  together  with  rubiacin,  constitote  probably  tlie  tawnjr 
or  dun  colouring  matter  of  madder  mentiontd  by  the  older  chemists.  They  do 
not  contribute  to  the  intensity  of  the  colours  dyed  with  madder,  and  exert  a  very  pro- 
judicial  efifect  on  the  beanty  of  the  dyes.  If  printed  calico  be  dyed  with  a  mixture  of 
•''^^ffp  aad  any  one  of  these  throe  colouring  nufctacs,  the  colours  are  found  to  be  both 
we^cr  and  less  beautiful  than  when  alizarin  is  used  alone.  The  red  acquires  nn 
orange  tinge,  and  the  purple  a  reddish  hue,  whilst  the  black  is  less  intense,  and  tlie 
paita  wluiu  dioald  nmain  ii^ite  haveacquirt-d  a  yellowish  colour.  The  effect  of  theee 
eolouriiip:  mattem  Wtft,  therefore,  be  counteracted  us  much  as  possible  by  preventing 
them  t  itherfrom  ^HaeolTiQ^  in  the  dye-bath,  or  from  attjiching  tliemselves  to  the  fabric 

The  other  organic  constituents  of  madder  are  also  for  the  most  part  injurious  in  dye- 
ing. The  pectin,  in  the  state  in  which  it  exists  in  the  root,  is  probably  an  indilTerent 
substance ;  but,  in  consequence  of  the  ease  and  rapidity  with  which  it  passes  into  poetic 
aeid,  it  may  act  veiy  prejudiciallv  ii]  dyeing;  by  comtiiiing  with  the  MOtdeate  and 
prf'vontiiip  th'-m  fr*jm  taking  up  tne  colaurin<^  niattt^r. 

The  extractive  matter  of  madder,  when  iu  un  unaltered  state,  produces  no  inju- 
lioDfl  eflbeta  directly ;  bat  by  the  action  of  oxygen,  especially  at  elevated  tempera- 
tures, it  acquires  a  brown  colour,  and  then  contributes,  togetht-r  with  the  rubiacin  and 
resinous  colouring  matters,  to  deteriorate  the  colours,  and  mUy  the  white  parts  of  the 
fabric  Hence  the  uniform  dirty  reddish-brown  tint  which  a  pit)ce  of  calico  exhibits, 
both  on  the  printed  and  imprinted  pjrtiona,  after  having  bten  dyed  with  madder:  tlio 
removal  of  this  tinge  is  one  of  the  ol)jects  of  the  after-treatment  with  soap  and  other 
antoiialsL  In  tiie  process  of  manoiiicturing  garancin,  this  substance  is  peitlj  deeem* 
posed,  partly  removed  by  the  snl)f<x]iu-nt  wa.sliing:  and  this  explains,  in  a  great  mea- 
sure, the  greater  puri^  and  briliuincy  of  gamucin  colours,  as  cuni])ared  with  madder 
coloors.  The  extractive  matter,  when  pure,  has  the  appeemnce  of  a  yellow  symp^  like 
honey,  is  easily  soluble  in  water  and  in  alcohol,  and  is  not  pr<  cipit.it.  d  from  iXs  aqueous 
solution  by  any  earthy  or  metallic  salt ;  but  the  solution,  if  rvaporaLnl  in  contact  with 
the  air,  gradually  tone  bnwn,  and  then  gives  an  abundant  brown  precipitate  with 
acetate  of  lead.  Its  aqueous  solution  mixed  with  hydrochlorie  or  sulphuric  aeid.  and 
boiled,  becomes  green  and  debits  a  dark-green  powder.  Hence  tliis  extractive  mutter 
hue  been  called  chlorogenin  by  Bchunck,  rubichloric  aeid  bj Bocblcder.  The 
xanthin  of  Kuhlmann  and  the  madder-yellow  of  BoQge  qppeer  to  be  aiix- 
tures  of  the  extractive  matter  with  a  bitter  principle. 

The  sugar  contained  in  madder  is  probably  glucose:  it  has  not  hitherto  lieen 
obtained  in  the  cr\"'^fallised  ntafc;  but  it  yields  alcohol  and  carbon ie  acid  by  fcr- 
mentjiUon,  lik<;  oniinar}-  sugar.  The  woody  fibre  which  reiuuius  after  madder  has 
been  thorougldy  exhausted  by  the  action  of  TariooB  eolTentB(p.  742),  alwiqnifftains  a 
slight  reddittli  or  brownish  tinge,  froin  the  presence  of  some  efdouring  matter  wliich 
cannot  be  completely  removed,  and  seems  to  adhere  to  it  in  the  same  way  as  it  doe:>  to 
the  fibre  of  unmordanted  cotton. 

The  inorganic  constituents  of  madder-root  have  been  analvsedby  If.  Koehlin 
(Ann.  Ch.Pharm.  lix.  344)  and  K  Moy  {jUdiL  liv.  340) ;  those  of  the  seed  by  Schiel 
(Haodw.  d.  Ghen.  tr.  6W> 

A»h  of  root. 
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The  Alsuco  madder  (<i)  growB  OD  ft  Idgfaly  calouvous  soO  jMlded  8'35  pCTMBt.  aih; 
^  yielded  8*4  per  cent.    The  seed  of  Avignon  madder  gave  8*14  per  cent.  ash. 

Formation  of  the  lird  Colouring  Mattert. — The  extnctum  of  alizarin  and  purpurin 
from  m;idder  by  the  action  of  solvents  shows  that  th«M  oolonrinff  mattoBS  exist  ready- 
fcvmed  in  madder  in  its  ordinary  state,  a.H  usfnl  by  the  dyer,  iiut  it  still  nmainh  a 
question  wlu  flior  th^y  exist  in  the  root  while  growinff  or^  when  newly  dug  up,  or 
whether  they  are  furnied  by  any  subsequent  process  of  onemical  chan^  Now,  it  Itu 
long  been  kWMPn  that  when  ground  madder  is  kept  tightly  packed  in  cattka,  it  oon- 
■tantly  improves  in  qtmlity  f.ir  scvt  ral  years,  after  which  it  a^in  deterioratea ;  and  it 
Was  always  8upf>oMed  tlutt  thui  ellecl  was  due  to  some  procesf  of  slow  fermantation. 
The  nal  natun-  of  tin*  change,  bowBfW»  iwiMriwed  Ibr  •  Vatg  time  unknown.  Strecker 
Kupposes  that  tlio  c  lumf^c  h  liich  poes  on  etjnsists  in  the  conversion  of  alizarin  into  pur- 
purin; but  this  would  conslitute  anything  but  an  improvement  in  quality,  since  the 
colours  prodoced  by  purpurin  are  in  most  respects  infenov  to  those  of  alizarin.  Besides 
this,  alizarin  is  a  !x)dy  not  easily  decomposed,  unless  exposed  to  the  action  of  very 
potent  agents ;  and  any  portion  of  it  once  formed  in  the  root,  would  probably  resist  the 
action  of  air  and  moietore  Ibr  a  very  long  ponod  of  time,  if  not  entirely.  Mr.  Higgin 
of  Manchester  states,  as  the  results  of  his  experiments  on  this  subject,  that  there  exists 
in  madder  a  peculiar  albuminous  ferment,  which,  by  acting  on  the  xauthin,  gives  rise 
to  the  temitum  of  eoloming  matter ;  ud  that  this  prooees  takes  place  to  somo  eoEtaafc 
even  during  the  short  periM  of  time  ooenpied  in  dyeing.  Ihii  new  hae  bOMI  OOtt* 
firmed  in  its  nuun  features  by  the  uxpcriraenta  of  Schuuck. 

'  ^nwt  tile  whole  of  the  colouring  matter  of  madder  does  not  exist  ready-formed  in  the 
article  as  used  by  the  dyer,  may  be  rendereil  evident  by  a  .simple  experiment.  If 
n^lilAf  be  exhausted  with  cold  water,  the  cleiu-  wuti  ry  <-.\tnict  (loes  not  cuntain  any 
oUnriB  or  other  eoloarinff  natter,  since  these  are  almost  insoluble  in  cold  watci^ 
NeverthelesH,  the  extru-f  \v1ion  (.'niduiilly  lioated  is  found  capable  of  dyt-ing  in  the  name 
way  as  madder  itself.  If  maile  tolerably  strong,  it  possesses  a  deep  yellow  colour  and 
a  TM^  bitter  taste ;  but  if  it  be  allowed  to  stand  in  a  warm  plaoe  ror  a  few  hours,  it 
gelatinises,  and  the  insoluble  Jelly  which  is  formed  is  found  to  jv>sm<>ss  the  whole  of  the 
tinctorial  power  of  the  liquid  wnile  the  latter  has  lost  it  s  yellow  colour  and  bitter 
taste.  Henoe  it  may  be  inferred  that  the  substance  which  imparts  to  the  extract  its 
M(for  taste  and  yellow  colour,  is  capable  of  giving  rise  to  the  formation  of  a  certain 
portion  of  colouring  matter.  By  extracting  madder  with  boiling  water,  the  subsequent 
yiUHniairion  or  eoagulation  is  prevented,  uid  the  extract  retaino  its  vellow  colour  and 
Wttcr  taito;  a  pmof  that  the  coiigulation  olwerveii  in  tlic  extract  with  cold  water  is  a 
fOOdt  of  iOnie  process  of  cliemical  change  which  is  arrested  when  the  temperature  is 
onfBeiondjMitM.  When  the  extract  is  agitated  with  a  little  animal  ehaivsoaf,  the  latter 
absorbs  the  bitter  principle,  and  given  it  up  again  to  boiling  spirits  of  wine,  which  on 
evaporation  leavee  it  in  an  almost  perfect  state  of  puritv.  In  this  manner  Schuuck 
obCatned  a  mhateiiee  to  wMdi  ho  has  pven  the  name  of  Babian,  and  of  wfaieh  tiie 
principal  chanicteristics  are  theso :  — It  is  amorphous  and  shining  like  gum,  has  a  deep 
▼ellow  colour  and  an  intensely  bitter  taste,  is  easily  soluble  in  water  and  alcohoL  It 
Is  not  a  oolooring  matter  in  the  practical  sense  of  the  woid,  lor  it  to  iMtdaali 
in  (Ivi  lii^  only  the  faintest  shades  of  colour.  But  if  its  watery  solution  bo  mixed  with 
suluhuric  acid  and  boiled,  it  gradually  deposits  a  quantity  of  insoluble  yellow  flocks 
ana  beoomea  almost  eotoutieea.  Theae  flodcs,  after  being  well  washed,  are  fbsnd  to 
dj'e  exactly  the  same  colours  as  alizarin.  In  fact  they  contain  alizarin.  The  liquid 
gives  the  reactions  of  sugar.  Taking  this  fact  into  consideration,  it  beoomea  possible 
to  gfvo  an  aeeovnt  of  the  prUiefpal  ehaaoe  wUeh  takeo  plaoe  in  ttowoewiof  mam- 
faeturing  gjirancin.  -It  i.i  evident  that  during  this  process,  the  casuy  soluble  niHan 
becomes  converted  into  the  difiicuitly  soluble  alizarin,  that  there  is  in  this  case,  in  &ct| 
an  aetoal  fcnm^ion  of  eoloariag  natter  which  is  added  to  that  already  existing  in  tho 
»  root.     A  siniilur  cliange  takes  place  when  caustic  alkali  is  used  in  place  of  the  acid. 

A  eoloHoo  of  rubtan  on  being  mixed  with  caustic  potash  or  soda,  simply  turns  red,  bat 
on  b^ing  boOed,  it  beooncs  dark  porplo  and  deposits  a  purple  powder  wUdi  eousista 
chit'fly  of  a  compvuind  of  alizarin  with  alkali,  insoluble  in  caustic  lye.  Fermentation 
also  deoomposfle  mbian  with  great  fiKsiity  \  bat  in  order  to  effect  its  decomposition  it 
is  not  indinnent  what  ftnnent  is  taken:  a  peeidiar  ItomMnt  is  eaaential  to  the  purpomi. 
A  solution  of  rubian  may  be  left,  for  several  days  in  contact  with  yen>-f,  d.voinjv'sing 
albumin,  casein,  emulsin,  &c^  withoot  showing  any  fign  of  (hange.  But  if  an  extract 
of  madder  with  eold  water  bo  nixed  witii  a  httf;eoiieen  of  aleoho,  ioeks  of  aJirtjred 
cohuir  are  prei>ipitat»xl.  which,  after  being  w.  ll  washed  with  alcobo^  an  fonnd  to  con- 
sist chiefly  of  an  azotisedprinciple called Erythrozym,  iliith  itMfti  ■  pecaliar  and 
powerftd  decomposing  enol  on  mUan.  If  sone  of  tius  svhotaiios  ho  nixed  with 
a  w  if.  ry  solution  of  rubian,  and  the  mixturo  be  left  to  stand  at  the  ordinary  tem- 
jieruture,  the  rubian  is  fuand  after  a  fiew  houn  to  be  aa  oampietel^  deeoBipaaed  as 
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if  it  had  been  treated  with  a  strong  add  or  laustic  alkaU,  though  no  evolution  of  gas 
or  any  of  the  ubuhI  sipns  of  fermpntaf  ion  li;ivf  ]<oon  manifested.  The  solution,  if 
tolerably  strong,  gelutioisotijust  as  an  txtruct  of  madder  with  cold  water  does,  under  the 
same  circumstanoet.  The  jelly,  when  mixed  with  cold  wator,  is  found  to  be  almost  in- 
soluble. The  wnteraPfnnrf"<  only  ;i  sli^'ht  colour,  bat  contains  sugar  in  solution,  whilf  the 
insoluble  portion  conlainii  alizarin  uiixt  d  with  the  fennenL  This  proooss  uf  deconiiKi- 
sition  affords  an  explanation  of  the  fact,  well  knonn  to  nuidder  dyers,  that  if  the 
dye-bath  be  htat<  d  up  rapidly  to  the  boiling  point,  inntead  of  gradually,  as  is  tho 
Qsual  practice,  prr  judic-ial  eili'Ctd  ensue.  In  fact,  the  sudden  heating  uuts  a  btop  to 
tbeaenon  of  t}i<  ferment,  &»  would  be  the  case  in  any  other  piooMi  of  fermentation, 
whereas  the  gnidual  lieatinp  allows  it  t<j  exert  its  full  decomposing  power  on  the  nibian. 
Hence,  too,  the  advantage  of  mixing  together  aeverul  sorts  of  madder,  one  contniuiug 

eps  aa  sseess  of  rubian  in  proportion  to  tement,  the  other  a  superabundance  <^ 
nt  to  counterbalance  it.  The  improvement  which  takes  jilaeo  in  the  quality 
of  mudder  after  long  keeping  is  probably  albo  an  effiict  of  tliu  t>ame  cause.  Indeed, 
it  seems  hii^biy  mSbMo  that  the  alizuin,  which  nadoubtedly  exists  veiidy  Ibnmea 
in  ordinary  madder,  owes  its  formation  to  the  action  of  fermentation  on  rubian; 
and  an  experiment  made  with  fresh  madder  roots  goes  far  to  prove  that  this  is  in  fact 
tiweaae,  and  that  the  fresh  root  contains  no  tmesof  ivady  formed  colouring  matter. 
Some  madder  roots  having  been  taken  out  of  the  ground  and  cut  small,  without  being 
dried,  produced  the  ordinaiy  colours  when  used  for  dyeing  in  the  common  manner. 
But  on  treating  the  roota,  after  tning  cut  into  pieces  as  quickly  as  possible,  with 
lx)iling  alcohol,  a  yellow  extract  was  obtained,  which  contained  rubian,  but  which, 
even  after  all  the  alcohol  had  been  driven  away,  was  found  incapable  of  imparting  to 
mordants  any  but  the  slightest  shades  of  colour;  while  the  portion  of  the  xoot  Ml  nn- 
dissolved  by  the  alcohol,  on  being  subjeeted  to  the  same  test  as  the  extract,  imparted 
to  mordants  no  more  colour  than  the  latter.  It  was  evident,  therefore,  that  the  alcohol 
hi  fhia  oaae  had  efibcted  a  aepamtioD  between  the  colonr-producing  body  and  the  agent 
which,  under  ordinary  circnm.sfanres,  is  destined  to  effect  its  transfomiation  into 
flplouring  matter.  The  same  relation,  it  is  apparent,  subfiista  between  rubian  and 
SKythNajB,  aa  between  anijipdaliB  and  emulsin. 

Erythrozym  differs  in  composition  from  all  other  known  ferments,  containing  but  a 
small  proportion  of  nitrogen  not  exceeding  4  per  cent  It  acts  on  an  aqueous  solution 
flf  sugar  aauly  hi  tiie  mum  manner  as  yeast,  giving  rise  to  the  toaaukm  of  akoho^ 
carbonic  acid,  hydrogen  and  siicrinie  acid,  but  it  ia  difttOglUlriwd  froa  tSL  OtbtV  ft»> 
meota  br  its  power  of  acting  on  rubian. 

Aaiwiaa,  wham  snl^ectod  toths  aeliooof  adcK  dkaUs,  or  erythrosym  yieUa  aBaarfn 
;ind  pb) cose,  the  decomposition  might  at  first  sipbt  be  nnpp<is(d  to  consist  simply  in 
the  resolution  of  the  rwnaa  into  these  compounds,  according  to  the  usual  mode  of  de- 
eoBmoaitioB  of  ^aeosidee.  ThenaldaeoiBpoaitMnishowaTeriBndiiiiorecomplei^tiha 
prounets  n- vcr  consisting  of  alizarin  and  glucose  only.  The  part  insoluble  in  cold 
water  ountains  in  all  cases,  besides  alizarin,  two  resinous  oolonting  matters,  namelv, 
Bvbiretin,  0**HnO*,  easily  soluUe  in  aleohol,  and  VarantiB,  0**H**0*,  leas  aolnbla 
in  that  liquid.  "Rut  in  addition  to  these,  there  i.s  uniformly  found  accompanying  the 
alisarin,  a  third  bodj,  belonging,  aa  fitr  aa  general  appearance  and  properties  are  con- 
earned,  to  the  aame  dasa  of  aabataneea  aa  ntbiadn.  Tha  third  body  is,  hmftime,  in 
aach  caj^e  quite  distinct.  "When  acids  have  been  aoployed  for  the  deoomj>o.~iti()n  of 
nbian,  then  this  third  body  is  found  to  hsTe  the  following  propertiea : — It  is  tolerably 
aofaible  in  boQiBg  water,  and  OTatiiniaea  m  lamoii-jdlinr  aiUrjr  neadlea;  H  ia  deeomposed 
on  being  heaf<  d,  but  resists  the  action  of  aitHiB tad  COPMPteited  sulphuric  :icid>  ;  this 
substance,  Kubianin,  contains*  acrmdintt  to  fldiaad^  C^**0**.  When  alkalis  are 
oaad  instead  of  adds,  the  nibiaBto  la  nplaoed  hy  Rvbiadin,  0"H**0*,*  which  is  a 
bo47  crystallising  in  beautiful  C'^Iden-yellow  scules,  insoluble  in  water,  but  soluble  in 
aleohol,  and  coroplet'  l^  voiatiiiaed  when  heated.  Hat  when  mbian  is  deccHnposed 
hf  fhrmeiitaHop,  it  yielda  neither  of  tfieae  two^  but  In  Ihair  fian  Babiafin,  a 
substance  agreeing  in  composition  with  rubiudin,  and  resembling  it  in  most  of  its 
properties*  bnt  easentiallv  distinguished  ftom  it  bj  paswing  into  xubiaeie  acid  when 
treated  with  ftirie  dilonde.  Tma  substaaee  Is  wnalfy  aooompaaiad  by  another  of 
similar  properties,  culled  Hubiagin,  of  which  it  is  difficult  to  say  wbolher  it  must  be 
0)nsidered  as  distinct  from  the  others,  since  it  has  not  been  obtained  in  a  state  of 
perfect  purity.  All  these  bodies  which  aocom^y  aliaria  make  their  appearaaor  ao 
invariably  undet  the  dromailBBMa  abofB  BUByMied*  that  tfiiir  coeanpaaea  caaaot  be 

eonaidered  as  aocideataL   

AamaoDg  for  rabian  the  fonanla  CVO'*,  Schnnck'a  lUm  «f  tho  ftrmatioii  of 
ttaae  comywadi  laay  be  upwiaiaitid  ia  aqaatioaa  aa  ftllowa^^ 

•  Schun4.k  givM  for  rubiadin  thr  rnrmtiU.  r"fln0l|  fl  Ifcih  tl  lMf|ll>ailS  SB  awaiM<  Sf  lllS  Mil  SB 
aoabcci  of  bjdrattB  and  osjrgen  aton*  (0  ■  S) 
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*  JfrntUthn  of  alizarin  (C"H<*0*  according  to  Schniiek): 
r»H»«0'»    .=    iK?*R*H)*  +  7BLH3L 

b.  Of  renuxtiu  and  ntbiretin : 

A  Of  lobiaiiiiiaadi^iicow: 

<?*H»K)*  ♦  WO  m   OtPH)^  ♦  CHW. 

Of  XVifaiMlni  and  rubiafin : 

C»H*'0'»  +  2ir-0    =    C»«H"0»  +  2C«H'K>«. 

Or  rnbiadin  and  x«bii£a  u«j  bo  ooaudarad  SB  pcodnoli  of  tb«  tucthm  wrtamoypbowa 

of  rubianin ' 

C«H'«0"  +  H»0  •  C«H'H)»  f  Cai'«0«. 

It  nppnrs,  then,  that  niVir::i  uiukrgn<^s,  not  nne,  but  three  diflon'nt  pwcpKsr-s  of 
decompo«iition  wbea  acted  ou  by  acida,  alkalis,  or  fenoentA ;  that  the  formation  of  sugar 
iiMumfoted  not  withtikalof  aUflttfatlmtwitii  thitof  mib^ 

in  fact  thf'Tv  is  no  retiBon  why  only  one  of  thesn  procf>SRos  should  not  tak<'  placf  to  the 
exclusion  of  the  othen ;  whj,  for  tu&Uuee,  rubiiiu  should  mt  be  so  decomposed  as  to 
jidd  aliMvia  tUma,  iritiioat  any  of  the  accompanying  bodies,  vfaidi  aie  torn  this  point 
of  Tii-w.  not  only  a  sonrce  of  loss,  1>ut  also  pn^jyaicial  in  practico. 

The  fumaliou  of  alizarin  and  of  the  other  products  of  rubian  above  mentioned,  doe* 
mot  depend  upon  andntian.  NtfvextlMleM,  aeoovding  to  Sehnack,  mbian  doe*  «aflbr 
a  partial  oxidation  when  its  nquwn??  Pobitinn,  mixi  J  witli  an  alkali  or  alkalint-  «irth, 
is  exposed  to  the^iir,  the  product  formed  being  rubiaDicaeid,  (^ff^O",  (or  perhaps 
Q^W^O^  »  0*^P*0'*).   Hi  ItaniiaitioB  may  perhaps  be  ropresentid  faj  tlw  •fMtioii : 

COT«0*  ♦  0»   -    C»qi»0«'  +  800«  +  2H«0. 

RnbUti.  Kubianlc  acM. 

It  is  a  true  ^WMwidef  and  is  rcsoked  by  the  same  agents  which  effect  the  deeom|x\:si- 
tioa  ef  nriMU  into  aGnarin  and  glacoae^  no  aeeondary  prodnote  making  tlldr  appear- 

BdMMkadd.  Aliisito.  Olocasa. 

For  flnllMr  ddaib  MipeetiBg  all  tkaae  piodndi^  aae  Bukul 

mw  of  Madder  In  Syelaff.  The  chief  u.si'  of  madder  is  in  cotton-drcing  and 
calico-printing.  In  woollen-dyeing  it  is  not  so  much  employed,  especialiy  in  this 
country,  only  the  ordinary  woollen  goods  being  dyed  red  wim  it ;  the  coloar  is  not  so 
bright  that  obtained  with  cochineal  or  lac,  although  more  permanent  and  dioapsr. 
tiilk  is  seldom  dyed  with  madder,  because  cochineal  affords  brighter  tints. 

The  series  of  operations  usually  adopted  for  printed  calicoes  is  as  follows:—* 

1.  The  calico  ItaTing  been  Kinged  and  Uaadiad,  ths  mordant  is  printed  on;  namely, 
*r<t/  liquor*  (acetate  of  aluniiniiini  ontninin?  a  small  quantity  of  sulpf^ttc)  for  n-d  nr 
pink ;  '  iron  liquor*  (fern  us  acetate)  for  violet,  purple,  or  black ;  and  a  mixture  of  this 
with  red-Uquor  for  choeokte. 

2.  The  priiif.-d  cloth  is  hung:  nrepsf:  of  air  for  ,'iTiout  txrn  dtiy.  IHiring 
this  process  of  "Hgeiag,"  the  uiordant  undetgoos  inipt^rtaiit  cluiugi'S,  and  becomes  to  a 
gpsat  extent  insoluble,  and  therefore  fixed  in  the  eotton :  rcd-Uqtwr  paHa  with  a  great 
part  of  its  acetic  uoiti,  and  its  alumina  n'mnin';  a-?  a  highly  basic  sulphate;  iron-liquor 
absorbs  oxygen  and  loses  acetic  acid,  and  is  thus  converted  into  a  basic  ferric  acetato. 
Of  late  yean,  a  "rapid  ageing  proceas*  has  oome  into  extensile nse ;  it  oomists  in 
{liissinp:  the  printi'd  r.ilicc*  f}irn;;f;h  a  hortted  elmmli.'T,  the  atmosphere  of  which  i.s  ki  pt 
exactly  saturated  with  water-vapour.  This  process  is  fRquently  completed  in  about 
half  an  hotir,  tlie  time  required  for  it,  as  well  as  for  the  oiwnary  ageing  process, 
varies  with  thf  amount  of  nmnhint  upon  the  cloth. 

S.  The  next  operation  is  cdled  "  dunging,"  and  cousitits  in  passing  the  cloth  through 
a  hot  mixture  of  eov-dung  and  water.  During  this  process,  snpertooos  portioins  of 
tho  mi'ird.mt,  which  would  oflii-nvi.so  gi  f  detached  from  the  clufh  anrinf»  the nyeinfinnd 
would  be  precipitated  in  combination  with  colouring  master  upon  the  unprinted  purts» 
are  remorcd  (perhaps  in  eomUnatiott  witb  oiganie  oonstitnents  of  the  batiiX  the 
rcnalndi  r  is  convi  rtt  <l  more  or  less  completely  Into  phosphate.  For  a  good  many 
veuRi  past,  the  use  of  eow-dung  in  this  process  has  been  to  a  great  extent  supersodcd 
by  thi^ of  aa  aitiAclal  preparmm  known  aa  "dnng  antatitnti^'*  font  introaneed  by 
r I  .  r,  the  essential  constitnspts  of  whidt  awaHmlina  phoighitBa  wid  awmatafc  (See 
liYEUNO,  ii,  353.) 

4.  Steeping  in  the  madder-bath,  iriiidi  ia  kept  Inkewum  at  flia^  and  gradually 
laiaed  to  the  boiliag  heat. 
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&  "  Clearing/'  hj  passing  the  fabric  through  a  boiling  mixtore  of  bran  and  water,  or 
soap  and  water,  or  thron^h  a  weak  solution  of  chloride  of  limo,  or  by  "  m>f>in>r,"  th;it 
18,  exposing  it  for  some  tune  on  the  graas  to  the  action  of  air  and  light-,  or  hy  bevoral  of 
Chcee  pmcemes  in  suce<Mdon. 

To  obtain  gT<-ati-r  variety  of  colours,  other  dye-stuffs  are  sometimrs  added  to  the 
muddcr-buth,  c.i/.  ijuordtron  or  fostic  for  orange,  logwood  for  blacks,  iAn. 

For  foithei*  detaito  relating  to  the  operations  ai  mBiSdat4j9kaff,  wm  Uf4%  JHeHoum^ 
c/ArU,        artick's  M.vnpKR  and  Tvrket-Rkd. 

The  chemical  chang««  which  take  place  during  the  process,  may  be  shortly  described 
as  follows :  In  tha  fint  pUa;  thf  water  of  t^  dye-bath  extracts  the  more  soluble  con- 
stitufiits  of  the  madder,  such  as  the  supir,  rxtmctire  niiidder,  and  bitter  principle 
frubiuii).    The  latter  is  decomposed  by  the  fermeut,  uuJ  the  injlouring  matter  theruby 
SKin&l  is  added  to  that  already  existing  in  the  not*  Aa  the  temperature  risen,  the 
soluble  const ittjpnts,  mch  as  th>'>  alizarin,  pnrnnnn.  niT>incin,  rpsinotiH  <'nlriiirinf» 
matters,  pectin  and  pcctic  acid,  lii  f^'in  to  dissolve,  and  at  tiie  .satai-  time  combiuc  part iy 
with  the  mordants  of  the  fabric,  partly  with  the  lime  and  other  bases  contained  in  the 
root,  or  add(  d  to  the  dyc-liath,  »r..]  ^hin  permit  thf  liquid  to  take  up  fresh  quaiifitics  : 
ftvjui  tin-  madder.    The  cxtraotivi-  laaiu  r  acquirca  at  the  same  time  a  brown  colour  by  ! 
the  combined  action  of  heat  and  oxy^n,  and  covers  the  white  portions  of  a  piece  of 
prinffil  calico  with  a  uniform  brown  tiuf,'t\   At  the  s  ime  time  tiio  alumina  mordant  '. 
Las  accoutred  a  dirty  brownish-red  colour,  and  the  iron  murdaut  a  blaok  or  brownish-  ' 
purple,  10  that  the  fabric,  after  removal  from  the  dye-bath,  presents  a  rexy  unsightly 
appe;inince.  To  eloar  the  M-hitcs,  and  at  the  same  time  brighte  n  the  colours  by  rt-moving 
the  rubiaein,  resinoiis  mattors,  extractive  matter,  &c.,  and  Uave  nothing  but  the 
aHwriaeombbied  with  the  mordants,  is  the  object  of  the  fifth  operation  or  serieeof 
operations  above-mentioned.    But  even  this  treatment,  though  sufficient  for  the  more  | 
ordinary  descriptions  of  goods,  does  not  completely  zemore  the  foreign  subi^tanceB; 
fbr  vUeh  neaon  tlie  flner  descriptionB  of  printed  oedieoee  are  lubiect^  to  an  aAer-  , 
treatment,  which  is  as  follows :  "The  goods,  after  being  rery  fauy  dyerl,  resu'rally  | 
with  addition  of  chalk,  and  then  washed,  are  paaiMxl  fur  some  time  through  a  sola-  i 
tioo  of  soap,  which  is  heated  to  a  moderate  temperature.   By  this  meaai,  •  great  dMit  I 
of  colour  is  remoTed,  as  tnay  be  seen  by  the  red  tinge  of  the  s<jap-liquor,  and  the  j.urity  ' 
of  the  white  jportions  is  almost  entirely  restored.    JDtuiug  this  pru>utiei^  the  brown  and 
jflDov  edonmng  matters  are  probably  removed  by  doable  decomposition,  the  elkell  of 
the  soa^  combining  with  and  dissolving  them,  while  the  fat  aoLd  f;:l'  ^  tlieir  jdaee  in 
the  fobne.   After  being  washed,  the  i^oods  are  passed  through  a  wuik  solution  of  acid, 
Moetly  sulphorie  or  oz^ie,  or  an  acid  tin-salt,  which  causes  die  eokmn  t»  Msme  en 
orange  tinge.    Tlie  p«;iut  at  which  the  action  of  tlie  acid  liquid  is  to  be  arresteil  can 
only  be  ascertained  by  practice.    The  next  step  in  the  process  is,  after  washing  the  ' 
goods,  to  trcat  them  anin  trftii  soap-liquor  in  a  dose  vtmA  voder  pressure.  Ify 
expOFing  th<'  goods  on  the  grass  for  wime  time  afli  r  tho  first  soaping,  the  uso  of  acid 
nay  bo  obviated;  bat  the  pcooess  then  becomes  much  more  tedious.   In  this  way  arc 
proanaed  theee  beantiftd  ^nka  and  VHam,  w^ridi,  for  delieaoy  ct  hne,  eoahined  with 
p*»  :it  pemmnence,  are  not  Mir{'as>od  by  any  dyed  colours  Icnown  in  the  arts.  "Wliethcr  • 
the  fat  acid  of  the  soap  employed  forma  an  essential  oonstitaent  of  these  colnura,  is  not 
eartabily  kaowit ;  hot  it  is  probaUe  Chat  it  eontribotea  to  their  beaaljr  and  dnability. 
It  is  certain,  liowever,  tliat  tin  y  always  contain  fat  acid.    If  a  piece  of  calico  wliieh 
haa  gone  through  the  prooeesee  just  described  be  tzeated  with  muriatic  add,  the  <X)1^ 
ie  destroyed,  and  a  yelkrw  etaiB  ia  kft  in  its  placa  litis  tcOov  itain  diaa|mean  on 
tri  ating  the  calico,  after  washing  with  water,  with  aUcali,  yielding  a  solution  oi  a  beau-  , 
tiful  purpk  colour.   Thie  eohitioa  giTea  again,  with  an  excess  of  acid,  a  yellow  floccu- 
kot  precipitate,  which,  after  filtiation,  diMN>lT»«  almoet  eotliely  in  Iwiling  alcohol,  and 
the  solution,  on  eTaporation,  afford.'?  needle-shaped  cry .-f  alb  of  pure  alizarin,  mixed  wit !i 
white  maases  of  fict  acid.   The  lattez^  therefore,  seems  to  ooc^py  the  jplaee  taken  ap  by  ; 
the  impiiritiM  belbre  treatment  with  aoep.**  (Soha neh.) 

An  es.'^ential  condition  for  the  pro<Tuclion  of  p«^rmanent  niadiler-colours  is  flic 
weenpco  of  a  certain  qoantity  of  liioe  in  the  bath.  Thia  was  fixat  pointed  out  by 
lEnnnaan,  who,  aftw  niaTing  prodooed  mj  fine  reds  at  Bonen,  wheire  the  wai«r  u 
calcareous,  cncouiitored  tlie  greatest  obstacles  in  dyeing  the  haino  nils  at  Txigellmch 
near  ColmaTf  where  the  water  is  aearlj  pare ;  but  on  adding  chalk  to  his  dye-bath,  he 
obtained  reds  as  beantifid  as  permanent  as  those  wla6b  he  had  fcnnorly  prodneed 
at  Koucn.  It  has  also  long  b<  en  known  that  A^ngnon  madder,  which  is  g^wn  on  a 
highly  calcareous  soil,  and  oontaiaa  so  mnch  calcic  carbonate  as  to  ofBetrrcsoe  with  acids, 
afford  the  most  permanent  aoloan^  ^creas  AUnee  madder  requires  the  adffitioa  of  i 
chalk  in  order  to  produce  the  same  effect.  Tlio  lime  afuxars  to  act  by  uniting  with 
thoee  constituents  of  the  madder  ^the*rubiaciu,  pectic  acid,  which  when  taken  up 
by  the  mordanta  in  laigc  quantity,  act  iEgurioualy  on  tha  oolonr:  tat  BdjundE  ana 
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Robiqiipt  hnTP  shown  by  ««xp<>rtiiieDt  that,  in  dyciiip if  ^>uro  alizarin,  tlio  lr>a«<t 
additiou  of  lime  in  mther  injurious  than  otherwise,  m  it  weukcuji  the  colours  witlMut 
adding  to  Uwir  dwabtlity.  On  tlio  otiier  hand,  the  addition  of  niUaciii,  of  tlie  re.-itK»i:!« 
oolounnc;  matter*,  orof  |i«N  ti<"  acid  to  alizarin  vra,s  f  )mul  to  be  very  jTfjudifial,  the  r>  i| 
then  acquiring  an  ontuge,  and  the  purple  a  rtHldi^h  iiue,  while  the  black  bK-niite 
iMWWuiah,  and  white  parts  of  tbe  labric  assumed  a  yellowiah  tiago:  Imt  tht-m 
effv^etn  disappeared  coni[(l««tely  as  soon  as  tlie  foreign  eolonrini;  matter  was  eompletely 
saturated  M-ith  lime,  thu  tinctcttial  power  of  the  alizarin  then  reappeariuK  with  ail  its 
original  intensity.  Too  great  ft  quantity  of  ¥m»  mnat  bowerer  be  avoided  «•  It  vonld 
t^iki'  :i>  1 1  if  the  ;ili;nrin  it';*  If,  nnd  prevc-nt  it  fVom  uniting  with  the  mordants. 

Vr«paratlona  o(  M«4d<Mr*  Since  madder  contains  a  variety  of  substances  which 
impair  the  brightneao  and  permanency  of  the  colours  prodoced  fay  alkHra  and  purpu 
rin,  it  follows  that  the  process  of  dyeing  with  it  must  be  greatly  fiicilitated  by  tiie 
prerious  remoral  of  these  8ubst«nce«).  This  object  is  attained  by  treating  madder  with 
sulphuric  acid,  which  destroys  the  mbiacin,  resmous  colouring  matters,  gum,  pectin,  eot- 
tructiTe  matter,  &c.,  and  at  the  same  time,  by  its  action  on  iiie  nil'ian  still  eztsHng  in 
the  madder,  increases  the  quantity  of  alizarin  and  purpurin.  Madder  thus  treatod 
produces  dyes  which  require  less  deanng  than  ordinary  madder-colours ;  and  thera 
M  this  further  advantage  in  its  VtB,  that  nMriy  all  the  eoIoTiring  matter  contained  in  it 
i«  available  for  dyeinjjr,  whereas  when  erode  nuxddt  r  iV  f  mi  Inyed,  nearly  a  (bird  of  the 
culouriug  matter  remains  in  the  residue  unutilised,  liieae  conaiderationa  have  led  tu 
tbo  luo  of  th#  frUgwiflg  ptirtFifwBii  i*f  iniililfT  * 

1.  Sulphuric  Charcoal  (ChurlHm  sul])huri(jU(), — This  name  was  given  by 
Bobiottet  to  a  Dxodoct  which  ho  obtained  by  treating  pulverised  madder  wkh  a  con- 
ntomble  qnaanty  of  nrfbor  strong'  .sulphurie  acid  fw  Mvcnd  boon,  tben  ditntnigr with 
water,  filtering,  washing,  and  drying  the  n'sidue.  It  dyes  strongly  and  {■mliici  s  very 
fine  ooloom;  but  being  difficult  and  costly  to  pn^iue  on  the  hurge  scale,  ita  manufacture 
htm  been  abtmdoned,  excepting  ftir  the  preparatioo  of  color  in,  a  invdiiet  imradiip^ 
into  eonmior;  I  1  y  MM.  L*igi<  r  and  Tlionias,  and  obtained  by  exhaiLsting  th»*  .sulplui- 
ric  ciiarcoal  wiffi  alcohol  and  di»tiiiiug  tli*.'  solution  to  the  cunsisti  nee  of  an  cxtnteL. 

2.  Garancin,  first  prepjed  by  Lagicr,  llobiquet,  and  Culiu,  in  obtained  in  » 
similar  manner  to  sulphuric  charcoal,  excepting  that  a  smaller  quantity  of  acid  is 
added  (less  than  a  third  of  the  weight  of  the  madd-T),  and  the  mixture  is  nion^  largely 
diluted  with  water  and  boiled  for  a  longer  time.  The  product  is  washed,  dri«  d,  and 
gfOund  with  a  small  quantity  of  chalk  or  sodic  carbonate  to  neutralise  any  acid  that 
may  be  retained  by  the  woody  fil»re.  I^IadJtT  yields  from  33  to  3G  p<  r  c<  nt.  of  g.intiu  in. 
Garancin  ooloura  iue  regarded  bomewliat  kt&s  titable  ikau  those  obtained  direct iy 
from  madder;  but,  if  the  ganaein  be  well  prepared,  the  colours  are  generally  fine  aad 
brilliant,  and  the  white  gro«nd  rr  muius  int^iet.  Tin-  violets  which  it  produces  arahav> 

.  ever  not  quite  satisfactory,  and  to  obtain  a  rose  colour  with  it  is  veiy  difficult. 

i.  Plneofftn,  or  JBiiaHm  eommfrcMe^  introdneed  by  ttmm.  Waealf  nad  Obw  of 
Mandiesler,  i.s  a  garancin  preparedand  washed  witli  thegreatest  care,  then  inadeasneutnl 
as  possible,  and  heated  above  100°  by  high  pressure  steam,  whereby  a  certain  Quantity 
of  novB  eoloorin^  matter  ia  daatnjed  or  fODdflKod  ioait  This  pcodnot  yiekU  very 
pure  and  bright  violet  tints  without Mqnjriag daariiig^  aadtha  other  ooloata ofateined 
witb  it  are  equally  satisfactoiy. 

4.  Oaranceux. — ^lliii  is  a  product  obtained  by  treating  the  waste  madder  of  the 
dye-houses,  which,  as  already  observed,  s^till  retains  aoonsiderable  quantity  of  colouring 
matter,  with  sulphuric  acid,  then  filtering,  washing,  drying,  and  grinding.  The 
eubstance  thus  obtained  still  dyes  tolerably  well,  and  may  W  u&cd  fur  a  certain  dassof 
patterns  not  cont.iining  ruse  or  violet  tintSi 

6.  Flowers  of  gladder  (FA'//r  frV/rffrfrf)  is  the  name  given  to  a  Iciud  of  wiu^hed 
madder  first  prepared  at  Avignou  by  MJSI.  Julieo  and  Iwocquer.  The  madder  is  sus- 
pendfd  in  valar  oontaining  a  small  proportion  of  acid,  partly  to  saturate  earthy  oaiho- 
raff'R.  partly  to  render  the  colouring  principles  less  soluble.  It  is  left  in  contact  with 
tlie  water  for  some  hours,  during  whidi  time  alizarin  and  purpurin  are  formed,  and 
beoomo  inaoluble,  aad  aometimee  a  true  fermentation  is  set  up.  The  product  is  tben 
careftJIy  washed,  so  as  to  remove  only  tlm  more  soluble  matters.  The  first  liqnorw, 
being  strongly  chai;ged  with  sugar,  are  subjected  to  vinous  fermentation,  and  on 
subsequently  diatilliag  them,  a  oonaiderable  quantity  of  alcohol  ia  obtained.  Hadder 
yields  about  60  per  cent,  of  this  product,  which,  being  frff  from  gummy  and  R;tccharino 
bodies,  and  especially  from  the  brown  colouring  principle  which  soils  the  niordtints, 
yield  much  finer  coloara  than  madder  ttaelf.  Move  than  half  the  quantity  of  madder 
cultivate<l  at  the  prcFf-nf  day  is  converted  into  flowers  of  madder  and  garancin. 

6.  Madder  Extract*. — All  the  products  above  mentioned  contain  nearly  the 
whole  <tf  the  iroody  flbn  of  the  soo^  an  impurity  vhich  prevrata  tbtir  nae  ia  ealieo* 
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printing.  To  gft  Hd  of  this,  gnrancin  or  sxilphuric  charcoal,  ')t  flowers  of  mftiMor,  is 
trrattxl  with  certain  solrentSy  as  in  the  preparation  of  oolorin  already  mentioned, 
vlwreby  the  eolouring  nattcm  are  distUTea  out  aad  thft  wooAy  tUm  nd  otlur 
impuritif'S  arv  left  Whinil.    Tl;n    l vents  uned  f  ir  this  j'urpose  are: — 

a.  Aluminium-eaits,  alum  being  almost  alwava  the  null  employed.  The  gamuein, 
ia  nepcatodfy  boflad  with  an  nqfnonm  aolotioo  of  alani,  the  ooioanoff  matter  precipitated 
fronj  r\io  fillratt>  hy  sulphuric  ucid,  imJ  the  prccipitat*5  colltftcJ  and  wiisIhhI.  Tlie 
•xtract  thus  obtained  aliooet  always  coutaius  alnmiiui»  but  is  otherwise  yery  pure^  and 
▼isildB  yvf  tnHUant  ooloma  in  dyeing  and  caMcu-yfigting;  b«t  ih»  pneem  im  eoatly, 
iMvausc  It  n-ijuin's  largo  quantities  of  alum  and  sulphuric  Jicid,  and  to  n'C(jvcr  tin*  ajuin 
in  the  dystaUine  fotm,  and  separate  it  from  the  acid,  the  m<Hhfer-liqaors  munt  be 
ationgly  coneentratea  id  leaden  Ttewla.  Mowoffw,  die  xvaidna  ci  fbe  madder,  being 
imprcgimtfd  witli  idum,  wLieh  prt'veIlt^  its  further  msv  in  dyeing,  is  totally  lost- 

6.  MA-aiis  and  JJU(aUne-saiU^Tb»  alkaline  extracts  are  obtained  by  repeat^/ 
treating  madder  or  ha  deriyatlTeawith  adlution  of  eanede  aoda,  eaibonate  or  phosphate  <if 
(lodium,  or  a^iu^-ous  ammonia,  filtering,  precipit-ating  tljc  colouring  matter  hy  a  mineral 
acid,  filtering  again,  then  washing  and  drying.  This  prooen  is  more  economical  than 
that  with  alum,  but  the  extracts  are  moch  eontniBiiiatea  with  lenaooa  and  pectoaa  sub* 
stances,  very  dark  coloured,  and  when  used  for  dyeing,  yield  colours  which  require  very 
careful  soapii^  and  clearing  whereby  the  depth  of  the  colour  is  greatly  diminishoa. 
The  extracts  may  however  be  improWd  in  quality  by  boiling  them,  while  yet  moist, 
with  dilute  sulphuric  add,  then  filtering  and  washing. 

c  Spiritwm  tolvenU. — The  extracts  prepared  by  treating  goodgarancin  or  flowers 
of  madder  with  alcohol  or  wood-spirit,  hare  a  fine  yellow  or  ycUow-brown  colour,  and 
dye  Terr  well,  especially  if  they  are  preserved  in  the  pasty  condition.  If  thcj  am 
thoroughly  dried,  tlie  colouring  matters  become  so  compli?teiy  enveloped  Ly  thp  resin, 
that  they  are  very  difficult  to  moisten,  and  nearly  insoluble  iu  wat«x,  even  at  the 
iNMling  heat. 

d.  Dirrct  prr-jjarattm  of  Rullan  from  Madder ;  E.  Kopp'g  process  (Hull. 
induBtr.  de  Muikoubu  (1861)  xxxi.  U;  Kt-p.  Chim.  app.  18GI,  pp.  ICo,  223,  27G; 
Jahnabw.  1861,  p.  238^— This  process  consists  in  the  treatment  of  madder  with  siil- 
phurfrtts  add.  It  difTcrs  ei»*entially  from  all  the  pre<?eding  both  in  prineijile  and  in 
practice,  re4ulring  the  use,  nut  of  fioBers  of  madder  or  ganuiein,  but  of  madder  iu  Ui« 
natural  state  and  as  little  altered  as  possible,  in  whidi«  in  faet,  the  colorific  principle 
(rubian)  has  not  yet  been  tninafornied  into  allz-iriii  nr  yurpiirin,  these  COmpottMl^  when 
once  formed,  bciug  no  lunger  soluble  in  water  cuutuimng  sulphurous  arid. 

The  process,  as  carried  out  on  the  largo  scale  by  MH.  Srl  laff  and  Lanth  of 
Stxasbourg,  is  as  follows  : — The  ground  madd*  r  is  macerat*^!  for  eight  or  ten  hours 
with  10  or  12  timeB  its  weight  of  water  coutaiuiug  2  or  3  per  cent,  uf  sulphumnw  acid  ; 
the  re.sttltin^  solution  is  filtered,  and  the  residue  is  pressed.  On  mixins  the  filtrate, 
which  contjiin.s  the  colorific  mattfr,  with  3  per  cent,  of  it^  weight  of  KvdpTiuric  acid,  of 
specific  gravity  1  -<i2,  and  he^iluig  to  30°  or  40°  C,  p  u  rp  u  r  i  u  id  depubited  iu  lai^e  red  or 
orange-coloured  fiakes,  which  are  separated  by  decantalion  and  filtration,  and  then  washotL 
The  mother-liquor  of  the  puqmrin,  heated  to  the  boiling  point,  gives  off  Ciirtx-mie 
acid,  and  yields  a  precipitate  of  a  1  i  2  a  r  i  u  coloured  greenish-bWk  by  a  foreign  substance, 
which  is  likeviae  pnMoced  by  the  action  of  acids  on  the  xanthin  of  MM.  Kuhlmanii 
and  niggin.  This-  tn-een  ali/jirin  is  CDlIeet*-!!,  filf  >  rr  i,  ui  !  washed,  Xt  IMjbe  ftothot 
purifieoby  sublimiitiun,  or  by  solution  in  alcohol  or  wood-ttpirit. 

The  ittocher-liquor  of  the  grem  aliaaiin  contains  the  wiiole  of  dw  aa]ph«rie  add  need, 
together  with  the  saccharine,  gummy,  and  other  matters  extracted  by  the  wafer  fr«im 
the  naddee.  This  add  liouor  is  used  for  converting  into  weak  garaacin,  the  madder- 
leaidae whfeh  haa  been  firhaiwlfd  by  agiwwa  nlphnroiw  add  and  pcsaad.  Tlieiiiode 
of  operating  is  cxaf'tly  the  !^ame  as  for  ti-ansformuig  ftvuh.  madder  into  viaruncin. 

Tne  mothar-Uouor  (tf  the  mrancin,  which  is  stUl  acid,  but  likewise  saccharine,  is 
mvtnliaed  with  lime  or  dudS,  and  fomented  ao  aa  to  obtein  aleohd. 

This  proci  fis  i.s  \i-y  simple  and  eettnomlcal,  (he  quantity  of  sidphuric  acid  eonsu  n  \ 
being  about  the  same  an.  onployed  in  the  prepamtioo  ot  ordinary  gnrnncin,  tiud  the 
only  other  material  naed  bnng  tiie  tmall  quantity  of  aniphnr  (or  pyrites)  required  to 
produce  the  Hulphurous  acid, 
By  a  careful  experimftot  on  the  aaiaU  scale,  Kia|ip  (Plained  from  100  pts.  of  Alsatian 


4^-0     „    madder-iwidae  diiad  at  40^. 

X-d  n  n  m  eontofted  into  guranrin  and  dfied  at  100^ ; 
9i'90 
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and  he  oitinwlei  ih»  nnitad  eolonring  powHS  of  Hum  ninTiili    tqial  to  t|  timM 

ihiif  of  tli«'  ma(lil(>r  if  employeil  in  tlio  oru(lf>  stato. 

It  does  not  appear  likeJj  that  anj  othw  antiseptic  substance  can  be  adyantageonslly 
mbstitatfld  Ibr  the  mlalivMPat  add  Kiopp  has  mmmmmfaStf  tried  pheaol,  nwoaotw, 

nrseniouM  uold,  anil  voiatilt'  oils  :  while  the  ma  of  aiitisoptic  salts,  nu-h  tli..«.«  of 
ataminiuni,  menxay,  copper,  lead,  &c  is  inadmiasibleb  becanao  tbo  residues,  vhich 
alwajB  eoofcani  a  portiott  of  tlw  Mlowhinf  witlsf ,  mndd  W  oootaaiiiiatsd  with  melalhe 

oxides,  aii'l  could  not  tlu  n  1»(>  n'lulcrtHl  aviiilalile  for  dyoing.  in  th<  form  of  garaiicin 
orgaranoenz.  (See  Hof  inanu'ti  /import  on  Chemical  FrodueU  and  Jhvetum  in  tkt 
MmuHkmat  EMhUhn  of  1862.) 

7.  M udder  Lakes. — These  bikes,  which  nro  obtuned  by  pncipituting  aqneoma 

Pttmcf  s  of  iiKiililiT  or  its  derivativos  with  salts  of  ahiminium,  iron,  tm,  ^:t'.,  Imt  espe- 
cially wilU  uluuiiuium-Halts,  possess  a  degree  of  fk>tiii'!^  whioh  viithstandis  tho  litroE^^PSt 
n^nts.  They  are,  however,  but  little  nsed  in  dyeing  and  calico-printing;  on  acemint 
ui  th'  ir  lii^h  prico,  but  are  ext.  n-ivf  1y  oniploycj  as  ftrti^its'  pigments.  For  the  prepa- 
nttion  of  an  aluminous  niad<ltr-iaki ,  sec  Lajub  (p.  466) ;  also  Vrcs  Dictionary  of 
Jrt»t       iii.  15. 

The  residue  of  madder  tn  af.  <1  wifh  pulphtimns  afitl  hy  E.  Kopp'^^  ptwfs's.  \mt  not 
yet  exhausted,  yields,  ■when  washed  wiili  builinj^  ualvr,  a  yellow  liquor  .still  retaining 
a  eonaiderablo  qaaiilfly  of  eolbariiig  matter  or  of  rubian.   TIuh  liqucir,  mixed  witB 
a  salt  of  aluminium  more  or  h*s?!  neutralised,  fumislios,  on  boiling',  fine  red  or  rote 
coloured  lakes,  accordin)Sr  as  the  proj;>ortjon  of  alumini  11  in-salt  is  ^^uter  or  smaller. 

Mine  liquid  mix^d  with  milk  of  lime,  produces,  OD  boOlllg;  avMet  linio  lake 
(«  eompoiind  of  alizarin  and  pnrp'Urin  with  lime),  whirh  may  serve  for  pro«lueing,  by 
douljli'  decomposition,  otlar  i-om^tounds  of  the  colouring  matter  with  metallic  oxides; 
or,  if  decompoeed  with  heated  hydrochloric  add,  it  will  yield  the  colonring  mattor  in 
the  fonn  of  a  yellow  or  1  irownish-yellow  extract  resembling  oolorin  (p.  lAZ). 

ValMtloii  of  Madder.  The  method  usually  adopted  for  ascertaining  the  value 
of  any  sample  of  madder,  is  to  dye  a  certain  quantity  of  mordanted  caU<x>  with  a 
weighted  quantity  of  the  sample,  and  compare  the  depth  and  Holidity  of  the  mImub  with 

those  produced  by  the  same  weight  of  another  sample  of  known  quality. 

Thibierge  (R^p.  Chim.  app.  1863,  p.  157)  proposes  to  estimate  the  value  of  a 
stimpio  of  madder  by  precipitating  the  alcoholic  tincture  obtained  by  treating  madder 
with  ino  times  its  weight  of  alcohol,  with  a  standard  solution  of  neutral  acetate  of 
li  ud,  A  simikr  method  was  proposed  some  time  ago  by  Basset,  who,  however,  weighed 
the  precipitate.  Thibierge  states  that  the  colour  of  the  precspttat*  olitained,  especially 
if  coutioued  Tiy  tliat  of  thr-  prefipitate  prodneed  liy  stanyiotis  clilorido.  is  suffirtt-ntly 
characteristic  tu  detect  the  prcscnct;  of  any  adult^raliou.  Ilic  method  uf  ^.Tccipitaliuu 
with  a  vtandurd  solution  of  acetate  of  lead  is  certainly  expeditious,  but  tt  remains  to 
be  proved  that  tho  ])recipitation  is  regular  and  Cfjraplete,  and  that  the  result  is  not 
vitiatrd  by  the  presence  of  any  foreign  body  t  xtraoted  from  the  madder  by  alcohol. 

Madder  is  sometimes  adulterated  with  sand,  day.  hriok-dust,  ochre,  8aw-duf>l.  bran, 
c.il;-l>;irlr,  ln«>wo<Hl,  and  otht  r  dye-woods,  sumach,  and  qui-n  i^ron-Iiurk.  J^nne  of  these 
iidultrr.it i<  uv  arc  difHcull  to  detect.  Those  which  contain  tanimi  umy  be  di^overed 
1>7  the  usual  t<^ts  for  that  substaaee^  atiioe  anaddcr  contains  no  tannin.  If  the  adul- 
(eration  is  of  a  mineral  nattir»\  its  presence  maybe  detected  by  inciii'  ratinp:  a  wri^h.d 
quantity  of  the  wmple.  If  the  quantity  of  ash  which  is  left  exceeds  10  per  cent.,  adul- 
temtioa  n^y  he  aupeeted. 

BCAOSEPOSSS.  CalcareOTH  eonprc'tI(ins  jToduced  by  polypi,  placd  at  the 
■uriace  ol  calcareous  ramifloUioiui  which  are  Used  at  their  basc>,  and  pezfuroted  by 
nuDMCons  parse. 

ICAOUTntT.  A  term  formerly  applied  to  certttin  white  prectpititca;  thus,  the 
basic  nitrate  of  bi>mtith  thrown  down  on  adding  water  tO  a  Mlatioiiof  Uie  metal  in 

nitric  acid,  was  culled  uLayislary  of  Otsmuth, 

MAWMAm  A  precipitate  <»]iiaM<tf  ciyatali^  or  nuzton  of  anhitaiioei  in  a 

or  pjisty  state. 

IWAOJTESXA.    T'l.^  f        of  mnpTjesium  (p.  754). 

JWAGWBSXA  AIiBA.  A  pbannaceutioaX  propantion  consisting  of  a  mixture 
-ofeeTeral  hydrociriwiiBtea of  i&^Mfnm ohUuned hy precipitating  a  sdnfala  -"jprnnrr 
salt  with  an  aUcaliiM  earibonatek  (See  CaBBOHunai  i  788b) 

aCAOVBSXA  irzo&A.  An  old  name  Ibr  Uaek  oxide  of  mtii|pMiCia  (q.  «.) 

wy  —  l  ■  ■»  Native  cariwnato  of  m»mmjm,  (See  QhMmuaam,  i,  p,  787.) 
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KAOVBsruM.    fljjB.  MUgttmm,  Bpabok  and  Atooie  wti^^  Hg  IS 

Mmij  or-Mrg  —  24. 

This  metiil  is  uBually  classed  with  those  whose  oxides  constitute  the  alkaline  earths ; 
but  it  is  much  nioro  closely  analog^u*<  to  7.1m  than  to  any  other  clement.  It  occurs  in 
the  mineral  kiugUom,  as  hydrate,  carbonate,  borate,  phosphate,  sulphate,  chloride ;  and 
nitrate,  sometimes  in  the  solid  stskfl^  mjmUhoM  wsolved  in  Tanons  minerul  waters 
(including  salt  springs),  and  in  sea-water;  in  a  rarifty  of  miiiomls,  consisting  of 
fi^f-MtA  mngne«iium  combined  with  other  silicates,  as  in  so^tp-stono,  mcexticliauni, 
vlMtite,  ophit>>,  t  >Iit<-,  anorthite,  hornblende,  asbestos,  tale,  au^te.  chnsolite,— and 
combined  with  ahiniiiiinm,  m  .'•pinel  and  zeilanite.  It  also  ciccurs  in  tht>  Wdies  of  plants 
auUaulnKils,  «  ]ut<t!y  an  carbonate  and  phof^iate,  and  in  combination  wiihoi^ganieaeida. 

Our  acquaintance  witli  the  oompoiindb  of  tUfl  nMtal  does  not  date  horn  eolj  llaMt. 
The  knowltMl|_'<^  of  carbonate  of  ma^vsium  or  7na(jn>sin  atha,  as  a  nKMlIcine,  wns  first 
prumulgi^cd  from  Home  in  the  beginning  of  the  eightetiuth  contuiy.  Vtilentinin  1707 
and  Slefogt  in  170^  subeequentty  Ibund  the  same  earth  in  the  ]nollMr>liquor  of  salt- 
petre and  in  E]iwm  wilfn.  IToflVnann,  Black,  Margraf,  and  Bergman  pointed  out  tho 
dbaraeters  which  distinffuish  it  from  lime,  withwhidi  it  was  at  first  confounded.  Davy 
ftnt  obtainad  ham  it  ue  malal  magneniim,  wbkb  Busen^  succeeded  in  proparin^  in  a 
t-tato  nf  pratrr  pnrity.  It  has  sincf'  hvcn  ohtaiaad  U  BUUh  Jaqjff  qiillltitiSI 
Bunsen,  Mxitthicssen)  and  Deville  and  Caron. 

frtpamUm  tk»  «wfdL->l.  haatinir  th«  aahydroos  dtlonde  vidi  potaasium  in 
H  |H)rofl;iin  or  pkfinuni  crucible.  Wht-n  cold,  tlio  contents  of  tho  v-'ssc!  ar.-  dijicsted 
in  cold  water,  by  which  the  solubld  chlorides  arc  dissolved  out,  and  the  metal  is  leftaa 
a  grey  powder,  whidi  flan  be  melted  into  g^cMlM.   (Bnssy,  Po^.  Ann.  xyiii  140.^ 

2.  Bt/  th'  ,firiro!>fSii.^  of  th  /!!.■<<  d  chloride.  A  pon-.-laln  crucible  js  dinded  in  its 
upper  part  into  two  halves  b/  a  vertical  diaphragm  (made  out  of  a  thin  porcelain 
eradUe  cover),  and  fitt^  with  a  wm  (filled  from  a  tfleX  tiuoo^  wfaidi  the  extnmHifla 
of  the  ciirlton-jH-ili  s  of  a  galranie  bjittcrj"  are  intnjduci  d  into  the  two  haltes  of  tlu-  cru- 
cible. The  crucible  is  then  heated  to  redness,  together  with  the  eorer  and  the  poloa, 
and  iDed  with  ftiaed  ehloride  of  maneaiiim;  and  the  ealt  \m  mtgeeted  to  theaetkmof  a 
battery  of  10  zinc  carbon  elements.  Thencjjpitive  pole  is  cut  like  a  saw  {fg.  427,  Tol.ii. 
p.433j8othatthe  magneeiaDi,aa  it  •epazates,  may  lodge  in  the  cavities,  ami  not  float  on 
the  snrAiee  of  the  apeeifleany  h«Kvicr  liqoM  (Bvnaea,  Ann.  Oh.  Vham.  Izxxii  187% 
Accortlin^  tcj  Mat t hi t«,s on  (Clioni.  Sue.  J.  viii.  10"),  the  metal  niu}'  bo  much  more 
easily  obtained  £rom  a  fused  mixture  of  4  at.  chloride  of  ningneaium  and  3  at.  chloride  of 
potaadom,  wfaidi  is  prepared  vflli  gveaterfitcilitj  than  tli<>  pars  anhydioaa  ehloride  of. 
magnesium.  The  two  siilts  mixed  in  the  proper  projKjrtion  *  witli  a  little  chloride  of 
anunonium,  may  be  fused  and  electrolysed  in  Bansen's  apparatus  jost  ^described,  the 
CQtting  of  the  negative  pole  being,  however,  dispensed  with,  as  llie metal ii heavier  fhan 
thefu>i<  d  mixture.  A  very  Himpie  and  convenient  way  of  reducing  thcmetal,  especially 
for  the  lecture  table,  is  to  fuse  the  mixture  in  a  conunoa  clay  tobacco  pipe  over  an 
argand  spirit-lamp  or  gas-burner,  the  ne^tive  pole  bong  aa  iroii  win  paMBd  Vjp  tlM 
pipe-stem,  and  the  positive  pole  a  pieee  of  gM-eokOb  jnAtOOdlillg  tka  Mttiioaof  the 
fiased  chlorides.  (Matthiessen.) 

Hagneijium  may,  however,  be  ol^Ained  in  much  lai|^  quantity,  by  heating  a  mix* 
ture  of  600  grms.  of  chloride  of  magnesium,  100  gnns.  fused  chloride  of  sodium,  and 
100  gnus,  of  pulverised  fluoride  of  calcium,  with  100  ^nns.  of  sodium,  to  bright 
redness,  in  a  covered  earthen  crucible.  The  magnesium  is  thereby  obtained  in  globules, 
w'  ti  h  are  afterwards  heated  nearly  to  whiteness  in  a  boat  of  compact  charcoal  placed 
wiiltin  an  inclineil  tube  of  tho  same  material,  through  which  a  stream  of  dry  hydrogen 
is  passed.  The  magnesium  then  volutiliKcs  and  condenses  in  the  u^'p<  r  part  of  the 
tube.  Lastly,  it  is  remclted  with  a  flux  imposed  of  chloride  of  magnesium,  diloride 
of  sodium,  and  fluoride  of  calcium,  and  is  thtis  obtained  in  large  globules.  It  still, 
however,  usually  retains  |)ortions  of  carbon,  silicium,  and  nitrogen,  from  which  it  may 
be  purified  bjFcareful  distdlation  in  a  current  of  hydrogen  (Deville  and  Caron,  Ann. 
Ch.  Pharm.  d.  359).  Son  stadt  has  recently  pr^aied  mag^eeimn  bj  thia  pioeesfi  on 
a  considenible  sesde  for  commercial  purposes. 

Properties. — Mafn^esium  on  the  nvently  fractured  surface  is  sometimeaaE^tly  crys« 
falline  and  coarsely  laminated ;  sometimes  flne-gratnrd.     In  tho  former  cn«;e,  it  is 
dilvt  r-white  nnd  shining ;  in  the  latter,  bluish-grey  aud  dull.    Its  spociflc  graviiy  is 
I'T'lSO  at.    ft^  C.  (Bunsen) ;  1  7<^.  according  to  DoTiUe  and  Cu  ron.    It  is  about 
I  as  haifl  as  ealcspar,  and  may  be  mnUy  filed,  bore  1.  stnvn,  and  flattened  to  a  certain  ex- 

*  tent,  but  is  srareely  more  ductile  thauziuc  at  ordinary  temperatures;  it  may,  however, 

bo  drawn  out  into  wire.  It  melts  at  a  modeKit.  red  heat  (Bnnsen);  melts  and 
volatilises  at  alniut  the  same  temperature  as  zinc  (Deville  and  Caron).    It  does  not 

•  Tb«  •oInUiio  oC  Um  cfatoriAaqf  wsgnsshini  wuf  bsTuperfd  slwwi  to  dryaeis  ana  uwIvbo4  io 
tad  the  rrti^lQe  of  enfer^'oasasli  pnwt. 
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niter  in  a  dry  atmoflphore,  but  in  damp  air  Honn  l>eooTnM  covered  witka  film  of  hjdrati 
of  magnosiam.  Heated  to  niotm  in  the  air,  ot  in  oxtfgm  got,  it  buw  with  a  daEzling 
bluish-white  light,  and  forms  magnesia.  The  light  of  burning  magnesinra  is  remark- 
ably rich  in  chemical  rays,  and  mM  bo  used  fur  taking  photographs.    It  decomposeii 

fmre  cold  foaUr  hot  slowly,  uMtAtted  water  very  qniddy ;  when  thrown  on  aqueous 
lydrochlorie  acid,  it  takes  fire  momentarily ;  strong  tul^huric  acid  dissolves  it  but 
«lowly  ;  a  mixture  of  sulphuric  acid  and  /umiiuf  nitrie  Mtd  does  not  act  upon  it  at  or- 
dinary temperuturfs.  It  bams  when  heated  in  ektoHitt  §c» ;  also  in  bromine-vapour^ 
thoogh  with  It'^  fm-ility  :  in  svJphnr  and  iodine-vapour  vpry  brilliantly  (Bun sen).  It 
unites  directly  with  nitrogen,  furmiiig  a  transparent  crystaliisod  nitride,  Mg'N. 
(DeTille.) 

Miigneftiuro  forms  but  onn  ftories  of  eompOUldl^ in  iriuoh  it  if  WtXMCh  Ot  ^^*mir 
aocurduig  to  the  atomic  weight  adopted,  e.g,: 

i:h»«Uotid0  Mga  »   19  -f  m  -  47*6 

orMmg'CP    -     24     +  2.356  -  M-O 
1!k«<ndde  -  2.12         16  40 

oeMaig''0    «    84  1«     «  40 

MAiflMRVI^  SBMBBMi  #Pt  l^^Br  or  IbngBr*,  lilbnndtefBi^'Witw  HidiB 

numerous  palt  springs.  It  is  prodncctl  by  hrating  magnesium  in  bromino-vjipour,  or  by 
pftiwing  the  Tapoor  over  an  ignited  mixture  of  magnesia  and  charcoal.  In  the  anhy- 
aian  state,  it  is  a  wbita  mass  of  crystalline  anpect,  wUeh  is  aot  finiliblNiloir  a  rad 

heat,  and  not  volatile.  It  deliquesces  rapidly  in  the  air,  and  dissolves  in  watrr  \Wth  a 
hissing  noiite  and  evolution  of  heatk  The  solution,  which  may  also  be  produced  by 
dinolrmg  magnesia  in  bydrolwoittie  acid,  yields,  by  evaponaon  over  oO  of  vitriol, 
Siyitals  containing  3  at.  water.  When  evaporated  by  heat,  it  gives  off  part  of  ital^'- 
drobromic  acid,  and  loaves  a  mixture  of  magnesia  and  bromide  of  magnesium. 

MAOirziSZVaK,  CH&ORZSB  0F«  MgCI  or  MmgCl-,  is  an  ingredient  of  sea- 
iPiiter  and  of  many  salt'Springs  an  d  otlicr  mineral  waters.  It  is  prodiuesd  wh«i  mag- 
nesium bums  in  chlorine  gas,  also  by  pa.«sHing  a  stream  of  chlorine  over  an  ignited 
mixtun^  of  magnesia  and  charcoal.  This,  however,  is  not  a  good  mode  of  preparation, 
Iweause  the  chloride  of  magnesium  has  but  little  volatility,  and  does  not  separate 
easily  fmm  the  charcoal.  Neitlifr  fan  the  anhydrous  chloride  be  <jbtaino<l  by  dissolving 
magnesia  in  hydrochloric  acid  alid  evaporatinfi;  to  drj-neps,  because  it  is  tiien  partly 
deeompoasd  by  the  water,  giving  off  hyaradiloine  acid  and  leaving  magnesia.  The  htvt 
iDode  of  preparinp:  it  is  to  evaporate  to  dryness  a  solution  of  mafrnosia  in  hydrochloric 
add  mixed  with  sal-ammoniac,  and  ignite  the  residue  in  a  platinum  crucible.  A  double 
chloride  of  magnesium  and  ammonium  is  thus  fonasd,from  which  the  water  is  espeUed 
before  it  can  decompose  thf>  Hiloriib^  of  magnesium  :  and  at  a  higher  temperature  the 
anhydrous  double  chloride  is  likewise  decomposed,  giving  off  sal-ammoniac^  and  leaving 
pore  chlorida  of  Bagnesium. 

Anhydrous  chloride  of  mapnrpium  \t  a  white  translucent  mass  consisting  of  large, 
ficxible  c^stalline  plates,  having  a  pearly  lustre,  and  aharp  bitter  taste.  It  melts  to  a 
elsar  liquid  at  a  low  red  heat  It  oissolves  readily  in  water,  with  considerable  rise  of 
ti-nipomf ure.  The  hydratrd  chloridr.  is  deposited  from  a  hot  concentrated  solution  on 
cooling,  in  neetUes  and  prisms  containing  MgCL3HK).  The  cxystals  are  highly  deli- 
quescent, dissolve  in  0*6  pts.  of  cold  vato^  in  0*279  pta.  of  hot  vatar,and  in  S  pts.  9t 
alcohol  nf  specific  gravity  0'817. 

Chloride  of  magnesium  unites  with  the  alkaline  chlorides.  The  potoMium-Mlt, 
KGL2MgC1.6HK),  crystallises,  by  careful  evaporation  from  the  last  nuiUier>liqnor  of 
sea-water  in  rhombohcdral  crystals. — The  sodium  wft  OOOtaiM^  aooordil^to  Poggi«l« 
(Compt.  rend.  xx.  1130),  NaCL2MgCUi*0. 

salt.H  an  col- mrless,  unless  tliey  contain  a  coloured  acid.  The  carbonate,  Itorato,  phos- 
phate, arsenate,  arsenitc,  and  many  of  the  oiganic  salts^  ate  insoluble  in  water;  but 
most  of  time  «dti  are  sdhible  in  a  sohitioa  of  ehloride  of  aannoiiiiiBi;  most  ef  tiie 
others  are  soluble.    The  aqueous:  solutions  have  a  bitter  ta.ste.    All  'l^'mii  nsltn, 

excepting  the  ignited  metaphosphate,  dissolve  in  lydrochlorie  add. 

\.Iteaeiion9  in  tie  drf  «say.---Anmagnc8i«aMnltBeontainxngTolaii!e  adds  are 
decomposM  by  ignitiun,  leavin<ra  n  siihif^  of  ningnema.  Magnosium-falts  heated  lieforo 
the  blowpipe  with  a  small  quanti^  of  nitrate  of  cobal^  leave  a  rose-coloured  residue. 

2.  B*9cHon9  ?«i9o{«<«oii.— flolntionsofntagtteanniHnltsarenotpredpitatedby 
suJphydric  acid  or  .■'u!j>hide  of  ammt-nium.  The  fix-d  alkalis  and  tlirir  carfhmatis 
produce  a  white  precipitate  of  hydrate  or  carbonate  of  magnesium,  insoluble  in  ezceea 
of  fhs  reagent;  nut  solnble  In  annmmiaeal  salts,  eq)edal]y  of  ehloride  of 
If  the  snhrtion  contains  aninioniacal  salts,  no  precipitate  is  formed.  Ammimia  added 
to  a  neutral  solution  of  magnesia,  not  containing  any  anunoniacal  aalt»  throws  down  % 
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white  precipitaf«,  ineoluble  in  ezcesR  of  ammonia ;  but  if  the  solution  previotisly  caii> 
tainedan  excess  of  acid,  no  precipitate  wfonned,  the  magnesium  being  kept  in  ^tolution 
by  the  ammoniacal  salt  proaaced,  md  «vmi  irhen  the  onginnl  solution  is  iicutrtLl,  only 
ft  put  <rf  the  magnesia  is  precipitated,  the  rc«t  being  heiti  in  solution  in  the  same 
manner.  Magnesium-salts  are  not  precipitated  by  carbonate  of  ammonium,  ferro- 
cffanida  of  potassium,  or  alkaline  su/phatfs,  B^mfta  or  lime-watir  added  to  the 
solution  a  magnesiitm-salt  forms  a  prodpitate  of  hydrate  of  magnMimii.  Tliii 
reaction  aflfbrds  an  easy  method  of  separating  magnesia  from  tho  alkalis. 

Ordinary  fhosphate  of  sodium  added  to  a  neutral  solution  of  a  mamiesium-salt  pro- 
4ucef>  n  gelatinuuApnei]Htate  of  phosphateofnuigDesium, soluble  in  nitnoorhydrochlorio 
acid;  but  if  ammonia  be  then  ad^rd  in  excess  to  the  acid  solufion,  a  prpHpit'ifo  of 
phosphate  of  magnwiium  ainl  uramuiiium  (Mg'NH'PO*)  is  formed,  which  in  tUjocnlent 
or  gelatinous  at  flnt,  but  mow  becomes  ciystalline,  especially  on  agitation.  Tlie  amm 
precipitate  i«  likewise  proJuood  on  addini:;  ;i  sulul-lo  phoM{)liate  to  tht"  solution  of  a  mng- 
nesinm-iialt  already  coat-;iiniug  aiainoiiia.  It  is  uu  i-xtroiiifly  driicato  test  of  the 
presence  of  magnesia.  If  the  solution  is  Tery  dilute,  the  pra  ipir/iti;  attaches  itself  in 
crystalline  grains  to  the  sides  of  the  vesseL  Aci  ordliig  fo  lliirting  ('.T.  pr.  Clipm. 
zxii.  50),  a  solution  containing  only  of  indi^nesia,  gives  a  precipitate,  after  24 

hours  with  phosphate  of  ammoninm  mixed  with  free  ammonia,  provided  Ae  latter  so- 
hitioa  is  highly  concentrated  and  added  in  equal  quantity.  Oxalic  acid  or  acid  oxalate 
of  potassium  pndpitBtea  neotzal  magnwrium-aolatione,  prorided  no  ammoiuAcal  aAlt« 

are  present. 

S.  Quantitative  Estimation  and  Separation. — When  magnesia  occurs  in  a 
■olution  not  eootaiidsg any  other  fixed  substance,  its  quantity  may  be  determined  Inr 
eTnporarin£»  to  dryness,  igniting  the  residue,  then  moistening  it  with  sulphuric  aeia 
slitflitly  diluted  with  water,  and  expelling  the  excess  of  that  acid  at,a  low  red  heat: 
go^ihatt^  of  magnMdmii  then  iaimiii%  eotttainiiig  SS*7  par  eoit.  of  imignaiiiii  or 
per  cent,  of  mapiiefium. 

If  the  soiuiiuD  contains  other  fixed  substances,  the  inaguesiii  must  be  precipitated 
hjthe  odditioB  of  ammonia  in  excess  and  phosphate  of  sodium.  The  pmeipitated 
ammonio-Tnafrnesian  phosphate  (^op?  not  sfttlo  d^vn  ;U  once,  but  its  deposition  maybe 
accelorattsd  by  Itiuviug  the  ressel  in  a  wurm  place.  Core  miist  be  taken,  howover,  not 
to  allow  the  liquid  to  get  very  hot,  as  in  that  case,  hydrate  of  magnesium  will  be  pre- 
cipitated, and  will  be  very  difiScult  to  redissolve.  The  precipitate,  after  standinp;  for 
about  two  linurs,  is  •wUected  on  a  filter  and  washed  with  water  containing  ammonia,  as 
pan  water  deeomj  oges  it.  It  is  then  dried  and  igiiited,  whereby  it  is  conveitad  into 
pyrophoBphat*>  of  magnesium,  2.Aig^0.F-'0*  or  2iIg*.PK}',  oontaining  16*83  per  oeni. 
nuuzneeia,  or  21  Q2  per  cent  magnesium. 

nom  the  heavy  motali^  magnesium  mny  bo  separated,  either  hf  tidpkffdrio  add 
or  by  snlphide  of  ammmiTr'm  ;  from  aluminium  and  the  other  metals  of  the  earths 
proper,  also  by  sulphide  of  ammonium.  In  precipitating  hy  aiU^thide  of  amniouiura, 
however,  it  io  necessary  to  guard  agaiiut  the  simultaneous  precipitation  of  small  quaa* 
titles  of  mncrnesia,  fur  which  piirpo«e  the  ammoniucal  liqaid  sfioiiKl  be  boiled,  before 
filtering,  till  the  excess  of  ammonia  in  expelled ;  any  mugncsia  that  may  have  been  pre- 
cMIbM  will  then  ho  TCdinoI^(H.  Rose,  Pogg.Aiiii.  ex.  4U).  For  tha  Kponttoo 
of  mapTiesinm  from  man  pane  so,  F<e  Mahoanesb. 

From  aluminium,  mague&ium  may  be  separated  bj  precipitating  the  former  with 
igmonipkat  ^$eikm  (i  156). 

From  barium  and  strontium,  magnesmm  is  separated  by  nj/lpl/nrt'c  anW ;  from 
c a  1  c  i  u  m  by  oxalaU  cfimmmiuin.'wxth  addit ion  of  chloride  of  ammonitim,  to  prevent  the 
precipitatiim  of  tho  megneoifc  when,  howerrer,  the  qnantity  of  calcium  present  is  very 
small  in  proportion  to  the  mapne«:tnm,  this  mode  "f  precipitation  do.  s  not  i^^ive  exact 
results ;  and  it  is  better,  according  toBcheerer  (Ann.  Ch.  Pharm.  ex.  36),  to  convert 
the  two  metals  into  sulphateo;  dissolve  the  sulphates  In  wnlw;  eareftilty  add  akohol 
with  stirring,  till  pernii»nent  turbidity  is  prijdncecl  ;  leave  the  liquid  to  itst  lf  for  a  few 
hours,  by  which  time  the  sulphate  of  calcium  will  be  completely  precipitated,  together 
with  a  small  quantity  of  sulphate  of  maf^eeiiim ;  waah  the  precipitate  on  a  filter  with 
alcohol  diluted  with  an  c<\vi;\\  volume  of  water  ;  then  reilissolve  i  in  water,  add  hydxo- 
chloric  acid  in  excess,  and  precipitate  the  Ume  with  oxalic  acid  and  ammonia. 

Fioai  tho  alkaH*metale,niagneaiinn  maybe  aepaxnted  hyeonTertinirtho|Miseahito 
sulphates,  and  addinir  harifta-water.  The  ninp-nesia  is  then  preripitntcd  in  the  fonn  of 
hyurate,  together  with  sulphate  of  barium.  The  precipitate,  after  washing  is  digested 
with  dflbto  aalphwie  aeid,  wfaidt  extraeto  the  magnesm  in  tfie  limn  of  «mphato ;  and 
the  filtrate,  eontainin::  ^1  r  alkalis  together  with  the  excess  of  baryta,  ia  also  treated  with 
sulphuric  add,  which  precipitate*  the  baiyta,  and  oonrerts  the  alkalis  into  sulphates. 

fhffiMsivm  in^r  atao  hoaapantad  fhm  tho  alkali>»ot^ 
Yoi.  m.  8  0 
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TIm  Wfih^fm.  from  which  all  metals  except  those  of  the  alkalis  and  magnesium  have 
b«en  removed,  and  which  must  contain  no  fixed  acid,  is  dige8t<-d  with  exrt  sx  of  fuicly 
divided  mercuric  uxido  ;  the  whole  evaporated  to  drjrneus,  and  the  residue  hcHtcd  lo 
Maoff  the  mcriMiry.  Thbwa^guumthmwmtimmmtgfi^^ 
ht  washed  out  wit)i  water. 

Ohancel  ^Compt.  rend.  194),  reconimeiui^  thu  ioUuwiug  method.  The  magnesia  is 
pwelpiUted  mm  the  solution contaimagsal-ammoBlMand  frw  •aanonia,  hj phoaphaU 
of  ammonium  ;  \\\<-  filtrate  is  evaporated  to  dryness;  the  residue  carefully  ignited  to 
expel  ammoniaoiil  suits;  then  redissolved  in  water;  and  the  solution  is  mixed  with 
nitrate  of  silver  and  a  slight  excess  of  csirbonuto  of  silver.  After  filtering  off  the 
phosphate  of  silver  (and  chlcride.  if  the  alludis  »'xisted  in  the  solution  as  chlorides),  the 
excess  of  silver  is  removed  from  the  filtrate  by  hydcochlorio  acid,  and  the  alkalia  axe 
wtifluited  M  oUoridMk 

4«  Atomic  Wri'i/lt  of  Ma/pi  >■  s  i  i>  — r>-  r/.1iu.<?  found  that  100  pts.  of  magnesia, 
dissolved  in  pore  sulphuric  add  and  ignited,  gave  293*86  of  sulphate  of  magnesium. 
^kIg'SO*,  whence  the  atomic  vreiglife  of  magncsinm  wonld  be  12'82,  a  xesalt  too  high 
according  to  later  experiments. 

Scheerer  (Pogg.  Ann.  Ixix.  13d),  by  determining  the  quantity  of  sulphate  of 
barium  produced  fi-om  a  given  quantity  ot  sulphate  of  magnesium,  fonnd  for  magneeiom 
the  number  I  J  1.  Tim  results  of  Svanberg  and  Nordenfeldt  (J.  pr.  Chem.  xlv. 
473),  obtained  by  the  decomposition  of  oxalate  of  ma^esinm  (Mg*CK)'.2HH)),  made 
it  12*35 ;  those  obtained  by  converting  a  known  weight  of  magnesia  into  sulphate 
gave  it  as  12-37;  whilst  those  of  Marchand  and  Scheerer  (Ann.  Ch.Pharm.lxxvi. 
219),  obtained  by  igniting  the  native  carbonate  (magneeite^  gave  the  number  12*02. 
Dumas  (Ann.  Ch.  Phys.  [3]  Ir.  129)  attempt«^d  to  determine  the  atomic  weight  of 
magnesium  by  precijtitating  the  chloride  with  nitrate  of  silver,  but  he  found  the 
greatest  diificulty  in  obtaining  the  ohiioride  firae  from  r'^mffl  "Iha  mean  of  aievea 
axperimeuts  gave  Mg  «  12*3. 

Tha  mean  of  all  these  results  is  1216,  but  those  of  Marchand  and  Sohe^rer  ara 
generally  regarded  us  the  most  trustworthy.  Mon^over  Scheerer  has  lately  shown,  by 
his  method  of  8<'parating  cidcium  and  magn'-sitim  above  given  (p.  753),  that  the 
specimens  of  magnesite  used  by  himself  and  M  u-.-h  tnd  in  their  determinations,  con- 
tain* d  small  qtmntities  of  calcium  not  preriou>ly  dotoeted.  Ho  therefore  considers 
that  the  number  12'02  found  in  those  experiments  was  rather  above  than  below  the 
truth.  On  the  wfaoks  thou,  the  atomic  weight  of  magnesium  maybe  lagnded  as  IS 
for  Mg  (monatomie),  or  24  for  ^Ihil' t  <li  itrmiic). 

MJLOWSSXUIK*  V&nOSZSB  OF.  Obtained  as  a  white  tasteless  powder  by 
treating  the  carbonate  with  hydroAuoric  add,  or  mixuag  the  sulphate  with  fluoride  a£ 
potiashim    It  ia  ipiohiblo  m  iPitar  aadiiiiqy  ioaolnbte  in  aejos. 

wuLOVE^Tcryr,  rXiiroBORZi>i3  of.  See  BoBorLooonw  (L  6MX 

BEAOWESIirM,  rXiVOSZXiZCZSB  OF.    See  SuJCOFT.rosTBliS. 

MAOWBSZUaCf  ZOBZSB  OF.  Obtained  by  evaporation  of  its  solution,  as  a 
ditteultly  cryatallisable  hydrate,  which  deBqnceeea  m  fhe  air,  and  when  heal«d  f^'Vil 

off  hydnodie  acid      1  L  :tv  s  pure  magnesia. 

KAOKTBSZtrM,  KXTSLTOH  OP.  Mjf^"  or  :Mmg'N'.— Peville  and  Caron 
(Oom^t.  rend.  xliv.  394),  by  distilling  impure  magnesium,  obtainid  a  blaek  rtwidue,  and 
ft  distillate  of  magnesium  covered  with  small  transparent  needles,  which  easily  decom> 
posed,  with  f  irniation  of  magnesia  and  ammonia,  and  theri  fore  contained  a  nitride  of 
magnewium.  Briegleb  and  G  eut  her  (Ann.  Ch.  Pharni.  exxiii.  228)  have  obtained 
the  same  oompoond,  in  the  amorphous  state,  by  igniting  metallic  magne«<ium  in  ammonia 
or  in  nitrogen  gas;  the  latt.  r  rm  thod  giving  the  purest  product.  Nitride  of  mng!iff<ium 
thus  prepared  is  a  green iHh-yeUow  amorphous  ma-ss,  becoming  lirowniuh-yellow  when 
hot.  HeatfSd  in  dry  oxygen  gas,  it  oxidises  to  miignesia,  with  vivid  incandescence.  It 
is  decomposed  by  air  and  water,  the  reaction  in  tlie  latter  ci^o  lieing  violent  enough 
to  make  the  water  boil.  Acids  both  dilute  and  concentrated,  with  the  exception  of  strong 
sulphuric  acid,  form  amm  inium-  and  magnesium-salts,  even  in  the  cold;  strong  sul- 
phuric acid,  only  when  heated,  and  with  evolution  of  sulphurrnif;  anhydride.  Tho 
nitride  heated  in  hydrochloric  acid  gas,  yields  chloride  of  ammonium  and  clUorida  of 
magnesium  ;  in  sulphydrieadd,  the  corresponding  siil|ihidee.  Carbonic  anhydride  and 
diy  carbonic  oxide  decompose  it,  at  the  heat  of  n  strong  air-funnce,  with  separation 
of  carbon  and  fonnation  of  cyanogen.  Wlu  n  vapour  of  penta-chloride  of  phosphorus  ia 
pamsd  over  ateide  of  magnesium  heated  in  a  stream  of  nitrogen,  the  nitride  iaeoB- 
Twtad'intoagvqriah-white  substance,  probably  P'N*,  acconling  to  tiia  oqioatiaa: 

3PCP  +  5Mg»N    -  '  loMgCl  +  P»N» 
"When  nitride  of  magnesium  is  heated  to  160**— lbO°  in  a  sealed  tube  with  oxychloride 
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of  phosphonu;  and  tlie  nmm  ot  oi^viUoade  fi  &MMi  oi;  Aara  raMh»  a  residud 
which  melts  at  220",  iitnl  dis^olvt  s  completely  in  \vat«  r,  witli  ;?reat  evolutioa  of  heat, 
forming  a  solittioa  which  girca,  with  acetate  bariam,  a  pi^ocipitate  of  metaphn^phate 
of  barium.  AbMlnke  aloMMl  and  iodide  uf  ethyl  do  act  oa  nitnda  of  mtiguetuum, 
mx  at  160O. 

MAOnSXinMCf  OZnia  of.  Magnesia.  "M^O  or  MmgO. — This  earth.  whUdl 
is  the  onlv  known  oxide  of  magnesium,  is  produced  in  the  form  of  a  white  miiorj-hons 
powdt  r,  whi  u  magnesium  bums  in  the  air  or  in  oxjgen-gas,  and  remainf  in  the  i>ame 
•tate  when  the  carbonate,  nitrate,  or  any  other  salt  of  magnesium  contain  in;,'  a  volatile 
acid,  is  ignited  in  t!io  air.  It  mixy  be  obtained  crystallisefl  in  eiil'i-s  and  rt'gular  octa- 
hedrons, by  strougly  igiiitiiii;  amorphous  magnesia  in  a  strtiaui  of  liydrochloric  acid-gaa 
(H.  DoTille,  Ann.  Ch.  PI  lann.  czx.  280;  Jahrosb.  1861,  p.  7);  also,  according  to 
T>obr!iy  and  Kuhltn.inn  (Ami.  Ch.  TMiarm.  cxx.  28.1),  Ly  strongly  igniting  a  niixtnro 
of  suipbatH  of  magui'sinin  and  an  aliuliue  sulphafi'  in  a  jlitinura  crucible,  so  that  tlio 
iMgnedH  iepanted  by  tlu-  h-  atmay  crystallise  from  th>>  fused  alkaline  sulphat''.  A 
auztow  of  and  iecdo  oxides  Strang^  ignited  in  hjdrochkdo  add  gas,  yields 

Mmg") 

ft  niactaiB  of  diiiiiqg  blade  octahedfoiw  of  magao-Anlt^  VngjOMfO^  or    ^  [0*, 

and  sKghtly  «doure<l  regnkv  oobAadrons  of  maipuwia  ooBtoiaing  a  small  quantity  ti 

iron,  ex.ii'tlv  rfs<-iiiMInL^  prriohif!?.  a  ninoral  consisting  of  ma^rn  '^ia  with  I  ji  irtin  25 
of  ferrous  oxide,  which  occurs  diasemiuuted  through  ejected,  tuabiseitt  of  white  lime- 
■tone,  and  in  ^>ots  of  eluflMrpd  cxyatals,  on  Monte  Somma. 

Ordinary  calL-ini-d  nia;,ni'  sin  is  prepared  by  |T<^ntl''  I  nt  prolonf^ed  ignition  of  the  car* 
bonate.  it  i»  a  tine,  white,  totj-  bulky  powder,  of  epecitic  gmvity  3  07  to  8*200( 
fneraiaed  by  ignition  in  a  pottety-ftirnace  to  3-61  (B.  RoaeV  It  rndtB  only  at  tiia 
vorv  hlL'bfst  f<  inpcratnrns,  ns  in  the  oxyhydro;'en  lih>w]npo  flarrif,  to  which  it  imparfs 
a  pale  red  colour,  and  is  then  couverted  into  a  sort  of  enamel,  which  scxatchea  glass 
Kke  a  diaaMmd  (Clftrko).  It  is  taiMIeBi  and  faodwom ;  diangos  ■one  of  the  nuw 
drlie-at<'  vegetabi**  ojl  iur>,  a'^  f!i  if  of  iii  M-ti'in-d  n-d  l:riiui<?  pap'T,  like  the  alkalis ;  it 
is  not  caustic  It  is  partially  decomposed  potassium  at  a  white  heat.  It  is  Tery 
slightly  solnUe  in  water;  in  65,868  pts^  either  eold  or  bojHn^,  aeending  to  Fra* 
ecniuH  (Ann.  Ch.  Pliarni.  lix.  117).  tho  Mjlnti'in  havin;^  u  faint  alkalint^  ri.'aofion. 

A  hjfdraic  o/  ■magrutium,  MgHO  or  MmgH'U',  occurs  native  in  rhombobedml  furraa, 
11  t»waao  (i  08iX  precijpitated  m  a  vfaate  powdar  ok  adding  jpottth,  soda,  ot 

lMiq^te*v>tw  Ia  wmm  to  ioia  eontiaii  of  %  nagAMnuMilt* 

MAOVB8XiniK»  OVa  A  sulphide  of  m  iu  n'  Mium  is  obtained,  mixed, 

howfTPf,  with  jnatrni  .'^ia,  by  heating  a  mixture  of  cliarrM.i!  and  .sulj4iati  of  magnesium. 
A  purer  product  is  obtain,  d  by  adding  to  the  preceding  mixture,  uu  ulkaluu  f*rsnlphide, 
or  a  mixture  of  oarbonate  of  sodium  with  excess  of  sulphor.  According  to  L  r<;my, 
volphido  of  mngnf^ium  ie  eui^  pcodnoed  bjr  ptHo^g  tJbo  vipovr  of  mlpludo  of  oarbon 
orer  red-hot  magni>iiia- 

Solutions  of  magnesia  ar«>  not  precipitated  by  alkaline  sulphides,  but  on  mixini:  sul- 
phate of  magnesium  with  suli>hid..'  c*f  l^arinrn,  sulphate  of  barium  is  precipitated,  and 
sulphide  of  magnesium  rt.-ma.iii.'>  iu  .'solution.  Sulphide  of  maguenium  is  likewise 
obtaivfd  by  pa8«>ing  sulphydric  acid  gas  in  excess  into  water  contjtining  magnesia  in 
suspension.  A  H-.Iiition  of  sulphide  of  hydr.i^'t>n  and  nia:]^esium  is  then  formed,  whi<-h 
is  decompobtid  by  boiling,  into  eulphjdnc  acid,  ami  a  white  gclatinoas  mass  of  sulphide 
of  magnesium. 

Sulphide  of  nin^neaiom  ftxnw  donUa  Mits  with  iiilplude  of  eaxbo1^  and  villi  tba 

sulphides  of  arstmic. 

ottlphide  of  magnesium  is  decomposed,  by  the  continued  action  of  nater,  into  mag- 
Tiosia  and  snlphydnc  acid.  Thr  pr>  .^onc^  of  that  acid  in  mineral  ^rritrrs  may,  pt  rl:aps, 
be  accounted  for  by  the  existence  of  sulphide  of  ma^meaium  in  the  strata  through  which 
those  vaten  ponsolatft  (Pslonse  aad  Frimy,         iL  280.) 

aKAilBHIIM  BTHY^    Mg<7H>  Or  3Ciiif|  ((W)^.~Whea  iodide  of  ethyl 

is  added  to  ma^Tic«ium-filinps  coritalncd  in  a  stronp  nnrmw  pln^s-  tnhe,  an  aclton  im- 
mediately takiv?  pUice,  attendti^d  with  rise  of  temperature,  uud  evululiun  of  a  coii»ideruble 

Quantity  of  gas  containing  ethylene,  and  apparently  also  ethyl  and  hydride  of  etbyL 
f  the  tnhe,  afli-rlicinp  Cooled  \\  ith  cold  water,  be  .«ealed  and  heated  for  some  hours  to 
12(1^ — ,  the  cuuteuttj  solidify  to  a  M  hite  mass,  which,  when  .Hab«e<jiiently  distilled, 
yi(  UU  a  residue  of  iodide  of  magnesium,  and  a  di.'^titlatoeontainini::  nnvh  <-oin],x)8ed  iodide 
of  ethyl,  and  ni  a  gn  <    i  n  ni -ethyl,  whieli  may  be  popanited  l>y  fractional  rectification. 

Magnesinrn-ethyl  u>  a  colourless  liquid,  huviog  a  strons  alliaceous  odour,  and  boiling 
at  a  l^her  t«  rapnttae  than  iodide  of  ethyl.  It  takM  m«  in  the  air,  and  deeompoeea 
vMsr  vith  nolMM.  (Cahoar%  Ann.  Ch.  Pham.  cadr.  %VI,  864;  JalufSb.  186«t 
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p.  416.  S««  •koHftllvaolitaiidSohafMii^  Am.  Ch.  f]m.fla.  Slff;  Jaliraik 

18.59,  p.  407.) 

Magaesium-ethjl  forms  tt  finely-crjstallised  double  ualt  with  iodide  of  magn^am : 
pafbMBimKi^lSmgpm.  (WAnklya.) 

MACIVXISZCrM-METUTli  is  produced  hy  the  net  ion  of  ma^esium  on  iodide 
of  methyl  in  a  matmor  similar  to  the  above.  It  is  likewise  a  mobde  8troa|^-4aiidling 
liquid,  which  instantlT  takn  firs  in  the  air,  and  quickly  decomposes  water,  with  eTOliip 
tion  of  marsh  gas  and  separation  of  magn -sia.    (C  a  h  on  rs.) 

llflAOWCTIC  ZSOW  Oma.    Native  f.Tro.so-f«Trio  ox'uh-  (iiL  337,  997> 
BCAO'TS'I'TIC  PTRXTES.    Fpm>so-ffn"ic  .sTiIpliid<- (iii.  lOl ). 

SKAOxrSTXBMC.  It  has  been  known  from  v<  ry  early  lime^,  that  the  native  black 
oacide  of  iron,  or  ftnNMMHbirie  cside  (F«W)  posse  sses,  at  certain  points  of  its  euifooc^ 
called  poles,  the  power  of  atrracti-ir  s-n  ill  plivcs  of  iron.  The  Greeks  gave  to  this 
minaial  the  name  of  ma^netea  {i^i-yvTi'tyi^),  Iroiu  tli«  vilLigu  of  Magnesia  in  Lydia, 
IMMUr  which  it  was  fbond  in  oonsidcrable  quantity:  hence  the  name  Magnetism,  ^ 
plitxl  to  tli<^  branch  of  scionoo  which  tmti  of  this  pacoliw  Jdnd  of  attactioii,  and  of 
the  various  phenomena  related  to  it. 

Tile  attiMtrve  power  of  the  natural  magnet  may  be  communicated  to  iron  and  steel 
\}J  contac*  t'lr  ritf raotive  power  thus  tlcvt'lDjMMl  ix.ntimiin^,  in  soft  iron,  only  so  long  as 
the  contact  iatits,  whereas,  in  hard  iron,  and  more  cspecialiv  in  steel,  it  continues  ^uet 
•epamtion  from  the  nahiral  magnet  A  bar  of  steel  nibbed  len^rthwim,  and  in  one 
constant  direction,  wllli  thr-  pole  of  a  natural  mn£rn''t,  bocomes  itsolf  a  Tn.i^iict,  capable 
of  attracting  iron,  and  imparting  its  ^wer  in  like  manner  to  other  bars  of  stecL 

AnofJvfT  mode  of  imparting  magnetiaa  to  iron  or  ete<il4s  by  the  aetuin  of  an  eleetrie 
current  or  flisehnrgo,  as  already  dt'scrilM-d  in  th*-  article  F.r  EmaaTT  (ii.  44SV  A  8t«  <,•! 
bar,  placed  within  a  helix  of  wire  through  which  an  electric  current  is  passed,  becomes 
a  permanent  magnet  IttrtilT;  M  we  elmU  pweently  explain  more  partkalariy,  a  ber 
of  iron  or  hteel  inaj  bo  xendned  mas^otio  l(f  {laoing  it  m  » 
to  the  sarth. 

The  propecCiee  of  magnets  are  the  same  In  idiatBTCP  maaner  flietr  power  nu^  be 

dcTelope(.L 

There  are  only  two  other  metals,  viz.  nickel  and  cobalt,  in  which  the  magnetic  power 
ean  be  conspicuously  developed  by  tiie  mean  above  mentioaed :  in  niekel  it  is  eon- 
siderable,  but  much  less  powerful  than  in  iron ;  and  In  coljalt,  still  less.  All  other 
bodies  we,  indeed,  mor«  or  less  susceptibLe  of  raas^etic  influenoe,  but  thejr  exhibit  its 
eftets  only  when  snbjeoted  to  Teiy  powazlbl  eleetzio  or  magnetic  foraes;  and,  in  manj 
cases,  the  moib<  of  manifestation  ia  feiy  difflnent  flom  that  whkh  it  sodufaited  bj  iron. 
See  I)iaMAein:TisM  (p.  770). 

IHttrUmtioii  of  Magnetic  Pimet.—ln  a  majgnetiied  sted  bar,  as  in  tihe  natural  magnet^ 
the  attractive  power  is  not  uniformly  distributed,  but  is  more  or  less  concentrat<^d  in 
certain  points  called  poles,  situobed  at  or  near  the  ends  <^  the  bar,  whence  it  dimi> 
nishes  with  greater  or  lees  rapidity  and  regularity  towards  an  intermediate  point,  or 
rather  line,  called  tlx;  median  lino,  generally  in  the  middle  of  the  bar.  I'iiis  may  bo 
shown  by  rolling  the  bar  in  ironfllinfr?,  which  then  attach  themselves  in  clusters  round 
the  end<^  leaving  iho  middle  bare,  m  M^fig-  716*  li^the  two  poles  have  equal  attractive 


Figt.  716.  Fig.  718. 


power,  and  are  .^n'tnated  at  equal  distances  from  the  ends,  and  the  power  diminishes 
from  each  of  them  at  the  same  rate  towards  the  middle  the  bar  is       to  be  r^aAw^ 
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magnftuMd.  Thia^  faovvrer,  w  not  iihrtift  tlw  tmm,  SometiniM  a  magnet  eildyte 

tuoro  than  two  poIe«,  :ts  s]io\rn  in  j^y.  717. 

Direction  of  a  frcrl^sut^nded  Mit^Hic  Bar. — When  a  regalarlj  mngnetisod  steel 
bar  is  8U8p<>ndcid  by  it«  eentm  of  gravity  Upon  A  thntd  without  tonion,  ursapportod  by 
an  agato  on  ;i  stfcl  point,  :is  in  j?*/.  so  that  it  can  move  freely  in  a  liwrizonlal 
plane,  it  takes  ap  a  particular  poaition  with  respect  to  the  polea  of  the  earth,  cue  end 
pointing  more  or  less  exactly  towards  the  north,  the  other  to  the  Booth.  A  har-magnet 
tfans  suspended  ia  called  a  rnn^tiofic  needle,  though  the  so-called  needle  is  some- 
times a  stout  bar  weighing  sevcFal  Dounds.  Small  needles  are  sometime*  mnde  of  flat 
lozenge-shaped  bars  of  steel,  like  that  represented  in  fig,  718. 

The  particular  angle  which  the  bar  in  its  position  of  equilibrium  makes  with  tlie 
g'-rKTrttiihicril  meridian  is  different  on  different  parts  of  the  earth's  surface,  and  varies 
at  liie  *a!ii<-  place  at  different  timea.  In  some  parts,  the  suspended  magnet  points 
eatactly  north  ;uid  south ;  in  London,  at  the  present  time  (1864),  the  direction  is  north- 
west and  soutli-i  i>t.  the  podtum  of  eqoilibriiini  naki^g an an^  of  20^  46'  with tha 
geographical  meridian. 

ftoTcrtical  plane  }xi.vsinfr  throutvh  the  two  poles  of  the  needle  is  called  the  mag- 
nrtir  mrridiaii  of  the  place,  and  the  angjUi  whieh it  makfla  with  tha  gaogn^hioal 
,  meridiao  is  callcil  the  declin  at  i  ou. 

One  paitioolar  eod  of  the  suspended  bar  alwa^  points  towdb  the  nor^  tta  olJur 
tf>war'l<»  the  «:nnfh.  If  the  Lar  W  placed  exactly  in  the  opposite  position,  it  may  remain 
for  a  while  in  a  condition  of  unstable  equilibrium;  but  the  slight«»t  disturbaitce  will 
cause  it  to  ^uing  back  to  its  former  position,  in  which,  alter  a  certain  number  of  oscil- 
lation.s,  it  will  cumf  to  re.-.f.  The  two  ends  of  the  bar  are  accordingly  designated  as 
the  north  itad  south  poles  respt'ctively.*  Every  regularly  msgii<>t  ised  piece  of  iron 
or  steel  has  two  such  poles,  and  t'.vi>  i.>nly,  which  am  notiBtwehanucahle. 

If  the  rnM^iiel ie  nci  dlf.  instiad  nf  liavinj;  its  movements  rf'Striettd  to  a  horizontal 
i^ne,  be  8Uj5}.>tJudoJ  by  iu  ot.ntr<'  <>1"  j^ravity.  in  mA\  a  manner  that  it  can  move  freely 
m  all  directions,  it  places  itself,  not  only  in  tlie  ni.ii^nu  tie  meridian,  but  likewise  at  a 
particular  inclination  to  the  hori/<tn,  which  also  did.  r-i  aeeordinj,'  to  the  loeality.  and 
Taries  in  the  same  place  at  diti'ercnt  times.  In  London,  at  the  present  tiiue,  a  freely 
aospended  ratgnetie  needle  pkoea  itsdf  at  an  angle  of  68°  15'  to  the  horizon,  with  its 
north  pole  downwards.  A  mn^rt.  su^^pnided  so  'a^  to  exliibit  this  iaoUoalioiV  ieoalied 
a  dippingneedle,  aud  tho  an^lu  of  inclination  is  called  the  dipu 

Thib  north  p<de  of  the  needle  dips  throughoot  tfie  greater  pari  of  the  northern  hemi- 
sphere, and  fh.-  Honth  pole  thn>u<;]i(>nt  tlie  ^reatur  part  of  (lie  <ipposit.'  hemisphere,  and 
between  these  two  portions  there  is  a  line  not  deviating  greatly  from  the  earth's  equator, 
on  irfaidii  tho  n««ue  haa  no  difN  hot  itands  honsontally.  In  short,  aa  will  be  aern 
from  -vvha!  follows,  tho  movement';  of  a  freely-euspendcd  n«  edl.'  in  diff.  rent  pnrts  of 
the  world,  are  such  as  may  be  accounted  for  by  regarding  the  earth  as  a  ereat  ma^et, 
the  natbem  hanui^here  ochibiting  soutbam,  and  tha  Kuntham  hemiqpoaa  nortnwn 
magnetw  polaiitj.  (Sea  Maaamm,  Tmammaum} 

"Bffiiiwnwp  AxtuufHM  Am  SnnuHnr. 

A  pieea  of  nnmagnetised  iron  is  attrnctcl  indifferently  by  either  pole  of  a  magnet, 
and,  it  need  «!^nrr.  ly  be  ob«rrrrd.  that  the  attrfietiun  is  mutual,  so  that,  wTiiohever  of 
the  two  is  movable,  will  move  low  ards  the  other:  and  if  Wh  are  movable,  tJiey  will 
■|ipNaclk  ona  another  with  velocities  which  are  iiivers«  ly  as  their  masses.  Hence,  if  a 
piece  of  unmaprit'ti'ied  iron  or ''tet  t  be  pre««pnted  to  either  pole  of  a  magnet  ie  needle, 
the  needle  will  move  towards  it.  r>n%  when  a  magnetised  bar  is  presejiled  t..  the 
needle,  it  is  found  that  the  north  pole  of  the  one  attracts  the  south  pole  of  the  ether, 
but  repels  fin-  north,  whih-  a  s-oith  pole  attraefs  a  north  pnle.  hnt  rejcl^  ;»  s.jiitli.  'I'iie 
general  law  of  magnet ie  attraction  and  repulsion  is  then  exactly  ^iiiiilar  to  that  of 
tiaetrio  attmetlan  and  repulsion  (iL  876).  via.  BkmOar  magnetic  poles  rrpd,  UmimUaf 
polrfi  af tract  one  anoth'  r.  Hence,  to  determine  whether  nny  piece  of  iron  or  steel  ia 
magnetised  or  not^  it  ih  huificient  to  present  the  sevemi  parts  of  its  surface  to  a  deli- 
eately-gnepended  magnetic  needle :  if  every  part  attracta  the  needle,  the  piece  of  iron 
j«t  drstifnte  ,)f  magnetic  polarity;  if,  on  the  other  hand,  .Bome  part?;  attract,  while  otbers 
repel,  tho  priles  of  the  needle,  the  iron  is  shown  to  be  m^tgueiic,  and  the  number  aud 
positions  of  itA  iptAm  may  be  determined. 

Magnetic  attraefion  and  repTi!'-i<m  are  not  prevented  by  !hr'  Interposition  of  ajiy  sub- 
•tance  sot  itself  susceptible  of  ma^ettsm.  If  a  magnetic  needle  be  detiected  from  ita 
natncalpoaition,  by  pbdog  a  pieea  of  inm,  or  another  nugne^  near  il^  and  aihnrad  to 


*  Sometimm  hj  Kngllth  writer*,  and  conmnonly  bjr  Frmch  authon,  th«  pole  which  poioti  n«>nhw«ri1* 
I*  raJtctt  the  touih  i>Sit  ip6k  mmMtmt),  spd  Ibat  wbi«l&  poInU  soattiwsrdi  tli«  noctli  |Mile  {fikkortal^ 
of  themaMiMit.  In  ordsf  teayoMlMiiceMfcdtai,  f^iaJiy  qiwlit  e<  Uieyele wMdi  polatinetnhwawla 
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aettle  itself  in  its  poeition  of  equilibrinin,  that  position  will  not  b«  disturbed  bj  the 
interposition  of  a  screon  of  paper,  wood,  glass,  copper,  &c. ;  but,  if  a  plate  of  iron  bo 
interposinl,  the  needle  will  imniedintely  take  a  new  pociition,  the  distribution  of  the 
mafnietic  fovces  being  alt^^rcd  by  the  interposition  of  the  iron. 

77/*  force  of  magn<tic  attraction  and  rtp'ulsion  varies  inversely  as  the  square  of 
tie  distance  bettoeen  the  pohs  or  centres  of  action. — By  the  term  pole  we  most  here 
mdantand  the  point  of  application  of  all  the  forces  exerted  by  one  half  of  a  magnet 
on  any  point  or  the  oth<  r.  It  in  evident,  then,  thiit  thi*  jxiles  must  vary  in  position 
accoriling  to  the  distaucu  between  the  magnets ;  but  unU  -ss  iLe  m;i^nt  ts  are  very  close 
togethpr.  the  diflteBoa  befcVMO  their  poke  will  cot  differ  sensibly  from  thflt  «Udbi 
exists  wtiPTt  the  magnets  are  plnrcd  so  fnr  npart  that  all  the  acting  forces  may  bo 
regarded  as  parallel.  The  poles,  uu  .Urstood  in  tlii^  bviiae,  do  not  of  course  «>incide  with 
the  poinla  of  etronge^t  attraction,  which  are  generally  at  the  ends  of  the  Irat 
thrr  firp  Tir>nrrr  to  those  points  in  proportaoa  M  the  iMgaetie  poirar  deOfMUW  moin 
rapidly  fn>in  the  ends  towards  the  nudole. 

Tills  law  of  magnetic  action  nmy be  demonst ratted  in  tim  e  ways:  1.  By  the  Jhrsiom^ 
B<i^<i'/)C'  . — Tin-  consfmcf  ion  (if  thp  macTTif'tii'  torsion-l.alanoi-  is  simiLir  to  tliat  already 
described  {iL  380)  for  tho  lueasui-eiuonl  of  tUts  L-k-ctric  fijriv-s,  the  sLclIao  lu'wvile  being 
rpphu;ed  by  a  magnetic  needle,  and  the  shellac  stem  by  a  bar-magnet.  The  mode  of 
exporinienting  tu  di  timiiiif  tin-  law  of  mafinttio  action  with  r»"gard  to  distance,  is 
exactly  similar  to  that  dti>«.rilK:d  at  page  (^bl,  rol.  ii,,  tor  measuring  the  foroe  of 
eleetnc  attraction  and  repulsion. 

2.  Bi/  the  ^f'!h"d  of  Oscillations. — Puppose  n  mapnrtic  iif»edlp  to  be  placod  noar  a 
bar»magnet,  with  its  centre  on  the  prolongation  of  the  axis  of  that  magnet ;  it  wili  then 
pteee  iteslf  in  the  direetion  of  that  ana^  and  if  dirturbed  from  that  position  will 
oscillute  bar'lcwanls  ami  f  .rward-^,  ami  ultimati-ly  s<ttl<_'  in  its  (ir*i»inal  [visitif^n  of  equili- 
brium. Now  the  OHciihitionsof  the  needle  thus  vibrating  under  the  inHueuce  of  magnetic 
attiacHoB,  are  wgnkted  by  the  aame  kvs  as  thoee  of  a  pendohuB  oseiUatingTn)£rth« 
influence  nf  pmritr.  tliat  in  to  say,  fhf''  .tqnarex  of  thf  ir.ius  i  f  ofiHUntion  an  r.<^i'h/  as 
ths  attracting  forces.  Supposing  then  the  power  of  the  magnet  and  needle  to  remain 
eonsfeant  duiug  the  experiment;  the  dimimitkii  of  the  attraethe  Ibree  at  cBflSmot 
distar.<'''i>  may  l>«'  mrasin-Hl  l^y  rountiiiu;  tlienumber  of  oscillations  wlncli  tlif  rit-«  Jit-  p»r- 
ioms  i  n  a  ^veu  time  at  different  di^tunces.  It  is  necesaaty  to  observe^  however,  tiiat,  as 
the  oaoillatienfl  of  the  needle  are  dctenaiiied  by  the  magneCioibioeof  tiie  earm  as  well 
as  by  that  of  the  magnet,  the  terrestrial  force  must  be  eii  lu  r  oompensatt-d  or  allowed  for. 

To  siraplij^  the  calculationa  as  much  as  poeaible,  the  experiment  may  be  perfomed 
wltfa  an  tutaHe  rnedk^  that  ia  to  say,  a  wyiAjem  compimA  of  two  maf^ietie  needlea  of 
equal  power,  joined  together  parallt  l  to  one  ant>ther,  but  with  (1i<  ir  j-oles  in  contrary 
directionflk  by  a  small  Qiece<tf  straw  or  copper  wire  passing  through  their  ceutrea  o£ 
gra'vity  (ii  443);  sneh  a  eomhiBatkn  wm  oirktently  place  itaalf  mdifllkmitlj  u  all 
positions  relatively  to  tho  magnetic  meridian,  brcanse  the  magnetic  force  of  the  earth 
acts  on  the  two  needles  composing  it  with  equal  foree  bat  in  opposite  directions.  Now 
let  one  of  the  poles  of  such  a  needle  be  brought  naarthe  oontrury  pole  of  a  bar-magnet, 
of  such  a  length  that  the  action  of  its  farther  pole  may  be  left  out  of  account.  The 
distance  bftweon  tho  poles  of  the  magnet  and  needle  is  then  to  be  nieaKured,  the 
needle  made  to  vibrate,  and  the  number  of  its  oeeillations  performed  in  a  given  time, 
count' «!.  Tlie  needle  is  then  removed  to  a  greater  distance  and  the  experiment  is 
repeat  rd.  1  f  t  lieu  m  and  m'  are  the  magnetic  forces  at  tho  distances  d,  d',  and  n'  the 
corresponding  numbers  of  oscillations  in  the  same  time  ;  we  have  n'  :  n**  m  m  :  m'. 
Kow  experiment  shows  that  the  quantities  n,  n  d,  d"  are  rekt^^  bj  tbo  eqoatiOD 
II :  n'=d  \d,  that  is  to  say,  the  number  of  oeeiUatioBa  in  a  givea  tinie  aie  inTene^ 
aa  the  distances ;  consequently 

at :  m*  »      :  d*« 

Tlie  snme  result  may  be  attained  by  the  use  of  a  needle  not  rendered  astatic  Let 
N  be  the  number  of  oscillations  which  it  malces  in  a  nlven  time  under  the  influence  of 
the  earth's  magnetism  alone ;  n  the  number  performed  in  the  same  time  under  thcjoii^ 
inllaence  of  the  tencatrial  ftme  and  that  of  a  magnet  plaeed  at  a  certain  distanoe  fHm 
\\\c  needle  In  tlie  maiinr-tic  meridian  ;  and  «'  the  number  perfonni  d  in  like  manner 
when  the  magnet  is  removed  to  a  greats  distance.  If  then  the  magnetic  forces  of  the 
eaxth,  and  of  the  maffnet  at  tlia  two  diatanfwi  nentioBed,  bo  denoted  \fj  F,mf  wi 
p*,  m  iball  haiTO 

V*:n^  —  F :  m  +  F 
and  iV*  :  »•»  «  F  :m'  +  F 

and  »f*  -  iS"  :  iV»  .   ih  :  F 
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8.  By  the  Form  of  the  Magnetic  Oirtv*.— Place  a  bar-magnpt  under  a  «heot  of  stiif 
paper,  and  sprinkle  some  fine  iron  filings  on  the  paper  through  a  guuzc  sieve.  These 
filings  will  arrange  themselves  round  the  magnet  in  peculiar  curves  (fig.  719),  radiating 

Fig.  719. 


as  it  irere,  from  the  tvo  pol«6.  Now  these  enrres  are  dearly  tb»  graphic  expressioo  of 
the  law  of  magnetic  attraction  and  repulsion  with  regard  to  distance :  for  each  of  the 
filingB  nnder  the  influence  of  tiie  magnet  becomes  itadf  a  small  magnet^  the  poles  of 
which  place  themselves  in  a  position  determined  by  the  resultant  of  the  furces  exerted 
upon  them  bj  the  two  poles  of  the  magnet ;  and  this  position  of  equilibrium  varies 
according  to  the  distance  of  the  filing  from  the  two  ^K>les  respectively.  In  fact,  a  small 
magnetic  needle,  placed  on  any  part  of  tlie  paper,  will  settle  itself  in  the  direction  of  a 
tangent  to  the  curve  paRsing  through  that  points.  If  placed  on  any  point  of  the 
prolongation  of  the  axis  of  the  magneti  it  will  take  up  a  position  parallel  to  that  axis 
with  its  poles  airangecl  consecutiveJy  with  those  of  the  bar-magnet ;  at  any  point  on  the 
line  drawn  through  the  centre  of  the  magnet  at  right  angles  to  its  axis — every  point 
of  irilidh  line  is  equidistant  from  the  two  poles — the  needle  will  place  itself  pandlel  to 
tiiebar-magnot,with  its  poles  in  the  contrary  dirc-ction;  audin  any  intermediate  position, 
the  needle  will  place  itself  obliquely  to  the  magnet,  its  indination  increasing  with  the 
diffsrence  of  its  distances  from  the  two  poles. 

If  then  the  mode  of  generation  of  the  magnetic  curves — or,  what  comes  to  the  same 
thing,  their  general  equation — can  be  determined,  the  law  of  force  with  regard  to 
dist'incc  may  b»?  deduced  from  it»  The  curves  may  be  obtained  in  ft  State  convenient 
for  mcjisurement  by  forming  them  over  a  plate  of  glass  in  the  manner  above  described, 
and  laying  upni  it  a  sheet  of  paper  covered  with  gum  or  starch  pa.sle.  In  this  manuer 
the  filings  will  be  fixed  on  the  paper,  and  the  curves  may  be  measured. 

By  careful  measuremcBts  of  the  curves  formed  by  the  joint  action  of  two  magnetio 
les,  either  contrary  or  similar,  on  iron  filings  or  infinitely  small  magnets,  Eoget  has 
tennined  the  following  law :  The  difference  of  the  cosines  of  the  angles  formed  with  the 
magnetic  axis  (the  line  joining  the  two  poles)  h/  lines  drami  from  these  two  poles  to  any 
point  of  a  magnetic  curve,  is  a  constant  quantity,  the  two  anglts  Uing  taken  on  the  same 
tide  of  the  turis. 

Roget  has  described  an  instrument  for  tracing  the  curves  by  continued  motion, 
founded  on  this  property,  and  has  also  given  the  following  method  for  describing  them 
■  bj  pointSw 

Irom  each  pole  as  a  centre,  and  with  any  radii  whatever,  describe  two  circles; 
produce  the  axis  till  it  moots  both  these  circles  ;  divide  the  whole  length  into  any 
nnmber  of  equal  parts,  and  project  each  point  of  division  perpendicularly  on  the  two 
drcumferences.  If  radii  indefinitely  prolonged  be  then  drawn  through  the  centre  of 
each  circumference  and  the  points  thus  determined  upon  it,  these  radii  will  intersect 
one  another  in  points  belonging  to  the  curves. 

If  the  two  acting  poles  are  of  contrary  name,  the  curves  are  said  to  be  converging 
(Jig.  719),  and  are  the  curv  ilinear  diagonals  iu  the  direction  of  the  magnetic  axis  of  the 
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quadrilaterals  funnod  hy  the  intencction  of  the  J£  on  the  other  hand  the  tvo 

poles  are  of  the  same  name,  the  carres  are  aaid  to  be  ihergent,  their  Erection  beii^ 
Ulat  of  the  curvilinoar  diapouals  perpendicular  to  the  former. 

Now  let  A,  B  720)  be  the  two  magnetic  polos,  M  a  point  of  Uie  curve  whoM 
MHndinatefl,  referred  to  two  'rectangtilar  axe«i,  are  x  and  v.  Let  AB  be  the  nii 
ofiTyand  itM  middle  point,  O,  the  origin.  Also  let  OA  -«  06  "  k\  AM  "  r;  BM  " 
r' ;  angle  MAB  -     MBA  -  i.     Then  AP  -  i  —  «  >  r  co8  t ;  therefore  «0S  t  * 


A  -  «  .  h  ■¥  m 


l!biiii<li0«qulioii  of  tha  ampttiB  ew«^  fbe  upper  or  lora  ilgn  baqg  takM 
ML.  7«A  aoeording  aa  tba  two  polM  an  ofipoate  « 

nmilar. 

From  tills  equation,  bj  the  pirocweB  of  tile 
differontinl  calculuH,  tho  pxprcfsion  of  the  in- 
clinatiuu  of  the  tangent  to  the  curve  at  an^ 
point  may  be  fiwnd  ;  and  10  iStSm  tangent  M 
the  direction  assumed  \>y  a  magnetic  needle 
having  its  centre  placed  over  the  point  of  con- 
tact with  the  C1lr▼^  which  direenon  ia  d^tap- 
mincil  by  the  resultant  of  the  attractive  and 
rt  [nilsive  actions  exerted  upon  it  by  the  two 
pob  s  A.  B,  it  ibDowe  that  the  ralue  of  tliie 
inrlination.  prnp^rly  expressed  in  terms  of 
the  distance  of  the  point  of  contact  from  the 
two  polos,  win  give  die  knr  of  variation  of 
the  intensity  according  to  the  distance.  "Whfn  these  calculations  are  made,  it 
is  found,  in  accordance  with  the  results  of  the  other  modes  of  measurement  aboTO 
deeoFibed,  tiiat  the  fateority  of  the  Ibne  of  aagnelie  attnetion  ndnpabkn  vmim 
inv.  rsely  as  the  aqvoveof Um  dirtnoe.  (Soo  Do  lA  Bift^  2WiCflldbfJBMnW»(^tonoL 
note     p.  692.) 


The  old  method  of  comparing  the  pow< t  of  mapn(  tt,  or  of  different  parts  of  the  same 
magnet,  coosiatod  in  ascertaining  the  weights  which  th^  were  capable  of  eapportini^ 
This  method,  hoverer,  can  give  only  a  rough  approzhiMtioii  to  ^e  troth,  inasmndi 
the  weijiht  which  a  magnet  c^n  support  dLiK;n(L  in  great  measure  on  the  maimer  in 
which  the  weight  ia  ap^ed,  and  on  the  rate  at  which  it  ia  increaaed.  When  the  weight 
wiUi  which  a  magnet  is  boded  if  ^naej  gndoallj  inezeoBed,  it  ie  ftoad  to  be  a^wUe  of 
■npportiiig  a  iimch  lar^'cr  vei|^t  tliaii  could  be  supported  by  it  if  applied  all  at  once. 

Much  more  exact  results  an  obtained  with  the  torsion  balance  and  by  the  method  of 
oseiHationab  hoth  of  which  methods  hare  been  ap{diod  to  this  purpose  by  Coulomb. 

To  OOUMie  the  force  of  two  or  more  magnets  by  the  torsion  balance,  these  magnets 
are  intcoaneed  suoccasiTely  through  the  hole  m  (fig.  373  ;  ii.  380)  and  the  needle  of 
the  balance  is  kept  at  a  constant  angular  distance  oy  twisting  the  thread  through  diffeiw 
ent  angles,  whicn  are  to  one  another  aa  the  forces  to  be  overcome.  When  the  method 
of  oscillations  is  employed,  tlie  magnets  are  placed  su(x»eseive]y  a  constant  distance 
from  the  needle,  this  distance  being  so  gr«u\t  that  they  cannot  alter  the  distribution  of 
its  magnetic  power. 

Mdiputic  Moments. — Another  mode  of  comparing  the  power  of  magnets  is  to  place 
each  of  them  successively  in  a  small  stirrup  suspended  fn)m  the  thread  of  (he  torsion- 
balance,  KOthat  the  magnet  may  remain  in  the  magnetic  meridian  when  the  thread  is  un* 
twisted.  The  thread  has  then  to  be  twisted  throujili  difTerent  dt  trref'«i.  ^^^  as  to  obtain 
fur  each  magnet  the  same  angle  of  deviation  from  the  mtignetic  meridian.  The  angles 
of  torsion  tnns  found  represent  what  Coulomb  calls  the  magnetic  moments  of  the 
fevenil  bars.  It  is  evident  that  tlie  map^etic  moment  d'-jx-iids  both  on  the  magnotio 
intensity  of  the  V)ar,  and  on  the  di^t;lnce  of  it«  poles  from  the  axis  of  bospension. 

DiKlribution  of  Miigiuti.sm. — To  measore  the  relative  attractive  or  NpolBTe  forces 
exerted  by  the  tlifTcri  ut  parts  of  a  bar-magnet.  Coulomb  introdtn-cd  a  vertical  wooden 
rule  into  the  slass  case  of  the  torsion-balance,  in  such  a  position  that  it  touched  the 
Modloof  tho  iMkBee  which  seited  is  the  Biagnetie  fflenduuiirhw  tbo  Oiitd  — 
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inilwMod.  At  the  badi  of  Ais  r.il<^  whs  a  vertical  groove  in  which  the  magnet  to  be 
tested  was  made  to  slide  op  and  down,  so  as  to  bring  the  sereral  parts  of  its  length 
opposite  to  the  pole  of  the  needle  of  the  same  name  as  the  half  of  the  bwr  which  was 
presented  to  it.  The  needle  was  thereby  repelled ;  and  to  bring  it  back  to  fit  orifl;inal 
position,  the  thpf'ri'l  liiul  to  In-  (wi-tcil  thronirh  a  certain  an^li',  which  Tnea«rnre<r  the 
repulsive  force  exi  iUxi.  Th*-  bar  was  thoii  shitted  iu  the  groove,  iio  as  to  briiig  another 
port  of  it  opposite  tO  the  polo  of  the  noodle,  and  a  similar  experinMBl  VM  nuuleit 
Tho  m.ijTiii  tic  l>.ir  hfing  very  cl<j>c  to  the  needlo.  it  is  only  thf  points  Tf>ry  nearly  on  » 
level  with  the  needle  th;it  eaai  exert  any  sensible  influence  over  it,  those  which  are 
erea  a  frw  millimetrefl  abore  or  below,  acting  too  obHaqjOiAj, 

In  applying  the  mctli' "1  of  oscilktions  to  the  same  purpose,  a  small  not  die,  ma<»ne- 
tised  to  saturation,  tm  that  it^  magnetic  state  may  not  be  altered  by  thu  action  o(  the 
bar,  is  made  to  oscillate  near  different  parts  of  the  bar.  Denotug  by  m,  m'  the  mt^not  ie 
intensities  at  two  (lIff(T»  iit  points,  and  by  N,  n,  «'  the  numl>er  of  oscillutions  made  in 
a  given  time,  under  the  intiuence  of  the  earth  alone,  and  under  this  iutluence  added  to 
Hwt  of  the  two  peintfl  of  the  bar  moAa  eoliiidtftttiMi,  we  Hod,  ae  on  pi^  7tf% 

Eiflur  of  tiieee  netbode  g^ree  directly  the  relative  magnetic  intensity  of  any  part  of 

1  bar,  excpptinp  at  the  pxtremitios.  f.)r  which  th<^  intensities  found  l>y  direct  oxperi- 
Bient  mnat  be  (buUed,  in  order  to  give  tho  true  force  at  these  points,  as  compared  with 
the  rest:  for  the  power olwerved  at  theee  flOEtieiiie  points  would  evideDtty  oe  double 
of  what  if  actiirJly  appears  to  be,  if  the  mnfrnct  were  pri  )l<->ii^'ed,  as  to  pTf»sent,  beyond 
these  extremities,  points  of  equal  mitguctic  foixm  with  those  which  are  n  ithiu  them,  aa 
is  the  eeee  for  every  other  part  of  the  bar. 

The  result'^  obtained  by  these  metlujd.s  may  bo  roproxcntod  jxrapbically  by  oroctinpf, 
St  the  several  points  of  a  horizontal  line  representing  a  magnetised  bar,  peipendicuiars 
whose  len^hs  arc  proportiooal  to  tiie  intaksitiee  obe^rred  sttbaee  poiate.  Tlie ends  of 
these  ddinatei  form  a  curve  like  that  n  presented  in  /y.  721. 

It  is  ramarkable  that  lor  all  rectangular  or  cylindrical  bars  whose 
Fty.  721.  length  exeeeds  SO  wmtimetrei  (or  6  fauAee)  the  fwin  of  this  eorre,  that 
is  to  say,  the  distribntion  of  the  niiij^notism,  is  the  »>anie,  oxcopfinc  that 
the  space  in  the  middle^  where  the  magnetic  power  is  little  or  nothing, 
oeeupies  a  gresteror  flnsller  spaoe  aeewdiiig  to  the  length  of  the  ber. 

The  pxilc.i,  that  is  to  !>ay.  the  points  tjf  application  of  t:ie  resultants  of 
all  the  forces  exerted  on  each  half  of  the  magnet  by  an  infinitely  small 
needle  meanelie  (dement,  placed  at  sndi  a  distanee  that  all  the  lines 
of  f<trce  may  t)e  regarded  ns  parallel,  correspond  with  tho  centres  of 
ravitT  of  the  sur£su^  enclosed  bj  the  canres  of  intensity.  Hence 
au  raagnets  of  eqnsl  ftiroe  end  Imtger  than  30  eentimetrea,  the 
pdes  are  situated  at  the  same  distance  from  the  extremitirs :  this 
^'#tftnw^  according  to  Coulomb's  calculation,  is  about  1  centimetres 
(abont  1*6  inches).  In  shortar  bafs  they  are  idtnated  at  about  two 
thirds  of  the  dihtance  from  the  centre  to  the  ends. 

The  preceding  results  apply  only  to  magnets  whoee  leogth  is  veiy 
great  in  proportikKn  to  thev  tnaarene  dimensions^  and  in  iriiidi  tlw 


form  is  perfectly  ropilar — that  is,  prismatic  or  cylindrical,  and  the  ninpnot  isation  likewise 
regular:  ia  loif^iDge-shaped  needles,  the  poles  are  much  farther  froui  the  exLremities. 

SCaomTH  Ijii>uuiioik» 

It  has  already  been  mentioned  that  a  piece  of  iron  or  rteel  placed  in  contact  with  a 
pole  of  a  magnet,  either  natural  or  artiftdal,  becomes  itself  a  magnet.   This  letfon 

likewise  takes  place,  thon^rh  with  diniinl~hcd  intensity,  at  a  distance,  and  is  not  prc- 
Tented  bv  the  interposition  of  non-magnetic  bodies.  This  effect  is  called  magnetic 
indnetfon,  and  Ae  law-  aeending  to  wbidi  it  takes  place  is  predesly  anidogonstothst 
of  electric  induetion  (it.  384),  viz.  that  77i>'  rxfrnnity  <•/  thf  iron  or  utol  ncar,$t  ^>  tfn: 
inducing  magnetic  jpoU^  beamet  a  p^de  of  contrary  name,  and  tht  farther  fxtrrmitg  a 
pole  of  tht  mm  nam  n  tik  iniudng  poU.  Tfani^  suppose  a  bar  of  soft  iron  to  be 
placed  in  contact  with  the  north  pole  of  a  mapnrt:  on  presontinii  a  mapietir  die  to 
Its  farther  atreautj,  the  needle  will  turn  its  south  polo  to  the  bar,  slewing  that  that 
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m(\  liccfwip  n  north  polo.  If  the  bar  be  dt4ac!ieJ  and  tlio  indneing  magnpt  rr- 
tnoTod,  the  polarity  of  the  bar  is  immediately  destrovrd,  :ind  the  needle  returub  to  it** 
Bonul  po«itioii ;  and  if  the  south  pole  of  the  mignet  be  now  placed  contact  with 
or  nf^r  to  the  rnd  of  the  bar,  the  no<  (ile  will  tnrn  rotitid  and  prcsoiif  its  north  pole  to 
the  farther  extremity.  The  polarity  of  the  end  of  the  bar  wiiich  13  in  contact  with 
the  indsdng  magnet,  cannot  easily  be  tested  is  a  mraOiff  manner,  on  aeeount  of  the 
contra rr  action  of  tho  iiiduciiiu'  fi^do;  l>utifa  short  st col  b;ir  be  FirbstiftTted  for  the 
soft  iron,  and  left  m  contact  with  the  mafndt  Ibr  a  few  8e<x>nd8,  it  will,  on  being  se|>»- 
Mtod,  exhibit  two  poles,  tlisl  vIugIi  Im*  Seen  in  ooBtMt  vhth  tiiepola  of  the  niiniwng 
Biafcnet  beinp  n  pow  of  contrary  name. 

Moreover,  the  iron  or  steel  thus  rendered  magnetic  by  induction  will  act  in  a  pareciisely 
nmilv  manner  on  Miy  other  piece  of  ixoo  or  steel  in  its  BeighbomtMwd,  dffi«!oping 
pc»larity  in  it,  if  j>ri.»v!<iiL'<!y  unm:ii:Tif'tIsed,  and  altorinp  the  dibtrihution  and  intl•Il^<i!y 
of  ita  polarity  ii'  preriousl^  magnetised.  U>nsequentiy,  just  aa  the  electric  polartlj 
of  »  enai^ied  body  ieinteunlled  07  developing  eleetriaity  tn  •  neigblMinnig  tooAotitot 
(n.  su  likewise  may  the  ^ndiirity  of  a  ina^^netic  bar  b.-  (*f  n-npthoned  by  inducing 
magnetism  in  a  nei^hbourii^  piece  of  iron.  Xhtis,  suppose  a  bar  of  soft  iron,  li^  to  be 
plaoed  in  eontMiwith  tlio  imth  pole  of  *  «tMl  magnet,  A,  in  the  naaiMr  wpreeenled 
in  jlpb  7^  B  viU  OMibeeoneAniegnciiritliite  poke  diepoied  riiikHy  ^  tboee  of 

F^,  721 


•1 


A,  end  wUl  mC  upon  A,  just  uh  if  B  were  tiie  original  magnet,  nnd  A  t!u>  itnma|neti8ed 
iron.  The  original  polarity  of  A  ^rill  thnrrfore  he  strongth<  nt  d  ;  and,  in  fact,  it  is  found 
that  a  steel  magnet  is  rendered  more  powerful  and  capable  of  suj^jxirting  a  greater 
wei^'iit.  by  leaving  pieces  of  soil  iron  in  eonleei  vHih  its  poles. 

It  will  li.'  <':isily  understood,  fr  ni  the  preccdirif;  exp^'anaf ionp.  that  the  attraction  of 
unniaguetioed  iruu  by  the  magiit't  in  not  au  i^lalud.  pbeuomenon,  but  merely  a  parti- 
cular ca.««e  of  the  general  law  of  the  attraction  between  simQar  mi^;Mlie  poles.  TUe 
is  also  easily  shown  by  cxperim*  nt.  Suspend  a  pit  ce  of  iron,  a  key  for  rxami  le,  from 
the  north  pole  of  a  bar  magnet;  then  bring  the  north  polo  of  a  seoond  magnet  in  contact 
with  tile  first ;  the  key  wiU  be  held  iritb  grmt&e  Ibree  then  beftvcv  bceaaee  tbe  two 
matrrtpts  pidariso  it  in  the  same  way.  Now  turn  tlic  second  magnet  round,  an'i  bring 
its  south  pole  in  contact  with  the  notrth  pole  of  the  fin^ ;  the  key  will  immodiatel/ 
drop  off,  because  the  eeoond  negnet  indneee  in  it  n  pdhxkj  oonteny  to  tibet  of  the 

iftrKt,  and  r(diii:'cs  it  to  flir  Condition  of  un magnetised  iron. 

The  case  is,  however,  different  if  the  two  nuttmets  act  at  opposite  ends  ot  the  un- 
intttnelised  iron.  Thue,  let  two  nagiietie  pelee  F,  F,  (Jff.  723)  be  broogbt  in  oontaet 
with  the  two  ends  f^f  a  bar  of  soft  iron  T>,  nof  niorc  than  two  or  three  inches  long.  If 
the  poles     F",  are  simihtr,  tho  iron  wUl  not  be  held  up  by  them,  beoMse  they  toad  to 

Fig,  724. 


Fig.  723. 
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polari,-e  it  in  oppmeito  ways  ;  but  if  t?i.'  i  ^dns  P,  Faro  dis^iniil.ir,  their  polarisiti|j  a^-tions 
will  conspire,  and  the  piece  of  iron  wili  be  held  up  with  ^^tor  force  than  it  woul  l  be 
by  either  of  them  elene.  Henee  ebo  n  megnet  bent  in  %e  fttn  of  e  hone-shoe  (/^. 
7*21)  will  hold  a  piece  of  in.n  placed  across  ha  polo?;,  with  preatcr  force  than  a  bar 
magnet  of  the  same  size  and  intrinsic  magnetic  force ;  and  by  uniting  a  number  of 
enenhone  shoe  nianietsvith  their  similar  poles  together,  great  power  may  be  obtained. 

Another  fact  tending  to  show  that  the  attraction  of  iron  by  a  magnet  must  be  prt?- 
oeded  by  magnetisiition  of  the  iron  ie^  th^  raej  he>d  steel,  wJiieh  Moviiw  nolerkv  bet 
dawlf  ft  ioareely  attZMled  I17  the  ^  
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It  is  may  to  »ee  that  the  poles  t,  n,  of  a  piece  of  iron  laid  across  the  poles  of  a  horse- 
shoe magiiot  will  strengthen  its  polarity;  in  faot  it  is  tlm  constant  practice  to  keep 
horse-shoe  majgnets,  vhen  not  in  use,  with  a  piece  of  sod  iron — thence  called  a  keeper 
 their  polsB.  In  like  nanwr  the  best  vaj  ct  jfnrnning  the  pomr  «f  hsr 


magnets  i';  to  lay  two  of  them  side  by  side  in  a  hnx,  with  thcir  polespoilltillg  opposits 
waj^s  and  with  keepers  placed  acrosa  them  (Jjy.  72o). 

Molecular  Conetitution  of  Magn^tt, 

All  the  map:netic  phenomena  hitherto  considered  are  consistent  with  the  pnp- 
poeition  that  the  north  polarity  resides  in  one  half  of  the  magnet,  and  tlie  south 
pdaritj  in  the  other,  each  kind  of  polarity  grsdmlly  iaereairing  in  intensity  from 
the  median  line  to  the  ends.  But  tlicre  are  certain  effects  which  sliow  tlmt  mnp;- 
netic,  like  electric  power,  resides  in  molecules,  not  in  masaee.  Take  a  steel  wire 
vegolarly  magneCued,  and  break  it  in  the  nidcDs.  It  nill  Im  ibvnd  that  each  half 
is  a  complete  magnet,  having  a  north  and  a  south  pole,  with  a  median  line  between 
them ;  and  if  each  half  be  again  divided  in  the  middle,  four  complete  magnets 
wQl  be  obbiined,  each  having  a  north  and  a  sooth  pole,  and  so  on,  to  tHuSersr 
ext<  nt  tho  din.«ion  may  be  carried.  This  result  is  easily  intelligible,  if  wo  f-uppose  tho 
original  magnet  to  be  a  collection  of  molecules,  each  having  a  north  and  a  south  pole, 
ana  all  tilft  ainular  poles  pointing  tha  same  Ikiscaigrtoseethal^infQdianiwof 
partifllns^  as  in      726,  tho  ojq^oaits  polaritica  towards  (lis  ndddls  of  dio  sedes  will 
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one  another,  and  only  tiiose  of  tike  two  extrsnrities  will  be  perceptible ;  bat 
tliiif,  if  the  si-ries  Ixi  divided  at  any  point,  each  half  will  exhibit  polarity  similar  to 
that  of  the  whole.  That  such  a  eerie!;  of  polarised  particles  realijr  ects  like  an  ordi- 
nary magnet,  may  bo  shown  brptrtly  filling  a  glass  labe  with  sted  flKngs,  and  passing 
the  pole  of  a  strong  nia^met  five  or  six  times  along  the  ontsi'lr  r.f  it  in  one  constant 
direction,  taking  care  not  to  shake  the  tube.  The  individual  filings  will  thus  be  mag- 
netised, and  the  whole  colnmn,  if  presented  to  a  nagnede  needle,  will  attract  and  repel 
its  poles,  just  like  an  ordinary  bar  magnet,  exhibiting  a  north  p<)le  at  one  end,  a  south 
pole  at  the  other,  and  no  polarity  in  the  middle ;  but  on  shakuig  the  tube,  or  turning 
oat  the  filings  and  putting  them  in  again,  so  as  to  destanoy  the  regularity  of  the  arrange- 
ment, efveiy  trace  of  polarity  will  disappear. 

It  is  necessary,  however,  to  observe  that,  in  a  single  row  of  particles,  rach  as  that  in 
fi^.  726,  each  possessing  equal  magnetic  polarity,  the  restiltant  polarity  wtnild  be  exhi- 
bited only  at  the  very  extremities.  Now,  this  is  not  what  is  actually  observed  fai 
msenets ;  and  the  difference  must  be  attributed  to  the  lateral  aetUNBS  Of  the  partidss 
in  ue  several  rows  composing  the  magnet,  one  on  the  other. 

Processes  of  Magnetisation. 

Phna  what  has  been  said  of  the  molecular  constitution  of  magnets,  it  is  dear  Hwt 
fhe  piocees  of  msgnetisation  must  oonsist  in  polarising  eadi  separate  moleenleof  whkb 

the  bar  is  composed.  Now,  when  a  bar  of  soft  iron  is  placed  in  contact  with  a  mag- 
netic pole,  the  nearest  particles  become  polarised  by  the  direct  influence  of  that  pole, 
these  polarise  the  next,  and  thus  the  polarisation  is  rapidly  developed  all  along  tho  bar. 
But  hard  iron  and  steel  offer  a  certain  resistanee^  callrtl  the  coercive  force,  to  the 
polarisation  of  their  molecules,  so  that  the  derdopment  of  magnetism  in  them,  espe- 
cially in  steel,  is  slower  in  proportion  to  the  hardn^  of  the  temp«.  Thus,  when  a 
bar  of  hard  steel  is  placed  in  contact  with  the  north  pole  of  a  magnet,  the  nearer 
extremity  immediate^  becomes  a  south  pole^  but  the  further  end  shows  no  polarity  at 
first.  A  north  pole  is,  however,  formed  at  a  diort  distance  from  the  south,  and  near 
f^ii*  another  weak  south  pole,  just  as  if  the  bar  wcrt^  divided  at  that  point,  and  the 
portioaof  it  first  pohucised  acted  like  a  separate  msgnet  on  the  portion  begrond.  Thess 
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poles  gradually  adrancc  along  the  bar,  a  feeble  south  pole  appearing  alUr  *  while  at 

the  fartl  er  end,  S!ii'Crf<ii-<1.  aftor  a  wliilo  if  tlk'  liar  is  not  too  lone:— by  r  north  [■<A<:^. 
the  bar  then  appearing  rcguhirlj  magutli^oiL  if,  liowtsvur,  tlit>  in  wry  luu^  uud 
made  of  very  bard  atse^  it  never  attains  this  rQgilar  ma^etisation,  hot  exhibits  a 
Fori,  s  i»f  alf  I  riiair'  or  r^«ecutive  poles,  which  never  rea^h  its  farther  cxtr<jniity.  The 
coercivo  fuivti  ii>;j»y,  however,  be  more  or  less  overoome,  and  regular  magnetisation 
fiicilitated,  by  striking  the  baririths  piectt  of  metd,  to  M  to  makit  it  rin^  and tbnnr 
its  particles  into  vibrallan. 

It  is  obvious  that  the  polariisatioo  of  the  whola  series  of  particles  compusiug  the  bar 
will  be  aeedanied  by  hying  it  between  two  bar  magaall,  with  their  opposite  polea 
facing  one  another,  or  ;ifrr>?s  the  pfilcs  of  a  hoi"se-8hoe-ma{»nrt,  tho  magnetisation  then 
taking  place  in  two  ditvctiuui>  at  uac*^  and  both  tending  to  ihu  bume  resxUt 

AnottMpr  process  more  generally  adopted,  consists  in  passing  the  pole  of  a  matrnet 
from  onf  end  to  the  othor  of  llio  j>I»'(*e  of  steel  to  be  mrj^TiptisiHl,  rcpeatinp  tlir  fri.'titm 
several  times  and  aN  ays  iu  the  same  direction.  Euch  particle  of  tho  steel  is  then 
tiroii^t  soeonsivcly  under  tha  Influence  of  the  magnet>  and  it  ia  fimnd  that  the 
mapin  tic  power  of  t!i»?  bar  incTfajses  with  the  number  of  stnikrs  up  to  a  certain  point-, 
after  which  no  further  increase  tak<*s  place.  The  polarity  ioipailcJ  u>  t^ach  parliclc  a« 
tha  magnetic  polo  approaches  it,  is  reversed  when  the  pole  passes  over  it,  so  tliat  the 
polarity  f!u;illy  imparted  to  the  bar  is  that  whicli  corresponds  to  the  last  position  of  the 
inducing  magnetic  polek  for  example,  the  steel  bar  be  rubbed  with  the  north  pole  of 
a  magnet,  the  end  first  touched  will  be  a  noHh,  and  the  other  end,  by  whic^  the  ma^et 
leav.'s  I'ar,  will  a  >-'nitli  ]«■],:  It  is  not  Vf-ry  c.i.'-yto  nnderst  ul!  what  is  ^aiiMvl 
hj  repeating  the  tricUon,  inasmuch  as  the  polarity  imparted  by  each  stroke  is  rever»3d 
at  the  oommeneement  at  the  next  Poeiibly  the  oomrve  force  of  tiie  iteel  ia  over- 
coinc  liy  til.'  .list  nrlaiio'  cotisrqtu'nf  on  the  ooutinned  zoretaal  of  the  polarity,  maA  in 
the  same  manner  as  it  is  bv  vibration. 

Greater  power  maj  be  ootataed  hy  a  eombbatfoD  of  the  two  methodeaboTO  deeenbed 
namely,  by  laying  the  bar  to  lio  magnetised  between  the  opp'  t>:t.>  p,)!.  s  i.f  two  ma;:nr;3, 
or  thoee  of  a  horseHdioe-magnet,  then*  taJdiu  two  other  bar  magnets,  one  in  each  hand, 
bring  down  thetr  oppoeite  polet  on  the  mid^fle  ef  the  bar  to  be  munetifled,  and  keepings 
th<  m  at  ail  in^'liiiatii>n  of  or  30°  druw  (luMn  ontw.inls.  witii  a  regular  motion, 
towards  the  cxtromittcg  of  tho  bar.  Ten  or  twelve  strokes  given  in  tliia  manner,  and 
always  hi  the  eame  direction,  will  give  to  the  bar,  if  not  wtry  large,  aa  nneh  naffaetie 
power  as  it  is  capable  of  n  faining.  It  is  of  course  r\ccc><Arj  that  tho  pole  of  e;v  li 
movable  magnet  which  touches  the  bar,  should  be  of  the  some  name  as  that  of  tho 
fixed  magnetie  pole  towaidi  wUeh  it  n  made  to  mof«.  Thia  me^MMi,  inrsnted  bj 
Duhnmel,  and  called  the  ntrthod  of  riwjJ>  touch,  is  tli<'  h^^A  f  ir  nuiLTtu  tisin^  compass 
nei'dles,  and  bars  of  no  great  length  and  thickness,  in  which  i^ilar  distribution  of 
magnetism  is  desired  rather  than  great  attractive  power ;  btit  ror  amgnetising  long, 
thiok  bars,  especially  when  it  is  desired  to  give  them  their  full  power,  the  following 
roetlmd  of  p  i  n  u  s.  called  the  double  touch,  is  to  be  preferred.  The  bar  is  laid  betwem 
two  powerful  magnets  as  in  the  preceding  method,  andlikerwise  nibbed  with  the  oppoaata 
polee  of  two  magnets  ;  but  iuntead  of  drawing  these  poles  from  the  middle  towards  the 
opiKisite  ends  of  the  bar,  thw  are  tied  together,  with  a  piece  of  cork  or  wood  between 
them  to  k*  ep  them  at  aeertatn  distance  apart,  and  made  to  travel  together  along  the 
bar,  first  one  wny  and  then  the  other,  b<>ginning:and  leaving  off  iu  the  middle.  A  borne- 
shoe-magnet  may  be  conveniently  used  instead  of  two  bar-magnets  tied  together.  By 
this  metluid  it  is  likewise  easy  to  magnetise  two  steel  bars  together,  namely,  by  placing 
tiiem  panllel  to  one  another,  wiUl  watt  inw  koept-rs  across  their  extremities,  as  m^g.  725, 
and  pri«'«'ing  the  two  magnetic  poles  several  times  round  the  rectangle  thus  formed, 
begiiiuiu^  in  tlie  middle  of  one  of  the  bars,  and  leaving.off  at  the  same  place.  In  this^ 
as  indeed  in  all  methods  of  mag-'^tising,  the  bars,  alter  having  been  rubbed  a  eirtilill 
nr.m^  •  r  <  ,f  f  irnea  on  cat  aide,  ahonld  be  tnmed  zoond  and  rnbbed  in  the  Mkma  bhhumt 
on  tiie  other. 

In  both  theae  methods,  when  two  movable  magnets  are  emplQjyed,  the  polarity  which 

anr  pnrtiflc  acqnires  while  outside  tho  maiini  tic  poles,  is  reversed  when  by  their 
motion  it  iti  brought  between  them.  Now  the  advantage  of  the  double  toU'Ji  method 
eonsiets  in  this,  that  the  two  polea  of  tlu-  movable  magnet  or  magnets  are  separated  hj 
only  a  small  distance.  ?o  that  the  «um  of  tin  ir  i<'^?i  >!!t(  on  a  particle  between  thnn  is  made 
as  ^reat,  and  the  ditierence  of  their  a<:Liuu^  au  an  outside  particle  as  small,  as  po&»ible. 
This  very  cirenmstanoe^  however,  by  developing  powerful  magnetism  at  once  in  a 
parti  ■iilur  j-art  of  the  bar,  creates  a  ten'loncy  to  the  formation  of  con9ee»tir(  polo?;  w!ioq 
tUt'  totvvl  it»  \>ry  hiu  d.  Hence,  as  already  observed,  the  single  touch  method  is  usualiy 
adopted  where  regularity  of  magnetiaation  is  the  main  olgeel  in  view. 

MagnetUation  oy  the  Electric  Current. — Very  great  magnetic  power  maybe  dcvelopeil 
iu  soft  iron  by  placiuig  it  within  a  long  coil  of  wire  through  which  an  electric  ciuz«at 
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is  pnpsinp  (ii.  448).  St^el  ban;  may  l)r>  magnntiscil  in  the  same  wny,  l>ut  tlio  niAgiietism 
thus  dereioped  in  them  is  but  feeble,  apparnDtiy  because  there  is  a  waut  of  vibratory 
■Myvmeaft  to  onsroomo  the  eoeraivo  finee.  The  magsetieiition  may  indeed  be 
facilitnted,  as  in  other  c^se^,  by  strilcinpr  the  bar  s^t  a.s  to  make  it  rinj;  whil?  it  is 
under  the  infloMice  of  the  current ;  but  the  best  mode  of  magnetising  steel  bars  by  the 
eleetrie  envrent,  is  to  pass  Are  \mt  through  a  short  movable  eoQ  of  wire,  then  Ac  it 
between  two  soft  iri)ii  t'lcctro-magnot^.  tlio  coils  of  whirh  arc  eonncftrd  with  the 
movable  coil,  so  as  to  form  one  continuous  circuit,  and,  hariug  made  the  connection 
vith  tiie  lattery,  pass  the  mofMb  ooQ  bednrarde  end  imrarde  along  the  whole 
length  of  the  bar,  nibbing'  it  at  the  same  time  against  its  surface,  so  to  oxolte  % 
vibratory  motion  iu  the  particles.  In  this  way  Terr  powecfuland  r^pilar  magnetisation 
may  be  obtained  (D  agu  in,  IVtiii  d*  Pkgtiqw^  m.  608).  It  is  euf  to  see.  howerer, 
that  this  mo<le  of  inu^Mutisation  requires  rather  complex  npiiaraftis,  especially  ns,  to 
deveJope  powexful  magnetism  in  soil  izon  requires  ifc  rsry  long  coil  of  wire  fMMsing 
Mferu  tamee  Tomid  the  ha,  eni  eomemMiitly  a  powerfbl  hsttor  of  eeraial  oelle  to 

overcome  the  resistance  of  the  circuit.    lu  raosr  cases,  therefore,  the  simplettBlftilodftOf 
magnetisation  by  the  gin|^  and  double  touch  are  found  more  cooTenient. 
St^tuttmiSiM     TVmslfjBf  AAic^feii.— If ttlwrof  eoftiroOf  dfotifule  of  msgiMtuni 

when  placed  Iiorizon tally,  be  held  in  the  line  of  the  magnetic  dip,  or  in  the  vertical 
position,  which  in  these  latitodee  does  not  differ  greatly  from  it,  its  lower  extremity 
will  be  found  to  have  acquired  north,  and  the  upper,  south  poUrity.  On  reversing  the  " 
bar,  the  polarity  will  be  also  reversed,  the  lower  extremity  being  still  a  north  pole. 
This  effect  is  due  to  the  inductive  action  of  the  earth,  the  northern  hcmij^bere  of 
which  acts,  as  already  observed,  like  the  south  pole  of  an  ordinaiy  magnet  * 

A  bar  of  hard  iron  or  steel  hdd  in  %  etmiler  position,  does  not  ilBmediately  exhibit 
magnetic  polarit\-.  Imt  on  Ktnkinsi;  it  spveml  times  with  a  key  or  a  hammer,  it  l-e- 
comes  permanently  nuignttii>ed  with,  iln  north  pole  downwards,    lu  thi»  way,  p<Tma- 
■mit  magnets  may  be  obtained  without  the  we  of  other  magnete  or  of  tiie  eleetrie         ^»  ^ 
euTTcnt.    The  effsct  on  steel  maybe  grfatly  anfrmentccl  by  ratine  it  on  a  bar  of  ire-n 
held  vertically.  Olid  striking  both.  Scoresby  obtained  powerful  maKnets  by  the  following 
method:  A  large  bar  of  iron  was  pJaosd  Teirtieellj  and  atcildt;  and  la>Tbg  thus  ac(|uired  ^ 
a  certain  amount  of  mapmetic  power,  it  wa«i  plarcd  s'nrcr«!«!ircly  on  each  of  two  stt  «l  Cl> 
bars,  3U  iuclics  long,  and  one  inch  wide,  thet^e  burs  bein^;  al^iu  placed  vertically  and  R*" 
ftruck  at  the  same  time.    Six  smaller  tMoa  of  steel  8  inehes  long  and  half  anindi  wide  "j^ 
were  then  raapnetiscd  in  a  tiimilar  manner,  by  restintr  them  vt  rt icallT  on  one  of  the  E^m 
larger  steel  bars,  and  striking  them,  by  which  treatment  ihey  aci^uired  iu  u  few  minutes 
considerable  suspending  pow«r.   Lastly,  the  six  small  htia  were  joined  two  and  two 
by  their  opposite  poles,  by  mennP  of  soft  iron  Iceepers,  and  rubbed  with  the  othi  r«» 
according  to  the  double  touch  method.    By  this  treatment  they  were  found  to  be 
magnatiBed  to  aatiimtion. 

In  consequerre  of  the  magnetic  action  of  the  earth,  all  bars  r  f  iron,  sudi  as  railints, 
lightning  conductors,  standing  for  a  length  of  rime  in  a  vertical  ]Misitiua,  becitme 
permanently  magnetised*  their  lower  ends  in  the  northern  iieinisphcre  acquiring 
north  polarity.  The  mapnetism  of  the  native  black  oxide  of  iron  has  donbfb'«5s 
been  modueed  b^  the  same  causes,  the  veiy  different  magietic  power  exhibited 
bgr  diftrsiit  i^ieeinieiMi  being  putly  attrihiotabie  to  the  diAmi  poaitiooa  of  tha 
veins  of  ore  witli  regard  t<^  the  bne  of  the  magnetio  dip^  that  if  tO  laj,  fho  Ubo  of  tlw 
ramltaot  of  the  terrestrial  magnetic  foroea. 

€HttWMtanc9$  wkiek  influinot  tkt  Pernor  of  Mfa^nsta, 

Tniatever  may  be  the  process  of  magnetisation  adopted,  tiitte  enati,  tor  each  bar  or 
needle,  a  limit  of  ma{2;n<'tic  force  whieh  cannot  be  permanently  exceeded  ;  this  limit, 
which  IB  called  the  point  of  saturation,  depends  essentially  ou  the  coercive  power 
of  the  ironcr  atcal  cf  iriueh  the  bar  is  made. 

Steel  ham  may,  however,  be  magnetised  l>eyoud  tlieir  point  of  saturation,  and  do  not 
return  to  it  immediately,  tlie  time  occupied  iurt  turuing  to  it  depending  upon  various 
ffrwmfHHftfti  aoeh  aa  ehanges  of  temperature,  tlie  neighbourhood  of  other  magnets, 
portion  with  regard  to  the  earth,  &'C.  To  ascertain  vrhethera  bar  has  be.  n  mapnetised 
to  saturation,  it  sufficient  to  remagnetii^e  it,  iu  the  8«ne  direction,  with  magnets 
stronger  thaiitliooawlildi  were vaed  in  magnotiaiiig  it origpnaD  if  ittlietaliuaoiiiuEea 
but  little  increase  of  power,  and  this  power  disappears  aftar  a  whiles  «a  BMJ  eoadnda 
that  the  point  of  sutiuntion  had  previously  been  attained. 

Ji|(liMMf  «f  8i£e  and  Shape.^WiOk  ngaid  to  aiaa,  OonloBtb  frvad:  1.  That  ^ 
magnetic  momenta  of  saturated  magnets  of  the  same  substance  and  of  i^imilar  form  are 
seulf  pronorUonal  to  the  cubes  of  their  like  dimaudons.  2.  That,  in  cylindrical 
BaadlM  ci  tba  aana  langU^  Hi*  magperio  povav  ia  aaniliilljr  ptopoitiaoBi  to  tiio 
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diameter.  3.  The  time  of  osciUation  of  &  bar  haidng  a  reotiligHkr  iedjOBt  «k(OT 
bffBirtth  ii  I,  UiiiokMii  «^  andUogUi2X»  i»  gmn  ty  the  fonaaU; 

/  «  me  \^  +  ft  L, 

in  which  m  and  a  are  constunta,  depending  on  the  nature  and  hardnoM  of  the  steel. 

"With  regaid  to  Itarai,  Ooolomb  fmuid  tml  tluB  loerage-ehiqMd  ban  have  *  gruatwr 
directive /orw  than  rectun^^ular  noiMlI.  s  of  the  samo  w»-ight,  thickness,  and  hardness. 

Influence  of  HankmtM  and  Icm^ertM^—'Couiomh,  baring  magnetieed  a  eteel  bar 
to  saturation,  after  luraraing  it  to  didarent  dmreea,  ud  taflting  its  powor  bj  tbe 
■Wthod  of  iitnllt^iinil*,  obtaiiMd  tlie  ftllomng  numbers : — 

T.mi.r-ntnreof  biPdoning  875<>  975°  1075«  1187* 
liui.- of  10  owUatjona  93"         78"  64"  63* 

8toel  does  int  uutJ- r^  j  auj-  Bensible  modification  of  structure  wh.  a  lianl.  ued  at 
teniperatur>-s  h-low  870  ,  and  accordingly  the  magnetic  res^uUs  arc  the  itme  at  all 
di^j^rpr-s  uf  luir  li  iuii^  hi'lowthis  limit ;  but  when  hardened  at  about  1100^,  the  8t*'<'l  is 
capable  of  ae^iiiriu^  duuble  the  magnetic  force  which  it  retains  when  haixl-^ned  at  lowtT 
temiwrataies:  for  the  timeoecnpied  by  the  ten  oscillations  being  GS"  instead  of  93",  tho 
magnetic  forrr^s  arr  inrprsrlr  ssth*>  pqnarp«  of  thr-«si'  miml)07N,  that  i«  a*?         to  8649. 

A  steel  bar  hardened  at  n  cberry-red  heat,  and  then  magiielised  alt*^  ikiring  been 
,  tmpowd  at  diAfoit  degteee,  gftTO  the  ibUoving  leeolte : 

Tempering  heat      .       .      .      .  2n7'>      612°  1122° 

Time  of  10  oscillations    .  .    63"       Gl  a"        70"  93". 

Hence  it  appears  that  the  magnetic  forci<  in  lc*a  iu  pruportion  as  the  stod  is  more  tem* 
pered,  the  GO<«dT»ftMe  ta  fa^  r  duuiDishing  with  the  harducbs. 

Very  different  rr.snlts  wen- *.i!>t;iiiKNl  with  thin  and  wry  i-ljii^'atcd  laminrc  or  nee<Hi  «. 
^  ougnetising  them  at  different  degret'8  of  hardness,  Couiuiub  found  that  when  har- 
doMd  at  o  •mwtB  hmU  they  did  not  retain  a  higher  decree  of  magnetie  power  than 
after  having  brcn  eoTiiph'tciv  fcmpc^red,  In  proportion  as  thehardtu'ss  wan  lUminished 
by  tempering,  the  magnetisation  became  stronger,  down  to  the  tempering  uroduced  by 
ft  doU  nd  heat  Ob  temperiag  them  still  more,  the  directiTe  foroe  whien  they  vera 
capablr>  of  receiving  continii;illy  iliinini-shi  1.  Biot  explains  [\m  anomalT  Jiy  t  he  forma- 
ticHi  <d  two  consecutive  poles  in  very  elongated  and  strongly  hardened  needles,  emh  half 
of  tlw  needle  tboa  poseeasiag  two  poles  of  oontrarf  nimie,  wh^n-eby  the  dirsetive  feioe  io 
gnMtl)' h^SH<ni«Mi  But  as  tbf  harJueJ^f--  is  diminished,  the  [  Ir^  nOMOlt  tO  tho  OBntPB 
apuoach  oontmuailj  nearer  to  ii,  and  Hnally  disiwpear  altogether. 

Uompaae  needles  are  usually  tempered  at  the  bnip,  that  is  to  a^,  aboot  SOO^  OL 
In  this  Ht;ifo,  tho  cocrt'ivi'  force,  thou^rh  not  tit  its  ■mriximiiiii.  is  still  very  K^i  at,  and  the 
atedl  is  leas  fragile  than  when  more  haidened,  and  less  liable  to  acauite  oonaccuUve  poieii 

Kobili  (mO.  Unir.  IvL  82)  has  endeaTOorsd  to  exphiin  Uie  ufiveDoe  of  hardeni^ 

on  magnetisation  by  tin'  iiitNUiality  of  d.  nsity  of  llu-  different  parf-s  of  tho  hardt-ned  bar. 
He  found  that  when  a  bundle  of  thin  steel  wires  (about  was  very  strongly  magne- 
tised, and  the  wine  separated  a  d»rt  time  aftenraods,  each  of  that  a{ipeai«d  strongly 
magnetised  in  the  same  direc(ir)ii ;  hul  mIh'u  tin  hundlo  was  made  up  again, and  untied 
.  a  fow  hours  afterwards,  sereral  of  tho  i»ires  were  foood  to  be  unmagnetiaed,  and  some 
had  had  their  polarity  Terersed.  flhaQar  veaiilta  had  praviously  bsen  ohtahied  by 
Coiilomlt.  It  appears  then  that,  in  a  system  of  parallel  rows  of  magnetised  particles,  those 
which  are  most  strongly  polarised  destroy  or  leveEse  the  polarit-^  of  the  weaker  seri^ 
and  determine  the  pobntf  of  the  whole,  and  if  the  original  polarity  of  all  the  rows  weore 
equal,  the  magnetic  power  of  the  entire  system  would  probably  soon  be  extinct.  Now 
a  magnetised  bar  may  be  legaided  as  made  np  of  oonoontrio  hqi'ers  of  polarised  particles^ 
and  u  the  fstenal  ahdl  is  rendered  denser  than  the  interior  by  haraemnfr,  so  that  a 
lai^er  number  of  magnetic  elements  are  there  incluili  d  within  a  given  space,  this  ex- 
ternal shell  will  receive  a  higher  degree  of  polarity  than  the  external  prartions,  and 
accordingly  will  neutralise  their  action  and  determine  the  polarity  of  the  whole  system. 
For  the  same  reason  soft  iron  wfaidi  has  been  hammered  or  wire-drawn,  acquires  the 
power  of  retaining  a  certain  portion  of  magnetism.  According  to  this  view,  the  coer- 
cive or  retaining  power  does  not  depend  upon  any  peculiarity  iu  the  physical  or  che- 
mical oonstitotion  of  steel,  bat  is  entirely  aub  to  the  differe  nt  densities  of  the  super* 
flcial  portions  of  its  mass.  This  is  in  accordance  with  the  fact  that  small  bars  are 
capable  of  retaining  a  proportionally  greater  power  than  lar^ri  onrs,  their  surface  being 
gi4ater  in  proportion  to  their  volume.  It  is  als<j  supp  .rt<d  by  the  following  experi- 
ment made  by  Nobili.  Two  cylinders  were  constructed  of  the  same  kind  of  steel,  and 
of  equal  length  and  diameter,  but  one  solid,  weighing  28  grms.  the  uiiier  hollow, 
weighing  10  grms.  They  were  then  hardened  to  the  same  d<-gr«e^  and  both  wore  magt> 
nekised  to  saturation.  When  placed  at  equal  distances  from  a  eompavs-ncodlo,  the 
•olid  ^yliadsr  deAeeted  it  9|<',  the  holbw  cylinder  19®.    Th^  gn«Mt  diilerenee  of  power 


thus  shown  in  foronr  of  the  hollow  eylindor,  tho  mass  of  which -was  not  much  more 
tiiaa  half  that  of  the  other,  aopeazs  to  be  doe  to  the  circamstaDce  that  it  wm  hardened 
botih  vitUii  and  withovfe,  cad  wm  iSbietthn  «mnd  on  boCh  mutMm  vich  denM 

cru^it  which,  accorcling  to  tli<>  precv  Jinf*  vit^w,  preserves  th<'  magnetic  rowt-r,  'wherras 
the  solid  cjliiider  was  thus  hardened  onljr  at  its  outer  snr&ce.  On  tAe  <^er  hand, 
lunrmr,  it  wnst  be  admitted  lliat  tine  node  of  explttiriiig  the  Tetainiiig  pow«r  of  steel 

docs  not  account  for  the  known  fivct,  that  iron  containing  a  small  quantity  of  sulpbui 
is  callable  of  zetainiflig  msgsetism,  although  perfect^  homogeneoui^  aiod  that  Texj  hard 
■ted  is  seaxwly  if  at  all  attneted  by  Ibe  magnet 

Inflw  )tc>'  of  Ihat.  Tli.'  powr  r  of  maijiiftfl  is  diminished  by  rise  of  temperature, 
tampoKariJj  or  permanently  according  to  the  d^ree  of  heat  applied.  The  effect  of  heat 
is  to  dimfniiih  tte  eoerelTe  ibrce ;  and  at  a  red  heat,  as  first  observed  by  Gilbert^  a  steel 
magnet  loses  the  whole  of  its  power.  When,  on  the  other  hand,  a  magnet  is  only 
■lightly  heated,  its  power  suffers  only  a  temporary  diminution,  the  original  intensity 
b«n^  refined  on  cooling.  This  circumstance  must  be  attended  to  in  estimating  the 
Mlative  intensities  of  the  earth's  magnetism  at  different  localities,  by  oh^  rvation  of 
the  oscillations  of  a  magnetic  needle,  as,  if  the  temperatnre  is  higher  at  one  pin  rl-jin 
^  the  other,  allowance  must  be  made  for  the  diminution  of  magiu  lie  int*  iiMty  lu  tJie 
aeedle  thereby  produced. 

On  the  other  hand,  magnetism  is  more  easily  imparted  to  stet  1  at  hi^ii  ti  mprrainres; 
so  that  a  bar  may  be  very  powerfully  magnetised  by  placing  it  while  red  hot  betwt»en 
the  opposite  p<)los  of  two  itxong  magnets  and  oooling  it  qaickly  in  that  position. 
A  8teol  l)ar  heatwl  to  redness  and  then  hardened  l-j  sudden  cooling  in  tho  vortical  poet 
tion  retains  the  magnetism  imparted  to  it  by  tho  inductive  action  of  the  oarUi. 

Coulomb  has  measured  the  decrease  of  the  magnetic  force  of  a  bar  as  its  temperature 
is  raiso^l.  He  first  tempered  the  bar  m  that  its  coercive  force  should  not  vary  during 
the  heating,  then  ha\ing  magneUsed  it  and  heated  it  to  various  teuiperatores^  he  ol^ 
tallied  the  Iblknriiig  feeolti : 

T<«ipentiiree  .      .      ,  Iff*  lOO^     TMf^     iASP  8<0» 

TimeoflOoMillatioM     .  ^    Vf-fT   104'    W  SWT  TiiygEeet 

According  to  Kupfr«-r.  the  cffv-t  of  heat  upon  a  mapie*  is  not  inf-fantanoous.  hut 
requires  a  considerable  time  to  produce  the  utmost  diminution  of  power  of  which  it  is 
capable.  For  Mcamplo,  on  plunging  a  magnet  sevinal  ttnee  hito  boiUng  water,  and 
leaving  it  each  time  fur  ten  minutes,  a  diminution  of  the  magiii'tic  f  )!ve  fo.ik  plii-i'  ;it 
each  immersion  up  to  the  sixth,  after  which  the  oowcr  remainod  constant.  Kupffcr 
bas  also  shown  raat  wben  one  balf  of  a  magnet  is  neeted,  that  half  beeoraee  weekened, 

and  tlie  luKlian  line  appiviaehes  n<  arer  to  tlie  opposite  end.  Aeeonling  to  Christie, 
the  greater  part  of  the  diminutio&  of  the  force  of  a  magnet  bv  heat  takes  place  instan^ 
taneofldj,  a  leaolt  wlddi  la  in  aeeacdaaee  witii  the  Meiimiuati<m  of  magnetic  power 
Miar  die  fiudhee  (pw  767). 

We  have  already  had  oeearion  to  aoBoe  theinlhienee  of  firiedon,  percoasion,  and  other 

causes  which  agitate  the  purtieles  of  LodieN,  in  diniiiilshing  tlie  coercive  {M»wer  of  iron 
and  steel,  thereby  weakejiing  the  power  of  permanent  mia^ets,  and  facilitatiiy  the 
development  of  magnetism  hy  indnetion.  Various  other meeoanlcal  aetfona  wluw  pro- 
duce a  temporary  alteration  in  tlje  mohcular  coinlition  of  a  mass  of  iron,  Likewise 
produce  a  temporary  alteration  in  the  magnetic  power  which  maj^  be  induced  in  it  by 
any  cause,  the  iron  cegaining  its  original  magnetic  pownr  as  toon  as  the  disturbing 
fnee  ceases  to  act 

Torsion. — The  easiest  way  of  examining  the  effect  produced  b^  toraion  on  tho  mag* 
netic  state  of  iron  is  that  devised  by  £.  Becquorel,  whieh  eonaists  in  making  tue  of 
the  currents  excited  in  a  helix  enveloping  the  magnet,  by  evi  ry  in(  rease  or  diminution 
of  it-s  magnetic  power  (ii.  451).  For  this  purpose,  a  wire  of  well  am^ealed  iron,  stretched 
by  a  weight,  is  passed  through  a  vertical  glass  tube,  round  whhdi  is  coiled  a  helix  in 
connection  with  a  delicate  galvanometer.  The  wire  in  this  position  1«  eumes  magnetised 
by  inducing  aetl.  -n  of  the  earth,  and  it  is  found  that,  on  twisting  it  either  way,  the 
galvanometer  needlt-  is  deflected,  in  a  direction  whkh  shows  that  the  magnetic  power 
ef  the  wire  is  diminished  by  the  torsion ;  and  when  the  wire  U  untwibteil,  the  needle 
tnov*»«  ui  the  contrary  direction,  indicating  that  the  magnetic  polarity  of  the  wire  is 
returning  towiirds  its  primitive  state.  On  allowing  the  wire  to  oscillate  freely  by 
tonion,  and  interposing  in  the  electric  circuit  a  commutator  which  changes  the  di- 
rection of  t?ie  current  tlirough  the  galvanometer  every  time  it  is  reversed  in  the  hch'x, 
that  is  to  say,  at  the  moments  when  the  wire  paases  through  the  position  of  equilibrium 
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"Werthpira  has  made  numeroas  experimentii  on  the  roktioiis  between  ma^ptism 
ftiid  torsion,  by  a  method  similar  to  that  of  Beoquerel,  using  however  a  horizontal  bar 
«f  iHMl  mreloped  by  two  helices,  one  formed  of  thick  win  to  receive  the  current  which 
mapnetisos  tho  Vmr,  fho  otli.-r  of  a  long  thin  wire  to  receive  the  induced  ctim-nts  and 
convey  theui  to  a  uulvuuometer.    The  helices  are  placed  near  tho  vnds  of  the  bar,  and 
otoqiy  IratAaBUiNntioii  of  its  length.   HttTing  iist  shown  that  the  softest  inm 
alwavfl  p<)<tooKse8  a  certain  ninonnt  of  coercive  power,  and  tlior«'fon«  ahvavs  n-tains  a 
certain  amount  of  the  magnelic  polarity  once  induced  in  it,  WerUieim  obtained  the 
following  results: — 1.  Torsion  and  detorsion  do  not  by  themselves  develope  any  mag- 
n<-tism  in  iron  :  for  on  placing  the  bar  at  right  anfjles  to  the  magnetic  morulian,  and 
twiuLing  it,  no  induced  current  is  developeoL — 2.  If  the  bar  is  placed  in  the  magnetic 
Buridian,  or  nubjected  to  tho  •etion  of  ft  BMgBtt  placed  on  the  continuation  of  ite  axie 
or  to  thf  at'tion  of  the  electric  current,  the  mafrnotising  n^^tion  of  either  of  these  causes 
is  aocelenited  both  by  torsion  and  bv  detorsion ;  but  when  once  tho  magnetie 
equilibrium  is  esteUidicd,  tonion  weakens  the  total  magnetisation,  and  detorsion 
restores  it  to  its  former  amount :  hence  the  maximum  nf  nm^jnetisafion  take*  place  in 
the  state  of  mechanwal  equUibrium. — 3.  If  the  bar  is  withdrawn  fh)m  the  action  of  the 
aagaatifling  a^t,  repeated  tonaon  and  detorsion  quickly  deitrofi  tile  cseen  of  ten- 
porary  magnetisation,  but  continues  to  act  indef5nitely  on  the  permanent  magnetisation, 
which  is  diminished  by  torsion  and  re^^tored  by  detorsion. — i.  When  the  bar  is  in  anj 
givvB  eonditioB  of  aiagnetio  equilibrium,  all  the  effects  of  toidoii  are  proportional  to 
the  anpli  s  i  f  tDrsion  ;  but  the  magnitude  of  these  effect*  appears  to  depend  inneh  more 
upon  the  pemmneut  magnetisatiou,  than  on  the  temporary  magnetisation  produced  hj 
ibe  toAmatl  The  form  of  tihe  oeetiaB  of  tho  Mr  doee  not  appear  to  exett 

any  influence,  but  the  deflections  increa>^e  with  its  area  and  with  the  intensity  of  the 
magneUsation. — 6.  The  order  of  the  ei&cts  produced  is  the  same  for  ail  kinds  of  iroi^ 
tiio  oolydiAnneo  being  in  the  aboohite  intenntieo  of  Aooe  efhett.  Tho  haardiot  iron 
requires  the  greatest  ntimber  of  torsions  and  detorsions,  to  bring  it  to  its  condition  of 
nuumetic  equilibrium,  indicated  bv  the  equahtj  of  the  opposite  induced  currents.  — 
7.  Btool  dn^  the  bmvo  it  is  hnraened,  reqvini  a  greattf  noalMr  of  tmriont  and 
detorsions  to  hriu^  it  to  a  state  of  matrnetic  equilibrium;  bat  when  onoo  tlua 
equilibrium  is  established,  it  cannot,  according  to  Wertheim,  be  modified  by  tocaloii 
and  detenioB  alom,  ao  is  the  eaae  with  iron.  Matteueei,  on  the  odier  hand,  alwajs 
obtained  feeble  cnrr-  nts  in  this  case,  thoao  currents  being  weaker  as  the  steel  was  more 
hardened.  Hard  iron  exhibits  an  anomafy  which  has  not  been  explained,  the  modifica- 
tion pfodMtd  in  it  bj  tonion  befaig  graoiir  iauDodtatelj  allw  tho  iatflnraptiai  of  tho 
T*g'^Tt"*'c  nin-ent  than  during  ill  poMiga.  hk  tiiii  caoo^  Uio  dimimitioa  dooa  not 
takadftOO till  after  some  time. 

Wmb  Hm  bar  ia  hi  a  atate  of  temporary  or  pemument  torsion  belbro  magnetisa- 
tioi^  aim  ilar  results  arn  obtained;  that  is  tu  .'•ay,  the  mapnttii-  iniximuia  mrresjionds, 
not  with  the  initaal  state  of  Uwsioo,  but  with  that  wliich  exists  in  the  state  of 
WKMiiiawical  ecjnilibrhnn '  ao  tfiat  tiie  magnetism  focfeaaee  iriien  the  bap  la  twisted  in 
the  direction  which  diminishes  the  primitive  torsion,  and  diminishes  when  the  ori^rinal 
tonion  is  ze-ostabliahed.  But  if  the  initial  permanent  torsion  ia  produoed  while  tho 
bar  ia  under  the  aetion  of  the  magnetfaiBg  evrrent,  a  roMkn  ^  III  maximum  ia 
observed  ;  that  is  to  say,  the  maximum  is  displace^l,  and  in  the  direction  Of  the  torsion, 
the  an^  of  rot&tion  being  greater  as  the  iron  is  harder,  and  the  permanent  toreioa 
Cnaftar.  lliis  an^e  ia  always  less  than  half  the  temporary  torsion  which  neeeasarily 
Bikaa  place  during  the  production  of  a  permanent  torsion. 

For  ftirther  details  on  this  subject,  and  on  the  reciprocal  isflnence  of  magnetism  oo 
tonion,  see  Wiedemann  (Gaipa$tumu$  und  Eleetro-magnetiamu$,  ii.  430-449). 

Traction  and  Flection. — According  to  Matteueei,  a  sudden  elongation  prolaeed 

Sj  tension  in  a  wire  of  iron  or  steel,  while  subjected  to  the  magnetising  action  of  an 
ectric  current^  produeea  an  inereate  in  the  magnetic  force,  and  a  sudden  riiortening 
diminishee  it.  These  results  haTe  been  confirmed  l>y  Wertheim,  who  hasalsoshown 
that  flection  and  deflection  act  in  the  same  manner  as  torsion  and  detorsion.  All  theso 
effects  are  due  to  the  displacements  of  the  moleeolee  produced  by  theee  rarious  forces, 
wfaecebjthejare  enabled  to  arrange  thawMlf«b  aither  hi  the  poaitioa  aoot  flmMnablo 
fcr  magnetisation,  or  the  contrary. 

Wertheim  finds,  in  the  increase  of  the  magnetic  capacity  of  iron  by  traction,  an  ex- 
planation of  the  well-known  fact,  that  a  magnet  while  loaded  becmnea  coiuitni.i'ly 
stronger,  but  returns  to  its  primitive  state  as  soon  aS  the  weight  is  mnorad.  lie  alno 
attributes  the  great  irregularities  of  the  compa.ss  in  large  iron  slups  to  the  iBe^'itable 
fleetiooa  of  tho  hMW  which  take  place  dnring  the  voyage^  ttuMa  flections  produciaig 
dumflsa  in  the  magnetisation  of  the  iron,  of  which  the  eontpevsatort  (p.  7S0)  are 
wnabTiB  to  take  account.  These  phenomena  are  the  converse  of  those  observed  by 
Jonlo(PMLliag;ni;7tand»>^who<bmdthataaMwabagtoewaaMiBl^^ 
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magnetuiMl  uii<ler  <>r«llnary  eirL-uni^fanco^,  but  eonttttcU  if  aln>dypowetAUl/ltvotdied 
hj  a  meciiiiuicai  fitmiu  pivviuuo  to  magnt^tbatiua.  * 

fjiagntti$m  compared  wiih  Electricity, 

The  phenomfUft  of  magnptic  indaction,  abovp  dostrlbed,  are  analogotu  in  n!nio«t 
every  pMrtic\iIuT  to  thot>e  oi  viatic  electric  inditetiou;  Uut  there  is  one  esseutial  dif* 
iBTCOce  between  the  two:  there  is  no  such  thing  M  magnetic  discharge.  In  the 
ens*'  of  fltjctrifit'd  bodies,  wo  know  that,  whtu  the  oppo<;it<'  polaritips  of  the  nHfjh- 
bourijig  feurfiices  attain  u  certain  dt'grco  of  iiiU-iibity,  di^^.-Liii^o  takes  pUee  bctwceu 
them  in  the  form  of  u  Bpark;  tnd  the  distribntion  of  the  eiectrio  fun:^  after  this 
di«ph;irg»\  is  no  lonn^rr  the  t»«me  as  before,  the  one  body  appearing  to  liave  Inst  n 
certain  amoant  of  power,  aud  the  other  tu  havu  gaiuod  it  (ii.  '6boj.  Uut  iu  uaguelic 
indnetion,  notiuag  of  the  kind  is  observed.  Wliatever  may  be  the  power  of  a  magnety 
and  however  intvnwlv  a  piece  of  soft  iron  mny  be  p  blamed  by  eontuet  with  it,  the  iron 
caui  take  uolhiug  fruia  tljc  magnet;  but  aw  ^oon  us  the  contnct  is  Itroken,  the  soft  iron 
loses  its  polarity,  and  the  .st<  el  magnet  is  found  to  have  lof<t  not  liing,  but  rather  to  ham 
had  its  poLiritv  iiif.>n»;itifil.  Nrirh.  r  does  hanl  in-u  or I.  though  it  remains  mag- 
netised  after  reparation,  take  any  power  from  tUo  ongiuai  niaguel:,  its  retention  of 
polarity  being  in  fact  analogOO^  sot  to  the  condition  of  a  bodj  which  has  been  electH« 
fied  by  disohar^i-,  I'lit  to  a  non-eondui/tiiig  \>m\y  like  sealinp-wax,  whicli  lias  In  *  n  elec- 
trified merely  by  iiuhir-rioM,  aud  then  rwmovirdl'rom  the  neighbourhood  ot'tlit<  inducing  i)od^'. 

The  phenomei  t  magnetism  are  not  then  pieeteely  nuulogoii'^  to  thoee  of  etatie 
eleetricltv,  notwit hNtanding  tht-  rxact  j^aralb^lisrri  which  e.vi>{s  bftwern  the  two  tip  to  a 
Oertain  point.  But,  an  alrwidy  expiaiuud  under  Ei.f.ctuu  ity  (ii.  447),  the  laws  of 
BUigBetie  attaMtion  and  repulsion  aie  esaetly  amilar  to  t  hose  of  the  mutwl  wiUkm  of 
electric  currrnts.  Two  h(.  h"r.  s  of  eopper  wire,  tiirough  whioh  »"b'ctrie  etirrents  nre 
passing  attract  and  repel  one  another  exactly  liku  uiagni  t.'^,  uiid,  accordingly,  all  the 
phenomena  of  magMfcio  attnutum  and  iiqmlnon  may  W  aecoonted  fiip,  if  we  acnnne 
that  a  magnet  consists  of  an  ajrcjegnfe  of  pnrtirk's  Imving  eleetric  enrri^nts  constantly 
oicoalatiDg  round  them  in  one  direction.  This  theory  Utt&  hmu  bulficieutly  developed 
ill  the  ttwde  tttmtA  to,  and  we  need  not  dwell  apon  it  further. 

But,  as  a  bar  of  iron  or  stc*  1  is  rendered  mapirtic  by  the  action  of  an  olectrie  current 
paaniig  near  it  at  right  auelee  to  its  length,  we  must  sup^e,  if  this  theory  be  true, 
that  an  eihfArie  enxent  hae  UiA  pow^ 

currents,  in  tlif  same  dirootion  ius  itself;  moreorer,  that  these  cnrreTits,  onee  established, 
will  continue^  in  soft  iron,  as  long  as  the  original  current  continnee  to  act^  and,  in  tlie 
eaaeof  ateei  efenaAerithaaoMMed.  Kov,  this  is  not  iriiat  it  obaemd  to  take  plaee 
in  the  action  of  electric  eurronfs  >>i\  conducting  !iodies  in  gt m  ral.  We  know  that  when 
n  oondttcting  wire  fiaming  a  closed  circuit  is  placed  near  another  wire  courejing  an 
eleefane  eiiR«nt>  tiie  latter,  at  the  inatant  when  it  begone  to  €ow,  indnee^  in  the  flnfc 
wire,  a  current  oppo^Itn  in  direction  to  itself,  this  current,  however,  being  merely  in- 
atantaneoosi  and  no  induced  ourxent  being  perceptible  so  lone  as  the  inducing  cnirent 
eon^nea  to  flow  with  unilisfm  atrength ;  and,  finally,  that  iraen  the  ongbnf  eomnt 
ceas>'S  (or  the  battery  circuit  is  Itrokcu),  another  momentary  curn:'nt  passes  througli  the 
second  wire  in  the  same  direction  as  the  inducing  corrakt.  These  dl^ie^»  of  eiectro> 
dynamie  indoetlon  aie  eridenflT  total^ir  diAfmit  mmi  thoae  wMeh  nvat  be  supposed 
to  take  place  in  magnets,  acconting  to  Ampen  's  theory  ;  and  we  mu.sf,  therefore,  sup- 
pose thi^  magnetic  bodies  have  a  peculiar  molecular  constitution,  which  enables  an 
eledrie  oamnt  passing  near  them  to  exeite  eomtinwma  earrente  mnd  their  pavtieieB  in 
the  same  direction  as  its  own;  or  rather,  perhaps,  that  these  currents  pre-exist  in  all 
magnetic  bodtr>9,  even  before  the  developnunt  ol  magnetic  polarity,  but  arc  dispoeed 
wiraont  nguLu-ity,  so  tint  thsgr  nevtmliae  one  toother;  and  that  napietiaation, 
either  by  an  electric  current^  or  by  another  nni^et,  is  the  prooaai  bjnUcllllMaemiola- 
oolar  currents  are  made  to  move  in  one  diiection  (ii.  446). 

The  hypotheaia  that  the  moteenleii  of  magnetie  hodiea,  aaeh  aa  iron  and  8t«iel,  are  en- 
circled by  continuous  clo8ed  curreiits  of  electricity,  which,  b<'fore  the  development  of 
magnetic  polarity,  oironlate  indiscriminately  in  ail  planes,  but,  in  a  magnetised  bar, 
eiretilate  m  such  a  manner  that,  c«  the  whole,  the  prevailing  direetlon  of  ntatton  &i  in 
the  same  direction  as  that  of  the  hands  of  a  watch  conceived  as  situated  ut  rlie  centre 
<^  the  bar,  with  its  face  towards  the  south  pole  and  its  back  towards  thb  north  pole, 
and  in  a  phine  perpendicular  to  the  line  joining  the  two  poles:  this  hypotheaiaaoooonta 
for  all  the  most  iin{>ortant  facts  connected  with  magjn  tisation,  and  receives  from  some 
of  them  a  striking  confirmation.  Aeeording  to  this  view,  magnetisation  consists  in 
ghringto  the'particles  of  a  piiHTe  of  iron  aadi  an  arrangement  that  the  prevailing  diree- 
tion  of  its  molecular  currents  shall  be  that  indicat<vl  above.  Co<  reive  force  is,  on  the 
same  view,  a  resistance  to  the  motum  of  the  partidee,  which  r  equires  to  be  overcome 
equally  t^jproducc  maguetieatiott  or  deroa^etisation ;  and  the  saturated  state  of  a 
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magnet  ia  when  the  gr^teflt  pMnble  nnm'ber  of  mcteihr  <unmto  diedafte  m  tih* 

afttnp  (lin'cfioii,  with  tfieir  fixes  pfirnlk-l  to  that  of  the  magnpt. 

That  mugucLiwitiou  i»  really  utteiidt-U  by  molecular  motiou  in  proved  by  the  emission 
of  musical  sounda  hf  A  piece  of  soft  inm  vhich  is  suddenly  maic^etiscd  or  demagno- 
tist  il,  whrii  it  is  flA  <i,Tipporte<!  that  the  preater  part  of  its  ma-is  is  five  to  viVtrato.  The 
magntjlic  vflWts  dex'eloped  by  torsioii  liktwiiio  show  ihts  intimate  conmctiou  between 
■MMcular  motion  and  magiiietisation.  This  view  also  enables  us  to  .soe  why  the  coercive 
force  of  steel  is  increased  by  hanlerilns: ;  fur  the  hardness  of  buhA  im  nothing  mon  than 
the  retfolt  of  the  groat  resistauca  vvhicii  ilit  mokcoles  oppose  to  uiutuai  uiotion.  The 
difieronce  between  tlte  molecules  of  soft  iion  and  those  of  steel  irith  l««pect  to  magw 
netisation,  maybe  regarded  as  analun-nTis  to  that  iin-sciitoJ  by  a  very  fnu-ly  liun^ 
magnetic  needle  and  one  that  is  euai-[»aiy  hung,  when  a  magnet  is  brought  near  them. 
The  fiaflly  hnng  needle  ia  immediately  and  completely  tomod  from  ita  nomal  poaitioii 
on  the  approach  of  the  marnot.  ami  at  nnre  n»tnrns  to  it  when  thr  mafrnet  is  removed: 
the  coarsfly  »Ui*pt'iideil  nccdk,  kowever,  is  at  firvt  imich  less  ailectcd  by  the  magnet^ 
tad  does  not  trim  to  the  full  extent  until  the  frin  hm  of  its  pc»mt  of  £upp(»t  ia  ovetooma 
"by  a  gentle  tap  or  shake,  ami,  similarly,  when  the  disturbing  magnet  is  taken  away,  it  does 
not  return  completely  to  its  first  position  without  the  same  aid.  This  comparison  may 
aemto  explain  the  influence  of  a  blow  or  vifaratiba  in  iSidlitating  the  mametisation  ot 
an  mmngiwiriaed  aleel  bar,  and  in  weakening  the  fttoa  el*  aatozated  ated  magnet* 

mrtvtffMdl^    MngMilA  AioltM^MuMagMtiHa. 

Ib^Bt^Sam  wiaftfloiig  Uaw  legaiJed  aa^teraUartonanaDmnilMrefbodiea,  namely, 

iron,  niL'ki'l,  Oubalt,  and  fortain  of  th^^iroomponnds ;  l>tif  later  Pt:'?f>arcbi'shavt^shouni  that  all 
bodies  are  moxe  or  less  susceptible  of  nia^^tic  influence,  thoo^h  they  are  not  aU  atl^tcd 
in  the  same  way.  TheqtnatMnof  thetmiverMdity  of  mt^netasm  was  raised  as  earirsa 
the  beginning  of  the  eighteenth  century.  Miit^ehe  nbro  ek  and  Xul  1 't  f  nind  tli;it  a 
large  number  of  bodies  in  the  state  of  powder,  the  ashes  of  pUtut!^  andsmall  &ngmcnta 
of  organie  aabatanosat  were  atlnuted  ly  the  magnet;  but  tney  attribnted  fhe  reenlt to 
the  prehence  of  nmall  quantitieri  of  iron  in  the  hul»fai)ee'i  examineJ.  The  suTjeet  was 
also  inv^tigated  by  Lehmftnn  and  C&vallo}  and  Brugmanns,  in  1778,  observed 
that  biamnui  ia  rtptUed bj  the  polea  of  powerftil  magnets,— a  mnailcable  diaoowy, 
which  did  not  rfeeivo  at  the  time' tlie  attention  it  deserved.  CoiiloniK  in  1S02, 
found  that  &ne  needle*  of  gold,  silver,  and  other  metals,  also  of  glaaa,  and  of  various  voge^ 
table  and  iBiraBlaobelanoaa,  suspended  by  athnad  of  unspnn  silk  between  the  opposite 
poles  of  two  powerful  magnets,  OMiUated  till  they  came  to  rest  in  a  line  between  tho 
poles ;  but  he  aI<o  .shM\ve<l  that  a  reiy  minute  quantity  of  irvn,  not  o\.:-ec(!innr  y-^f-,. 
Ultimately  mixed  with  a  needle  of  wax,  was  suffideat  to  produce  this  cl&ct :  hence  he 
eemldaradit  wnosKtain  whether  the  elfeeta  obeerved  were  dae  to  the  aetion  of  the  mag^ 
nets  on  tlie  various  Jiubstances  tlienis.ln  .t,  or  tvn  trtinnfe  qnantitiei^  of  iron  rontain'~-d  in 
them.  After  the  discovery  <rf  electro-magnetism,  Bec^uer el  observed  that  rods  of 
ahrihu^  wood,  and  other  anbataaees,  suspended  by  threada  of  nnapon  aiDc  within  the 
OOil  of  a  g;ilraii')nii  ter.  phii'ed  tlioms'  lves  wilh  thrir  axes;  pdi  a-ht  to  tlu-  plane  of  tbo 
ooil,  instead  of  at  right  angles  to  it,  as  an  iron  needle  would :  this  cfiect  was  exhibited 
in  a  mnarieable  manner  by  a  paper  tube  filled  with  tmnt  eodde.  LebailH^  In 
1R2S,  found  that  a  delicately  .suspended  magnetii^  n^edlo  wns  repelled  by  lii^^muth  and 
antimony,  thus  confinning  the  important  observation  prc\'iout$Iy  ma  le  Ly  Bnigmanna. 
Ae  aame  kind  of  repohnTe  action  was  anbscquently  obeerTed  by  S  a  i  g  oj  in  several 
other  substances. 

But  tbeee  fiusta,  however  important  they  may  now  appear,  excited  but  little  attention 
at  the  time  of  tiieir  diaeoreiT,  inaamiieh  as  thej  eould  not  be  retired  to  any  general 

law;  and  the  question  of  the  universality  of  magnetism  r<  niaine.l  undreld.  d,  until 
f  araday,  in  1846,  discovered  that  most  transparent aubstances,  when  subjeet' d  to  the 
inflttfinee  of  powetM  magnets,  aoqntre  the  power  of  drcidar  poUriaation  (p.  ^ ;  and 
regarding  this  effeet  a.s  r'  suliini;  from  the  aetion  of  the  magnet  on  the  mul.  cnles  of 
the  txansparent  body,  he  was  led  to  undertake  a  series  of  researches  which  resulted  in 
the  grand  diaeorery,  that  all  bodiea  whatever  are  subject  to  magneiie  inflnenee;  bnt 
are  not  all  affected  by  it  in  the  same  way,  being  divided,  with  respect  to  their  magnetic 
aosceptibilitiea,  into  two  great  olaases — the  Magnetic  and  the  Diamagiuiio.  The 
ftvmer  eihua  indndes  thoee  bodice  which  exhibit  the  well-known  phenomena  of  ordi- 
nary magnetic  attraction  and  repulsion — being  attracted,  when  in  their  natural  state, 
by  either  pole  of  a  map:Tit  t,  and,  when  shaped  into  bars  or  rods,  and  suspended  joining 
two  opposne  magnetie  pol.  pointing  axituly — ^that  hi  to  say,  in  a  straight  line  between 
them.  The  bodies  belonging  to  this  class  are  mostly  metallic  (including  oxides  and  salts), 
via.  iron,  nickel,  cobalt,  nianganeee,  chromium,  cerium,  titanium,  palladium,  platinum, 
eemiom.  ^Dm  magnetio  propezties  of  iron,  nickel,  and  cobalt  have  long  been  known. 
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In  the  otiur  mtala  of  the  §aita,  magBcitlo  nMeeptfUfity  em  m\y  be  deterted  hf  the 

use  (if  nintjnots  of  pront  powor.  ManiTniK^so,  rhroniinm,  cprlnm,  titanium,  and  osmium 
■re  placed  by  Faraday  in  the  magnetic  class,  because  certain  of  their  compoiuids  exhibit 
the  evdiiiary  magnetie  rdatioM. 

Tlio  st'cond  or  Diamaffnetic  class  includes  all  liquids  and  solids,  l^nth  orcranic  and 
inorganic^  which  do  not  belong  to  the  laagnetic  class.  Tho  law  which  governs  the 
aetkm  of  nmgnels  on  theie  bodiet  it  ao  IbUows:— J  partide  of  a  HamSgMHo  Inxly 

p/acrd  in  the  neighbourhood,  of  cither  pole  of  a  maqnct  is  repelled  hy  that  jvilr. 
Hence,  a  bar  of  anjr  diamagnetio  substance  suspended  by  its  centre  midway  between 
two  mtifi;D«tie  poise  win  pcmittquat&HaSl!f,lihajbi»  tosaj,  at  right  angles  to  the  straight 
line  joining  tlie  two  poles— that  bi  inii  the  position  in  which  rvery  part  of  it  is  at  th<' 
neatest  possible  distance  from  each  of  the  poles ;  and  if  its  centre  be  jplaced  on  either 
tide  of  the  axial  Hne,  the  whole  bar  will  recede  from  that  lincL  jolaeil^  itself  at  the 
paine  time  equatoriiilly.  A  globe  or  cube  tlurs  not  poM,  but  eauuDits  the  simple  phe- 
nomenon of  repulsion.  If  two  small  biUls  of  any  diamagiwtio  iobatance  be  suspendr  d 
botwosn  the  two  magnetic  poles,  they  will  be  dnven  towards  one  moHltur,  as  if  tiuy 
IPnaaotliated  by  mutual  attnietion.  The  position  which  a  bar  of  any  substance  taki'S 
■B  whan  suspended  horisontally  between  two  ma^etic  poles  fumishea  the  best  means 
of  determining  whether  it  belongs  to  the  magnetic  or  the  diamagnetie  ebas ;  if  it  be 
mafjnetic,  it  will  place  itself  axinlly  ;  if  diamay;netic,  oquaforially. 

The  diamagnetic  force  cannot  be  perceptibly  developed  without  the  use  of  exceed* 
ingly  powerfu  magnets:  eleetnvmngneta  answer  tiie  porpoae  best,  but  large  perma- 
nent  magnets  may  also  be  itsed.  The  preat  power  required  to  developo  this  aioda  of 
action  accounts  for  its  having  been  previously  overlooked  by  most  obserrers. 

Bismuth  appears  to  bo  the  most  powerfully  diama^etie  of  all  substances ;  then 
follows  phosphorus,  then  antimony,  then  heavy  glass  (stlico-borateof  lead).  Among  the 
metals,  the  order  of  diamagnetic  eneivy  appears  to  be  as  follows :  bismuth,  antimony, 
sine,  tm,  cadmium,  sodium,  mercury,  lead,  silver,  oopper,  gold,  arsenic,  nzaniiim,  rfao- 
dhm^  iridium,  tungsten.   (Faraday,  JDqMPriMMW  Btmatokm  *i  AoinMy,  MviM 

90  and  21  ;  Phil.  Trans.  1846,  21.) 

Thallium  is  strongly  diamaguetic,  being  nearly  equal  in  that  rcspeot  tO  biimu^ 
(Crookes.) 

"  Air  and  other  gases  exhibit  decided  magnetic  and  diamagnetic  relations.  In  his 
first  experiments  on  tills  subject,  raruday  was  led  to  tho  conclusion  that  gaseous 
Ixxlies  were  indiftrant  to  mafmetit;  action,  forming  tho  zero,  or  middle  poili^  botvean 
the  two  classes  of  magnetic  and  diamnguetic  liodies.  Bancalari  has,  however,  since 
discovered  that  tianie  jjosse.'^srs  diamagnetic  properties;  and  Zantedcschi  has  shown 
that  air  and  other  gaw^s  likewise  axubit  diamagnetic  relations.  The  researches  of 
these  Italian  philosophers  have  bean  wmi^nned  and  extended  faraday :  the  follow* 
ing  are  the  principal  results. 

An  arrangement  was  made  bv  ^tfbSA  S  sliaaill  of  aaj  gas  could  be  delivered  in  a 
vertical  direction,  either  upwards  or  downwards,  near  the  middle  point  of  the  axial 
line,  between  two  powerful  magnetic  poles  of  opposite  names,  l)ut  at  a  short  dintunco 
CD  one  Bide  of  that  line.  By  this  arrangement  it  was  found  that  the  following  gases 
were  ilriven  away  from  the  magnetic  axis  and  passed  off  in  tlie  equatorial  direction  ; 
that  is  to  say,  they  exhibited  diamagnetic  relations  with  regard  to  atmospheric  air — 
uUiOgeu,  hydrogen,  carbonic  anhydride,  cnr1>onic  oxide,  coal-gas,  olsiaat  gas^  sulphur- 
ous anhydride,  hydrochloric  acid,  liydriodic  acid,  fluoride  of  silicium,  ammonia,  chlo- 
rin<^  nitrous  oxide,  and  tho  vapours  of  bromine  and  iodine.  Nitric  oxide  and  pemitrio 
oodda  wave  alao  dightfy  diamagnetic  in  air.  Ox^^n  was  strongly  magnetio  ■  tlMt  ia 
to  a^f,  it  was  drawn  towards  the  axis,  and  thaa  alo^g  it  IB  Ofpoaita  diwctioaa  tofwarda 
the  two  poles,  round  which  it  accumulated. 

The  first-mentioned  gases  evidently  differed  from  each  other  ia  diamagnetic  energy; 
but  it  was  found  irapobsible  by  ihi  means  above  described  to  form  anything  like  a  j^re- 
cise  estimate  of  their  relative  powers.  To  determine  this  pointy  tho  magnetic  poles 
were  surrounded  with  an  atmosphere  of  one  gas,  while  the  other  gas  was  oirectcd  in  a 
vertical  stream,  either  upwards  or  downwanls,  near  the  axial  line  as  before.  By  this 
method  it  was  found  that  (1)  /n  carbonic  anhydride^  air  and  oxygen  passed  axially; 
nitrogen,  hydrogen,  coal-gas,  oleflaat  gas,  hydrocnloric  add,  and  ammonia,  equatorially : 
so  likewise  did  carbonic  oxide  and  nitrous  oxide,  but  (he  action  was  feeble.  (2)  In  coal- 
ffost  air  aff>ea^ed  magnetic,  though  but  slightly ;  oxygen  was  strongljr  magnetic : 
nitrogen  was  slnngly  dnunagnetle ;  oleflaat  gaa,  oaibonio  oodde^  and  eaibraie  anhydride 
feebly  so.  (3)  In  hj/rfrogen  gaa,  air,  when  free  from  smoke,  passed  axially;  but 
.  when  mixed  with  smoke,  it  waa  either  indifSsrent  or  passed  equatorially.  Hydrogen 
gas  and  atatoapheria  airaeeu  to  be  not  ftr  removed  fhmi  one  another  in  the  aeale. 

Oxygen  was  strongly  magnetic  ;  nitric  oxide  also  magnetic,  but  in  a  less  degree.  Ni- 
trogen was  strong^  diamaguetic ;  nitrous  oxide,  carbonic  oxide,  carbonic  anhydride, 
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lad  oMbuit      were  also  dfamign^tte ;  hydxMlikcie  add  and  dikriAe 

OxyfT'^n  apprrirs  to  Lo  tlio  tnofit  •mapirti,-  of  ;dl  piscs. 

Wh'  U  a  eDiral  of  pkfim[!n  win'  was  plao.  d  j-ust  below  tlie  middle  pniut  of  iko  axial 
line  and  ^^tt«d  hf  a  volr.nc  oarrent,  liw  stream  of  hoi  air  whit  h  mso  up  agminat  the 
axial  linf*  wn<?  drflpctf  !  :i(  rijlit  aiii;l>'h  to  t!u^  ;ixi.s,  and  pr\?.«fHl  dil'  in  th>''  I'lnriton.il 
dii-<ecUoi).  The  ^amo  cflect  was  ubbiitmd  iu  oxygen,  carbotiic  auhvdrido,  and  ooai-gas. 
Hence  it  appears  that  a  heated  ia  diamagnetio  to  the  aune  when  eold.  A  atnaai 
Cf  Oold  air  directrJ  ilownwarls  near  the  axial  lirjf*.  Tm«5  drawn  tnwnrds  that  linr. 

The  flame  of  u  wax  taper  or  of  burning  etlier  al«o  takes  an  equatorial  dir«x'tion  when 
placed  in  or  near  tb«  middle  irf  the  axial  lia«.  Whan  placed  a  little  on  one  aide  of 
the  axis,  it  is  dirf  't^'d  away  from  tli;it  lino,  just  as  if ;»  prrtle  wind  were  Mowing  upon 
it  in  that  direction.  When  made  to  rise  exactly  in  the  axial  line,  it  divides  itself  into 
two  long  tongnea,  directed  at  right  anglea  to  the  asda.  This  effiMt  ia  poxtiailariy  strik- 
ing with  tht-  largi-  fl  \inc  pruilihTvl  l^y  srttiiiir  fir-'  to  a  l-all  of  ot>tton  seiakod  in  ether. 
These  efiecLs  art-  cvidentij  analogous  to  those  jui>t  deiserilted  with  hot  air;  hot  th^ 
am  datlb^ti  partly  due  to  the  aoUd  eailM»aeeoua  particles  in  the  flane,  vhidi  an 
diamaj;noti(>.  In  comjTH)r;\f Imh  of  (hln  siipposiflon,  it  is  foiiiul  thnt  tho  I>ripht«-st 
flamM  ar«  the  moat  strongly  diamagnotic.  (i'  araday,  PhiL  Mag.  xxzi«  401 :  see 
alao  Zantedeaehi,  xzsl  42L) 

Speolflo  Kacnetlain.  This  term  was  introduced  by  E.  Becqnerel,  to  denoto 
the  action  exerted  by  a  magnet  on  the  unit  of  volume  of  a  body  plaoed  at  the  unit  of 
distance,  as  compared  with  that  whiclt  is  exerted  on  a  certain  sulwtanoe  takso  as  the 
standard  of  comparison.  Another  mode  of  i>«timation  is  to  compare  the  effects  pro- 
dnced  on  a  small  magnetic  needle,  by  a  cube,  equal  to  the  unit  of  volume,  placed  at  the 
unit  of  distance  from  the  needle.  The  measurements  are  made  either  by  the  torsioa 
balan  ' .  by  determining  the  weight  required  tO  kMp  the  bodj  in  ft  Mttau  potitiMi 
of  equilibrium  whih->  Trndcr  tho  inlUit-nce  of  the  magnet. 

By  these  methods,  l'lii<-kcr,  representing  the  specific  magnetism  of  soft,  iron  by 
100,000,  has  found  for  native  magnetic  oxide  the  number  40,227,  for  fpty**1^  iVQtt  on 
533,  f.ir  1>n)wii  ha  matito  71,  whioh  la  the  lowcat  nambw  fiMod     tmj  ot  Am  awi- 

pounds  of  ii'OJi,  jjoliJ  or  liquid. 

The  following  are  the  resfilt}*  obtafafd  llj Ilticker  for  certain  diOMUgtuii 
«t  oidiiia^  taoiperatures,  and  for  equal  weighta  nferrcd  to  water  as  lunt. 


Water  » 
^lospbQraa 

Sulpnide  of  carbon 
Hydrochloric  acid 


Oil  of  turpentine 


100 
100 

102 

102; 
Wis 

128  i» 


If iQwers  of  su^hur 
Oomnioo  salt 

Nitric  ac-id  . 
Nitrate  of  bismath 
Sulphurie 
Mercury 


.  48  I 
■  M  i 


This  tnble  shows  that  the  diamagnetie  pnwfrs  of  diflT.  rcnt  frrmips  of  gnbstance^  may 
be  approximaUJy  expressed  by  simple  uumbersi  but  it  is  duuLtlul  whcllicr  tiiia  n  siilt 
is  accidental,  or  expresses  an  actual  law. 

The  followinpj  talilo  Contains  some  of  the  results  ol'taiiicd  by  E.  Becq  n  f^rr  l,  tlia 
magiMtic  power  of  wat«r  being  taken  as  unity,  and  the  reaultci  referred  to  et^ual  volumes. 

aia  uootai  by  tiM 


Speeifio  Moffnelie  Ponen,  (RBaeqaaraL) 


Specific 

Specitfe 

m  air. 

gnvltr- 

tn  air. 

Water  . 

-1-on 

Water  .... 

1-0000 

-1-00 

.^Ucohol .... 

0-8059 

-0-07 

White  wax 

*  « 

-0-67 

1  AnUDOIlia     •      •  . 

0-8059 

-  1  (12 

Melted  sulphtir 

-M4 

1  Common  snit  . 

1-2084 

-113 

Copper  (electrotype) 
Oovypv,  pore .      •  • 

-1  41 
-1  08 

Chlorijf  uf  mA{£uei«ium  . 
1  Sulphide  of  canMm, 

1-3197 

1-;U97 

-1-21 
-1-33? 

Lertd.  commeroal 

• 

-1-33 

Sulphate  of  copper . 

11265 

+  0-81 

Fbosphonts  . 

-1  64 

tf      of  nickel  . 

1  0827 

+  2  18 

Selennun 

• 

-1-66 

Fenona  atdpliata  . 

11728 

+ 18-02 

Sih-cr,  pnrp  . 

•  • 

-2-32 

11 923 

+  21-12 

Gold  (uugget) 

•  • 

-2-41 

„    chloride  . 

i-069o 

+  Vi9 

Gold,  pure  « 

•  • 

-8-47 

1*2767 

■l-M-07 

Bismuth  , 

•  • 

-21-76 

w  (eoneen- 
trated)      .  • 

-22  67 

1-4334 

+  66-01 
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To  (?ompare  the  mafrtn  nc  powers  of  iron  with  water,  and  thence  with  other  bodies, — 
vhidi  in  iiumi;v\lmt  dillicult,  ou  account  of  the  very  Krcat  dittproportion  existing 
Iwtween  the  two, — Becquerol  made  nse  of  the  eoncentrai^  soluticMi  of  linnNH  dik»idei, 
HB  an  intermediate  tot  ni  of  i'ompftn«on.  This  soh.itinn,  wliich  has  a  8})edfic  magnetic 
power  of  +  658*13,  tliut  of  \vat.  r  1m  ing  —  lu,  was  iiitruductd  into  a  tube  of  thin  glass, 
4  centiawtm  loog,  tiispeaded  between  the  contrary  poles  of  two  bar  magnets,  and  it« 
oscilhitions  wrrr  wmpiiml  with  that  uf  a  bar  uf  wax  of  the  wiiiU'  ]cn;;th  mixed  with 
a  known  weight  of  t,ult  iron  tilings.  Tin.-  uuuiUrs  of  04>eiUiitioui>  miuli'  I'.v  f^uch  bars 
m  a  ^ven  time  are  indapeiident  of  their  bulk,  and  proportional  to  the  (quantity  of 
filings  contaiiK  <1  in  them.  In  this  m  inner  it  wa.«  f  nind  that  fi-rrous  chloride  exp^ 
riencea,  fur  eutial  volumes^  the  ttame  amount  of  action  lis  an  inert  8ub»taiKe  contaioiug 
0*2  miUigr.  of  imn  per  cvSno  owtiaukM.  Nov,  Uw  magnetie  powor  of  wnter,  oom- 

pond  vitli  ftoou  dikrido^  being  — ~  l^^rv    —0*0153;  vUl  alio  be  egmd  to  tbttt  of  Ml 

inert  salMtanei^  oontatning  0*0168  x  0-2  •  0-008  mUI^.  of  inm  p«r  edrie  oontinttve, 

hut  of  coutrarv  sii.M:.  ITi'iicf,  as  a  cuMc  ct'iitiinctrt*  of  iron  weighs  7'758  gnus.,  the 
ma^etic  powers  uf  iron,  fexrous  chloride,  and  water  are,  for  equal  volwaest  an  the  iittBi< 
hm  *  1,000,000 :  +  25*7 :  — 0-4 ;  and  for  fqtml  weigh fjt,  as  + 1,000,000 :    140 :  <-$. 

Faraday  has  also  compared  the  magnetii'  i>i>\vors  of  a  considerable  number  of  sub- 
atancen  bj  the  method  of  tomion.  The  next  table  oontmjM  some  of  his  remits  for 
equal  Toliiniea  i»  twoite,  and  nftmd  lo  mteg"  ae  ludty.  They  were  all  obtained  at 
the  tompcratm  of  15'5^  CS.  (90^  P.X  «Bd  tat  gum  voMt  tiie  pnmure  of  076  metce. 

S^i/ie  MagTietic  Powert.  (Faraday.) 


Proto-amiuuui- 
Quet  of  Copper 

jPer-amniuniurtt  ) 
of  copper  I 

Oxygen 

Air  . 

Oleflanfcgea 

IVitrogm 

Curlxiiiie  anhy 
dridt; 

liydrogcu  , 

Ammottiegae 


* 


Maa^ic 

p0wan« 

+ 1-309 

-0-ooy 

-^0*188 

;  Ammonia  (liquid) 
Sulphide  of  car- ) 

-  1010 
-1  U31 

+  1-240  I 

Zinc,  pve  .  . 

-0-772 

bou        ,  I 

JBlher 

Alfohd  (abs.)  . 

-8-797 
-0-816 

Nitrate  of  poUu»- ) 
sium  (sat.^  ) 
Suljihurio  aeid  * 

-1036 

+  0  03") " 

Oil  of  lemons  . 

-0-828 

-1-081 

^0-006 

Camphcar  « 
Gamphine. 

Sulphur 

Chloride  of  ar-f 

-1-221 

4  0-008 

>O-809 

- 1-260 

0000 

Linseed  oil 

-0-886 

Bt'llic       .  j 

Bomt4)  of  lead ) 

OUve  oil  . 

-0-886 

-1-413 

-O-OOl 

Wax  ■ 

-0-887 

(melted)  { 

-.0-006 

Kitao  add 

-0-911 

Biamnth   •  • 

-20*S00 

A  eomperison  of  the  specific  magnetic  powers  of  different  elementary  bodies  bhows 
that.  III  many  instances,  the  most  magnetic  are  those  whidi  have  the  smalleat  ntomie 
volume  (i  442),  or  those  whose  atoms  are  the  closest  together ;  and  that  diamagnetic 
bodies,  on  the  oth^  luind,  are  those  whoee  atoms  have  the  largest  spaces  between  ilmu. 
Thus  bismutli,  the  most  diumagnetie  of  all  bodies,  haa  also  a  high  atomic  Tolnme  (21*2) ; 
whereas  iron,  nickel,  and  cobalt  hare  very  low  atomic  volumes,  vh.  about  3  5.  But 
on  the  other  hand,  copper  and  Einc,  which  have  also  small  atomic  volumes,  vix.  a  G 
and  4-6  respectively,  are  slightly  diamagnetic;  and  sodium  and  potassium,  whose  atomic 
volumes  are  larger  than  those  of  any  other  metals  (sodiuiri  23  7,  potassium  45-Gl, 
are,  according  to  Lamy,  slightly  magnetic.  The  relative  distances  between  the  atoms 
\fi,  therefore,  not  the  only,  and  perhaps  not  the  principal,  eavae  which  detetaunaa  the 
difierence  between  magnetic  and  diamagnetic  bodies. 

No  definite  relation  has  vet  been  discovered  between  the  magnetic  or  diamagnetio 
powers  of  compounds  and  thoee  of  their  elements.  It  is  known,  howem>,  that  the 
compounds  of  iron  are  for  thf  mwT  part  mapit  Hc;  but  ex.cjiflons  ormr  nrrn  among 
these,  the  ferrocvanide  uud  ferricyanide  of  potassium,  for  example,  being  diamagnetic. 
The  magnetic  relntiona  of  atoms  aie^  thacAa»,  dependent  to  n  certain  extent  on  their 
state  of  combination. 

The  magnetic  and  diumagiu  tic  powers  of  mixturt  s  are,  according  to  Matteucci, 
setisibly  equal  to  the  sum  [?  the  mean]  of  those  of  their  components. 

Specific  Mayvffhyn  of  fKrjfffni  an <J  Air.  Matteiici-i  has  mmpart-d  tht^  Tnagiirfic 
power  of  oxygen  with  iliat  of  iron  by  the  following  mtsihod,  which  serves  also  to  show,  in 
a  striking  manner,  that  oxvgi^n  is  magnetic: — A  large  babUe  of  onTgen ie  intxodneed 
into  a  tube  tiHtd  \nth  alcohol,  and  thf-  tube  is  phuod  tninsvprnoly  betworn  tho  hemi- 
spherical Dolar  fxtremirirs  of  a  very  .-inmg  eleetro-mngnet.  If  the  bubble  is  plawi 
tangentianj  to  the  polar  line,  itclongatea  towards  thie  l£e;  and  if  its  centze  ia  onr  the 
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lar  Hue,  it  abmUm,  If  tbo  akobd.  is  ■atuated  with  protochkride  of  iron,  the 
bble  in  A«  latter  poaitwn  aplite  into  two^  'wUdi  movie  swsy  from  me  another.  By 
Hsoertaining  l>y  tri:il  theprojxjrtioii  of  ferroxis  chloride,  for  which  the  bubble  experiences 
no  )>erceptiblo  chaoge  of  form,  a  flolatum  will  be  obtained,  hanng  the  same  magnetic 
power  as  oxygen  gas.  By  tins  nvthod  Mtttenoei  fooiKl  that  oxygen  has  the  same 
magnetic  power  as  an  alcoIiolJc  fSDlutiaD  of  fttlOdl  dilocids  oontiiiiing  tfm^  iiiilli> 
gmnimos  of  iron  in  a  cubic  centimetre, 

£.  Becquerel  has  made  wmenm vxpmimmilbs  fbr  the  purpose  of  measuring  th«t 
magnetic  power  of  oxygen  as  cumpared  with  water,  ai^  ^ence  with  iron.  A  small 
tube  of  glass  filled  with  wax  was  suspended  from  a  torsion  itppviratas,  and  the  efiects 
produced  upon  it  by  an  electro-magnet  in  a  vncoum,  in  oxjgen  and  water,  were  com- 
pared. TheaoMtaona.  at  the  tomperatiire  of  12^,  wivei,  in  oxygen  under  a  pressoM  d 
0-76  met,  Vo  =  —  0'2676;  in  a  vacuum,  =  —01146;  and  in  water,  V^,  « 
+  0-7033.  Hence  Vo  -  V,  »  +01630:  V„  -  V,  »  -08178;  and  the 
magiutiBm  o€  ojy^m,  compared  with  wat^  m  tosiM^  if  O**  d30  :  0*8178  =  0*1871. 
Honcp,  for  rqual  volumes,  the  magnetic  power  of  oxygen  is  nearly  J  of  that  of  wat»^r, 
but  of  LuMtrary  sign.  For  air  the  same  method  givee  the  number  0'03771 :  h*  luo,  as 
the  magnetic  power  of  oxygen  nraltiplied  Ij;^  0*21  18  0*392,  it  follows  tliat  the  magtii  tie 
p<»wr  of  the  air  is  duo  to  tlu'  oxrgf^n  contnmM  in  it.  Thcfie  results  are  m  arly  the 
same  as  llvosf  obtuua'd  \'y  l'";iruduy  (p.  773)  aud  Jtlattfuoc-i ;  and  Becquerel  further 
coufirroed  them  by  Pluck> t  .-^  method.  Lastlj,  he  has  »hown  that  the  magnetift  pow 
of  oxygen  is  proportional  to  its  pressure — a  resnU  {>tvbably  true  also  for  other  gases. 

Taking  the  magnetic  power  of  irt^ii  as  thi-  htatidard,  aud  callmg  it  1,UU0,000,  wo 
find  that,  for  equm  teeiffhl^,  tlw  mAgni'tic  powev  of  ogilgea  il  977,  and  that  of  air  88. 
Oxygen,  weight  for  wtight,  has  thnt-  tinios  the  mngrnpfic  pow»»r  of  ferrous  chloride, 
which  is  the  most  macnet  io  of  ail  liquids,  ilcucu  a  cubic  metre  of  oxygen  gas  would 
acton  a  magnetic  needle  with  the  ncoo  of  M  centigrammes  of  iron,  and  aetuio  metre 
of  air  with  tfi«'  f  >rcv  of  11  cciiti^Tsmme"!  of  iron.  The  whole  atmosphc-rt-  is  eonsequt-ntly 
tHjual  inm  i^iuiic  power  to  a  t-ln  U  vi  irou  covering  the  whole  eurth  to  the  tliickuess  of 
0*1  millimetre.  It  is  easy  to  conceive  that  siidl  •  aiB|petio  «UV«k^,  in  a  state  of 
ronstnnt  a^it  itiiin,  capable  of  di«turl>in^  the  magnetic  needle;  and  as  its  magntfic 
power  varies  witii  its  temperature  (st^e  below),  the  heating  which  it  uudeigovs  ai. 
different  homs  of  the  day  mmj  ooMhflwtto  to  pwdneotho  diuM  TiiiiriiinBO  (p.  781). 

Infiumee  of  "Rmperatur*  <m  Magnetism  and  Ih'itmngndim. — The  effect  of  heat  on 

the  mnp:nptic  power  of  iron  and  stf  ol  has  iilrcady  bt  t  n  mentionod  (p.  7C7).  It  wri^f 
formerly  suppoSid  that  irou  ai  u  white  heat  bfcouies  totally  uu^usiceptible  of  oxaguttic 
iutlueneSk  Jnnod^  luis,  hotrover,  shown  that,  thungh  the  suscf^ptibiU^  of  magnetic 
bodies  prr»p*»rly  so  call'xl  is  rapidly  dinilniNlicd  by  lu  at,  it  is  never  com {Xt fly 
destroyed,  Imt  is  still  pL-reeptiblc  at  the  higlust  timperatures,  provided  that  fieelro- 
BUgbt>!H  uf  Lireat  power  are  employed  to  develope  it  These  results  hsTO  been  con- 
firmed by  rincktT,  who  has  shown  that  the  specific  diamagTietism  and  mapnptism  of 
wilids  and  li4uids  diminish,  for  the  most  \mvt,  an  their  icmpi^raturu  raiiftd,  but  that 
there  are  sums  ejcoeptions  to  the  l  ub  .  Mcn-urj,  fbr  example,  exhibits  no  change  of 
dinni;iu'n.'tii'  powr  :it  ^00^;  noidu  r  do  sulphur  nnd  Stearin,  even  when  heatcKl  aV)Ove 
tlu'ir  Mii'ltiu^  point-s.  Lruiiiier  huii  shown  thut  water  in  the  state  of  ice  and  of  vapour 
has  the  same  specific  magnetism  as  in  the  liquid  state. 

Accordinii;  to  Matteucci  (EibJ.  Uuiv.  de  G^nSve  [Arch,  des  Sc.  xxiii.],  21),  t!io 
magnetism  of  inni  increases  up  to  a  certain  temperature,  then  decreases  rapidly.  The 
diumagnetie  power  of  hionntii  duninislies  between  o°  and  212*^  C. — nearly  in  proportion 
tn  the  increjise  of  tpmporntiirr'.  and  vanishes  altof:(  thor  at  the  molting  point.  Non- 
metallie  bodies,  ou  th«  cuutrary,  such  an  sulphur  aud  phosphomjb,  iicurccly  sufller  any 
diminution  of  diamagnetic  power  in  consequence  of  change  of  state. 

A  plolmh'  ot  iron  mr'Itrd  in  a  lime-spoon  by  the  oxy-hydnj^».n  blow]^>ipe  was  still 
at  tra.  t.  d  by  the  iiui^au-l ;  but  to  exhibit  the  attraction,  a  very  large  electro-magnet  was 
re<i'iin  d,  durged  with  30  Grovo's  ceDsi  Hottoooei  eotiniBtes toe monetSe  poirar  of 
n  J'  it  I'd  iron  at  only  OOODOlo  of  itn  power  at  common  temperatures:  fienee  it  is  not 
surprising  that  irou  at  a  white  heut  should  have  been  found  insensible  to  the  attractive 
power  of  ordinary  magnets.  Copper,  standard  gold,  sine,  porcfJoin,  md  certain  kindo 
of  charcoal,  whicn  according  to  Matteucci  are  magnetic  at  common  t<»mpfTntnre«,  become 
diamagn^o  when  health  I'latinum  remains  magnetic  in  the  t^tate  of  fusion,  its  power 
apMOiiag  SCttOely  to  have  suffered  any  diminatioo. 

Heat  appears  also  to  diMiiiii?.h  the  magnetic  power  <^f  pi«ep  :  thus  Faraday  found  tliat 
heated  air  is  repelled  by  the  nuignet  wIh'u  f<urrouudcd  b)  cold  air  ( [>.  771).  E.  Beequerel, 
however,  concludes  from  hid  tocpsfimebts  on  oxygen,  that  licat  docs  ni.t  act  <finctfyin 
diminishing  the  magnetic  povev of  gwMsy  tho  duDhkotion  obsonrcd  being  solely  duo  to 
chaugo  of  density. 
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h^fimmoeof  Campressum  and  Orj^taUim  Structure  on  Magnetism  and  Diamc^tUtit. 
^Find»y  ^kmnmd  tliat  the  pCNritaoB  ummed  bj  ftbar  of  mniitttti  imdflr  the  inflvenoe 

of  mfiuriu'tif  forces,  is  affected  in  a  reraarka^>l(!  mnnnor  \<y  its  crystallinp  stnicture  ;  aiiil 
that  wlieu  a  cubic  o^tal  of  the  metal  is  8U.fp<  iid*'(l  hvtwtea  the  poles  uf  an  electro- 
magnet, A  eaptain  lue^  perpendieolar  to  the  pniKnpal  cleavuge-plaiie  of  th«  crystal 
(called  by  F.iradny  tho  magne-crystallic  ar/.s),  tt'iulir)  to  place  it«elf  axiully  between  the 
poles,  imd  in  other  parts  of  thi>  field,  taogeatuUly  to  the  magneUo  (»irre|Mi«8ij)g  through 
the  p<nnfc  when  the  «i7stal  it  lifeiiiltdL   PHIc3»r  also  nnaAad  that  a  plata  of  tonr- 

maliiir  cut  panillcl  to  its  axi**,  f\ntl  susp.'n*:k-d  Ifr-twct  n  the  poles  of  an  elt'Clro-magnet 
with  that  axis  horizontal,  places  itself  with  the  axis  in  the  equatorial  petition,  although 
llie  erratd  !■  magnetic,  in  eoiMamunoa  of  the  Iroo  winch  it  oootainw,  and  if  siispended 
with  thoaxis  verticil],  is  attracted  by  eithor  pnlf  of  the  magric-t.  H-'iico  he  coiu-liwlcil 
that  the  axis  is  repelled  bj  the  magnetic  poleti,  and  that  the  r^uhuon  thus  exerted  is 
moie  powerAil  than  the  attnclion  doe  to  the  maf^notic  properties  of  the  mass.  Oslc* 
sjar,  on  the  coritra'*y,  winch  in  (.li.imagnptic,  placi  h  it.si-lf  with  its  principal  crystal- 
kfpnwhic  axis  in  the  liuf  K^twoon  tbe  magnetic  poles ;  similar  results  are  obtained 
with  nmvy  spar  and  dioptase,  whidi  an  taa^netieL 

Tlirso  phcnomi  na  have  been  reduced  to  a  general  law  hy  the  researches  of  Ty  n  d  a  11 
and  Knoblauch  (Ann.  Ch.  Phja.  [3]  xzxr.  376;  zzztul  who  have  shown  that 
when  th«  ^artidea  of  a  hoAf  are  mora  closely  packed  In  one  direction  than  in  others, 
tliiH  dirtH'tion— oth«T  circuinstnnots  being  the  (same — is  the  one  oil  which  the  furci  s 
acting  upon  the  bodjr  are  exerted  with  the  greatest  enaigy,  and  ooaasequantlj  this 
lina  of  mreetion  pfawts  itadf  aziall^  or  eqnatmrially  betwectn  tiie  P^^^  ^  ^  ma^et 
according  as  the  body  is  magnetic  or  dianiagiulic.  Tiuis  a  cylinder  of  carbonafr  of  iron 
made  into  a  paste  with  gum,  places  itself  axiallv,  if  of  uniform  density  in  all  directions ; 
bat  if  the  paste  be  itatongly  pressed  between  boards  into  a  thin  cake,  a  bar  or  needle 
formed  out  of  it  will  place  itself  equatorially  between  the  poles,  even  if  its  length  be 
ten  times  as  prent  as  its  breadth.  Conversely,  a  bar  formed  of  a  paste  of  bismuth 
fiUngs  and  guiu,  which  places  itself  equatorially  if  of  uniform  density,  will  ansume 
tl>e  axialposition  if  the  paste  be  compressed  transversely  to  the  length  of  the  bar. 

The  effr'f'ts  observed  in  crystals  of  bismuth  and  other  substances  are  of  the  same 
natuft^  That  the  molecular  structure  of  cryetuls  is  not  the  same  in  all  directions,  is 
eridaat  from  their  optical  relations,  their  rates  of  expansion,  and  their  heat-conducting 
powers ;  and  the  direction  in  which  the^  place  themselves  under  the  influene of  a  magnet 
us  determined  by  their  relative  densities  in  different  directions,  in  the  samo  m aimer  us 
j&  the  artificial  straetores  above  mentioned. 

It  is  not,  however,  the  direction  of  tlie  axis  of  a  crystal  tliat  ultimately  determines 
tliu  puiiitiuu  wluck  it  uji^^mueH  under  the  iuHuructi  of  h  luaguut,  so  much  as  that  of  the 
planes  of  cleavage,  these  planes  taking  theanddivsetian  vhen  theoqnrtal  iamsgMtiOi 
and  the  equatorial  if  it  is  diamRjrnetie. 

Tliiia,  if  two  cubes  bo  formed  of  the  same  dimeusious,  one  from  a  crystal  of  beryl, 
the  other  from  scapolite,  both  of  which  are  magnetic,  the  former  will  place  itself  vitli 
its  principal  axis  »  j'vtorially  between  the  ma|»netie  poles,  the  latter  axially,  because 
in  beryl  the  cli>a\  a^'e-phine8  are  perpendicular  to  the  axIa,  \vUei'ea.s  ia  sc^ipolite  they 
are  parallel  to  it.  Conversely,  a  cubeofnitre,  which  is  diamagnetic,  places  itself  with 
fh'-  principal  axis  e<iuatorial,  whereas  a  cube  <>f  topaz,  also  diamagnetic,  takes  op  the 
coutrary  pubitioa  ;  because  the  cleavage-planes  of  uiure  are  parallel,  and  those  of  top^ 
are  perpendicular,  to  the  principal  axis  of  the  cirstal.  In  all  cases,  tliaaieavBg<>- planes 
jilace  themselves  axially  or  rqnatori all)',  arco ruinp;  as  the  crystal  i«j  mn^etic  or  dia- 
magnetic. The  manner  in  which  this  rt^ult  is  ppoduced  will  be  easily  understood  if 
we  ismember  that  a  crystal  may  be  regarded  as  an  aggregate  of  very  tliin  {)l:it«e  laid 
pnrallel  to  each  other,  but  not  in  alisolute  oonfaet.  It  ijj  easy,  indeed,  to  imitate  tho 
armngemfutartificiHlly.  Thus,  if  a  uumber  of  strips  of  emery-paper,  an  inch  long  aud 
aqnaiter  of  an  inch  wide,  be  gummed  to^^ether  one  upon  the  other,  so  aa  tO  form  a 
rrrtunfx^iliir  bar,  this  bar  will  place  itself  u  x iai I y  between  the  pole.s  of  a  magnet  (tho 
emery  being  magnetic) ;  in  fact,  it  represeuu  a  magnetic  crj'eial  having  its  cleavage 
plimeB  ptunukl  to  theass.'  But  if  anoth  -r  bar  be  formed,  also  an  inch  long;  of  squave 
T  ;  of  emery-pnper,  a  qiinrtor  of  an  inch  Lroad,  having  their  surfaces  transverse  to 
Its  len^h,  it  will  pkce  itst  U  ujuatorialiy,  beoiuiw,  iu  that  poc^ition,  the  layers  of 
magnetic  substance  will  take  \ip  the  axial  position.  If  the  paper  be  eomed  with  ft 
paste  of  bismuth  powder  in-t.  ad  of  emery,  the  eflfocta  wiU.  be  exactlf  Opposite.—* 
Traiti  tT Elcctricite,  par  A.  Do  hi  Ki?©  (i.  516—629). 

Utomasnatle  Vrtftrttr*  Soon  after  tbe  diseoverf  of  diam^etinn,  tbe  qnesHon 

was  raised,  whethrr  diamaiinef  ie  l)odie.s  possess  opposite  poles  analogous  to  those  of 
magnetic bodi^  F.miday,  from  his  earlier  expehmeats,  concluded  that  such  was  not 
the  case,  but  that  every  imrt  of  a  diamagnetic  body  was  equally  repelled  by  either 
pole  of  a  magmtk  On  tAe  othar  hand,  Beieh  (Ami.  CSkPhja,  [8]  jponrL  127)  ftrand 
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that  a  very  delicately  buhi  ended  ball  of  bismadl,  fhoogli  TCpcined  by  eitiier  pcl«  • 
nagBOt,  whm  praMVtcd  to  tlMn  Mmnlely,  remained  at  rest  whi  n  t-an- 

qval  distances  fnMM  tli--  two :  lipnce  ne  concluded  that  the  resultant  effect 
of  the  two  mii>;iii  tie  poles  is  du«>,  not  to  the  sum,  but  to  the  difR«>» 
met  of  their  action,  juBt  aa  would  ba  the  case  with  the  attraclire 
actions  oxerted  by  th*-  twn  ]>o|.s  on  n  ball  of  iron,  and  that  Lh« 
firnt  effect  of  the  inaguet  uu  the  biMiiuth  in  lu  dt  vtl<)i)e  in  it  a  cer« 
tain  polarity,  whence  rt'Hults  the  repul.sion.  The  question  was  like- 
wist'  (  X.uiiiiit^d  by  WrlK-r  and  Poij^endorff,  I'bu  k.  r.  JI.  C.  Ui  rbted, 
and  Malfeurci,  but  without  dei'isive  results,  and  the  question  aa  to 
the  oastence  of  diamagnetic  t>olarity  remained  doubtful  tiUit 
taken  up  by  Tyndall  (  I'liil.  Trans.,  1855  and  1850\who,  by  means 
of  an  apparatua  suggested  by  \Veber,  has  coinph  tely  established  the 
exblniw  of  polarity  in  dianiafnietic  V)odiefi. 

Tliis  apparatus.  r(>pres,.ntfd  in  fiff.  727.  consists  of  two  equal  verti- 
cal heiicee,  h  k,  h'h\  having  an  internal  diameter  uf  two  centimetre^ 
■ad  eon«d  mnid  tabea,  vfaieh  prqjaet  Aonre  them  at  t, 

those  two  helices  convey  the  same  electric  current,  I  nt  in  cintmry 
directions.  They  ate  tixed  to  a  atout  board  suspended  against  a 
wall,  and  witidn  tham  aMaaapended  two  amall  diamagnetic  bars,  ^f, 
attached  to  an  endless  cord  pas.«inp  round  the  pulleys  PfP*.  Ab 
astatic  needle,  sn,  represented  in  proiection  at  NStlTST,  ia  ana- 
pended  on  a  Mrel  witli  the  niiddia  of  Am  helieea  A,  A,  by  aiOt  eovds 
attached  to  the  centre  of  a  torsion-circle,  r.  This  circle  is  capable 
of  tnmipg  independently  of  the  screw .  v,  the  nat  of  which  is  em- 
beddodln  aeoppOTcroas-irieoe  fttad  totheaKtnniiticaof  tiieaoppar 
tubes  t,('.  T1ic  Tinjrnots  >  S.  N'S'  are  enclosed  in  a  copper  box.  n,  to 
diminish  the  amplitude  of  the  oscillations ;  they  are  joined  bj  a  brass 
rod,  on  wtidi  tiny  aaa  be  made  to  npproadi  oneaaeShfvnMiieor  leaa. 

The  defli-ctions  of  the  astatie  n'  ■  11'  arc  observed  by  reflection  in  a 
mirror  fls  M,  and  measured  by  the  redectioa  of  a  honsontal  scale 
placed  at  a  distance,  aa  in  Gtna^a  nafnietntnetera.  On  tnuwmitting 
a  voltaic  current  from  one  or  two  Grove's  o  lis  throuirh  tlie  two 
coils  in  opposite  directions,  the  bismuth  bats  witlnn  them  become 
diamagnetised ;  and  by  carefully  raising  Of  lowering  the  astatic  ban 
NS,  8'N',  a  position  maybe  found  in  which  fli.-  migtiets  become  in- 
different to  the  action  of  the  current.  H  whilst  the  i^^azatus  is 
thus  arranged,  the  wheel  P  be  tamed  to  the  right,  the  biamntii  bam 
will  be  brought  into  the  position  represented  in  the  figure,  and  the 
astatic  needle  will  be  deflated.  This  effect  is  dearly  due  to  the  de- 
velopment of  polarity  in  the  bismuth  bars :  for,  in  consequence  of 
the  opposite  direction  of  the  currents  on  the  two  heliea^  the  lower 
end  of  one  bismuth  bar  will,  if  polar,  be  in  the  same  condition  as  the  upper  end  of  the 
other,  and  each  will  therefore  attnurt  one  particular  entl,  sav  the  north,  of  each  magnet 
composing  the  astatic  combination,  and  repel  the  south  end :  both  bars  therefore  tend 
to  deflect  Iwith  niacriK'ts  in  the  same  direction  ;  on  tumintj  the  wheel  to  the  leA^  so 
M  to  bring  tlie  bismuth  bars  into  the  opposite  poeitiou,  the  neeillos  will  bo  equally 
dafleeted  in  the  contrary  direction. 

These  effects  i\v<-  rnost  marked  with  Ixxiies  like  bismuth  and  antimony,  which  have 
the  great^'t-t  dianiagnetic  energ\' ;  but  they  are  also  distinctly  shown,  even  iu  non-eon- 
ducting  bodies— such  as  heavy  ghiss,  phosphorus,  snlplnir,  sulphide  of  carbon,  &c. 

If  the  deviation  protluced  by  soliil  bismuth  lie  represented  by  75  divisions  of  the 
scale  employed,  the  ful  lowing;  table  will  repreoeut  iho  acUun,  found  by  Tyndall,  of  the 
olb«  booiea  — aiirafed  In  it: 


N  Ml. 


Biannith,  aoUd 

powdered 
Antimony      .  . 
Sttl^iidaof  earbon 
WlutenMibla 


7ft 
S7 
13-6 

ft-ft 

ft 


Heavy  glaaa  . 

Phosphonis  . 
Distilled  water 
Calcspar 
NitM  . 


4 
4 
4 

S 
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When  magnetic  substances,  such  as  iron  in  bars  or  in  filing?*,  sulphate,  carbonate,  or 
chloride  of  iron,  slate,  solutions  of  salts  of  iron,  nickel,  or  cobalt,  are  substituted  for  the 
diamagnetic  bats,  the  astatic  needles  are  deflected  in  the  contrary  direction  to  that  in 
wUdi,  nnder  the  same  eirenmataneea,  thej  wonid  be  deieeted  by  diamagnetie  hodiaa. 

Slieory  of  Diamagrnetisin.  The  phenomena  of  diam-'.^ct  ism  naturally  suggest 
the  inquii;)-,  whether  the  repulsion  exerted  by  a  magnetic  pole  on  HiatMgiwJA  bodiea 
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is  a  fon^f  i1I<(iiiot  from  that  of  mngQetism,  aa  ntfrted  upon  iron  and  other  bodies  of  the 
magnetic  cluss  ;  or  whether,  ou  the  other  hand,  tlio  mugnetie  and  diumaguetic  oondi- 
tions  of  matter  are  merely  relative,  m>  that  all  bodies  are  magnetic  in  different  degrees, 
ainl  tlir  apparent  rfpulsiou  of  a  iliamagnrtic  body,  such  as  bi-muth,  ifl  merely  the  result 
of  ito  being  attructod  by  the  niaguut  lesn  tbau  the  particles  of  the  sunoundu^  medium, 
rant  tm  a  balloon  recedes  from  the  earth,  becaasaits  wv^nilit  ia  leoB  than  that  oi  an  «qul 
bulk  of  the  surround iiiu  ah".  It  is  (  asy  to  show  that  the  ^nme  body  may  appear  mag- 
netic or  diamagnetic,  actxmling  to  the  mtniium  in  which  it  is  placed.  Protosulphata 

iron  is  a  magnetic  suhalMiOiv  and  water  is  diamagnetio:  nanoe  it  is  possible,  by 
Tarying  the  gtren^^th  of  an  aquron?'  sohition  of  this  salt,  to  make  it  either  niapietic, 
mdi£Ebrent,  or  diamajgvetic,  when  Buspeuded  in  air.  Again,  a  tube  containii^  a  solutioa 
of pmloanlphate  of  mm  suspended  horinolBUy  wittiis  ajar,  abo  fiUad  with  a  aol«ti«i 
of  the  same  naif,  and  jdaocd  1>etwcen  the  poles  of  two  p^^wrrftil  elect i"0-Tnaf;net.s.  will 
pUee  itaclf  ozialiy  or  e^uatorially,  according  as  the  solution  contained  in  it  is  strooper 
or  weak«r  tium  thai  in  the  jar.  In  tha  aame  maaner,  then,  wo  nay  eonenra  l£at 
bismuth  places  itself  eipiatorially  between  twn  vnriLrnetic  piles,  becatise  it  is  les.s  mag- 
netio  than  the  surrounding  air.  Bat  the  diamaguetism  of  taamuth  and  other  bodiea 
of  iSm  aaaw  da»  ahowa  itafllf  in  a  TMonm  aa  wdl  aa  m  «f:  beoea,  if  diamagnetiom 
is  nut  fo  bf  regarded  as  a  disti-^^  f  rce,  we  must  hiii  pose  that  the  ether  is  also 
magnetic,  and  oocupiea  in  the  Bugnetic  scale  the  place  intennediate  between  magoetie 
and  diamagnetio  mdiei; 

That  a  body  susp^-nded  in  a  medium  of  greater  magnetic  susceptibility  than  itself, 
will  leoede  &om  a  magiMrtk  pole  in  ita  sei|^boi«rhood.  in  conaegoanee  «  the  (greater 
Anna  wfth  wlddi  (lie  parCieka  of  iSkB  ne^Rnm  are  impelled  towwda  tiie  ma^met ,  is  ao 
obvious  a  consequeuet'  of  mechanical  laws,  that  we  can  scarcely  aToid  attributing  tlie 
BU>remenlB  of  diamagAetic  bodiea  to  the  cause  just  mantioned,  at  least,  when  the  body 
is  stupended  in  air  or  odier  magnelie  gaa.    Thera  ie,  howorer,  some  difficulty  in 
reconciling  the  phenomena  exhibited  l)y  compresseil  and  ctysfallised  bodies  (p.  774) 
with  this  view.     T^ndall  aoa^e  time  ago  (PhLL  Mag.  [4]  ix.  205)  objected 
to  it,  that  the  intenaty  of  diamagnetistm  as  wcQ  aa  that  of  mo^etism  la  in- 
creased  by  compression ;  whereas,  if  the  repulsion  of  a  diamagnetic  bc^y  were  merely 
the  result  of  tnc  greater  attraction  exerted  upon  the  particles  of  the  surrounding 
medium,  it  ought  to  be  weakest  in  that  direction  in  which  the  body  is  most  compres8c<l, 
inasmuch  as  the  compression  must  increase  the  total  amount  of  attraction  <'xcrted  on 
the  particles  of  the  body  in  that  direction,  but  cannot  in  any  way  affect  that  which  is 
exerted  on  the  surrounding  medium.    Williamson  (Proo.  Itoy.  Soc.  vii.  806)  has, 
however,  pointed  out  that,  in  considering  this  question,  it  is  necessary  also  to  take 
aceouiit  of  the  attraction  exerted  on>the  magnetic  medium  (or  ether)  interposed  between 
the  piurticles  of  the  magnetic  or  diamagnetic  body.    "When  a  cube  of  carbonate  of  iron 
is  compressed,  the  ponderable  particles  being  more  magnetic  than  the  medium  which 
they  displac*',  the  loree  with  wlaeh  the  body  is  aflraeted  is  increased  proportionally 
to  this  ixccjis.    If  it  becumts  more  magnetic  by  ouiiiprt>8»ioti,  wo  must  conclude  that 
the  loss  of  magnetic  medium  from  ita  interstices  is  more  than  supplied  by  the  mag- 
netic matter  wfiieh  takes  its  [ihice.    Carbonate  of  calcium,  on  the  othi  r  iiaud.is  less 
maguetic  thiui  the  quoAitity  of  medium  which  ita  purticlcs  displace ;  and  when  these 
parodea  are  brought  closer  together  by  pressure,  the  mass  becomes  more  diamagnotifi^ 
fx'CJiuw  a  certain  qnnntity  of  tlie  nuignetic  medium  is  thus  replacetl  by  the  mag- 
netic matter.    In  both  Ixxlies,  so  long  as  they  retain  their  original  cxyblalliiu'  f  iriuis 
the  optic  aada la  the  diraeiMn  in  which  the  functioa  of  the  ponderable  particlcB  prcdo- 
minates  most  strongly  over  that  of  the  medium ;  ^  that  in  the  iron-salt  it  is  the 
atrongest,  and  in  the  culcium-salt  the  feeblest  magnetic  direct  iou  of  the  dystal.  On 
the  other  kind,  Hirst  (Pkoe.  R07.  Soc.  Tii.  448)  suggests  that,  in  eatimating  the 
re^'ultant  action  of  a  magnet  on  the  particles  of  a  l"'dy  and  the  magnetic  medium 
endoeed  belweeu  them,  account  muut  be  taken  of  the  relativ*i  iateuhiiies  of  the  aetiuu 
exartad  on  the  medium  in  different  directiona:  and  ho  endeavours  to  show,  by  a  prooeea 
of  reasoning  for  which  wo  must  refer  to  the  p  iper  above  <|uof<  d,  that,  in  tsvn  out  of 
three  possible  cases,  viz.  (1),  when  the  attractiou  of  the  luuguct  ou  the  interposed 
medium  ia  equal  in  all  directions  with  regaril  to  the  line  of  compression,  and(8)whein 
it  is  greatest  in  tliat  direction,  th<'  repul>ion  produced  on  a  body  whose  ^pcHflc 
Bwgnetic  suMH'ptibiiity  is  less  than  tliat  of  the  medium,  will  l  e  a  minimum  ia  tlut 
direction;  and,  therHfortt,  that  in  these  two  cases,  the  objfction  raised  by  TyndaU 
against  the  theory  of  diamagnetism  nndrr  eonsideration  i.-i  valid:  but  that,  thinlly, 
in  the  Kumewhat  improbable  case  in  which  the  action  of  the  magnet  <mi  t!ie 
interposed  medium  is  grmteat  in  the  dtreetion  at  right  anglea  to  that  of  fttrong  st 
attraction  of  the  ponderable  pilrticle?.',  the  latter  may  l>e  so  far  diminished,  that 
the  body  may  be  most  strongly  repelle«l  bv  a  m|gnetic  pole  in  the  direction  of 
gnatett  eomFicaaioa.   U;  tfacc^r^,  Qua  thira  caae  he  alao  taken  into  aoeoant^ 
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dall's  objoodon  to     tbeoiy  «f  «  iMignwrtft  nadiim  emaot  b9  itguM,  m  pecfeetljr 

decisive. 

On  the  who!)',  thon,  the  phenomeDa  exhibited  by  comprooaed  and  ajyateSised  bodies 
do  not  quite  deddf  the  quostion  whether  ditirnagnotic  n  pulsion  ia  merely  a  differential 
phenomenon,  or  whethe  r  it  is  due  to  tho  action  of  a  spf  dflc  force.  That  it  is  partly 
OiflkMBtial,  eaa,  as  already  obserred,  acaroely  be  donbted ;  but,  on  the  other  hand,  thtt 
pjristenp**  of  diaimagnt^tic  polarity  show^  d-'^i'l  *lly  that  th  rfTri  f  h  r>ot  wholly  dae  to 
tlii.s  cause:  for  if  it  wc»ro,  every  part  of  a  Uiamagni-tic  body  wuuld  be  nfpelled  b/ 
i-ithrr  potocf  »  magnet 

It  becomes  necc^wirT,  thpTpforr'.  to  scfk  some  further  explanation  of  the  phenomena  of 
diamagnetism ;  and  the  following  theory  has  been  proposed  by  Weber  andDe  La  Rive. 
We  most  supf'ose,  in  the  flnfe  place,  that  each  molecule  of  a  body  poss^^e  a  natural 
pi  tlarity,  l>y  virtiio  of  which,  nespitiva  electricity  tends  to  accumulate  at  a  certain  point, 
f,  of  its  Murfjieo  (ji^.  728),  unJ  positive  electricity  at  the  opp<Miitfl  point,  b.  uthis 
molecule  in  isolatad  mA  a  good  conductor,  the  two  electricities  will  recombine  along 
its  ■uifiMM^  foBiu«g  eaiMnte  conti^ 


^.729. 


interior  to  re-establish  tlie  polar  tension ;  and  the  actions  which  these  ouircnts  would  tend 
to  produce  on  any  external  point,  destroy  one  another.  If  now  the  molecule  be  sup- 
poeed  to  make  one  of  a  group,  all  the  atoms  of  this  grou^  will  act  upon  each  other  so 
as  to  bring  their  contrary  poles  towards  one  another,  as  in  fiff.  729,  and  the  opposite 
electricities,  instead  of  recombining  on  the  surface  of  each  molecule,  will  form  inter- 
molectthv  dieeheige^and,  consequently,  a  cnnrent  in  the  dinetion  of  the  external  arrows. 
These  currents,  existing  in  all  the  molecular  groups,  are  in  fact  those  which  are 
assumed  to  exist  in  Arap&re's  theory  (p.  760) :  in  unmagnetisod  iron,  the^  run  in  all 
dhwetioiifl,  and  Uie  effect  of  magnetisation  is  to  reduce  them  to  parallelism.  Now, 
these  currfnt-x  cannot  pass  between  thf  niohHiiles  (•ompo^nng  the  group  unless  these 
moleciiies  ore  sufficiently  close  together;  uud,  accordingly,  it  is  found  that  magnetic 
bodies  are,  generall v  speaking,  those  whose  atoms  are  most  doeely  packed ;  in  other 
words,  those  which  have  the  smallest  atomic  volnniM  (p.  77^?).  Moreover,  heut,  which 
increaaes  tlio  distance  between  the  atoms,  dimiuiBheu  Uic  muguetic  power  of  a  body,  and 
may  aveil  dettooy  it  altogether.  Diamagnetic  bodiei»  on  the  contruy,  having,  genoaUy 
speaking,  a  largo  atr.mie  volume, — that  is  to  say,  their  atunn  beinj*  very  wide  apart, — - 
these  atoms  cannot  diseharge  their  opposite  electriciti«ii>  one  to  auolbur,  but  arc  in  tho 
state  of  the  iaoUted  at  om  (/^,  728).  If,  however,  these  independently  polacMed  atoms 
are  broiiLrlit  near  nn  electric  current,  or  fhe?«yf!tpm  of  currents  constituting  a  magnet,  tho 
atoms  are  bruugUt,  by  the  polarised  molecules  of  the  cuiTent,  into  such  a  position  that  tho 
contrary  poles  of  the  two  systems  are  biocig^t  face  to  face,  as  in  the  formation  of  indooed 
currents  (^^g.  447,  vol  ii.  p.  454).  Consequently.  i\v->.v  atoms  will  place  themselves,  in 
their  own  group,  in  the  same  manner  as  thoeie  iu  Jig.  729;  and  if  the  action  is  sufiK- 
ciently  powerful,  the  polatitj  of  the  atoms  of  the  mcdecnbr  group  will  be  increased  1^ 
their  mutual  influenre,  to  such  an  extent,  that  dischanrcs  will  take  place  between  them, 
producing  a  current  in  the  opposite  direction  to  that  of  the  magnet,  in  consequence  of 
which  tile  Ufdy  wiUbe  vepeued  from  the  magneti.  Aeoording  to  this  thcoiy,  then,  tlie 
chiff  difference  l>etween  magnetic  and  diamapnetic  bodiefi  consists  in  this — that  in  tho 
former  tho  currents  pre-exist  roiwd  the  molecular  groups,  and  merely  require  to  bo 
biDoght  to  jaffalleliiim  1^  magnetiBatum;  trhercw  in  tho  latter,  thegr      brought  mto 
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existence  only  under  thv  infltionce  of  powatftU,  munalti^  MpabLs  of  hfhjging  the  aton  I 

into  thf  nwcssury  arrangement.  ^  j 

There  aire,  however,  considMUe  difficulties  in  the  iatit»UiB>  of  tflis  theory.  In  tho  { 
first  place,  the  diamagnetic  powers  of  l)odies  are  Ity  no  means  proportional  to  th»  ir 
atomic  voiiunes.  Potassium  and  sodium,  which  hare  much  greater  atomic  volumes 
thialnninithi  are  slightly  magnetic ;  whereas  ziao  and  copper,  Mrboee atomic  volumes  are 
jnj  small,  are  slight  ly  diamagnetic  With  regard  to  these  two  latter  metals,  De  la  Rive 
obtervtw  that  they  are  veiy  good  conductors,  and,  therefore,  that  the  recomposition  of 
the  opposite  electricidea  waa^  take  place  along  the  surface  of  eadi*  in  B|>ite  of  tiMr 
close  proximity:  and  in  support  of  this  explanation  ln^  rt>inarks,  that  on  combining  copper 
witli  clUoriue  and  oxygen,  which  diminish  its  conductivity,  it  becomes  magnetic.  But 
tldfl  mode  of  explanation  will  not  aooount  for  the  magnetisin  of  potafleium  and  sodiuin, 
which  are  intermediate  in  conductivity  between  iron  and  copper.  Moreover,  it  is 
difflenlt  to  see  how,  according  to  this  theory,  the  diamaAuetism  of  a  body  should  be 
tnoMfed  bycompmaioo.  On  the  whole,  it  mnat  ba  adinittftd  that  we  aw  ilfllwijfcg 
ham  ft  aatiaCutoiy  theory  of  diamagnetiam. 

MAOmBTZSM,  TmUtESTKIAXi.  The  magnetic  action  of  the  earth  bns  been 
spoken  of  in  a  general  way  in  the  preceding  article :  we  shall  here  examine  it  more  j 
particalariy.  A  magnetic  ner<ll«>  suspoidad  Djf  ita  oentva  of  gravity  in  aueb  a  manner 
that  it  can  move  fn  t  ly  in  all  directions,  ana  placed  beyond  the  influence  of  other 
mugneta  and  masses  of  iron,  places  itself:  1.  At  a  particular  angle  with  the  geo- 
giapliieal  meridian  of  the  place:  this  is  called  the  declination. — 2.  At  apartieuliif 
angle  to  the  horiaoo,  otlled  the  inclination  or  dip  of  the  needle. 

1.  Declination— taiso  called  the  Variation  of  tie  Compass. — The  an^le  which  the 
magnetic  needle  mak(«  with  the  north  and  south  line,  or  with  the  geographical  meridian, 
is  most  conveniently  obeerved  with  a  needle  whose  movements  are  restricted  to  a 
horizontal  i>Iane ;  as  by  supporting  it  on  a  steel  point  by  an  agate  cap  {fig.  718),  or  on  a 
stirrup  of  paper  or  copper  suspended  by  a  thread  of  unspun  silk.  "When  a  needit-  thua 
auspended  is  carried  to  different  part  s  of  the  earth's  surface,  its  direction  is  continuallj 
"hanj^iiifr.  In  certain  parts  of  the  world,  it  iioiiits  fxactly  north  and  south  ;  in  all  othera, 
its  position  of  equilibrium  is  more  or  leas  inclined  to  the  geogruDhicul  meridian  of  the 
plaoa.  A  Tertical  plane  passing  throQgh  ita  poiitian  of  aqmUbrima  if  called  the 
magnetic  meridian  of  tho  place. 

The  declination  varies  iu  direction  and  in  amount  both  with  place  and  with  time. 
It  ia  alwaya  qmkan  of  with  reference  to  the  position  of  the  north  pole  of  the  needlfli 
Thos,  when  we  say  that  the  declination  at  I>ondon  is  at  present  to  the  weat^  Wt  tBMMk 
that  the  north  pole  of  the  needle  points  west  of  the  gt-ographical  north. 

The  poinfta  of  the  earth's  surface  at  which  the  ne^'dle  points  due  north  and  south  an 
sitnated  on  certain  Vuit's,  called  lines  of  no  (hcliiiation.  One  of  these  lines,  whose 
direction  dors  not  rl'-nate  much  from  that  of  a  great  circle  of  the  globe,  may  be  traced 
ftom  a  ceiiain  |  ui  t  noftiHwest  of  Hudson's  Bay,  across  Canada,  into  the  Atlantia 
Ocean,  cutting  tlie  extreme  cant  point  of  South  Am«irica,  near  Cape  St.  Roche,  whence  i 
it  passes  across  the  South  Atlantic  Ocean,  and  meets  the  meridian  oi  London  near  the  ' 
80th  degree  of  sonth  latitode.  Another  line  of  no  declination  pas8«  s  across  the 
f'outbcrn  Ocean  at  about  120°  east  !<  ii;xi(ude,  traverses  the  weft  of  Austndia  in  a 
Dearlv  northerly  direction,  then  passes  westwards,  forming  a  largo  loop  enclosing  the 
ilknas  of  the  Lidian  Archipelago  and  tiie  two  paiinanlas  of  India,  whence  it  paasea 
northwards  along  the  west  of  Japaii.  and  enters  Sil  eria,  where  it  has  not  been  further 
traced.  Another  branch,  which  is  perhaj^s  a  coniinuatiun  of  that  which  traverses  the 
In^an  Oeeaa,  paasea  novthwarda  aerosa  the  White  Sea.  Thm  are,  therefore,  two 
systems  of  lines  of  no  declination,  which  probably  join  ODO  *«»«tHTlT  in  the  polar 
regions,  so  as  to  form  a  sin^e  curve  passing  round  the  globe. 

Betweai  the  American  line  on  the  west  and  tb»  Asiatic  lines  on  the  eaat^— that  is  to 
mj,  over  nearly  tho  whole  of  the  Atlantic  Ocean  and  the  Old  World — the  declination 
ia  to  the  west ;  over  the  rest  of  the  earth's  surface  it  ia  to  the  eaift ;  and  it  diminishea  , 
on  both  sides  as  we  apraoaah  fbmb  Ubm,  Jn  Lomdoo,  at  the  praant  tine  (1864),  iha  I 
decb'nation  is  20®  46' W. 

Inclination  or  Dip. — Suppose  a  bar  of  unmagnetised  steel  to  be  suspended  at  it« 
centre  of  gravity  by  a  thread  of  uiis|)uu  silk :  it  will  come  to  rest  in  the  horizontal 
position.  But  ifc  be  magnetised,  it  will  not  only  place  itNelf  in  the  magnetic  meridian, 
but  ^-ill  take  up  an  inclined  position,  tlio  north  pole  in  these  latitudes  pointing  down- 
wards. Ihe  amount  of  the  inclination  or  dip  of  the  needle  is  best  obeerved  by  meana 
of  a  long  Beadle  anppoiiad  by  its  omtn  of  gravity  on  a  horiaontal  axis  {fig.  730),  so  I 
that  its  movements  are  confined  to  a  vertical  plane.  A  dipping-needle  thus  mounted  j 
ia  represented  in  fig.  I'iO.  The  horizontal  circle  serves  to  pkce  the  plane  of  the 
Beeua*a  motioii  in  the  magaetae  nmadiai^  and  the  Tcxtioal  eiwe  to  noaawa  tiM» 
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As  the  nff><11f  always  tends  to  place  itt^rlf  in  tho  niaflTiotic  meridian,  it  is  oletf  tbst 
if  the  vertical  plane  to  which  its  movements  ar«-  confined  is  placed  at  right  angles  to 

the  magnetic  meridian,  the  neeidle  will  stand  verticall)', 
Fi^,  730.  thif<  being  th<-  only  positinn  in  whioh  it  can  place  itnelJ 

in  the  magnetic  nu-ridian-  if  this  position  he  determined 
and  marked  on  the  horiMBtal  drae^  tiM  Teftical  ,e»dfl 
muv  l>e  placed  in  the  mfurnetie  meridian  by  moTing  it 
roun<l  00^  tlierefrom.  The  angU-  uf  inclination  may 
then  be  directly  oltserved. 

The  dip.  like  the  declination,  is  of  different  amrnmt  in 
different  locidities.  There  are  two  points,  one  in  each 
hemi<4phere,  at  vhieh  the  dippiag4ieedlo  stands  exactly 
vertical;  these  are  called  the  magnetic  poles  of  the 
earth  ;  and  ultout  midway  between  them  is  a  hue  called 
the  magnetic  equator,  ur  line  of  no  dip,atvlridi 
it  stamls  horizontally.  The  magnetic  eqnator  i?  a  some- 
what sinuous  line,  not  differing  mucli  from  a  pnat 
circle  inclined  to  th'- gtHigniphictl  •qoat-T  at  ;tn  aii^^to 
of  12°  and  cutting  it  in  two  points  near  th<'  l.m^iitudps 
lO*^  E.  and  170^  W.,  reckoned  from  the  meridian  ul  Paris. 
At  all  points  Wtween  this  line  and  the  north  m«gneti« 
pole,  the  north  [yole  of  the  nee<lle  is  directed  downwanls, 
the  contrary  being  the  caae  in  the  other  magnetic  hemi- 
sphere. The  dip  goes  on  iacreajsin^  from  the  magnetie 
e<}uatnr  towards  each  pole :  in  London  at  the  fweent  tisM  it  le  W  16\  rBohining 
from  the  horizontal  plane. 

On  eomparing  the  poehioM  SMnmed  by  the  needle  at  dURrant  ptrto  of  the  e«xth*e 
surface,  it  is  casuy  stvn  that  they  may  be  accounted  for  by  regarding  the  earth  a«i  a  great 
magnet,  having  its  poles  at  the  points  where  the  dipping  ne«dle  stands  vertically,  and 
its  median  line  eoineiding  irith  the  magnetie  eqnator.  The  northern  terrestrial 
magnetic  pole,  which  corrfijvoiids  with  the  south  r.f  an  ordinary  magnet,  is  situated 
on  the  continent  of  North  America,  to  the  north-west  of  Hudson's  Ikiy,  and,  according 
totbeobtnrations  of  Oapt  J,  C.  Ron,  made  in  1830,  in  latitude  70«  ff*  irN,  and 
longitude  96®43'W.  from  Greenwich  (Araffo's  Mitrorolot/ical  Es.sy///.*,  frniiflnted  fit/ 
BnmUf  p.  366).  The  position  of  the  southern  magnetic  pole  has  been  approximately 
fined  the  obeerTations  of  the  same narigator,  inTatitiide7S^  8.  and  longitude  ISOK. 
The  line  of  no  declination  passes  llinin,:h  tin  sc  two  p<iiiiT'^.  and  thelims  of  tvjual  d<vli- 
nation  oonyeree  towards  them.  From  observations  made  at  different  points  iu  England 
and  the  sontn  of  SootUuid,  between  Ifareh  1868,  and  October  1880,  SaWne  dedneea 
fiS"  59'*2  as  the  dip  at  the  mean  epoch,  1st  January.  1800,  at  a  jtoint  whose  latitude 
and  longitude  were  the  means  of  those  of  the  stations  included  in  the  survey,  namely 
latitude  62^20',  longitnde  1*  41' W.  ikomOreenwidi.  Th»  nunimnm  dip  was  obserrea 
at  St.  I^nard's  (latitude  60°  51',  lontritude  O''  33^  E.^  wfaerc  it  w.is  67°  44'  /i;  and 
the  maximum  71°  29  -5.  at  Jordan  Uill,  near  Glanpffr  (latitude  66^  62\  loi^tnda 
4®  W  W.\  the  dirMtion  of  the  UoeUntd  Unet,  or  mies  of  equl  dip,  being  ftom 
K.  71^      K.  to  S.  7r  22'  W.  (Rep.  Brit.  Assoc.,  18fil,  p.  250^ 

That  the  earth  really  acts  like  a  magnet^  is  further  slK>wn  hj  the  msgnetisatien  ot 
maseea  of  inm  plaoed  ni  or  near  the  fine  of  the  dip.  In  onr  latitodo,  where  tiie  line 
of  dip  doesnotdiffer  greatly  from  the  vertical,  bars  of  iron  standing  constantly  in  the 
vertical  direelions,  such  as  railings,  lightning-conductors,  &c.,  become  magnetised 
with  their  north  poles  downwards,  just  as  they  would  be  if  placed  above  tiM  sontli 
pole  of  a  steel  magnet. 

The  magnetisation  of  the  maases  of  iron  in  a  ship  by  the  eartli's  action,  causes  a 
considerable  deriation  of  the  compass-needle  from  its  normal  position  ;  and  as  the 
direction  of  the  magnetisation  thus  induced  is  constantly  changing  as  the  ship  changes 
its  latitude,  it  is  evident  that  siTioos  irregularities  in  the  inaications  of  the  compHss 
may  thence  result :  in  short,  there  are  several  instances  of  shipwreck  on  record  which 
have  been  clearly  traced  to  this  caxwo.  This  source  of  irregularity  may,  however,  be 
correct e<l  by  fixing  a  disc  of  iron,  called  a  compemtator,  in  sucn  a  position  with  r^:ard  to 
the  compass,  that  its  action  shall  bo  equal  and  opposite  to  that  of  the  whole  mass  of 
inm  hi  the  ship :  the  needle  will  then  be  free  to  take  up  its  normal  position  under  the 
influence  of  the  earth's  magnetism-  It  is,  however,  found  better  in  practice  to  place 
the  compensator  in  such  a  position  that  it  shall  pnxlnce  an  action  equal  to  that  of 
the  iron  in  the  ship,  and  iu  the  same  direeHon,  so  that,  when|i]aiced  in  position,  it  v31 
double  thedeviatitm  pnxluced  by  the  iron  in  the  ship:  the  amount  of  this  deriation 
will  thus  be  ascertained,  and  may  bo  allowed  fur.  'I'hi^  great  sennco  to  navigation  is 
tha  hmotion  of  Mr.  Barlov,  of  Woolwich. 
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Tho  magnetic  {lowf  r  t)f  tli.>  ii;if  ivo  M.ick  oxiilo  of  In-n  is,  doubUesH,  also  duo  to  the 
iuductiTe  action  of  the  earth,  and  the  Tcxy  different  powew  eaJubiied  by  diffeiMit 
medmeat  of  tbe  ore  may,  in  pait  «t  kast,  be  attribnud  Id  tbo  diflhMBt  ponlion  of 
the-  vein.)  witik  icgard  to  the  line  of  tlie  magnetic  dipw 

'3.  Inlemfit^f  of  the  Earth's  Mncfiii  tir  fnree. —  The  nmp^otic  forcf  of  thp 
earth,  like  thut  of  ;ui  ordiimry  magnet,  ih  of  diircrcnt  intensity  in  different  pirts.  Tlit 
MlatiTe  iutenaities  at  diffcrei^  plAOes  are  meufliu-t  d  l  y  counting  the  number  of  oscilla- 
tion«i  niade  in  a  given  time  by  a  mnOTftie  n<  tMlk> :  for  tluso  vilirations  ar^  suliject  to 
the  sauiti  lawn  as  those  of  a  penduluiu,  hcing  isuclu-guouij  when  umail,  and  thu  tK^uares 
of  the  numbers  of  oscillations  in  a  giron  time  being  propoftiomal  tO  tfie  IbMO  ▼hadl 
tends  to  lirlng  the  necdlo  back  to  its  position  of  t  quilibrium. 

The  ub«$ervations  may  be  made  eitlicr  with  tlu;  dipping  or  the  horizontal  nrcdle. 
When  a  dipping-needle  is  dtstiirbed  from  its  normal  position  of  cquiHbrium,  it  is 
urged  back  to  that  position  by  the  whole  force  of  tlie  larth's  magnetism:  so  that,  if  the 
intensilieti  of  the  terrestrial  magnetic  forces  at  any  two  places  are  devoted  by  F,  and 
the  corresponding  number  of  oaBtllaKnmTniide  in  o  giTBDtimol^iHii^*w»oa.'ve,ftrtfie 
i«lation  between  the  \mo  fxmm, 

F  :  F'    »    n«  : 

The  hori»ontal  needle,  on  the  other  hand,  is  urged  back  to  its  normal  position  by  only 
a  portion  of  the  terrestrial  foroe,  which  becomes  less  as  thema^nrtic  lutitiuU  isgreiiter. 
For  the  total  forco  F  acting  on  the  needle  in  the  line  of  the  dip,  may  hi-  Ta^'Avi'd 
into  two  others,  one  vt  rlieal,  which  is  destroyed  by  the  suspension,  the  other,  /,  horizou- 
talf  which  is  that  which  is  effective  in  moving  the  needle ;  and  if  t  bo  tho  dip  at  tho 
place  of  obsfTvation,  this  horizontal  forcf  /  is  oqnal  to  F  coh  i.  II<  uc«',  for  any  two 
places  at  which  the  total  intensitien  art)  F,  F,'  the  augkiS  of  dip  i,  if,  aud  the  numbtirs 

ofoorillitioiia  n,  n%  wo  Jum  tho  folatioiv 

Fcosi. 

Thereflareb  ^  «*  cos  i' 

F         n  *  cos  r. 

At  the  magnetic  equator, «  «  o,  ono<     1,  and  therefore/  =  F;  at  the  magnette 

poles,  I  »  90°,  and  therefore  f^O:  in  fact,  at  these  points,  the  horizontal  needle 
takes  up  all  positions  indifferently ;  and  near  the  poles,  the  force  which  dir^^  it  is  very 
small,  so  that  its  indications  eannot  be  depended  upon.  But,  excepting  in  these  high 
magnetic  latitndeg,  the  results  obtained  with  tlie  horizontal  neeale  are  more  trust- 
worthy than  those  obtained  with  tho  dipping-needle,  on  account  of  errors  affecting  the 
latter,  from  want  of  perfect  horizontality  in  the  axis,  the  friction  on  tho  supports, 
&c. ;  wfaowaa  the  horizontal  needle  is  easily  suspended  by  a  thread  of  unspun  silk, 
which  gives  it  almost  perfect  freedom  of  motion.  [For  full  details  on  the  construc- 
tion of  iciitruments  for  observations  on  terrestrial  magnetism,  see  Becquerel, 
l^raiti  de  rEUctrieiti  et  du  MagnHi»me^  Paris,  1840,  tome'ni  TheatUia  to  f  •  ^  .rk 
coiitiiinH  larj^t*  <liaj^ra<'  of  thf^e  instmmrnts,  and  maps  rfprf^enting  the  dinctions 
of  the  magutitic  lueridians  and  parallels  ou  the  surface  uf  ibe  globe.  Sco  abo  D  ug  u  i  n, 
ZMM  diri^sique,  tome  iii.  pp.  VI,  56.1 

The  magnetic  intensity  increases  with  the  latitude.  HumlHjMt  found  a  point  of 
minimum  intensity  on  the  magnetic  equator  in  Northern  Peru.  This  value  is  gene- 
mlly  taken  as  tho  unit  to  which  the  magnetie  intwwiHwt  AtOkberpttla  of  the  globe  are 
Mlnorad,  aa  in  the  loliowing  table. 


LoMlUy. 

Oat«. 

Larttwle, 

tiit«n»ity. 

Loedtty. 

Data. 

LiUtude. 

iatwulty. 

St.  Anthony  . 

1802 

OO  0' 

1-087 

Brusseli  • 

1829 

60°62'N 

1-374 

Garthagenii 

1801 

10  2dM 

1*294 

Beriin  . 

1829 

52  51 

1-366 

NowYotk 

1S82 

1*808? 

Chnsdatiw 

18S0 

60  65 

1*410 

Naples  . 

1805 

40  50 

l-27t 

Peter»burg 

1828 

59  66 

1-410 

Lyona    .  , 

180$ 

45  46 

l-33a 

Baffin's  Bay  . 

1818 

62  43 

1-590 

Fttja 

1600 

48  «8 

1^348 

Spitzbergcn 

1828 

79  40 

1*867 

Befern-d  to  the  same  unit,  the  niacrnelie  inf.  nsify  was  1'372  in  Le.nflon  in  1827  (Sabine) 
According  to  Sabine,  the  intensity  at  tho  north  magnetic  pole  is  1-624;  at  the  south 
magnetic  pole,  according  to  Sir  James  Boae,  it  ia  3'062.  The  smallest  inteniity,  0706, 
Obsorvf  l  by  A.  Knnaii,  is  at  19°  69'  S.  and  10-2'  R  (from  Paris). 

In  later  o1  nervations  made  by  British  obscrt-erst  an  absolute  unit  of  intensity  has 
•    boon  aduptuU,  oozzeq^nding  with  •  oeoond  of  time,  *lbot  of  q^ace^  and  a  grain  of  mami 
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The  mnptu  ti(^  intr^nsify  on  tin's  ncalo  at  London  18  at  present  10-29;  that  in  to  say,  it 
is  a  force  capable  of  gsneiating  in  one  mxmd,  in  a  mass  of  one  grain,  a  velocity  of  10  -29 
jtet  eeeoad.  The  total  itme,  expreaaad  is  alMoliite  anita,  Eas  been  observed  to  vary 
at  difierent  parts  ef  the  earth's  surface  from  about  64  tO  ItrB,  (Sftbi&O^  Aiarinlljf 

Manual  of  ScietUifio  iMfmry ;  mL  1869,  p.  89.) 

The  mean  amoml  of  the  total  fme  in  £fngland,  deduced  by  Sabine  from  the  magnetic 
survey  already  referred  to  (p.  780),  for  Ist  January  1^0,  im  10-5:i2,  the 
10-226,  having  been  obtwrrcdat  St.  LoonartVs,  and  the  maximum,  10-626,  at  Frrn  Toirer 
(lat.  66**  22 ;  long.  8**  hff  yfX    The  dirot  tioa  of  the  imdt/namtc  lines,  or  lines  of 
equal  intensity,  in  England,  at  the  above  date,  was  from  N.  07^  35'-7  E.  to  S,  67°  35'-7  W. 

The  isodynamic  lines  differ  considerably  from  the  isrjolin.il  Hnrs,  or  lines  of  eqn  il 
dip,  but  bear  considerable  resemblance  to  tht>  isotheruial  Iiut.'« ;  whence  it  &ppeii« 
|>robable  that  the  magnetic  intensity  of  the  earth  (like  that  of  an  ordinary  magnot) 
IS  affecti'<l  by  heat.  (Fitr  ji  c1i;irt  of  tlic-so  liui  s,  s<'<'  Beoquer<'l.  ^  v  ri(.)  Aivonllng  to 
Gauf-s,  thiTO  are  in  each  lii  mLsphcre  two  poiutu  of  maximnui  maguetic  iuteusity  coin- 
ciding with  the  points  of  greatest  cold,  bat  aot  with  tfaa  iMflntrtfr  jmiIm  dfltanuMd  lij 
thfa  tUn  and  lindimtimi  of  tho  nandh 

Variations  of  the  Moffrutic  Elements, 

The  declination,  dip,  and  intensity  at  any  point  of  the  earth's  surfice  are  sulgoct  to 
oontinnal  varuitioiiia,  bodi  regular  and  irregn  Itr ;  and  the  regular  -varialioiifl  are  of 

two  kind';:  seonl.mr  ynrintiri-n^.  of  rnn'^iii  iMMi*  .■imr>uiif,  '.wA  txf inilliiir  over  li>ii2 
periuda  d  time;  ivnd  periodic  variations,  of  small  amount,  and  running  through  Lbeir 
phaan  at  dbott  ntamJa. 

Varia(in»s  of  tfr:  P.cVinnil'ri.  —  l.  R  r^'hir.  TIitwMrliest  exact  observations  of  tl) 9 
magnetic  declination  weje  made  at  Iiondon  in  1676,  and  at.  Paris  in  1680.  At  London, 
in  1670,  it  wae  no  16^  to  tiw  east :  ftttm  that  time  it  dintiaished  till  IMr-iaeS,  when 
it  was  notljin;^,  tlio  ni'^llo  fhrn  pointing  rjuo  north  and  south;  it  fhrn  luvame  westerly, 
f**'''n'"fi  its  maximum  of  24°  36'  in  1800.  In  1831  it  had  diminished  to  24°  0',  and 
it bmnr  (m  1864)  M°  4r W.  At  Fuiait  ww  1|o  WTR  in  1«80, Oin  166S,  attained tfa 
maximum  of  22'^  31'  W.  in  1814,  and  had  diminished  to  20^  25'  W.  in  At  the 

Cape  of  Qood  Ilop«^  the  declination  in  1606  ires  0*^  80'  became  nothing  between 
1006  and  1<(09,  then  wieeterly,  attnimq^  its*  of  SS»40'W.aboatmL  Itt 

all  cases  the  dcL-lInuf  ion  givi  ii  for  .  acli  year  U  tlif  m»:in  of  those  obtained  ftNTeadl  d^f 
and  Inr  each  mouth,  so  as  to  eliminate  the  diurnal  and  annual  vamtiimB. 

3.  AmtMoL'-^e  deelfnation  of  the  needle  >i  snbjeet;  to  smaO  annval  v«llktioM^ 
which  were  discuvorod  Ijy  Cas'ii ni  in  1780.  At  Paris  nn  l  London,  it  is  gn-jifosl  about 
the  Tcamal  equinox,  diminishes  from  that  time  to  the  summer  solstice^  and  incmaaea 
agatn  during  the  nine  fbllowin^  montfiB.  The  «nntal  rariatiea  does  not  CTcecd  from 
15'  to  18'.  It  is  also  different  in  amount  at  different  epochs.  At  T/in<lnn,  from  1818 
to  1820,  it  was  reduced  almost  to  nothing;  at  whidi  tiine^  also^  the  secular  variation 
was  extremely  slow,  being  near  its  maximum. 

3.  Div.rno}.-  TIio  ilim  nal  variations  of  the  declination  were  discovered  by  Orah  am 
in  1732.  In  Europe,  the  north  pole  of  the  needle  begins  to.move  westward  at  sunrise, 
and  eontinnes  moving  in  the  same  direction  till  an  hour  or  two  after  noon ;  after  which 
it  rrturns  and  regains  its  original  position  at  about  10  p.m.,  at  whi  -h  it  remains  all 
night  It  appears,  then,  that  the  westerly  declination  is  greatest  during  the  warmest 
part  of  the  day.  The  amplitude  of  these  movements  is  very  small,  and  differs  at  dif- 
feront  times  of  the  year,  being  aomatunia  from  20'  to  26',  at  other  times  not  exceoding 
6'  or  C.  Tt  also  becomA<«  le«iM  we  apfRoach  the  magnetie  eqnator :  thniH  in  the  idaod 
of  Rawaic  it  ui'ver  exceeds  3'  or  4'. 

The  periodic  variatiow  flf  ^  dedination  are  the  result  of  the  auperposit  ion 
of  two  distinct  variations,— one  depending  on  tlv^  Imrary  j-n-isition  of  thr  snn,  the  other 
on  hi*  distance  from. the  equator,  tlie  latter  cojustitutinc  tlui  annual  variatiun. 

Variations  of  the  Dip. — The  secnlar  variations  of  the  magnetic  dip  are  of  pmiiUer 
nmonnt  than  thow  of  (he  (L  clin.ition.  At  Paris,  in  1671,  when  th.'  dip  was  first 
observed,  it  was  73°  U',  and  baa  since  been  continually  diminishing;  in  KSol  it.  w>w 
W*.  In  liondon  also  the  dip  has  eontiimally  diminislud  since  1720  by  al)out  2*  6 
pcrannnm.  In  August,  1821,  it  was  To^  2'-81  ;  in  May,  1H;3,h.  \{  was  69°  17'-dO ;  in 
August  and  September,  1854,  it  was  08^  31'- 13  ;  it  is  now  G8°  1,V. 

^HieiUp likewise sodubHa annual  and  diurnal  variations,  being,  accorfUng  to Haoslasiv 
about  16'  pTft  ntfr  in  .snmrnr  r  than  in  winter,  and  4'  or  5'  jri'<  ;i*<  r  l.rforo  noon  than  after. 

Variatwus  of  Urn  Ititcnsiiy. — It  is  not  yet  ciistiuelly  iitkiti'taiiied  wbt'ther  the 
magnetic  intensity  of  the  earth  eshibits  secular  variations :  indeed,  tho  settlement  of 
the  qtir<;tion  is  attended  with  vf>rv  p^at  diflRculty,  inasmuch  jlh  it  riYjuirrs  tliat  the 
needles  u!>ed  should  preserve  their  mi^;ncUc  power  unaltered  throughout  tb«o  whole 
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COUMtfthAotMerrations— a  eonditionwaiedy  possible  to  fulfil  fur  any  great  length 

of  tim<».  GnTr«ts  hitH  found,  indeed,  by  vi  peeiiliar  nu  tliod  of  ol)s<'n'atiou  wTiic!)  is  indi-- 
pendent  of  thv  furce  of  the  needli,*  used,  that  tiie  maguctic  intcuaiLy  at  Gottingi  u  his 
not  varied  sensibly  daring  several  yean;  biifc  tfae  time  over  which  these  olK^^tTv  ations 
have  extended  is  as  yet  too  short  to  warnvnt  an^  general  eondosion  on  the  subjoct.  It  i.s, 
however,  scarcely  possible  that  tlie  ducdination  and  dip  should  oluuigt;  at  aiij  phice 
villioat  some  corresponding  variation  in  the  intensity.  By  absolute  measurements 
made  monthly  at  Kew  since  April,  1857,  it  appears  that  the  totnl  forco  had  iaccWMed 
at  that  place,  up  to  March  1862,  at  the  average  rate  of  u  00125  annually. 

Periodic  nrialaoos  d  intensity  are  more  etmly  observed.  In  studying  tibCM^  it  ii 
tisnal  to  observe  sepnmtoly  the  variations  of  the  horizontjd  .uul  vort  ical  components  of 
the  magnetic  force.  Tho  horizontal  component  exUibita  an  hourly  variation,  which  is 
tbe  resultant  of  two  elenifatary  variations— one  diurnal,  thu  other  semi-diurnal.  The 
umplitudf  of  the  somi-diumal  variation  »nm»a?rs  with  the  latitude,  and  is  nothing  at 
tho  equator.  Tho  pharos  throuffh  which  it  ptuji>es  deptind  ou  the  angular  distance  of 
the  sun  from  the  magnetic  mericuui.  In  mean  latitudes,  the  curve  which  representA 
the  variation  of  tlK^  horizontal  component  is  similar  to  that  of  the  diurnal  variation  of 
the  declination,  but  six  hours  behind  it.  The  semi-diurnal  period  i&  ttcarceljr  perceptible 
at  St  Helena,  but  increases  in  distinatliiMg  at  higher  latitudes. 

Hie  variations  of  the  vertical  (K>mp<m«llt  of  tM  iateMttljy  foUow  thiO  MUOB  periods  U 
those  of  the  horiisoutal  components. 

Irregular  Variations  or  Pertmrbaiims  of  the  Magnetic  ESemmit. — The  magnetie 
r.<  fdli'.  rspooially  the  di  clination-needle,  freqnontly  experiences  accidental  deviationi, 
which  defect  it  more  or  less  from  its  nonoail  position  lor  various  intervals  of  time, 
•omedniM  fbr  severa]  hour*.  Some  of  theee  custorbenoee  may  be  traced  to  known 
cnnses, — namely,  the  anrora  honaVts,  onrthqiintfis,  and  volcsinic  eruption.'*.  V,\\\  few 
observations  have  been  made  on  the  perturbations  arising  from  the  two  latter  causey 
wliklh,  moKOver,  piodnoe  sensible  efnets  st  small  distances  wAf,  The  deriatlons 
arising  from  tliese  irrepihir  disturTiance.s  ran'ly  exceed  a  fraction  of  a  degree,  and  tlio 
needle  returns  to  its  primitive  position  as  soon  as  the  distarbing  cause  has  ceased  to  act. 

The  ootneidenee  <n  the  anram  botedtis  with  certain  peEtaraalionfl  of  the  magnetio 
needle  wius  discovered  in  1710  hy  Celsius  and  Hiortor.  During  the  occurrence  of 
an  aurora,  the  declination-needle  is  seen  to  deviate  from  its  normal  positioni  even  in 
loeslities  irlMrsthe  meteor  itself  is  not  Tistfale;  sothst  the  inspection  of  the  needle  often 
server  to  annonnce  the  presence  of  an  aurora,  no  trace  of  w  hich  can  be  directly  seen. 
In  oar  latitude,  the  deviation  does  not  exceed  20';  but  it  is  greatcf  in  the  Arctic  re^^iioua, 
when^  indeed,  the  phenomenon  hss  been  prinetpaJly  stadiea  The  enhninating  pomt  of 

the  auroral  arch  is  always  situated  In  the  maQ;netic  meridian  ot'  the  place,  and  tlio 
e^itre  of  tlie  crown  to  which  the  ^.trcams  of  light  oonveige  is  situated  on  the  pro- 
longation of  the  line  of  the  dip.  So  long  as  the  snroral  arch  is  stationary,  ^e  needle 
remains  nearly  at  rest ;  hut  as  .soon  as  the  arch  begin.s  to  throw  out  stream»  rs,  thi-  ner?dle 
oecillatea,  sometimes  Xheo^jh.  several  dM^MS.  The  effects  arc  more  decided  in  propoi^ 
ti(m  to  the  brightness  of  the  anrora.  The  dip  and  tho  intensity  are  likewte  al&«ted 
by  the  aurora  as  well  as  the  declination. 

The  establishment  of  magnetio  obewvatories,  in  which  the  motions  of  the  needle  are 
observed  continnonsly,  has  led  to  the  discovery  of  perturbations  which  cannot  be  attri- 
buted to  any  of  the  preceding  causes.  One  of  the  most  remarkable  facts  brought  to 
light,  by  observing  the  movements  of  the  powerful  magnets  with  which  these  establish- 
ments are  ftimishod,  is  that  the  magnetism  of  the  earth  is  in  a  state  of  constant  fluc- 
tmtion,  Hke  the  waves  of  the  sea.  Hence,  in  studying  the  dinmal,  annnal,  wd  secular 
variations  of  the  declination,  &c.,  it  is  necessary  to  take  the  mean  of  a  large  number 
of  observations,  iu  order  to  eliminate  the  irregular  cBsturbances  and  bring  out  the 
gooerallaws. 

Another  very  remarkahlo  phcTiomenon  i*<  the  fn'mtiltaneouf  necurrence  of  magnetic 
perturbtttioua  iu  very  disUuit  couiitricy.  Thui»,  Sitbiuc  muutions  a  magnetic  disturbanee 
whieh  was  Mt  sianutaneooslj  at  Toronto,  the  Gape,  Prague,  and  Van  Diemen'B  T  1. 
This  coincidence  of  magnetic  perturbations  is  m  exact,  that  it  ha.s  lieen  propobtnl  to 
make  use  of  them  iu  detmnining  the  lungitude  of  the  place  of  observaliou.  Humboldt 
and  OltnmiB,  m  1808,  obssvffd  SOllie  vemsikable  pectnrbstions  recurring  at  tiie  nme 
hours  for  several  ^ncce^Ftivc  nig^tn  Thflse  simnltsflBSOOS  pertorbanoes  hsnre  nosiTed 
the  name  of  magiutk  sloruu. 

There  sre  also  local  perturbations  extending  to  small  distances  only.  Humboldt 
mentions  onn  which  w.n.«  nb<ii  rved  in  the  Ra.xon  mines,  but  was  imperceptible  at  Berlin. 
Magnetic  storms  observed  simultaneously  from  Sicily  to  Upsala,  were  imperceptible 
betaeen  Upssln  and  AUona* 

MAOnTO-BUomoTTT.  Th«  dttrdofOMnt  of  slaetilailj  by  mtgnetio 
aefikML  (See  £uwgcBiomr»  ii.  461.) 


Digiii^cu  L^y  Google 


784  MAU2vETOMETEU— MALEIC  ACID. 

MA.OVST01«S:TES.  This  nnmc  is  s|>eciii"lly  applied  to  cf-rtaln  instruments 
devised  by  G^uhs  for  lofinaariiig  the  intcu^ty  of  the  eaxth's  tuuguctic  force.  ^See 
Beeqnerel.  TMU  de  9Eketrwia  H  du  Mugnelimiu,  tonw  yiL,  and^Dftgain,  IMU 

de  PAi/siqu>  .  Ul  7S.) 

MJLOzrxuiK.  Davy'u  nuM  iw  Magnennia :  it »  dbo  adopted  \)j  Chnelio  in  his 

Handbuch. 

K&OaWBamira.   A  oomponnd  of  fwrie  oxide  and  magnesia,  2Mg*0.3Fe«O* 

or  n3r;;-0.4F»'*0',  occurrint^  in  oct.iln  Jnil  cr}%tal8  amon;^  tlie  products  of  the  eruption 
<d  Vesuvius  in  1 855.  Specific  gravity  about  4-6.  (Rammelsberg,  Pogg.  Ann.  cvii- 
457  i  Jalmdier.  1809,  p.  776.) 

See  Urt's  Dictionary  of  Arts,  ^x,  iii.  16. 
Zca  Mat's. — ^The  composition  of  the  grain  of  this  plant  and  of  its  asli  !» 
given  in  the  article  Csreals  (i.  826,  827).  See  also  /bin.  On  tho^rmination  of  iiiiti;:**, 
■80  ▼.  PI  ant  a  (Jahnaber.  1860.  p.  623).   Ou  the  growth  of  maise  ill  aqnaoiw  soln- 
tioii-'  nf  ]fs  f  TV titurnts,  see  8tolimann  (^4L  186l»f^  784)i 

MAJKWAH  BUTTB&.   Sjrn.  with  Oauuk  Buttss  (ii.  758). 
MA^mimyai  Native  oarixuwte  of  ooppar.  (See  CuKKoasmtt  i  783.) 
llKA1kaLCOX.ZT8,  aim  ealled  Saklite,  Pyrgom,  Fowmfe.— A  Tmriety  of  aQgiliv 

consist  inn;  of  siliruto  of  calcium  and  magnesium,  with  more  or  less  vnm  (fenNNnua>  a 
small  portion  of  the  baaea  being  frequently  also  replaced  by  water. 
MUUbACNMrak  A  miiMral  having  tbe  form  of  dsooo,  and  nearly  nlated  to  ft  in 

conijKjSif  ion.  Hardness  =  C-5.  SSp,  eiflc  gra-^nty  =  3-9  to  4'06u  Brm  and  Titreooa 
to  subre-sinoos ;  powder  reddish  brown  or  uncoloured. 

AiudgtM.'^  From  Htttevol^ Norway,  by  SeheereT(Fogg.  Ann.lxii.436).— 5.  From 
the  Ilmongebir;:,  hy  ITormann  (J.  pr.  Clicm.  liii.  323).— From  Ghaataioabfl^ Haata 
Vianne,  by  D amour  (^rtwnWs'/f  /y'^i  Mineralch'  mii ,  p.  S'jl): 

SiOS  ZrO*  Fe«03  Ma^O*  Y^O      Cb^O     Mg'O  H*0 

a.  81-81  68*40  0*41     .    .  0*84     0'.89     0-11  8*08  *  98*99 

b.  81  87  69-32  3  11     1-20    400  =  9960 

e.    8106  61-44  3  29  014  .   .     0-08     .   .  8^  -  99i)9 

These  analyses  lead  to  the  formula  3fZrO-5iO-).n»0  Or  82SeBiO*JPO, 
sequires  32  60  per  cent.  SiO*  64*22  ZdO*,  and  3*18  water. 

cc^CZ]>.|  SeatfauoaoDiAMiinaov. 

ACXO.  Sjn.  ^th  AJR2.-1UUC  koa^  (See  ICauc 

IVt All AWIIi .     Ryii.  with  PuEJfTL  MAr.ntTnE. 
jvIA3:iArJII.IC  ACIX>.    Syn.  uith  I'iiknyi  -Mvi  AMIC  ACID. 
MAIiAUXMPS.    8yQ.  with  I'iirnyl-malamiui:. 

Cn'O'  -  ^  JJi^  I  0«    Pyromalic  add.    Pt/romrhie  acid. 

(Lnssaignp,  Ann.  Ch.  Phys.  ('2]  xi.  93.— Polouzo,  i}>l(l.  Ivi.  72.— Llolng,  Ann.  Ch. 
Pharm.  xi.  276. — Biichner,  tbid.  xiix.  67.— Kekuie,  Ann,  Ch.  Pharm.  SuppL  i.  129; 
ii.  86 ;  Jahn-bt  r.  1861,  p.  361 ;  1862,  pp.  808, 819.— Gm.  viii  151.)— -An  acid  isomerie 
with  fiinmric  sioi'l,  anil  (liffcriu;^  from  malic  acid  (CH^O^)  by  1  at.  writf^r.  It  is  pro- 
duocd,  together  with  fumaric  acid,  by  the  di^  distillation  of  malic  acid.  It  has  not  yet 
been  ftnmd  ready  formed  in  any  plant  Eqnieetie  acid,  obtained  from  E^ui«e(im  JtuviM- 
tile,  was  for  some  tinv^  n^pjrtTdrd,  on  the  aufliority  of  Re^a.ault,  as  iJonlioal  with  maWo 
eoid ;  but  Baup  has  shown  that  it  is  really  identical  with  acouitic  acid  (CHK)*). 

To  prepare  midete  acid,  malic  acid  is  heated  Id  a  eapacions  retortt  of  wUdi  ft  IBDa 
about  a  fourth,  the  tlisf  illatitiu  l>.'in;z  pn-shed  on  rjipiJly.  Water  tlion  passc-s  over  first; 
afterwards,  white  vapours  of  maleic  acid,  which  condense  in  the  water.  As  soon  as 
the  reridne  in  the  retort  thiekMU,  the  fire  miist  be  withdrawn ;  tfaa  dietillation  then 
goes  on  of  its<-lf  f(>r  .sonio  tirno,  till  a  solid  rosit?no  is  U-fi  in  the  retort,  onnf-istin?!:  of 
nuaaric  acid.  An  additional  quantity  of  maleic  acid  may  be  obtained  by  distilling 
this  TCeidoe  at  a  hi^ei  temperatore ;  Dot  the  product  is  thenlioloiiied  and  difieolt  to 
purifr  By  avapontiBgtha  diadlkta  tt  a  gentla  iwat*  the  mtleie  a«id  ia  obtained  ia 
crystida. 

MaWeaeid  erjnIalUaee  in  oblique,  rhomboSdal  prisms,  generally  having  fbim  eoramilB 

modified  with  octah.'rlral  f  uws.  It  is;  colon rL  tis  and  iiiodorons  ;  its  tast^^  sour  at  first, 
soon  excites  a  veiy  uupleasaut  sensation  of  nausea.  It  is  very  soluble  in  water  aud  in 
aleohfll:  diMolvoe  alao  in  ether,  llie  aqpieow  eolatioa  nddena  litiniw  attoii^y ;  vhm 
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left  to  itself  in  an  apm  fiMnI,  il  cna^  vf  th«  adN  and  cttoMMM  In  ftmi  Iflw 

cauliflower  hoads. 

The  crj'&tala  melt  at  al>out  130°,  and  tho  liquid  acid  beginti  to  boil  at  ubuut  IGU '',  being 
then  resolved  into  water  and  maleic  anhjdrid«^  C'jPO'.  If  the  acid,  instt-ad  of 
being  rapidly  heated  to  16(i°,  he  LoiUiI  in  a  very  long  and  narrow  tube,  so  tiiat  the 
|rater  which  esciipen  is  ol  ligcd  to  fall  back  upon  it^  the  maleic  acid  is  converted  into 
the  isomeric  body  fuin:iric  acid.  The  niM  tniuiiDniMtian  takM  phoe  on  hMting 

tho  :u*id  in  a  tube  scaled  at  botli  r^nds. 

Mabic  acid  in  hIsu  con  vert  e<l  iiitofumaric  acid  bv  heating  it  with  conceatrated  h^driodi^ 
or  hi/tlrohrojinc  ai  id,  or  by  boiling  for  some  ttme  triA  dilute  nUrie  add.  When 
hydriodic  acid  is  used,  the  fumaric  acid  is  subseqiiontly  cnnvrrtrd  into  succinic  acid. 

Makic  acid  in  conUot  with  water  and  todmm-aimUgam  takes  up  hydrogen,  and  ia 
«nmted  into  ettoeinie  eeid : 

r<n'0'  +  H»     -1  c*n*o« 

acid.  acid. 

The  same  transformation  takes  place  iriun  BMileete  oC  f  V*nni  ie  ftfiMnled  ia  mh- 
tact  with  cheese.  (Uessaignea.) 
In  contact  with  water  uiddnMR^M^  maleic  acid  is  oonveited  Into  dibromoeveeiaio 

acid,  C'lT'Br'O*,  iiud  another  morr  <!oluUe  Mid  cf  the itaie ooo^oiitioB,  celled  leo- 

dibromosuccinic  acid.  (KekuU.)   

U4 IS  4Tse.— Uekoc  ecid  is  dibeeie,  Kondng  eetf  eelitt,  CPHO*.  snd  wnM  mAi^ 

Cn  ^nO'.  The  nialoates  bi>ar  conniderable  rt  s.  niblunee  to  the  ftimarates,  with  w!iicU 
they  ue  isomeric  i  bat  thegr  roiiy  be  distiugaiahed  by  the  difference  of  aolabilitv  between 
fhneae  and  malde  add :  solutions  of  the  msleates  sre  not  precipitated  by  other  addi^ 

whereas  on  adding  a  mineral  acid  to  t'le  ^rdutiun  of  a  fumante  (mttCMUtlj  eOlMMtt- 
trsted  end  not  warm)  a  precipitate  of  fumaric  acid  is  formed. 

Mahates  of  AmmontHm.-'-m.  The  nmtrai iottieotrtdnedaseflijitalline  jelly  by 
saturating  the  aqueutis  ^uJb)ti(;>n  of  the  ueid  with  ammonia,  and  evaporating  over  lime 
im  vacuo.  Absolute  alcohol  added  to  the  ooncestrated  aaoetms  solution  throws  down 
the  salt  in  the  form  <A  %  ^te  erystaUiiie  powdw,  yMiAi  nay  be  dried  by  repeated 
washing  with  Ucohol,  and  pressinj^'  between  paper,  but,  when  exposed  to  the  air, 
quickly  becomes  glutinous  and  delicjuesccnt  (Biichner).  This  salt  does  not  procipi- 
tote  a  solution  of  seequichloride  <rf  uoa,  a  dwraeter  vhieh  distinguishes  it  from  tne 
eoBesponding  salt  of  aconitic  acid. 

/3.  The  acid  salt  is  obtained  by  exactly  neutralising  a  known  quantity  of  the  aqueous 
add  with  ammonia,  then  adding  an  eqnal  quantity  of  the  acid,  and  evaporating  to  the 
OTstallising  point  at  a  gentle  heat.  It  turms  crystalline  laminae,  which  are  pmnaoent 
in  the  air,  readon  litmus,  and  give  off  nothing  at  100° :  their  solution  evolves  ^tiiwinmiM^ 
when  boiled ;  it  is  very  easily  soluble  in  water,  but  not  iu  alcohol 

Maltates  of  Barium,  a.  Neutral  salt.  C<H'(Ba»0*.2H«0.— 1.  Maleic  acid  forms 
with  baryta-water  a  pulverulent  precipitate,  which  disappears  on  the  addition  of  a  small 
quantity  of  cold  water,  but  reappears  after  a  while  in  shining  scales  (Lassaigne). 
According  to  Pelou2e,  tbe  precipitate  is  converted  into  the  crystalline  scales,  even  with- 
out addition  of  water.  On  adding  a  saturated  solution  of  barj'ta-water  to  tlie  concen- 
trated atjueous  acid,  the  precipitate  redissolves  at  first  in  the  excess  of  acid;  even  when 
sufficient  Imryta-watcr  has  been  added  to  neutralise  the  acid,  (he  precipitate  iebiit 
small:  but,  after  a  f  w  Tninutcfi,  the  whole  folidifu's  to  a  tri-muions  g-lutinons  Tna«»?, 
r»»emblix)g  hydiate  of  alumiuium,  which,  atler  beiiig  pressed,  driej*  up  to  ^uiall  crystal- 
Bae  laminse.  These  crystals  arc  obtained  gtill  more  distinct  on  cvapomting  the 
Bqncfin?»  solution  (Hcpn  aul  tl.— 2.  The  salt  is  also  obtained  by  addiup '"iirbonate  of 
barium  to  the  h'lt  aciuegua  acid,  as  long  as  effervescence  continues,  then  iilteriug  Jiot, 
and  leaving  the  solution  to  crystallise  (Buchi:er). — 3.  The  concentrated  acid  added 
to  acetate  of  barium  throws  down  a  white  ervsfallo  ji'ranular.  neutral  f-fiTt.  Part  of  the 
Suit,  however,  remains  dissolved  iu  the  acetic  aeid  which  in  aelL  free,  and  may  bo  preci- 
pitated by  ammonia :  this  portion  is  also  crystallo-ignuiahuv  and  has  the  same  compo- 
»itii>n  (Buchner).  The  salt  crvstalliM  S  from  its  nqti**ou>?  «»olution  on  cooling,  in  small 
«hiriiag  needles  united  iu  stelluto  groups,;  and  the.  solution,  when  evaporated  at  a  tem- 
fwrature  below  its  boiling  point,  becomes  lovered  with  a  crystalline  crust  (Biichner). 
The  crystals,  after  dryinp  m  the  air,  lose  .r62  per  cent.  (1  at.)  water  at  KW^  (Buch- 
nerX  and  7'3  ptjr  cent.  St  150°  (liuguault).  They  dissolve  t^ringly  in  cold  water 
(iu  9  i>tB.  vmler  at  20^,  accordii^  to  Kegnault),  with  tolsiafele  fttolity  in  boiHiq^  Vratei^ 
ea'rily  in  aqtieoni  mah'ic  or  acetic  aci<l,  easily  also  in  excess  of  baryta-wntcr. 

^  Acid  sail,  C*ll'li.iO*.|K''0. — Ubtaiutfd  by  saturating  the  aqueous  acid  with  the 
neutral  salt;  or  by  saturating  a  known  quantity  of  the  boiling  nquis^us  acid  with  car- 
bonate of  barium,  and  adding  another  cqnal  quantity  of  acid  to  the  hot  tlltnite.  Thw 
resulting  solution  ^ielda,  after  rather  strong  <»>neentration,  indistinct  ciystala,  which 
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r<>Jtl^n  lifniiis,  crirc  off  the  whole  nf  (heir  water  of  crj^nllisatioB  (If*^  por  4ML)  at 

100^,  nn<l  cHhsdIvc  Id  wuter,  bot  not  in  alcohol.  (Biichncr.) 

Mulcatcs  of  Calcium,-^.  Tke  neutral  salt,  C'lPCvOMPO,  i&  obUiined,  accord- 
ing to  Biichncr,  in  small  nwwdlan  very  soluble  in  water,  but  ingolnble  la  alcohol,  by 
saturating  the  bjilin;^  aqufvms  arid  with  carbonate  of  calcium  ftmi  <v>ncontrating  the 
filtrate  at  a  gontk'  liuut.  Aecoriling  to  Pelouze,  a  solutiou  uf  malcato  of  potassium 
mixed  witli  concentrated  aqueous  chloride  of  calcium  remains  dear,  but  aft«r  a  few 
da^s  dt'po.^it';  nffdl«»s  which  arf*  l  -it  sparingly  soluble  in  water.  By  saturating  the 
boib'ni;  aoiM  wifh  c:irbonate  of  calcium  and  evaporating  the  filtrat<>  ;it  a  gentle  heat, 
i.rn,ili  in'cdlcs  ai'-  olit  liuccl  united  in  saline  cruBtn  ;  th«'}'  do  not  f^ivc  off  any  water  at 
lOU^  ;  .lis>^olri>  readily  in  water,  but  not  in  alcohol  (Huohui  r).  This  salt^  whanfe^ 
menti'd  with  caaeia,  is  conrorti-d  into  succinate  of  calciuiu.  (Dossaigncs.) 

fi.  The  acid  §at$,  30«B'CaO«.5H'O,  is  formed  by  disaoldng  tlM  Bflotni  Mit  fai  • 
qnantit}*  of  the  nqumus  acid  equal  to  that  which  it  already  contAin?!.  nnd  cnnpentratin^ 
the  boiutiou  ijOJiitiwIuit  sli-ongly.  It  forms  long  rhombic  prisms,  wliich  aro  pfrmauont 
in  the  air,  redden  litmus,  give  off  24-1  per  cent.  (J  at.)  of  water  at  100*  and  dissolTS 
readily  in  w af.  r,  but  not  in  aloohoL  Oanlio  add  adtied  to  tho  sdntion,  throws  down 
the  lime.  (Biichuer.) 

MaUmtt  of  Copper,  0<H^*0*.— 1.  OtkhtSSa^fts^iaie/ia^  tieo^i^r  is  tltt  aqUMna 
acid,  thi'  filtrati-  i.s  found  to  contain  in  soluh'on  but  a  small  quantity  of  salt,  which 
cryataUittes  out  on  evaporation ;  if  the  reiiidue  on  the  filter  be  ireed  &om  the  carbonate 
«f  eopper  aCtU  adbaring  to  it,  by  meaiu  of  jfflnte  aoetio  add,  wlueh  diiMdfea'  Voi  % 
small  quantity  of  the  maleate,  tho  latter  remains  iu  the  form  of  crj'stals,  which  may  be 
waahcd  with  oold  watwr.->  2.  When  a  (x>ocentiat«d  adutiou  of  acetate  of  copper  ia 
inized  with  an  equiTslent  owuititf  of  malaie  aeid,  and  evH{x>rat»d  at  a  gentle  heat, 
aci'tic  acid  i^«»cs  oflfl  and  malt  atc  of  copper  cry stallist  s  out  ;  the  crystals  must  be  washed 
with  cold  water.  The  light  blue  crystals  an  but  sparing  soluble  in  water,  oven  at  a 
bmling  bmt,  but  diMolvemdily  in  aqueous  asBmoiriai  (Btehner.) 

Maleate  of  Cuprammonium,'—T^ho  dark  blue  solution  of  malsale Oif  eoppcr  in 
(mmonia  may  bo  evaporated,  even  near  its  builin^x  I'oint,  without  loas  of  nmmonia,  and 
alcohol  addiHl  to  the  concentrated  solution  priicipitalefl  the  oom|>oiuid  ia  the  form  of  a 
aantnil,  azure-blue,  oystallina  powieTi  wmek  gives  otl'  ammonia  when  hatted  vith  . 
potash,  and  dissolves  readUy  in  mlb&it,  but  oot  in  aloohoL  (B ikohn  e  r.) 

Maleate  of  Iron  (^f^nettm). — ^Neither  maleic  acid  nor  mnlcatr  of  potassium  prt^d- 

Sitatcs  ferric  acetate  ;  ueitlier  in  ferric  chloride  precipitated  by  mulculo  of  ammuuium. 
k  blrfling  solution  of  maleic  acid  dissolves  •  ■mall  qvantity  of  forria  hjdxata^  fhroiing 

a  brownisli  ^u^utIon  which  yields  a  red-brown  pyrup  on  fvaporatiod. 

Maleate  of  Lead,  C*a*Pb*0'.3lP0.— 1.  iree  maleic  acid  forms  a  predpitata 
vttiiiwBtnlaeetateof  lead  (Lassiiig:ne),  butnot'wHh      ]utntB(Bra60Bnot);  if 

the  solution  U  dilute,  the  whit*?!  precipitate  changes  in  a  few  niinute*;  into  shining 
mioaoeiMu  lamina) ;  but  if  the  solution  is  concentrated,  and  the  acetate  of  lead  in 
asosan,  tlia  mixttm  solidiltsa  to  a  traaniloni  nasi^  irliieh  ehangM  ■lowty'-Hir  quickly 
on  the  addition  of  water — Info  crystalline  lamin»,  which  with  difflrnUy  f^ive  on  their 
16*6  per  cent.  (3  at.)  water  (Pelouse). — %.  Maleate  of  potassium  added  to  nitrate  of 
lead,  tlircp*«  down  white  flakes ;  these  soon  diange  to  a  tnnsloemt  pasty  mass,  and 
then,  wh-'H  w;i!<hed  upon  a  filter,  diminish  considerably  in  volume,  and  are  converted 
into  small  pear^  needles  (Lassaigne).  The  salt  disaolves  in  nitric,  but  not  in 
■eetio  add.  (Braeonnot.) 

Maleatee  of  Magnesium,  a.  Neutral ealt,  C'H'IIJ^O*  (a4  100°).— The  aqueous 
acid  saturated  at  the  \xMling  heat  with  earlx:)nato  of  magnesiuTn.  yirlda  a  liquor  which 
leaves  on  fv^poratiou  a  tumefied  spongy  mass  perfectly  soluble  in  water.  The  con- 
fleatntied  solution  of  tii<-  s^ilt  yields  with  alcohol  a  bulky  pneipitate,  which  is  not 
hygrometnc.  but  gives  off  27*36  "pet  eent  water  at  100^:  it  £•  Twy  aoUtUe  in  water  and 
in  dilute  aleuhol. 

Jcid  $all,  C*H«MgO*.3H*0  ^By  coolings  solution  of  1  at.  of  the  noutralRalt,  and 

1  at.  malfic  acid  in  hot  water,  small  transpiirent  and  colourlcw  rhombic  crystals  nre 
*  obtained,  which  redden  litmus  strongly,  grate  lM.'twe«u  tlie  teeth,  taste  like  Epsom 
8  lit H,  and  disMlva  feadfly  Im  water*  but  aia  insdnble  ia  aleohoL  At  100^.  thfij  fpm 
off  319.')  per  cent,  watPT. 

Maleate  of  Hie k el,  C*H'Ni»0'.HH).— By  boiling  the  acqueous  acid  with  car- 
bonate of  MbA,  aad  evB|KKaliBf  ^  daik  green,  slightly  acid^  BUnte,  a  gummy 
liquid  is  obtaint-d,  and  ultimately  apple-green  cry^^tals  and  Oiyitellilir  omrti^  iiaolMUO 
in  alcohol,  but  readily  soluble  in  water.  (Biichuer.) 

Maleatee  of  Potassium  o.  The  neulral  salt,  C'11-K*0'  (at  100°X  obtained 
hyaaturnHngtheMUiiltheailMMteofpotaimuii,  andavapontiqg^iaiidiateaiTiteli 
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which  are  soft  13ce  inu(,  yevy  mIsUa  in  mter,  but  iasoluble  in  alcohol.  On  addiiig 
tilcohul  to  the  conoeatnted  aqiwoos  Miliitioii,  this  mii  is  pweipitiitad  u  « i^ido- 

cryBUliine  povdcr. 

/3.  ^0mI  mA;  2C*H*K0'.H'0.— On  aattimtiiig  tlu*  add  with  carbonate  of  }K>tantuin, 
Adding  an  equal  qimnrity  of  maloie  arid,  ami  eoolinf^  the  scjiiition,  aftt-r  sufficient  rnn- 
centration,  this  salt  is  obtained  in  small  cijstals  very  soluble  in  water;  the  solution 
reddens  UtaUMi  Tlw  ntt  U  iMololils  in  akolMiL  It  dow  not  j^f«  off  any  mtev 

at  inn". 

Ou  adding  maleic  acid  to  a  concentrated  solution  of  the  neutral  potassic  6al^  no 
precipitate  n  ftvoMd  inunediiiteljrt  Imt  tiiA  add  aalt  is  dapoailad  aflar  aooM  tiaa*. 

(BUi:  liner.) 

MaleaU*  of  Silver,  a.  HeiUrai,  C^H'AjfO*. — The  acid  gives  no  precimtato  with 
nitrate  of  ailw,  hut  nudsata  of  potaarivm  or  anHBooinra  throws  down  a  white  pfecK> 

pitute  (Lassaigne,  Braconnot).  Tho  wliitc  pri'cifjiUift' obtained  with  an  alkaline 
xnalente  changes  in  a  few  hours  to  tolerably  laise,  transparent  and  colourlesR  crystahi, 
having  an  adamantine  lustre ;  after  dtying,  it  <&tonates  slightly  on  the  application  of 
a  gentle  heat.  (Liebig.) 

/3.  Acid  salt  C'H'AgO'  (at  100°). — Obtained  in  fine  colourless  needles  by  mixing  a 
a(^utiun  of  maidc  acid  with  nitrate  of  silver,  and  evaporating  at  a  gentle  heat. 

M*leate0  of  Sodium,  a.  liTftf^ra/,  C*H>Na*0*.— The  aoneons  add  aatnrate^ 
cnrbonntc  of  Hodium  and  ernporated,  yit  Ids  a  magma  of  needles  on  cooling.    Tliesiilt  is 

Srt'oipitatt'd  from  its  aqueous  solutiuu  by  alcohol,  as  a  cry.-ftalline  powder.  It  is  not 
eliquesc'fiit. 

^.  The  <u-i(i  C'H'NaO'.3lT  0.  oblainod  like  the  acid  potassinm-salt,  forms 
rhombuidiil  piiams,  sparingly  iioluble  iu  cold,  more  soluble  in  boiling  water,  insoluble 
in  ideohol.  Tba  aolntion  has  an  acid  reaction.  Tha  oiystala  oontaan  38'8  per  eent. 
crystallisation-water,  which  th^givc  off  at  lOO*'. 

8odio-potaMic  maUatCf  C*H'KNaO*.Il'0. — Ou  nontruliaing  on  aqueous  solution  of 
ulente  of  aodfannwitiheivbonateof  potassium,  then  evaporating  and  cooling  the  syru^, 
a  few  small  eiystalx  are  obtained,  floating  in  a  gelutinoos  mother-liquid.  On  {m  cipi- 
tatiag  Uie  conoeatxated  aqueous  solution  with  uUiiulute  alcohol,  and  setting  the  crystul- 
Une  magma  adde  in  contact  with  absolute  alcohol,  there  ia  llnally  obtained  a  wbita^ 
easily  dtliqafscent,  cryHtnllinp,  jKiwder,  wLioIi  j^ivcs  off  per  rent.  (2  at.)  water  at 
IOC,  and  contains  26*55  per  cent  potash,  and  17*64  per  cent.  soda.  (Biichner.) 

HflillMr  tiie  nnimomo-potasaie  niv  the  ammonio-aone  aalt  haa  yat  Men  obtained. 

Maltatea  of  Strontium —a.  Tho  vcutraKsalt,  C*II=Sr»0*.6H*0,  forms  nilky 
needlea, — ^.  TIm  wid  salt,  C*M'8rO^4U^0,  obtained  like  the  corrMponding  barium- 
aalt,  crataUuaa  in  rectangular  prisms,  wbidh  an  limpid,  and  acid  to  Utiww-paper. 
The  s^t  in  soluble  in  water,  but  insoluble  in  «>^il?lMii  It  glTti  off  the  Wholo  Of  itS 
water  (31-4  per  cent.)  at  100°.  (Biichner.) 

Malgate  of  Zine,  C*ii'Zu''0'.2H"O. — ^On  boilinfr  tlie  aqueoon  a(  id  witii  carbonate 
of  nne,  and  ovnponting  the  filtrate  at  a  gentle  heat,  jzelatinons  f1<>  k.<  are  deposited, 
which  become  completely  crystalline  on  Btandinf^.  The  solution  win  n  heated,  deposits 
the  salt  in  cnrstalline  cru^  The  crystals  do  not  lose  anything  at  lt>0^ ;  they  are 
veqr  Mdnbla  m  vitar,  but  inwdnble  in  aleohoL  (Btehner.) 

Substitution-derivatives  of  Maleie  Acid. 

Malcic  acid  does  not  yield  substitution-products  by  the  direct  action  of  chlorine  of 
bromine ;  but  compounds  have  been  obtained  by  indirect  processes,  having  the  compo- 
dtkm  of  theae  anbotHnticin-pKodttali^  and  aaalogons  to  maiaia  add  in  thdr  pmpeitiM. 

Bromomaleio  acids.  These  componndi  Me  fnodnead  bj  tha  daoMi^edltel  of 
the  brominated  deriratiTea  of  succinic  add. 

JfonoAromoasa/flff  aoiA,  0*RiBK>*.— Of  thia  add  tium  an  J 

One  of  them,  usually  called  bronio maleie  acid,  is  obtained,  ataa 
1^  boiling  an  aqueous  solution  of  dihro(moencc{Tin«^p  of  barium: 


Ba«{*^      "  BBal*^ 


Bromonalete  add,  obtained  ifann  tiiia  barinn-aalt  in  the  neaiJ  way.  orystallfaMi  readily 

in  large  nodules,  formed  of  prismatic  cn,  stals.  It  melts  betw.  r n  l  26"^  and  12fi'',  and  is 
xeaolved,  at  about  16U^,  into  water  and  bromomaleio  anhydride  aa  oilr  liquid, 
irUdi,  after  repeated  TvedfteatkOibofla  at  abont  and  in  eonteot  with  water  wdowly 
reconverted  into  the  acid. 

Bromomaleic  acid  is  converted  by  sodium-amalmm  into  succinic  add«  It  does  not. 
lilw  biQiwnftUa  and,  yiekl  tartaric  ada  when  boibdvithlinMb  Whsn  heated  to  100» 

8n  3 
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with  wntfT  ftnd  bromine,  it  yields  a  ctytalliiMiHin,  ddigoMomt  add,  wbiA  IfjpMBt  to 

be  dibromotartaric  acid: 

C^H-BrO*  +  2Bt*  +  2H«0    -    C*H«Br«0«  +  3HBr. 

Bromomilme  tmd  is  (BbamsL   Iti  Mitt  vsiully  torm  bo^iiIm  of  tndiftfaiei  erjt^tiM, 

The  st'hvr-sali,  C'lIBrAg'O',  soparatfs,  oa  mixing  bronioinaleatf  of  arnmoniiira  with 
aitiute  of  silver,  as  a  wiute  amoxphous  precipitate^  which  ma^  be  oystalliaed  without 
decompoflition  ftoni  boiling  water.   (K  ek  n  U).) 

Isobromamaia'i'  acid.  Tliis  acid,  isomeric  witli  the  prrc*^<3ing,  is  produced  by  lioating 
isodibxoiDOnieeinic  add  to  180°,  or  by  botliiig  and  cvap^jratin^  ita  aqueous  aohitioxi: 

also  by  boiling  isodibroroosoccinic  anhydride  with  water. 
Isonomomaleie  add,  is  run  nrodk  l£k»  bnniKmaleie  add,  but  melts  at  a  higher 

tempfmtiirf.  vi/.  IRO".    Its  mr.-r-sdh  is  fn5?ilj  doooiri posed  by  boiling  with  vrtiter. 

Isobromomnlcic  anhydride^  C'UiirO^O,  is  obtained,  with  evolution  of  hydrobromia 
add,  on  heating  isedibriinKMniodiiie  anhTdrida  to  180^.  It  is  erystaOisNbla. 

Two  other  jwids  having  the  comptisition  of  bromomaleie  acid,  viz.  rnrta-  and  pnra- 
bntmomaieio  add,  are  found,  together  with  dibromosuccinic  acid,  in  the  moat  soluble 
portioa  of  tiia  moondary  produeCa  mnlt&^ftom  tfaa  action  of  hnmiine  on  snodnie  add. 
Both  are  crj'italMsable  and  very  V)hibh»  in  water.  The  formor  melts  at  126** — 127®; 
the  latter  at  I12'\  Tiieir  silTer^ts  are  more  h^table  than  that  of  isobromomaleie  add. 

Dibromovtalcic  acid,         H'[^' — '^'^^^  ^^'^^  ^  produced,  in  small  quantity, 

together  with  dibromosuediuie  acid,  and  the  two  last-mentioned  modifications  of  mono* 
tnomoanalde  add,  by  tba  action  of  bronuBa  on  medaie  add.  It  is  Ibond  in  tli«  last 
mother-liquors,  and  may  be  obtained  thert-frum  by  distillation  and  slow  evaj)onition  of 
the  distillate.  It  is  probably  a  product  of  the  decompositioQ  of  pxcnouBly  formed 
tribromosQcdnie  sdd. 

Dibromomab  ic  acid  crystallises  in  nodular  groups  of  large  nrr  rlles.  It  is  oxfrcmely 
soluble,  and  volatiiiseii  with  the  aqueous  rapours.  Jllelts  at  112°.  Its  Uad-  and  st/«ei*- 
mdtt  aia  a^vtslUne  precipitates,  whldi  dttonato  «lwn  tetad;  tha  dlw  wTt|  slio^  bv 
poteoadon.  (KakuH  tchrbuch  d.  org.  (Stmkf  iL  91A.— Ann.  C9i.  Ph«n».«on*  1.) 

CMovMMtatoMU.  ^^^^||o*^blaliMd1)jtiiaactiatiof  pentiidi]^ 

phosphorus  on  tartaric  acid.  Wlien  1  pt.  of  tartaric  acid  is  heated  with  5  or  6  pta.  of 
the  ^sntaohloride,  large  quantities  ofhj^ifodiloric  acid  are  evolved,  tc^ther  with  ozj- 
ddoinde  of  phorohofus,  whidi  nraat  oe  ivmoiTsd  \j  pndoii^ed  hsattiMr  to  IMP  in  A 
current  of  air.  Tlio  residue  consists  of  oily  chloride  of  chloroituihjfif  O'HGIO'.CSF,  wUl^ 
is  resolved  by  water  into  kydrochLorie  and  chloronutleio  acids. 

Ti»  iMCtbtt  may  be  explained  ae  lfail]o«i:-^The  fljMt  tnodaslof  the  •adoa  of  peat^ 
diladde  of  phoBphonn  on  tKtndo  add  i«  dia  telsiddoiidA  of  tfaa  xndic^ 

TlHtailSasli.  Tetrachloride 

of tartryl. 

and  this  tetrachloride,  which  is  identical  with  dichloride  of  dichlorosuccinyl,  is  resolved 
by  heat  (in  a  manner  analogous  to  the  decomposition  of  i8odibromo8uccuiieaidd,abMdgr 
neatiiooied)  into  hydrocliloric  acid  and  dichloride  of  monochloromaleiyl: 

C*H*CPO^a«    -    C«HC10«.C1«  +  Hd 
DldilorMe  of  dicbleia-        Dichloride  of 
•ucdnyl.  chloromaleyl. 

Chloromaleic  acid  formB  white  microscopic  needles,  eduble  in  water  and  fosibls  by 
heat.  It  is  dibasic.  The  and  «(/twr-sate  ac*  eqfifedliM  piedpib^  (Parkin 
aad  Dnppai  Ana.  Oh.  f Juom.  esr.  106.) 

IsomaHe  add  (p.  704%  tnaled  with  pentadiloride  «f  Dhosphorus,  yialda  a  ddoride^ 
^hieh,  wlien  in  wntaot  with  water,  ia  eoimrCcd  into  tms  add,  saomaria  maleia 


acid. 

Xaomalde  aoid  ia  erystalliaabl^  leas  soluble  in  wateir  than  malde  add,  more  aohibla 

than  fiunarlc  acid.  The  ntvtrat  potiissinm-satt  fiinu.s  delique.'^cent  erytstals.  The 
kad-*aU  is  an  amorphous  precipitate.  The  *ilv«r-9aU  is  very  soluble  in  water,  and  ita 
aolutioii,  when  boiled,  depodta  metallie  ailT«r.  (Kfimmerer,  J.  pr.  Chem.  Izia^iL 
321 ;  Jahresber.  1863,  p.  379.) 

0«HH>«  -  C«HH)<0.  (Pelona^.  Ana.  Ou  Phacm. 
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x\.  268. — KekulA,  ibid.  SuppL  ii.  87.) — Thia  compound  is  obtained  by  rapidly  di»til- 
liog  maleic  acid,  and  rectifying  the  product  eeveral  timcii,  the  first  portion  of  the  diKtil- 
late  bein$;  each  time  rejected.  It  is  a  white  crystalline  mam,  which  radt*  at  57^,  and 
boiLi  at  19C^°.    In  contact  with  water  it  is  converted  into  maleic  acid. 

Maleic  auUydride  unites  directly  with  bromine,  produ.-ing  a  sulMtunc*'  whicli  hua  the 
oompositiGn  of  dibromosucdnie  Mthydrido,  C*H'lir^O*.0,  is  converted  by  wat»T  ioto 
i<^o<]i!)romosiimnif>  n(*id,*and  is  rcniTed  at  180^  into  tqrdcobfODiic  acid  and  isobconuH 

lual- 1  '  auhN'driiie.  (Kekule.) 

VL^JsXC  A.CZ2I.   C*H«0*  =  ^^*^l^')"jo«  (Gm.  X.  20i>.— Horh.  i.  787.)— This 

add  waa  dtsoovered  by  Beheele  in  17 Ho,  but  its  compoMtioa  waa  first  correctlv  detar- 
milled  bj  Liabig  (Ann.  Ch.  FluKrm.  xxTi.  166).  It  iavMy  widely  diAbaad  in  th' 
▼eg*  tulilo  klnpf!otii,  and  is  contained  in  plants,  sometimes  in  the  fn  ^  s(;iti\  sorin  times 
in  the  form  of  a  potassium^j  calcium',  or  magnfwium-aalU  It  ia  found  in  abundance, 
togatiier  with  cHne  add,  in  imripe  apples,  in  the  fruita  of  the  barberry,  abft,  elder, 
and  mountain-ash,  and  in  jr^  ^^^f^' berries,  clicrriea,  bQberries.  stiMulj.  rrio»,  raspberries, 
and  many  other  add  fruits.  It  in  likewise  firand  in  the  roots  uf  maroh^maUow, 
«ngaK«a,  aibtoloflfaia,  bryony,  liquorice,  primroae,  and  maddci*;  IneanretaandpoUtoea; 
in  the  leaves  and  stem«  of  a«wiito,  btl];ulonna,  hi-mp,  celandine,  holy  thistle,  l.  ttiiee, 
tobacco,  poppy,  rue,  sage,  honse-leek,  tansy,  thyme,  valerian  and  melilot ;  in  the  fiowerts 
ct^tmrnomuf,  elder,  and  mdhin;  in  pine-applea  and  grapea ;  in  the  aeada  of  oanaway, 
flBonin,  parsley,  anise,  flax,  and  pepper;  in  a->safu»tiilii,  ojHipanux,  myrrh,  &c. 

Malic  add,  as  it  exists  in  plants,  exerts  a  ruutor^  action  on  polanaed  light,  An 
•rid  havinff  eanetihr  the  iame  eoBmadtion  and  properties,  indudiog  the  rotatory  power, 
is  prod  III"  ?  according  to  Piria  (Ann.  Cli.  Phya.  [3]  xxii.  160),  by  the  a,  tin  of  nitroua 
add  on  aapanugin  or  on  actiye  aapartic  add;  but,  by  acting  inth  nitroua  add  unon 
Inaettto  wagttl&  neSd  (ptodnoeA  hjthanMMHHOTphodeof  flunari^^ 
cM  unod  a  modHiMtfrtn  of  bmKo  Mid  dertitwto  of  lotatoty  power  (Ann.  Cb.  Fbja. 
xxxiy.  46). 

Iblie  add  ia  tnnid,  noeording  to  BeneUm^  among  the  naidnaa  of  fMMcation 

of  nitrous  ether.  Debus  (Ann.  Ch.  Pharm.  0. 1)  eonldnotdateetmlionaidni  tfaaia 

feeidues,  bat  found  instead,  glyoxjlic  acid. 

Preparation,— From  the  berries  of  the  Muuntaiii-ask,  These  likewise  contain  small 
qoantities  of  tartaric  and  dtric  add,  especially  while  very  unripe.   (Li ebig.) 

The  juice  of  monntain-ash  l>erne<i,  not  quite  rii>e  ;if>i  being  pref^ifKl,  boiled  np  and 
filtered,  is  partly  neutralised  witii  carbonate  of  potassium,  leaving;  however,  a  suffident 
eaccM*  of  acid  to  redden  litmus  pretty  s^vngly ;  then  precipitated  by  nitzata  of  lead 
(or  with  neutral  acetate  of  lead,  if  carbonate  of  jwtnssium  is  not  tif-ed) ;  set  aside  for 
a  few  days,  till  the  curdy  predpit&te  is  completely  converted  into  small  needled;  these 
CTTStak  freed  ftom  the  adndzed  mucous  or  fioccnlent  eompoond  of  lead-ooddo  ud 
colouring  matter  (which  is  particularly  abundant  wli'^n  nrs  Vitr  of  lead  is  used)  by 
careful  elutriation  with  cold  water;  and,  labtly,  well  washed  with  water. — a.  The  needles 
are  boiled  with  a  qnantitf  of  dilute  sulphuric  acid  not  snflldent  to  decompose  Uie 
whole  of  them,  as  long  as  any  granular  deposit  eontinxic-s  to  subside  ;  the  uniform  j'ulpy 
mass  mixed  with  aqueous  gtUphide  of  barium,  tiU  a  filtered  samplf  is  found  to  contain 
baryta ;  the  Hqtdd  IHered  (tne  solphfdo  of  lead  then  adtng  as  a  deeo]<msing  agent); 
tlir  rclrnrless  fllfnite  boiled  witli  excess  of  carbonate  of  barium ;  the  liquid  again 
filtered  (tarbate  and  dtrate  of  barium  remaining  on  the  filter) ;  the  baiyta  predpitated 
turn  (he  flltnite  1^  careAil  addition  of  dilnte  sulphurie  acid;  and  the  filtrate,  whieh 
should  show  no  turbidity,  either  with  sulphuric  acid  or  with  chloride  of  barium,  evapo- 
rated to  the  ayBtalUsing  point.  If  the  filtrate  should  become  turbid  on  addition  of 
solphnrie  aeid,  it  nuist  be  erapcdreted  down,  the  raidse  exhanrted  with  alcohol;  fba 
liquid  filtered  from  the  remaining  fualafe  of  l>arium ;  and  again  evaporated. — b.  Or 
the  needles  of  impure  malato  of  lead  are  boiled  with  a  slight  excess  of  dilute  sulphuric 
Mid;  the  fiUmte  otTided  into  two  equal  portiona;  one  portion  esnctly  neutrs&ed  with 
«Bmom'\:  till  (ther  i>ortion  then  added;  and  the  reddish  licjnid  evaporat.-d  and  ooolotl; 
it  than  yidds  neailj  colourless  crystals  of  acid  majate  of  ammonia,  which  may  be 
nodned  qnite  eoloaneai  by  reezystalliaBtion.  Theae  ciystala  ana  then  precipitatt^d  by 
acetate  of  lead,  and  the  preetpit:itt>,  ivftar  thorough  woofali^  la  deconpoeed  by  snf- 
phvdric  or  solphoric  acid.   (Lie  big.) 

Bt  anilnr  meiaesL  malie  add  may  be  obtained  ftom  hoBae^le^,  ftooi  dmriaa  or 
barberries,  from  the  bcnai  of  SkM  ooHnrio^Acm.  tho  ateui  of  dmbaibb  from  lypleo, 

and  from  t<)bacco. 

Properties. -'The  aqueous  bolulion  of  malic  add  coQceolrated  to  a  eyrup,  and  then 
left  to  nrapente  in  a  warm  place,  yi<  Ids  groups  of  colourless  shining  needles  or  prianis 
of  4  or  6  IboeiL  They  melt  at  «8^C.  (Peiouae),  at  lOffi  (PaatonrX  and  do  not 
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naffer  mj  Um  of  wet^t  at  120^.  Thej  are  odoulMs,  hare  a  sour  taate^  and  deli* 
quesoe  in  Hm  sir.   Kuoie  add  u  aolnUb 111  afeoboL 

The  aqu<^<Mis  solution  of  active  msxUc     1  n- tntr^  'hv  p!imr  of  polarisation  of  a  lomuioaa 
to  the  left :  [^a]  »  —        Some  of  its  mlia  poetieiw  dextxo-rotatoiy,  others 
The  crogeaec  ef  "  " 


TOtatory  povm.  The 
tendency  to  Uero-rotati on .   ( P  a  t  e  u  r. ) 

DecompotUiom* — 1,  The  acid  heated  for  some  boon  to  betveen  n6>*'  and  180°  in  « 
TCtort  plaoed  in  tilieoa-bal]i,  ia  reaolvBd,  wHhovtaBy  efolutioB  of  gaa  or  eirtwnfaalion. 

into  W  itt-r,  maleic  acid,  wliidi  passes  over  in  the  liquid  forni  with  the  water,  and 
crj'staUisea  soon  aftenrardu,  and  aboot  an  eooal  ^oantity  of  famaric  acid  (iu7411 
pvt  of  vlikji  £atib  OTw,  while  the  reel  remaioe  in  the  letoct  In  tiie  tmn  of  a  eiTalal- 
fine  mu-ss.  If  tlie  malic  acid  1h>  .suddenly  heaf<^d  to  200**,  and  kept  for  sonio  tiniG  at 
that  temperature,  a  comparatiTe^  laige  qnanti^  of  maleic  add  is  obtained ;  but  at 
If 0^,  the  BaHe  aoid  m  ferf  stoidj,  but  dbnoet  oompletelj,  nodlred  iifco  imtar  and 
fumaric  acid.  The  first  produot  of  tli*>  decomposition  perhaps  con.sists  entirely  of 
ualMo  acid,  whieh,  hoveve^  if  the  heat  be  not  qnidUjr  nused  to  the  point  of  Tolatili- 
ntkn,  18  eoBverled  into  Aunarie  add.  (Pelonsa) 

If  a  stn^ng  firo  l>o  made  to  act  immediately  on  the  malic  acid,  it  swells  up,  tuna 
teyvn,  and  jieldsi  together  with  maleic  and  ^unano  acida»  laige  aoantities  of  obr^ 
bonio  oodde  and  eattimife  anhydride,  empyrevmntte  ofl,  and  dmtou,  wUdi  mnat  bo 
regarded  iw  deeomposition-produoti*  of  the  maleic  and  fumaric,  not  uf  nudic  acid. 
(Lassaigne^ — 2.  In  the  open  fire,  the  acid  bnxna  vith  the  odour  of  burnt  so^. — 
9.  The  aod  in  oonUnaMon  with  potash  Is  decotnpoaed  hf  hmmim,  witfiteiUlion  ol 
bromoform  (Cahours.  Ann.  Chira.  Pbye.  [31  xix.  .W).— 4.  iWMp  MmI  Ol^OOn- 


Pbys.  [.31 

?erts  it  into  oxalic  acid,  with  eToltiti<»  of  carbonio  anhydride, 
fi.  By  the  aetion  viftdudng  agenU  it  is  euufctted  into  snoeinie  aeid.  ThexednO' 

tion  takee  place  readily  on  heating  it  with  concentrated  hydriodic  acid  to  130°  (8ch  m  i  1 1, 
Ann.  Ch.  rhami.  eadv.  106) ;  also  when  malate  of  caldiua  is  femwnted  in  oootact 
with  VMst  (Piria,  Uiii.  Ixx.  102 ;  Liebig.  Vnd.  104,  and  S68<) 

C^.  By  .slow  oxidation  in  the  cold  with  acid  chromaU  of  poUlt§lllKHf  H U OUBVlEiod into 
walonio  aoid  (Dessaignes,  Ann.  Ch.  Pharm.  cvii.  261)  : 

c*H«o*  +  o«  =.  cm*o*  +  H«0  +  CO*. 

Malic  Malonic 
add.  acid. 

When  heated  with  diromate  of  potassium  and  sulphuric  add,  it  gires  off  all  its  carbon 
as  carbonie  ild^cbidB  (Dobereiner).  Bofled  in  dilute  aqueous  solution  with 
^froxhU  o/moTii^cnMM^  it  jielda  •  diatillato  oaiiteimng  aidabTdo  (Liobi^  Ann.  CSb. 
Vharm.  cxiii.  14). 

7.  Ublie  acid  gBify  heated  with  enM  of  fokmb  hgdMl*,  l»  naolTod  into  oowlie 
and  aoetio  aeida: 

O'H'KK)*  +  KHO  =  C^H'-BLO*  +  C-K'O*  +  IP. 

When  malate  of  calcium  (1  pt.)  is  heated  with  pentaehloride  of  ^Itosphorm  (4  pts.)^ 
chloride  of  ftimaryl  jM.'.ses  over  (Perkin  and  Duppa  {ihia.  cxii.  24).  WhoB 
malic  acid  (1  at.)  is  heated  with  the  pentaehloride  (2  at.^  till  it  begins  to  turn  Lrown, 
and  the  product  is  decomposed  with  water,  fumaric  acid  is  obtained.  (Li^s-Bodart, 
ibid.  c.  327.) 

M  AT. \TEs.— Malic  acid,  though  most  probably  triatomic,  as  shown  the  consti- 
tution of  its  amides  (p.  796)^  oontains  only  2  at.  hydrogen  r^laceable  by  metals.  It 

may  thenftve  bo  eoiiToniootlf  Npraontod  by  tho  Ibmiiik  (C^O')r|o*(>iBifliirtothat 

of  glycoUio  add,  which  ii  diatomlo  bat  tnonobatleX  and  tiio  neutral  and  add  nalatoc 

II     ^  H  I 

by  tho  formulae  C*H*on  O',  and  C'U'O'  >0*.  Halic  acid  has  a  great  tendency  to  fiam 
IP  )  HJlf 

acid  salt.^. 

The  active  and  inactive  modifications  of  malic  acid  yield  respectively  active  and 
inactive  salta.  Tho  former  aometimei  eathibit  hflulhodral  modiflcatiQns ;  tho  ktt«r  an 

always  holohodral. 

The  maUtee  heated  to  2Ui)^  give  off  wutt^r,  aii<l  ro  convurted  mto  f^unarates: 

C'H^MH)*       «       €41W0«    +  H«0. 

Nearly  all  malatee  are  soluble  in  water.  A  solution  of  the  add  or  of  a  malate  is  not 
predpitatod  1^  Um^-wOrr  or  cMorU*  qfoiOcitm^  either  in  tho  oM  or  on  heating ;  but 
on  the  addition  of  alcohol,  a  white  predpitate  of  calcic  malate  scpnrntes.  Neutral 
malate  of  oaktum  in  uIbo  predpitated  hy  long  boiliag  of  a  aolttkioa  of  nalic  aoid,  nsarlj 
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neutxalis«d  with  milk  of  lime.  With  acetate  had,  malic  acid  forms  »  white  precipi- 
Ute  tohibltiii  eoroettof  inalic  add  sad  in  smmonia:  this  pn  c  ipitsto  wlmi  bested  in  ifa 

moflior-liiiui'l,  Tn<-ltH  to  a  semifluid,  transp.in  nt  mass.  Z\Ialiit*H  are  not  blackened  by 
hafttitu;  with/uminif  sulphuric  add;  this  re«ctioa  dtHtingtiisliew  mulic  ^m  citcic  and 
ttttaae  addi. 

Malatet  of  Al%mintuwi<~JOmmiUral  salt  is  a  transparent  gum,  which  reddena 
litmtis  slightly,  is  pcnnannnt  in  the  air,  and  dissolves  readily  in  water,  forming  a  solu- 
tion which  is  not  precipitated  by  potash  or  iMninAnM^  There  is  also  a  Suie  9aU 
spiiiiii^  aohiUe  fat  mter. 

Matat$9  of  AfMM%iwmi^^  Tlw  uratnl  Mlt  ia  veij  aolaUa  and  iiiiei7»ta]]i- 

saUe. 

/3.  The  add,  Mit^  C*ir\NII*)0*,  iii  propurcd  by  treating  malute  of  lead  with  dilute 
mlpliaric  acid,  taldng  ena  to  avoid  an  excess  of  acid,  filtering,  dividing  the  li(juid  into 
two  partK.  .sriturntinp  one  with  nmmotjla,  thon  adding  the  other,  and  cvaponittn^  to  a 
byrup.  The  salt  prepared  with  optically  ucLitc  m;ilic  acid  cryetalliiteH  iQ  fine  traus- 
|>arent  prisms,  boloaging  to  the  trimotric  system,  with  weQ-dafined  and  strongly  reflect- 
ing faces.     On  li  nary  combination,  ooP  .  oofoo  .  ^Poo,  sometimes  with  hemihedzal 

th>'  bruchydia£;r>n:il  and  vortical  axi'--  -  \  17°  35*;  fx  :  Pac  in  the  same  plane  =  103® 
Cleavage  easy«  perpendicular  to  the  faces  ooP.  The  salt,  when  crystallised  from  pure 
waliv,  OP  ftoBi  watw  aflidwlatad  with  nitrio  add«  ia  xiov<n  hemihednd;  bat  tbe  er^kalB 
ncrjuire  that  character  when  melted  till  they  bogin  to  dccompisc.  and  then  recryslal- 
liaed.  It  woidd  appear,  therefor^  that  the  action  of  heat  gives  rise  to  the  formation 
«f  aaiall  quantatua  of  {xrodaeta  aHbidi  indoee  Ihe  devdopmeiit  of  hemihedral  fiioea. 
Specific  gravity  of  the  crystals  «■  1-66  (that  of  water  at  12  5''  =  1).  The  crA  stals  dis- 
iolya  in  8*11  pts.  of  water  at  16*7°.  The  solutiou  deflects  the  pUne  of  polarisation  to 
the  hft:  rotatoiy  poww ifar  100  nillimeCna:  [a]  »  -  6«  or  -7^.  If  the  salt  ia  dia> 
solved  in  nitric  acid,  it  becomes  dextro-rutittory :  +5  0".    By  dry  distillation,  it 

gives  off  water,  and  leaves  an  insoluble  residue  of  fumarimide  (iL  716).  Ammnniat 
ca^es,  however,  together  witii  the  water,  and  tbe  midae  oontdas  ftnaBe  and  maleie 
acids,  together  with  msiHc  acid  both  active  and  inactive. 

The  aod  ammonium-salt  of  inactive  malic  add  forms  two  kinds  of  OTatals,^ — (a)  The 
•ohiHoii  -when  evaporated  int  yielda  ayalali  havrng  the  aanie  coropoaition  aa  the  active 
amnionium-.salt,  and  the  same  form,  with  exefption  of  the  he m 111 edral  faces,  which  are 
absent.— (6)  The  mother- liquor  separated  from  these  crystals  deposits,  after  a  while, 
large,  hard,  transparent  cryatals  containing  2  at.  water  mora  than  the  salt  a,  and  be- 
longing to  the  monoclinic  system.  Ordinary  combination,  ccP  .  [  a^Pn]  .  [P«>]. 
Inclination  of  fiMsea,  ooP  :  oeP  in  the  plane  of  the  dinodiagonal  and  principal  aioa 
*  19';  [  <»Pn]  :  <»P  •  lift"  33';  [Poo  ]:  [Poo  ]  in  the  plane  of  the  dinodiagonal 
and  principal  axis  -  127'»  20';  [Poo  ]  :  ooP  -  85°  22'  and  119°  22'.  Angle  of  the 
inclined  axes  =>  110°  56'.  No  hemihedral  faces.  Inactive  acid  malate  of  ammonium 
is  decomposed  by  heat  in  the  same  manner  as  the  active  salt. 

Active  add  malate  of  ammouinm  unites  in  atumie  praportioa  villi  acid  daztco- 
tartrate  of  Hmmonium ;  tlie  inactivo  salt  does  not. 

Maiates  of  ^n/>moajr.-~The  neutral  salt  has  not  been  obtained. 

Jtfo&ifo  tf  JMimony  an«^ifoimattjimiaobtatoed,  aeooR^  b^botKng  a 

Bolufion  of  acid  malate  of  ammonium  with  antimonie  oxide.  The  liquid  lefl  to  v^i p  i- 
rate vields  the  double  salt  in  lazge  cijstala,  having  the  hemihedral  £M:ea  vczy  fnUjr 
daretoped.  Th*  aohition  is  dasbo-vofcaloiT;  ftir  100  nuUimatTCs :  [a]     <f  IIMT^. 

Malatr  nf  Antimnnij and  ViifafiiiHra  ia  obtained  in  the  fTj'stallino  state  by  fsafnrating 
acid  malate  of  potaasiuin  with  antimonio  oxide.  Neither  of  these  duoble  aidtahas  been 
analyaed. 

Malates  of  Barium,  a.  y>  vfml  aaM;  C'H'Ba«0\2H-0  ?— It  is  difficult  to  satusate 
malic  add  with  carbonate  of  Larinm,  so  com]-let*'ly  tliat  the  liquid  shall  no  longer 
redden  litmus-paper.  The  solution  evaporated  in  a  vacuum  deposits  transparent 
plates  neutral  to  test  paper,  and  giving  ofif  10*6  per  cent,  water  at  21tF.  The  aotvlioB 
when  boiled  deposits  white  cm'-ts  of  the  anhydrous  Halt,  having  no  appparancp  of  crys- 
tallisation ;  the}'  are  absolutelv  insoluble  in  water  whether  cold  or  boiling,  but  dissolve 
xapi^  on  adding  fttrBee  of  nstrie  acid;  tlieaolntktt  thasftnnediamtprecipltatodlqr 
ammooirt. 

/8.  AciJ-suK. — TTncrystallisal)le  and  mon'  st>luUe  than  the  preceding. 

a alii ita  It/  Calctum.  a.  ^rutrul  sa't,  C'¥{*C9,^0*. — 1.  Malic  ac-id  does  not  U'eoine 
turbid  on  additkm  of  eaeaai  of  lime-water  (Br  aeon  not,  Ann.  Ch.  Phys.  [2]  li.  381 ; 
Laaanigne);  not  eraii  in  eonenitiatad  aolutiona  and  on  the  application  of  lieat,<'Hi 
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ehazmeter  by  whidi  malie  is  distinguished  from  citric  acid  (H.  Bose,  Pogg.  Ajul 
xzxL  210;  winekler).    The  acid  neutralised  with  lime-water  yields  on  eraporatioi 

in  vacuo  (an  acid  mothr-r-liquid  remaining)  large,  thin,  shining  lamiiise,  which  dissolve 
readily  in  water,  and  after  drying  in  vacuo  at  ordinary  temperatures,  give  off  all  their 
water  —  17  per  cent.  (2  at.)  at  ISO**,  and  about  half  of  it  at  100**.  Their  aqaeoos 
Molution,  when  left  to  evaporate  in  the  air,  again  yields  laminic,  but  when  heated  to  the 
boiling  point,  d<'|x>sit8  a  white,  granular,  nearly  insoluble  salt  with  1  at.  water.  Hence 
the  lamin«,  in  juirt  itig  with  half  their  water,  likewise  lose  their  solubility.  (Richardson 
and  Menzdorf^  Aim.  Ch.  Pharm.  xxvi.  135.^ 

2.  Dilute  malic  acid  Hgituted  in  the  cold  with  excess  of  carbonate  of  caldunu 
remains  strongly  acid ;  but  the  ftltrute,  when  boiled,  coagulates  to  a  pulp  composed  of 
granules  of  the  monohydrutod  neutral-salt,  which  i.<!  nearly  insoluble  in  w)it«>r  and  in 
nqueous  nuUic  acid  (Richardson  and  3Ienzdorf).  From  the  solution  thus 
obtained,  tho  neutral  salt  separatt^  in  four-udcd  prisms,  which  grate  between  the 
teeth,  dissolTe  in  8S  pts.  of  cold  and  a  somewhat  snialhr  quantitj  of  but  water 
(Lassaigne);  or  as  a  granular  powder  of  anhydrous  salt,  which  is  nearly  inspliM^ 
both  in  hot  and  in  cold  water.    (Hagon,  Ann.  Ch.  Pliamx.  xxxviii.  2^7.) 

3.  The  same  granular  powder  is  thrown  down  ftom  tll6  aqveoDl  lotartioa  of  Um  MtSd 
salt  by  several  hours'  boiling.  (Hagen.) 

4.  A  mixture  of  aqueous  chloride  of  calcium  and  neutral  mnhite  uf  sodium  depositK, 
after  a  while,  the  neutral  roalate  of  calcium,  in  tranapiMnt  crj'stulline  grains.  This 
salt  scarct'ly  froths  up  in  the  fire ;  it  is  completely  decompose<l  by  the  soluble  alkaline 
carbonates.  It  dissolves  in  147  pts.  of  cold  water,  forming  a  solution  which  tastes 
nnairint  like  mbn^  and  ia  «t  noat  06  pUk  of  boiUag  mita^  tram  -wliidi  it  dots  not 
sepamte  on  cooling.    (Bra  con  not.) 

6.  The  solution  of  acid  malate  of  calcium  neutrilised  M-ith  a  soluble  alkaline  caxlM)'- 
nate,  yields,  by  evaporation  at  a  gentle  heat,  hard  shining  crystab  of  tbeaeotral  salt, 
which  contain  3  at.  water,  give  off  1  at.  water  at  100-^,  assuming  UlU  HHfOlllllM  of 
porcelain,  und  are  completely  dehydrated  at  150'^.  (Hagen.) 

6.  The  grannliraaM^ left  to  itaeu  in  the  moist  stjite  for  two  days,  takes  up  water,  and  ia 
converted,  und»»r  circumstances  not  y»'t  dctt-rniined,  into  rough,  translucent,  globubir 
crystals,  which,  after  diying  in  the  air,  whereby  they  are  rendered  opaque,  give  off 
22  49  per  oeiit.  (S  at)  tmter  at  20(fi,  (Dessaignas  aad  Oathavrd.  J.  Cliain.  [S] 
xiii.  243.) 

Neutral  uialate  of  calcium  is  easily  obtained  in  tho  crystalline  state  by  dissolving 
the  add  nalato  in  ammonia,  and  leaving  tho  solution  to  evaporate.    If  tho  solution  is 
dilute,  an  abundant  cmp  of  crystals  is  obtained  in  24  honrs  ;  but  if  the  salt  is  dissolved 
.     in  hydruchiuhc  acid,  and  atumouia  then  added  in  excess,  it  takes  a  considerable  time  to 

The  enrstalline  form  of  this  salt  is  h'nniliodral,  and  it  producea  dcOBtMHratatioav 
irhether  dissolved  in  water  or  in  hydrochloric  acid.  (Pasteur.) 

Hevtnl  malate  of  calcium,  kept  wr  some  months  under  a  shidlowlayer  of  water  in  • 
vessel  covered  with  papt-r,  is  converted  into  .niccinato  (Dessai gnes").  During  tho 
winter,  crystallised  h^  drated  cjirbonate  of  calcium  and  a  mucous  organisation  are  like- 
viaa  pvomced ;  but  m  the  summer  months,  the  sole  product  consists  of  needles  of 
succinate  of  calcium,  which  gnuliially  rise  above  the  diminishing  malate  of  calcium, 
while  a  small  quantity  of  gas  is  givin  off.    (Dessaignes^  Compt.  rend,  xxriii.  16.) 

When  a  mixture  of  4  pta.  of  malate  of  edehm,  24  pta.  of  water,  and  1  pt  of  y«wt 
(or  a  smaller  quantity  of  putrefying  cheese  or  fibrin)  is  set  aside  in  a  warm  place,  a 
tolerably  brisk  evolution  of  pure  carbonic  anhydride  takes  phice,  the  mnddr  calcinm» 
iait  1m^^  in  the  eonrse  of  Ana  da^  to  beoome  gramdar and  heatrf,  and  tibatHm 
evolution  of  gas  is  terminated,  appears  under  the  microscope  to  consist  of  transparent 
needles  united  in  stellate  groups,  and  oomposed  of  soocinate  and  carbonate  of 
calcium.   The  svpmiatant  liquid  contains  acetate  of  flakdim. 

If  too  much  yeast  or  cbpfse  is  used,  or  if  the  mixture  becomes  too  hot,  hydro^n  gaa 
is  evolved  as  well  as  carbonic  anhydride,  and  possiUv  in  eaual  volume ;  and  in  that 
case  there  is  obtained  bnt  Uttle  aaeeinieaiid  aorlie^  W  a  large  quantity  of  batjrie 
acid,  and  a  colourless,  volatile  oil,  smelling  of  apples,  which  may  be  obtained  by  dis- 
tiilinff  the  liquid ;  this  oil  dissolves  readily  in  water,  and  may  be  smarated  therefrom 
by  <Aloride  of  oaleinm  or  caxbonato  of  |>i;i»aailfmi ;  It,  bowevw,  ranlveo  s  1ati|^ 
quantity  of  chloride  of  cab  iura  in  the  dry  state.  For  the  frnnentation  in  which  succinic 
and  acetic  acid  aru  produced,  and  j)ure  carbonic  anhydride  is  evolve^  the  cqua- 
tioii  ia: 

8C«H«0»   -    2C«H«0«  +  C«HH)«  +  2CX)»  ♦  H*0. 
Foe  the  iMnMBtatioa,  whim  l^ydvogen  ia  evolved: 

KWO*   -   C*HK>>  ♦  4G0*  -t-ff 
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m^it1hfbmita£oatiihjdxognh  eoiiMq[naitmth«dMonpoiitfeiiofMueiiiieadd: 

torn*  •   90*HH)*  -I-  400"  +  H». 

But  of  the  carboide  «dd  itntini  villi  fli»  Kiim.  (Li^bift  Ana.  Ch.  Pham.  Ixz. 
UMk  and  363.) 

Aeendiiiff  to  B.  7.  Kolil  (Aim.  OIl  Flittin.  Izzyiii.  252),  malutc  of  calcium  foniK  utcd 
vhli  putrefying  ca.'-<  in  pivcs  off  nothing  but  carbonic  anhydride,  and  yields  principally 
heUte  of  calcium,  M-ith  small  auaatitiea  of  racdnate,  acetate,  and  carbonate.  W.  Eaer 
(Avdh.  Flwm.  [2]  ixix.  147)  oMaiiMd  ft  afinilar  remit  with  the  juice  of  mountain-adii 
berriefl,  neutralised  with  carbonate  of  calcinm,  mixed  with  beer-yeast,  and  1*  ft  to  stand 
at  ordinary  tempemtorea.  Winekler  (Jahrb.  pr.  Pharm.  xxii.  300)  found  a  lar^<^ 
quantity  of  lactic  acid  in  the  acid  residue  of  dder,  and  supposes  it  to  have  bei  n  fomu  d 
by  fermentation  of  the  mahito  of  calcium  contained  in  the  juice  of  tha  apples.  Reb- 
lin^  (Arch.  Pharm.  |^21  Ixvii.  300)  observed  that,  in  the  fermentation  of  aialata  of 
calciom,  ralerianio  and  is  formed  as  well  as  sncdnic  and  butyric  acids. 

When  a  solution  of  inactive  malic  acid  is  neutralised  with  lime-water,  no  turbidity  is 
ptodnced;  but  on  addition  of  alcohol,  the  neutral  calcium-salt  is  deposited  in  white 
amorphoofl  flakes.  On  boilinff  the  neutralised  Mueous  solution,  a  granulo-ctystalline 
parecipitate  is  formed,  having  the  comoosition  C^H*CaK)^  and  bvt  sparing^  soluble  in 
water,  either  hot  or  cold.  Whan  a  auotion  of  acid  malate  of  ammonium,  containing 
the  inactive  acid  is  mixed  witii  a  aohible  caldnm-salt  and  excess  of  ammonia,  no  pre- 
cipitate is  formed  at  first,  bnt  after  24  hours,  transparent  cqnrtak  raited  In  «t<Hwilt 
are  formed,  containing  2C*H*Ca'0*. 6  aq.  (Pasteur.) 

/3.  Acid  salt,  C*H»CaO*.4H*0.  —  This  salt  may  be  prepared  fiom  the  stems  of 
Geranium  tonale  (Braconnot).  Also  from  the  berries  of  i^MW ^^d^rwm  or  eopaUmuMf 
by  exhausting  them  with  hot  water,  evaporating  the  infhsion,  decolorLsintr  it  \rith 
animal  char«>al  previously  purified  with  oydrochlorio  add,  evaporating  the  filtrate 
ftuther,  setting  it  aside  to  ctystallise,  and  purifying  the  resulting  crystals,  if  necessary, 
by  recrystallisation  (Rogers,  SilL  Am.  J.  xxvii.  294).  Tobacco  also  contnins  it  in 
large  ^uantit^.  The  solution  of  tiie  neutral  salt  in  warm  dilute  nitric  add,  deposits 
the  aad  salt  in  crystab  on  codling.  (Hagon.) 

The  crystals  of  the  salt  prepared  withtho  active  acid  belong  to  the  trimetric  system. 
Onlinary  combination,  ooF  .  oo  Pn  .  ooPoo  .  Poo  .  mPoo .     Indination  of  the  faces, 
ccP  :  «P  -  93°  26';  ooP  :  oePn  =  162«>  14';  ooPoo  :  ooI>-138<'  17';  oo^oo  :  {*•  . 
136°  33';  f*ao  :  mPoo  —  163*>  30',    Cleavage  easy  parallel  to  ooPoo  .    When  crystal- 
lised from  pure  water,  it  does  not  exhibit  hemihcdral  faces  ;  but  when  crystallised  from 

mP 

nitric  acid,  all  the  cr}'stals  have  four  faces  -;r-,  and  for  a  certain  concentnifion  of  the 

add,  these  facets  become  so  much  developed  as  nearly  to  obliterate  the  prindpal  &oea 
of  tha  OTitaL  The  etystals  dinoh«  in  60  pla  of  eold  water,  and  in  a  mnoh  naQw 
quantity  of  boiling  water  :  they  arp  insolublo  in  absolute  alcohol.  They  give  off  tt*S7 
par  cent  (nearly  8  at.)  water  at  10U°,  and  are  completely  dehydrated  at  180°. 

Tha  fauMtirefllt  MOBiUsa  ^  iiwetdlag  in  areiy  respect,  excepting  ^aft  it  haa  no 
hemihedral  faces. 

Aceording  to  Braeopnot,  add  malate  of  caldnm  saturated  with  alkaline  oarbonatea 
yMdadoniileaalta,^  T^taado-^  and  aoHo-^drio  mMt»:  baft  Hk^j  bs<ra 

not  been  analysed. 

Malatcs  of  Coppf  r.—a.  The  neutral  salt,  C*H*GnK)*JS*0,  !■  a  gOBnqr  atBSS  of  a 
fine  green  colour,  and  very  soluble  in  water. 

0.  Tha«0Msa/t,  C<H^O*.U'0,  is  obtained  in  fine  Una  rytHtlff j  br  titnrating  thft 
cold  aqueous  acid  with  cnpric  hydrate  and  evaporating  at  40°, 

y.  A  basic  salt,  2C'H'Cu-0*.Cu'0.4ir'K),  is  ol)tainod,  as  a  green  insoluble  powder,  by 
boiling  malic  add  in  excess  with  cupric  earbonutc.  The  carbonate  treated  in  the  cold 
with  excess  of  malic  acid  dissolves  in  consideraMo  quantity,  and  th^  solution,  when 
boiled,  immediately  deposits  the  salt  just  mentioned ;  but  if  evaporated  in  a  vacuum 
between  40°  and  60°,  it  deposits  dark  green  ognrtab  ooBtaining  tiia  aaata  pcopoaftioii 
of  malate  and  oxide  of  copper  with  6  at.  water. 

A  mixture  of  cupric  sulphate  and  malate  of  ammonium  deposits  by  spontuneotts 
evaporation,  first  crystals  of  cupric  solphate,  then  green  acicular  crystals  unalterable  in 
the  air,  of  a  double  sn/f,  consist ing  of  cuprie  inH*^  aad  f^^jhatit  of 
(H.  Schalse,  Ardi.  Pharm.  (.2]  Ivii.  273.) 

Malat§  of  Iron  (firrieum). — Both  the  nenttal  and  aeid  «lta  an  bnwn,  gammy, 
permanr  iit  in  tba  tit,  von,*  r-ohihle  in  wator  and  in  aloOihoL  A  oololion  of  a  fane 
salt  containing  malic  ariil  i-  not  precipitated  by  alkalis. 

Malatts  of  Lead— a.  The  neutral  sal t^C*WTtiK}KZWO,iB  obtained  bypred- 
pitaUqg  MOlnl  assCata  of  lead  vitb  a  idliition  of  oalde or  potMm  aalata;  it  ia  a 
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whito  canly  preci'j''f'^'"N  which,  whon  left  for  aoiiu'  liours  iu  u  solution  of  the  aootate,  is 
oonTertod  into  foorsnded  aeedles  grouped  around  a  oommon  centre.  Tlus  salt  molt* 
in  boUiiig  vster  to  %  tm^Mrmt  pitchy  mass ;  it  ii  very  slightly  mfaiUe  in  «old,  mero 
soluble  in  boiling  wuttr;  a  strong  uquoous  solution  Joposits  it  in  shining  ntn-ilh  s.  It 
disMlYet  reaej  ««si^  in  nitno  add ;  acetic  acid  and  malic  acid  do  not  dicaoLvd  it  mm 
fteeij  than  pan  vatar.  Aoitata  of  lead  abo  4i«oh«a  liia  malafca,  and  dtpottta  it  hy 
ato«r  evaporation  in  silky  nofclhs. 

Accortiing  to  R  Otto  (Ann.  Ch.  Pharm.  cxxriiL  175),  a  neutral  malate  of  lead 
Imving,  after  drying  at  100°,  the  ooroposition  C*H*Pbl'0*.H*0,  is  ob^ned  by  dropping 
a  partly  nentralued  solution  of  malic  acid  into  an  excess  of  boiling  aqueous  solution 
ofbasic  acetate  of  lead,  boiling  to  perfCiJl  iuMna  vitk  da  airitsd  vatM^aad  vaahiqg 
by  decantation. 

Both  the  active  and  inactive  malatcs  of  lead  molt  with  equal  facility  in  boiling 
watar ;  the  only  difFerencc  observed  between  the  two  modifications  is  that  the  inactive 
S4\lt  takes  a  longer  time  than  the  active  salt  to  become  oystalline,  the  latter,  which  is 


tals  xn  !t  ft  w  luiurs,  wlK'mis  thf^  innctive  salt  mnr  mmain  amorphous  for  scrr^ral 


qnnntitics  of  them  am  at  hand.    Both  salts  malt  immediately  on  being  immersed  ia 


left  at  rest  i  the  active  malate  is  then  deposited  ni'.er  21  hours  iu  shimag  pribins 
grmq^  in  tufts;  tfaa  inactive  salt,  on  the  contrary,  is  deposited  in  the  amorpkow 
stnto,  and  corrrs  uniformly  the  sides  of  the  ves^ol ;  but  :if'ter  a  few  days,  this  amor- 
phous pn'oipitiUc  disappears,  aud  is  replaced  by  needie-biiaped  crj'stiils,  also  grouped 
In  tutH  and  exactly  ri  riiembling  thoae  a  the  aettwiM  (Pasteur.) 

Malato  of  lead  in  the  amorphoti<i  state  easily  parts  with  the  whole  of  its  eomhinod 
water  ( 14  per  cent.  «-3  at)  when  dried  over  sulpiaric  acid.  If  the  salt  is  crystallised, 
tha  water  iBialaiBadirithgMtflriteo^  and  it  Mwt  be  hiatad  to  aboofe  160^  to  4ah^ 


Keutral  malate  of  lead,  which  melts  easily  when  thrown  into  boiling  water,  docs  liOt 
melt  in  the  hot  air  tduiuAn,  either  at  100°  or  at  a  higher  tempermtnra.  Jt  even 
retains  itH  errstalline  aspect  up  to  170°,  in  si)ito  of  tho  loss  of  itn  water  of  cryf?tallisa- 
tion,  and  only  then  begins  to  assume  a  dull  woolly  aspect.  When  heated  to  220°,  it 
giree  off  more  water,       is  eonverted  intofbmarata  of  lead. 

$.  A  hojfu'  srtlf,  Pl.»O.2C'n'ri.-0'.  is  ohtain.'d  by  digf^sting  the  neutral  salt  with 
auBMnia,  or  by  pouring  acetate  of  lead  into  the  solution  of  a  malate  mixed  with 
■Bunonia,  or,  acoordtng  to  Otto  (Aw.  dt.),  by  dropping  a  perfectly  nentnUsed  sohitioii 
of  malic  acid  into  cxcoss-  of  a  boiling  solution  of  hasit*  a<v(ato  of  had.  Tt  never 
becomes  cryataliino,  and  does  not  molt  in  boiling  watery  but  if  acetic  add  be  added,  it 
ndti,  villi  eoondetaUa  diannntion  of  tolmi^beiag  tMa  avideady  eontevted  into  dw 
neutral  salt. 

Basic  malate  of  lead  dissolves  in  acetate  of  lead,  like  the  neutral  salt,  and  the  sola- 
tioD,  if  eomewliat  eopeeulrated,  is  precipitatad  hr  i«!*ti¥t^i  It  ia  aaanj  in 

water,  either  cold  or  boiling ;  but  BufTioieD^j  aCtuhla  tpUna lad  litmoi  pi^Oi^  whSB  A 

&w  moist  fragments  are  phiced  upon  it. 

Maliitef  of  hi  thin  m. — Both  the  neutral  and  acid  salt  arc  unorystallisablo. 

Mala  its  of  Mag  ntsium.—a.  Heutral  salt,  C*H*Mg*0».6H^0.  A  dilute  solution 
of  malic  acid  boiled  with  magnesia  yields  a  liqmd  whioh,  when  evaporated  to  a  pelBde^ 
deposits  after  <?ome  time,  rhoniboiMal  prisms  of  this  salt,  containing;  .5  at.  water,  four 
of  which  are  given  off  at  100*^.  Alcohol  added  to  the  cone«)tratcd  solution  pr^npitatea 
it  in  anhydrous  flocks,  which  become  pasty  by  heat. 

/5.  The  aci<lsiili,  C'lPMga».2H«0,  i.s  obtained  in  fl;it(ened  prisms,  by  half  saturating 
malic  acid  with  carbonate  of  magnesium,  and  evaporating  to  ciystallisation.  It  girca 
off  half  its  water  at  lOO^,  and  melta  at  a  higher  tempenitiir& 

MaUUt  0f  Maitff0it^e.--tL  The  mutni  «a^,  which  is  unoystalliuble  and  very 
solul  b  .  is  obtained  by  s^iturdting  the  acid  with  carbonate  of  magnesium.  Tiaa  acid 
sait  x-i  precipitated  as  a  white  powder,  on  adding  malic  acid  to  a  solution  of  th(*  prcerd- 
iu^  aalL  It  disaolTee  in  41  pts.  of  ooM  water,  and  ia  deposited  from  boUing  water  iu 
tniHfperait  lOifr^olonNd  fliunitafe 

^fl^lafrs  of  Mercurtj. — The^e  salts  have  not  been  analysed.    When  malic  acid  is 
digrsted  with  mercurou*  <mde,  a  cxrstalline  powder  ia  finmed.   The  same  salt  is 
«obtri[Ded  en  xaiiiBgr  trnkte  of  potaaeram  wfth  a  dilute  aolntMm  of  raercurous  nitrat*^. 
It  is  drconiposiKl  by  boiling  with  wafi  r 
When  mercuric  oxide  ia  boiled  with  a  strong  soliuion  of  malic  ^teid,  th«  filtec^ 
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liquid  deposits  small  crj'stals  of  an  acid  ealisolubl'-  in  water  ;  witJi  ixcess  of  mercuiMl 
oxide,  an  iiujoluble  yellow  basic  salt  is  fonncd,    (llarft,  Arck  Phanu.  [3]v.  281.) 

Malate  of  Potassi  u  m. — a.  Neutral,  UnctystaUisabley  deU^uesoenL  insoluble  in 
■Iwg  aleoh^  (Braconnot).-^/!  JM.  OiystalB,  pwniimiii  in  the  ut,  mIbU*  in 

water,  insoluble  in  alcohol.  (Donovan.) 

Malatt  of  Silver,  C*]ii*Af^(^. — Nitrate  of  silver  forms,  with  a  solution  of  neutral 
ortdd  miihte  of  amiiKmlnm.  «  vidte  granular  orecipitate,  which  becomes  yellow  when 
thoroughly  dri(  -1.  If  heated  aft^r  drying,  it  melts  and  (If.  onipoees,  swelling  up  a  little^ 
emittin2  an  enuMrieuniatae  odowi  and  Iwmqg  pecfioctJ^  white  "^H**"  mlver.  Hm 
«tf  mdato  of  wVwliMacftbenolittlned. 

Malatt*  of  Sodium. — The  neutral  salt  ia  uncrTstallisable.  Tb»  euldmiUiM  tijild 
line,  permanent  in  the  air,  soluble  in  water,  insoluble  in  alcohol. 

Malate*  of  Strontium,  a.  Neutral  ealt,  C*H«Sr^MI'0  (at  100°).— Malic 
add  is  net  icndered  turbid  by  atrontia-watnp;  but,  on  evaporating  the  mizlRire,  a  crys- 
talline mass  is  obtained,  very  soluble  in  water.  Vflien  malic  acid  is  digested  with  car- 
bonate of  strontiam,  a  solution  is  obtained  which  slightly*  reddens  turmeric,  and  deipoeita 
nifcer  coneeatwrtion  nMiniiwrilated  groups  of  etyatelt  nanng  the  aibofe  comporitkm. 

0.  An  acid  salt  Is  precipitated  in  the  crystalline  f?tate  on  adding  malic  add  to  an 
aqueooB  solution  of  the  neutral  salt ;  it  is  but  slightJiy  soluble  in  oold  water,  mon> 
foMUe  in  boiling  water. 

Malate  of  Thallium  crystaDiMa  wiA  diflWij;  it  ia  diiiganaeaat,  «id  ailli 

below  100°.  (Kuhlmann.) 

Uranic  Malate. — Yellow ;  sparingly  boluble  in  water.  (Bichter.) 

Malate  of  Tiirium.'—l,  "Wbm  an  aquoooo  Mlntioft  of  mdie  add  is  poured  ttpon 
carbonate  of  yttrium,  part  of  the  resulting  salt  Jisaolfet^  and  i.s  obtained  by  evapora- 
tion in  small  white  nodoka.— 2.  Nratcml  alkaline  lalates  throw  down  from  yttriiun- 
salta— when  the  sohrtioni  of  the  twi>  anlta  an  eoneantrated  and  mixed  in  due  piopaiw 
tion — a  white,  almost  crj-ntalline  powder,  which  rfmain.s  in  white  granules  when  its 
aqueous  solution  ia  evaporated. — The  aiisined  salt  is  Cil*YH)\EO.   It  doea  not 

5ive  off  its  water  at  110^,  and  is  bat  itoirfj  deeompoaed  at  h^diflp  temperatniea.  It 
LsRolvea  in  74  pts.  of  water ;  its  solution  in  aqueous  malic  acid  deposits  the  neutral 
salt  unchanged.  It  dissolves  abundantljr  in  a^neoaa  malate  of  KMunm,  and  doea  not 
crystallise  on  evaporation.  (Berlin.) 

MmUiet  ofZine.  a.  Neuind  aaU,  0«H*Zn'0*.3HK).— When  the  aqueona  add  ia 

.•citnraJed  wn'th  cf\rlM-»natp  of  zinc  at  a  teniperattire  below  30°  the  filtntfe  d('po<<its,  after 
a  while,  small  sbiningcrystala  which  gradually  but  completely  give  off  their  3  at.  water 
at  100^  f  HagenX  When,  on  the  other  hand,  the  add  If  aalwnted  at  a  high  tempera- 
ture, and  the  solution  filtered  from  a  basic  palt  which  separates  on  cooling,  and  ftuthex 
evaporated,  crystals  are  deposited,  containing  indeed  3  at.  water,  but  having  a  difl^nt 
fern,  and  obstinBtaly  xetamin^  about  |  at  water  at  100°  (Hagen).  They  are  dMrt 
hard,  strongly  lust rotis,  four-bided  prisms  (square,  according  to  Las saigne),  perpendi- 
colarly  truncated,  or  bevelled  with  two  faces;  they  redden  Lunus  (Braconnot).  They 
btwe  Opaque  at  1009,  giving  off  10  p.  o.  of  watw,  and  at  ISO^  aweU  op  and  enmue 

to  a  white  powder,  giving  off  ut  the  Fame  time  10  p.  c.  more  wafer  (Liebig).  Tliey 
dissolve  in  55  pta.  (6?  Dt«.  at  20^,  according  to  Lassaigue)  of  cold,  and  10  pta. 
«f  boiling  water,  fWmi  which  the  oidt  dooa  not  sepaiata  on  oooling.  (Braeonnot) 

/9.  Acid  salt,  C«H*ZnO*.2H*0.— Obtained  by  supersaturating  the  salt  a  witli  fh  •  acid, 
and  washing  the  xesolting  cnratals  with  aleohot  It  foniia  elongated  square-based 
ocAdbadrooi^  wfaidi  aw«D  «|»  woen  boated,  giving  off  8^  per  eooL  water,  and  an  ooap 
verted  into  a  gum  ;  they  dissolve  in  23  pts.  of  cold  water.  (Braeonnot.) 

y.  Basic  stdt,  Zn'0.2C*H'Zn'O*.4HH>  ?— This  salt  remains,  on  dissolving  the  neutral 
adtinwat»,aaa«iyatal]ina  ifaidae^eanfeaining4S*ll  pvocDt  dnOH^^ 
The  solution  ol/f  lined  by  continuous  lx)iling  of  the  aqueous  add  with  carlM>iirit(^  of  zinc,  . 
■r^HHiflpa  on  cooling  to  a  tiemnloos  jelly,  ^niich  by  raolocged  boiling  with  watcT  is  con- 
TOttod  into  a        powdar.  TUapmaria  not  deeompoaed  by  water  at  1009,  b«t 
at  SOO^  k  givM  offSrato^  and  is  partially  converted  into  ramarate  of  nne.  (Hagen.) 

Bromomalio  add.  C*H*ErO*.  — Nosubstitution-proilucts  hare  yet  been  obtained 
from  malic  acid ;  but  when  an  aqueous  holution  of  dibromosuccluate  of  sodium  is 
boiled,  and  then  affapoiitad,  a  mass  «f  crystals  is  obtained,  having  the  oompodtion  of 
acid  broraomalato  of  sodium,  C"H*lirNa(*''.  l-'roni  iliis  salt,  other  bronifimnlates 
may  be  formed  bv  double  deconi^io«itiou  ;  but  the  acidit.selt  lias  not  vet  been  olitained. 

Aeid  bromomalate  of  sodium  u  distinguished  from  the  bromomaleate  (p.  787)  and 
its  isomers,  by  yielding  tartrate  of  odflun  wbao  boilad  with  lima-watei;  (Kekul^^ 
LeArbuch,  i.  185.) 
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An  acid,  i«<om*ric  \»-itli  malic  ueid,  and  perhaps  identical  ^ith  ditilyoollic  %c\\\ 
(ii.  912^  the  silTer-Halt  of  which  was  de^>  >.<itod  from  a  photc^^phiu  iiiver-bath 
contaiaiiig  aatnte  of  ailrerHnil  niilk-sugur,  which  hnd  been  nsod  fur  along  time  for 
dippinp^  papers  soaked  in  sueoiiiic  or  citric  acid.  The  fn^<>  ftcid  separated  by  srtilphydrie 
acid  iFoin  the  silver-  salt^  forma  a  czystalliuo  muau,  or  by  slov  crystallisation,  trana- 
parent,  well-developed  crystals  wemllllDg  tboae  of  augite.  The  acid  ammommmm 
salt,  C*{I\NIi  ')0'  211-0,  remaiing,  on  emporatiiig  tlie  neutritlised  acid  with  ammocla, 
as  a  nuiio-crrataliine  mass.  Thw  mutral  poiu^siuuisaii,  C*H*1£'0*.H'0,  cryHtaiiises 
in  maoodime  luainie.  The  lead-Bait  is  a  white  pr^ipitita,  pacfeeUy  inaolmbla 
in  water,  and  not  melting  or  baking  togetht-r  in  1  ili-  Lr  watfr.  Tho  sihvr-salt, 
C'H'Ag'O*,  wliick  is  flocculent  at  firat,  is  converted,  wheu  warmed  with  water,  into 
microscopic  six-sided  tables,  which  do  not  decompose  at  100^.  Thii  wilt,  treated  with 
iodide  of  ethyl,  yields  th.-  wntrol  etk^  <<A«r, C*H\CV*)H)^  M ft eoloiiilMi lipoid, 
gradually  decomposed  by  water. 

The  isomaktes,  ti«8te<l  with  pentaehloride  of  phospboros,  ykld  a  dikride  WOWMIWO 
chloride  of  fuiuarv  1^  according  to  the  equation : 

€^H*M'0»  +  3PC1»    =    2MCI  +  2HC1  +  3P0C1*  +  C*HH)«a« 

Thia  chloride  is  a  liquid,  which  ia  putij  decomposed  by  distillation,  and,  in  contact 
vitiliratOT,  is  resolved  into  h/dzoehioriie  acid  and  isomaleic  acid,  C*H*0*  (p. 
(KittineMiV  J.  pr.  CImb.  haxfriSL  Ml.) 

MA&ZO  AOm,  AMZDE8  OF.  Whrn  ammonia  is  passed  into  an  alcohdio 
aolntioo  of  athylic  malatc,  Hmall  cr}'stals  of  maiamide  are  gradually  depooited: 

C*U«(C»H*/0*  +  2NH»    «    C«H»N«0»  +  2C«H«0; 
M«late  of  ethyl.  Malaiiiid«.  Akohul. 

ndwhen  drj' ethylic  mahi't-     ffitrirfttrd  vAth  nmTiov.h.-fT^.H,  the  y-Ti  luot  soon  aolidifies 

to  •  cr}-st»lline  mass  <j1  utiiyUc  muiamati.!  ur  muiametliane,  C*U"NO*  » 


This  Iatt(>r  coiiipotiiid,ditwlTid  in  iMd  tad  irtoMted  with  tnnnoiiia, liktviNTicUft 

Malnada  la^ilillises,  by  alow  etapontion,  in  ««]l<4illii«d  oyMta.  It  dHRm  from 

t1i«  nictumoric  compound  ai-paraginc  (i.  421)  hy  its  crj'stallino  form,  hy  not  containing 
any  water  of  ciystalliaAtion,  and  by  ita  proper^  of  easi^  taking  up  wateTi  and  being 
fhiiwby  eonrmted  haHo  omiiioiuft  and  nuUe  and.  It  ^Skn  tin  ta  opmal  rotauwy 
power:  [a]  =  —  47"5.    (Dcmondesir,  Ann.  Ch.  Pharm.  lxxx.-303. — Pasteur.) 

Mai  amic  acid,  C*&!^0*,  which  it  metamodo  with  a^axtio  add  (i  422)^]ua  not 
been  iaoUked. 

If  malieteidlwifgudtdtt  tcirtomit  tnd  ^mrin,  tad  wpwttntod  tytht  fatwiln 

H  ) 

C*H*0«  \  O'  (p.  790),  in  iHi^  two  ctit  of  the  three  typic  hydrogen-atoms  are  ealinr, 
H«  j 

that  ia,  e«RiIy  replaceable  by  metals,  and  the  third,  alcoholic,  that  is,  moat  easily  re- 
plaeeaUe  by  acid-radidea  (see  ii.  916),  the  difference  between  malamic  add  and  mala- 
mide  on  the  one  hand,  and  aspartic  acid  and  asparngineon  tlie  other,  may  be  represented 
by  forrnnUe  analo^us  to  tiiose  of  gtyooUic  monamide  (the  ao-calied  gljfOoUtaidt, 
ii'.  908)  and  glycoone  (iL  902^  thus: 


(cmw"  \  tL  (cm*o*r\o 

m  H.H«  jN 


(0*MH)«rlo*  AspKllsasfc. 

n'     )  H     )0  ^  ]o 

Maiic  Kid.  ICBK)*)'" '-  N         (G^EHyr  I  \L 


Aspaxtic  add  boaxs  the  same  relation  to  malic  add  that  gly^codne  bears  to  ^'ouUie 
acid.   Hie  aaline  or  btrio  hydrogen  of  nalie  add  is  still  premtt  in  t^itrtte  aeid,  Irtt 

the  alcoholic  water-ref^iduo  BO  of  the  malic  acid  is  replaced  in  aspartic  acid  ty  th«> 
ammonia-residaie  HE?.  AaporaoiDa  is  the  amide  of  ai»artie  acid.  Hence  it  ia'  Umt 
aspartic  add  is  not  deeomip«««d  tj  MSng  with  aUnKs  (file  tmnMmla-resldaa  not  bdng 

in  fhf>  saline  place),  and  that  a^paragine,  when  treated  in  the  same  way,  gives  off  only 

lialf  its  nitrogen  as  ammonia,  and  is  coQTeried  into  sspattic  add.  In  Btuaaie  tei^  on 
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tte  t/het  hftnd,  th«  twnmiBiaHrtridro  MSeupies  tho  Baline  place;  aadt   ^, 

when  maliiiuide,  which  is  its  amide,  is  boiloJ  with  tillcHlis,  tfio  d.-vompositton  oocg  not 
stop  ttt  the  fumattoa  of  mahuoic  aciU,  but  goes  on  to  the  formation  of  malic  add  and 


N",  is  not  known. 


The  neutml  amide  (triamide)  of  malic  acid,  (C^irO-)" 

Malumic  acid  and  malamiilo  may  ho  derivod  frum  tho  acid  and  neutral  malntos  of 
aaunooium  by  elimination  of  1  md  2  at.  wut£>r  rt^Hpt^tivoly,  and,  bjr  further  ubsiraction 

water,  the  other  compounds  in  tho  following  table  maj  be  eonoeived  to  be  foCBai6d» 
Ifeoogli  only  one  «f  them,  fn.  ftmarimido  (ii.  749)b  hm  MtnUj  boen  obtaaaod: 


H 

(C«H«0*) 
H«N 

Neutral  malAle 
of  AmincMilum. 


0» 


H 


0 


H 

(C*H»0), 
KkrOe 


IP 


0* 
N 


H 

(C*H 


Acid  niaUtc  of 


H.o«r]s 


(c*H«o»)"'jr 

KitrUe 


MaBttMiclwBs  formerly i^gudid  «  dlatomk M  vtU M dtbuiflb  lidqg 
Ij  tlie  temid*  (^^^)  |o«,  vUdi        pafdM^witii  Hm  MMlitatioB  ef  !ti  Mite. 

Moreover,  the  formti!  (  if  malaraic  acid  and  malamidf  are  eai^ily  derived  from  it;  but 
then  the  ao-caUed  faroarimide  cannot  be  supposed  to  contaui  th»  tfm^  'iv^f^K  botmaili 
aetnaltylwTCgaxdedaatiieiBiideof  Itanamadd;  tlna: 

H 


(<W«0»)" 
H 


ftlnlamlde  and  BhUnitc  arid  and 

aiparagin.  atpnrtic  .tcki. 

But  the  formation  of  this  compound  by  lipating  acid  malato  of  .irnmonium  to  160°— 
200°,  and  its  oonverrion  into  inactive  aflpartii.-  ncid  by  boiling  with  strong  hydrochloric 
acidf  show  that  it  is  intimately  related  to  malir^  aoid,  and,  tliorrtorc,  that  th^f  Trinrnmio 
formula  of  malic  acid,  which  renders  it  poistiible  to  exprc»8  funmrimide  by  a  formula 
CMtaiiiiaf  tha  naa  ndicle  as  the  acid,  must  be  r«>gard<>d  as  pieferable  (Eekul^). 
Mnrpove-r  the  relation  of  malic  acid  to  saecuiie  and  taitano  adda  cannot  ba  adagiiatdj 
expressed  by  a  diatomic  formula. 

Bnbstanoea  eloaely  resembling  fumarimide  CP  maloiiitzile^  an  likawisa  obtained 
according  to  DMnjgiM^  hf  tha  afltkn  of  boat  oa  Mid  Ihunanfea  and  add  aalaata  of 
ammonium. 

been  moro  cotnplet fly  studied  than  tht'  primary  amido.s  of  malic  aoid;  t^roeofthem 
have  been  obtained  by  Arppe  (Ann.  Ch.  Pharm.  xcvi  IQO),  via.  difbeigri-aMlaBiidii^ 
phenyl-malimide,  ana  phenyl>malamic  add. 


(cm*)» 


pOMild  wibwMj,  togiai^irith  iJwnyl.TBaKmi<t<^  by  aMltfng  malia  add  with  aafliae 


2C*II'X  +  C*H«0» 
Aoltia*.  Ualic 
acid. 


-  SSPO 


-  2fi*0  - 


-  CH'-N'O*. 
Dlpbrnfl- 

Phenyi-maiimkle. 


The  product  treated  several  times  with  boiling  water,  is  resolved  into  a  nearly  colour- 
leas  solution  containing  phonyl-malimide,  and  a  strongly  coloured  residue  consisting 
chiefly  of  diphenyl-malamide,  which  may  be  obtained  pure  and  OolooxlooB  faj  erjrotal- 
lisation  from  boiling  alcohol,  with  the  aid  of  animal  charcoal. 

It  forms  colourl.  .ss  scales  having  a  faint  lustre ;  melts,  with  partial  decomposition, 
at  176°,  and  at  a  higher  temperature  volatiliset  for  the  iDOCt  pot  unaltersd.  Whan  tot 
on  fire  it  bums  with  a  bright  smoky  flame. 

It  is  nearly  insoluble  in  water,  and  in  dilute  hydrochhirie  acid,  ammonia,  vaAjpofUuk, 
It  dissolves  aim  but  sparingly  in  alcohol  and  ether.  Strong  su/phunc  arid  dissolves 
it  with  the  aid  of  heat.   Hitric  aeid  dissolves  it  in  the  cold,  forming  a  yellow  solution. 
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Wlien  Ixailed  with  ateoag  eaiwtic  potash,  it  dissolTes  and  is  for  tho  most  part  deooni- 
poeed,  a  fatty  substniKv  nnrnft;  to  the  snr&ce  of  the  liquid.  On  addition  of  wa,t«r« 
the  aemiihiid  portion  is  courerted  into  a  white  innoluble  powder,  whidi  waj  be 
iplcti  ly  frt  od  from  potash  by  washing  with  water.    Thia  powder  disaolTes  with 


Bome  difficulty  in  alooliol,  and  i  pystaUifiea  therefrom  in  small  cnratalUne groups  and 
needles.  It  may  bo  hcntod,  without  risible  alteration,  to  226*>;  melts  tt  a  higher 
tcmpentare ;  and  if  catit  iously  heated,  yields  a  crystalline  laminar  sublimate,  and  leaves 

a  •mall  (I'virtity  of  charcnal.    This  siiDstnnef  fpvee  by  annlysig  64*17  pv< 
and  6*41  bydrogc^n:  houcv  it  nppMrs  to  be  tartranilide.  (Arppo.) 


cm* 

<OTK0«-.(0«H«O«) 

with  the  preceding  compound,  bjr  melting  a  mixtnxe  of  malic  add  and  aniline.  When 
a»  ftaied  inixlnw  ia  kept  is  ft  steto  «f  ge^^  ebailUttOB  Ibv  mbent  two  Im«iin»  ft  toowa 

tsprtXD  is  obtained,  which  solidifies  on  coolinj?,  and  when  Iwjiled  with  -wrutor,  jidds  a 
nearly  oolourless  aolntion  oi  pheqyl'malimidg^  and  a  coloun^  residue  oontaiuing 
diphenyl-inabttnide.  Th«  Mlmoii  yfbm  «fftperated  Tfalds  pheny1<'iiialiiiud«  ia  the 
form  of  a  (>ranular  mass,  still,  however,  mixed  with  dipnonyl-mal.imido,  from  which  it 
is  purified  by  digestion  in  hot  water,  and  filtration.  The  solution  is  then  further 
purified  by  twatment  with  ulinal  dianofll,  and  eTapMated  to  tfte  erystalUfing  pohit, 

From  a  hot  coneontmted  aquooiiK  solution,  phonyl-malimidc  Hopanitcs  on  cwlin^  in 
daticate  aeedlea  grouped  together;  also  when  its  alcoholic  solution  is  evapomted; 
aometiniflti  howevw,  it  ftma  BauMMua  lawiiiBW^  and  iWNB  a  vevy  dihrts  atjaeoiia  aolatioii 
it  is  deposited  in  very  thin,  iridescent,  rectangular  prisms.  Ir  molts  at  170°.  and  when 
heated  betaroen  two  watch-riMsees^  forma  a  wij^  mca^y  anhlimftt^t.  It  disaolves  vexj 
abimdaatly  in  wmMt,  doohiStf  and 

Fhcnyl-malimid«^  hoOed  fiiUi  aqiieou  mmmniiKi  la  wimtiid  into  pheaijl-Mftlftin  ta 

It  dfasolTes  easily  va.  the  itarongeet  nUHo  atid,  forming  a  de«p  nd  sohrtion  from 
wliieh  water  throw.'?  down  a  nearl}-  colonrh-s-s  indistinetly  erj-sfallint'  body,  prfibahly 
nitro-phet^yl-malimide,  accompanied  by  a  resinous  bo^y  which  is  very  difflmlt  to 
■epigatai  Itec^jildKiMbofydiiMlfai  aaaOj  in  boQiaginitsr,  aadtiM 
MoUngyialdifliiaBtadlM.  (i.rppc) 

H       )  0 

WtMUfUmaamBoAo  tM.  MtfaafUe  aoML  C)*H"]fO*»(G<H^*)"'  N.— This 

CKKB*    )  O 

acid  is  obtained  in  the  form  of  an  ammonium-salt  by  boiling  phenyl-malimide  with 
aqueous  ammonia  (vid.  supX  The  solution  of  this  salt  forms  with  baryta  a  copious  pre- 
eipitate,  which,  when  mixed  with  a  small  quantity  of  water,  and  decomposed,  with  the 
aid  of  heat,  by  an  exactly  equivalent  quantity  of  sulphuric  sdd,  yields  phenyl-malamic 
acid ;  and  from  the  solution,  filtered  while  yet  warm,  the  acid  crystallises  ou  cooling, 
and  may  be  porifled  by  reciystallisation  from  alcohol.  The  sl^test  excess  of  sul- 
.fharie  acid  used  in  the  preparation  converts  the  phenyl-malamic  acid  into  ^gtumjh- 
malimide;  hence  it  is  beet  to  use  rather  less  than  the  oouivalent  quantity. 

The  add  crystallises  in  white,  fiiintly  lustrous  granules,  composed  uf  very  n^nn^ 
needles,  and  scarcely  attaining  the  size  of  a  pin's  head;  melts  at  14d° ;  has  a  very 
aour  taste,  reddens  litmus,  and  decon^>08e6  earbonatee ;  dissolves  readily  in  water, 
somewhat  less  in  alcohol,  and  ifaring^  m  attsr.  Iti  atlta  ai»  ako  Ai»*^w!g^iAmA  \^ 
their  solubility  in  water. 

The  solution  of  the  ammonium-salt  remains  dear  when  mixed  with  lime-vmier,  but 
is  slightly  clouded  by  boiling  with  potash  ;  with  acetatt  <ff  had,  it  forms  a  white  pro- 
dpi  tate  lohibla  in  water ;  aiu  with  9ttgp»Mo9icU  ^  inm^  a  pcadpitata  of  a  fine  jallov 
colour. 

The  harium-salt  is  very  soluble  in  water,  and  aystalHflca  in  W^bgoaX  BOdilM  of  a 

dazzling  whiteness ;  it  is  insolnhle  in  hydroehlorate  of  ammonia. 

Phenyl-malamate  of  silver,  Cfl'^AjgNO',  furuia  a  white  predpitate,  which  soon 
becomes  colonied  by  expoenre  to  U^^;  ft  diMlna  in  mtoi^  and  is  deposited  ftom  tta 

solution  in  shining  cubes. 


These  compounds  have  not  been  much  studied.  According 
to  Demondesir  (Compt.  rasd.  xxiiL  227),  the  malates  of  ethyl  and  methyl  are  pro- 
duced by  passing  hydzx>chloric  add  gas  into  a  solution  of  malic  add  in  aloohtH  or 
wood<^ixit,^  The  neutral  ethers  cannot  bo  distilled;  they  are  obtained  by  ne(itntli<«ing 
the  erade  liqnid  with  cartxmteof  sodium  and  agitating  with  cotuiuon  ether,  whidi 
tekaanp  the  cthjlie  or  ncdylic  malat^  and  leavea  it  baliind  on  eTipoaAtion.  The 
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may  bo  removed  hy  cmporation  in  fi  vacuum. 

The  aeatral  mala  1^8  of  ethyl  and  methyl  are  liquids  which  are  Boinble  in  water, 
tlBM«taeinpleU>l7  deoompooed  by  <HttinilOTi)  bfliag  MHtwtdd  into  tht  oont^ndinff 
famaric  others,  and  aia  iiOMtwCili  iit»  ■uliliiidit  hf  antmimii,  Tlugr  pmtm  optioal 
lotatory  power. 

Ethyl- and H«lhyl-niaUe         ai* dwaja Ibmad tha above piroaaaa aimol* 

tanoou.sly  wlththt-  neutral  ctli.^rs.    Their  calcium -salts  are  soluble  in  Jileohol, 

Amyi-malic  acid,  C*li*(C*ii")0*,  ia  obtaini'vl  by  prolooiged  heatiog  of  malic 
Mid  villi  nqjl-deoliol  to  ISO*.  It  toauB  a  byrup  wnkll  qyafilHiM  oa  eooUqg. 
(Brovnlia.) 

^p.  vith  On  or  Apprj:s  (i.  532 ;  iL  6S0). 

MB.  0>H!K>«  -  (^']^I^')''|0*.  Aa•dddiMomd17I>••- 
saignes  (Ann.  Ch.  Fharm.  cvii.  2  )1),  who  obtauMd  It  I17  aloi^  caidMng  malic 
add  with  «  oold  aoiution  of  chromate  of  potassium : 

C*H'0«     O*  -  GO*  +H«0  +  C»H'0*. 
Malie  Mdoole 
acid.  ticid. 

It  ia  also  produced,  with  eTolotioa  of  ammonia*  by  the  action  of  allEalis  on  cgranaeetio 
ad^  fl»  IMttt  en  crfa&aeetw  oUmt  : 

(OT(CK)0»  +  mo  -  NB.'  <!•  C«H«a« 


CfH*(CNXCTP)0«  +  BHW  -  KH»  +  C»H«0  +  C'7T'0« 
Cjr«iMcetic  etbcr*  Akobol.  iUIoota 

add. 

Tlie  Roliition  obtaindl  T  vlxjillii^  cyanaoetie  etlier*  tv'ltli  pota«h,  forma  with  sulphate  of 
copper,  a  green  precipitate,  which  by  decomposition  with  sulplrrdnc  acid,  and  evaporatioa 
ofwa  flmiate,  yielda  malonie  add.  (Hugo  M411ar,  Chem.  Bob.  J.  zm  109.) 

Miilonic  acid  forms  large  rhoniboliednil  ory.stal.s,  having  a  lainltiur  stmctnrc.  It 
diMolvea  eaaiW  in  too^and  alcohotf  melts  at  liO^,  and  dcoomposes  at  160^  into  carbonic 
adbrvdrido  ana  aoetioadd. 

llie  malonat  es  have  boon  but  little  examined.  The  neutral  potasainm-  and  am- 
monium-*aiU  are  deUqiieacent  and  crrstaUiae  with  diffitwlty;  the  aotd  stUtt  vf  tlu  game 
Imhm  cxyalalliM  narar.  Tha  tor&ia- and  Miotmit  tdt*  an  ovTatallina  procipitataa 
fiparinirly  sulublo  in  cold  wattti  Uw  mhtt-toU ia  and  flijalaUiiM;  tha  lead' 

$all  ia  lUcewiae  insolnble. 

An  add  called  aieotieaeid,  obtained  bjBarral  (Compt,  i«Dd.xxl  1S74)  from 
tobacco,  has  the  oompoeition  of  malunic  acid,  and  is  probably  iil'^nticnl  therewith.  It 
dygtalliaea  in  amall  aoalaig  forma  insoliible  lead-  and  ailTer^wlUt  and  la  resolved  by 
h&A  iato  aariM»ia  anhjidride  and  aaede  add. 

ICJUUF*  €baia»  diiefly  barkj,  vhidi  haa  lieeome  sweet  from  the  conyemion  of 
its  fTtnrch  into  SQq;ar,  by  an  incipient  cn>>wth  or  germinittion  artificiaUjindilOe^ aallad 

malting.    (Sec  Beer,  i.  527;  also  Urcs  Diet,  of  Arts,  &c.  iii  18) 

XAZtTSA.  Tlie  uiinoral  tallow  of  Kirwan,  said  to  have  been  fbnnd  on  the  eouj^t 
of  ISniand.    It  rt^sembles  wax.    Its  specific  graritj  ia  Oi7.    It  is  white,  brittle, 

stains  pnprr  like  oil,  melfs  with  a  mmb  rrt'i^  heat,  and  bnms  with  a  blue ; 
much  smoke.    It  ili?i,solve.s  readily  in  oil,  .iiid  imperfectly  in  hot  aloohol. 

KAXlXHA.CXTS]l.     See  MONTMOltLLLONITB. 


1%ie  nana  ia  gtnm  by  Biibtpvnfavt  (Aim.  Oh.  Fh;^  [3]  zxi. 
178),  to  the  sugar  produced  fnm  nfardh-paste  by  the  action  of  malt  or  aiaatoae. 
itre^mbleH  dextro-gioooae  in  crystalline  form  and  moat  other  respects,  but  its  dexfro.> 
fOtatory  power  is,  aeooidiog  to  Dalmnlhat,  tiiree  times  m  great  as  that  of  dextro-glu- 
coHc.  aiid  not  stronger  in  a  nxrently  prepared  solution  than  after  the  lapse  of  sevenil 
Lours  (iL  868).  It  appears  also  to  be  less  easily  alteml  by  aUtalia.  a  ia  oonvfcted 
daztiD^iMwe  by  bailing  with  dilute  sulphuric  acid. 


A  brown  mineral  from  Mancino,  near  Leghorn,  consisting,  no- 
cording  to  Jaequot  (Ann.  Min.  [3]  xix.  703),  of  sesquisilicate  of  rinc,  2Zn«0.3SiO». 

It  is  pluroo«»«»  and  nhining,  with  two  unequal  cleavngp^  inclined  to  one  anoth.  r  at  92'', 

EG  ACIPi   FormO'betuoiiic  acid,  CH^H)*. — ^Thia  acid,  which  con- 


•  Ti>'  ( ^  m.icptic  cthrr  W.1,  oiitainsdty  MwMliwiafiMofsssilii  illMB  an«sBiaiafaa<asd— ,«r  of 

todacctu:  ether  cm  cyaaldc  of  silver. 
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tains  the  stonenU  of  bitter  almond  oil  and  formic  acid,  C'«II'*0«  =  2C»H«0 
+  ^GHK)*,  and  is  fekCed  to  bsnsoic  Sicid  (so  £tf  at  loast  as  oomposttion  is  ooneenied) 
in  the  aiais  manMr  as  laetie  to  aoetio  aeid,  was  ^Isoovtrsd  by  winekl«r  (Am.  Ch. 
Fham.  zriii.  310),  who  obtained  it  heating  l)itu>r  almond  water  with  hydroohlorie 
acidt  the  hydrocyanic  acid  contained  in  the  liquid  being  then  nsolred  into  ammonia 
and  formic  acid,  which,  at  the  moment  of  its  formation,  unites  with  die  bitter  almond 
oil  (Liobig,  Ann.  Ch.  Pharm.  xriii.  39).  It  is  also  produced  by  the  action  of 
fuming  suldiuric  acid  on  bitter  almond  oil  (Laurent,  Ann.  Ch.  Phys.  [2],  Ixr. 
202),  and  by  heating  amygdalin  with  fUming  hydrochloric  acid.  (Wobler,  Ann.  Ch. 
flyum.  Ixvi.  238.) 

Preparation. — Bitter  almond  water — obtnined  by  distilling  80  oz.  of  bitter  almond 

f^&Hte  with  90  lbs.  of  water  till  160  oz.  hare  passed  over,  then  taking  80  oz.  of  this 
iquid,  and  sbikliin;  up  the  distillate  with  the  bitter  almond  oil — is  mixed  with  4  oc  of 
hydrochloric  acid  of  specific  gravity  ri2,  and  evaporated  to  dryncfw  over  the  water- 
bath,  till  all  the  hydrochloric  acid  is  expelled.  The  yellowish  cr)-!<tallioe  residue, 
^— ^Wmg  slightly  of  bitter  almonds,  leaves  pure  sal-ammoniao  when  treated  with  cold 
ether;  and  tlie  ethereal  solutinn  yield.s  by  spontaneous  evnpomtion  h  slightly  yellnw 
crystalline  maas,  which,  when  treated  with  water,  leaves  a  resinous  flocculeut  body 
himag  the  odour  ct  Mtter  alm<mda.  The  aqueous  solotioa  is  tnuisparent  and  colour* 
less,  and  contains  pnre  mnndelic  aciil,  which  crj'stallises  on  evaporation  (Winckler). 
— 2.  When  bitter  idmond  oil  is  treated  with  one-third  of  its  volume  of  fuming  sul- 
flnnio  add,  haafc  is  evolTed,  the  liquid  becomes  brown  and  thick,  and  tH*^*i**  ia  * 
compnct  mass  on  coolin<».  The  mass,  when  treated  with  water,  yiiMs  r\n  upper  s<  m5- 
soliu  layer  containing  uudecomposed  bitter  almond  oil  and  Htilbylouij  acid,  and  a  low»up 
layer  containing  maudelic  acid  and  excess  of  sulphuric  add ;  the  maudelic  acid  crprs- 
tallises  from  the  latter  on  c«xtHng  (Laurent). — 3.  A  solution  of  HmyplHlin  in- 
hydrochloric  acid  is  evaforated  over  the  water-bath,  and  the  syrupy  mass  tivated  with 
ether,  which  dissolves  the  mandelic  add.  On  wipwrrtiwf  the  eowtion,  the  mandirifa 
add  crystallises.    (Wiih  ler,  Lie\)ig.) 

Properties. — Mandelic  add  forms  a  scaly  cr^rstalline  mass  (Winckler).  It  crys- 
tallises sometimes  in  rhombic  needles,  sometimes  in  rhombofdal  plates,  fluently 
having  their  acute  angles  truncated  (Laurent) ;  in  plates  belonpng  to  the  rhombic 
STstem  (J.  Heusser,  Fogg.  Ann.  xciv.  637).  It  hns  a  very  iaint  odour  of  sweet 
almonds,  and  a  strong  add  taste,  with  a  somewhat  styptic  afteP'laaCe.  It  mdts  earfty, 
with  loss  of  water,  into  a  yellow  oil,  which,  on  cooling,  solidifies  to  n  trin«lneent  gum 
(Winckler).  When  a  solution  of  mandelic  add  in  strong  hydrochloric  add  is  eva- 
porated at  a  temperature  above  100°,  it  becomes  amorphous,  and  sAsrvards  fonaa  s 
solution  with  a  small  quantity  of  water,  but  is  prfcipitatod  by  a  larger  quantity  in  Hm 
Ibnn  of  a  heavy  yellowish  oil  (Wiihler).  Tko  add  is  very  soluble  in  ukUct,  alcoiol^ 
and  ttker. 

DecompotUktu.  The  acid,  heated  above  its  melting  point,  difiru.<ie8  an  agreeable 
odour,  nealfing  those  of  white-thorn  blossoms,  hyacinth,  and  gum  bensoui.  Heated 
in  a  distjllatoiy  apparatus  to  a  temperatwe  Aort  tit  earixmisation,  il  to  eoamitad  into 
a  dark  brown,  resinous,  balsamic  ma.<is,  which  dissolves  sparingly  in  watei^  hot  lead ily 
in  >  Ikalis  and  in  alcohoL  A  large  quantity  of  bitter  almond  oil  passes  over  at  the 
■ame  time.  The  aeid  bums  with  a  red,  smol^  flaait^  leseHng  a  bnlky,  easilj  eomlm*- 
tible  charcoal  (Winckler).  When  it  is  boiled  with  wZ/nc  ar/f/,  as  long  as  nitrous 
fames  continue  to  escape,  the  formio  acid  is  decomposed,  and  the  bitter  almond  oil 
to  eoofected  fntobnmne  aeid,  which  oTStalfiafla  on  addition  of  wafer  (Liebig^ 
When  chlorine  gas  is  passed  throncrh  an  aqneoas  aolution  of  manilel-c  aeid,  an  oil 
snelling  like  chloride  of  benzoyl  separates  at  first;  and  if  potash  be  then  added,  and 
the  passage  cf  tiie  ehlodaa  eontmiied  tQl  thto  oil  has  eompletely  disapp<«red.  Hie  aeln- 
tion,  when  subsequently  treated  with  acid,  gives  off  carbonic  anhy  i:  nnil  ileposita 
bansoie  acid  in  the  form  of  a  oiystalline  magma  (Liebig).  The  add  dissolves  in  oU 
ofiMrtd,  andAe  sotntioo,  when  gently  heated,  gifw  off  OHboaio  osida  ^iabigV 
The  aqueous  solution.  iKMled  with  petoKidt  mmgmm$t  jtoldi  oafbottie  an^jncU 
and  bitter  almond  oil.   (Lie big.) 

Xandelatea.— The  add  neotoaltoei  bases  completely,  and  expeb  eaxbeols  aeid 
ftoTii  its  compounds.  (Winckler.) 

ManddaU  qf  Ammonium. — This  salt  is  obtained  by  riightly  sunereatnrating  the 
aqneoQS  add  wuh  ainnonia,  and  leaving  the  solotioa  to  eri^orate.  it  to  rery  dmeolt 
to  crystallise,  and  generally  f  .rms  a  yeliowiah-white  mass.  It  ha.s  a  very  mild  tnste. 
When  heated,  it  deoompoees  in  the  same  manner  as  the  ftee  add.  It  dissolres  in  tba 
ananert  qoantity  of  water,  and  veadilr  in  aleohoi  (Win del er.) 

Niiruldate  of  Barium^  obtainid  by  ue>-ompov.iiig  carlv)nafe  of  barfaim  with  mandelie 
acid,  crystallises  readify  iB  email,  tolerably  hard  needles.  It  to  mndi  leas  ioliibto 
in  water  than  the  potaseintt-aalt.  (WinekUr.) 
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Mandelate  of  Copper. — A  solution  of  sulphute  of  copper,  precipitated  by  mandelato 
of  potassium,  yiplds  u  fine  licUt-Um  powcur,  wUdi,  when  oaated,  gives  off  »  laig* 
quantity  of  bitt«r  almond  oil. 

Mandtiate  of  Jjead  m  piMlpiiitrf  m  «  white,  finely  crystalline  powder,  on  adding 
mandelate  of  potaasium  to  ncutnil  nc«>tato  of  lon^l.  \Vhf>n  heitod^  ib  beilWl  llks  tlM 
couMSf-aalt.    It  ia  scarcely  soluble  in  water.  (Winckier.) 

mmmUlaU  of  Magnetium  crystalUaea  readily.  (Wiaoklar.) 

Murom  w  Biandetate  is  obtained  by  precipitating  mercuric  nitrate  with  mandelate  of 
pot—iniL   Ita  reactions  closely  resemble  those  of  the  copper*8alt.   (Wi  n  c  k  1  er.) 

MmMai$  of  AlaastinN.— Obtained  bf  vmAj  aeatnlismg  ouboaate  of  potaami 
with  the  aqueous  arid,  PTaporating  to  dr\'nr««.  <  xhansting  the  dry  mass  with  alcohol, 
and  leaving  the  alcohoUe  solation  to  evaporate.  It  is  a  trhite^  sofl^  easilj  friable^ 
soapy  naM,  having  •  foy  nrild,  scaredy  aalina  tmlis^  ikintly  raoomMfag  tkat  of  owoet 
almonds.  It  decomposes  like  the  free  acitl  when  hented,  takes  fire  easily  and  burns 
awaj  oomplately,  leaving  pore  carbonate  of  potawsinm.  It  dissoirea  y&ej  zeadiJj  in 
wain  tad  ■koluL  (WinelcUr.) 

^^ an riflaii  of  Silver,  obtained  bv  precipitating  nitrate  of  silver  with  neutral  mandc- 
late  of  potuMMH,  forma  a  vhite,  heavy,  crystalline  powdnr,  easy  to  wash.  From  its 
aqueowtolstieaMtvrailcdsfctfio  boiling  heat,  it  sepawrtsa  in  tmme  hard  my ilak  hitvfaig 
a  slight  Vfllowish  colour.  It  melts  at  a  somewhat  high  temperature  into  a  dark  mass, 
and  yieiida  the  aame  products  of  deoomposidon  as  the  acid,  leavii^  metaUio  silver. 
(WiaaUar.) 


 rOAJrasa.   Synon3rmes.  Manganae,  Mmtgrnt,  i&mgmiim.  fl^pnbolaaBd 

iUomic  Weights,  Mii  =27"6;  Mmn  or#n  =  66. 

JIUtory. — Black  oxide  of  manganese,  a  substance  lung  used  to  decolori.se  glass,  and 
otfledwsyaaifaii^gw^ftBnitarnaimWaiire  to  the  loadstone,  was  formerly  included  among 
the  ores  of  iron.  It  was,  however,  proved  by  the  ref-earehes  of  Pott  in  1740,  of  Kaim 
and  Winterl  in  1770,  and  of  Scheole  and  Bergniann  in  1774,  that  the  metal  contained 
in  this  miueml  is  distinct  fix>m  iron,  and  possesses  charaoters  pi'culiar  to  itself.  The 
m<"inl  itwlf  w!i»  first  eliminated  by  Gahn.  Chevillot  and  Edwards,  in  1818,  pointed 
out  that  mineral  cham'lmn  —  a  8ul>8tance  discovered  some  considerable  time  before-— 
eontained  a  pooaBir  add  of  manganese.  Forchhammer,  in  1820,  disUngaiibed  tvo 
adds  of  manjcranese  ;  and  Mit»cherlich,  in  1832,  fully  eonfirmed  the  distinction. 

Manganese  oceiirs  chiefly  in  the  form  of  p<>roxide,  known  as  black  oxide  of  manga- 
Mse;  idso  as  manganic  and  numganoso-manganie  oudde;  ae  anlpbidi^  Miboaatt^iut' 
cate.and  titanate ;  in  small  quantiti»^  also,  as  colouring  matter  in  many  siliceoos  minanlfl 
and  in  very  minute  quantity  in  the  ashes  of  plants  and  in  the  bones  of  animala 

Tirtparation  ofUt»iml«i*  X.  Hydrogen  and  charcoal  at  a  red  heat  vedaoe  the  aopa- 
rior  oxides  of  manganese  to  protoxide,  but  do  not  eliminate  the  metal ;  bnt  at  a  white 
heat  charooftl  deprives  the  metal  of  the  whole  of  ita  oxygen.  The  following  process, 
feooBuaended  by  John  {OeKUn't  JimmtA  fir  Chemie  und  Phynk,  iii«  A62\  m  oobi^ 
monly  nst-d  for  the  reduction  of  manganese.  A  finely-divided  oxide  of  manganese^ 
obtained  by  calcining  the  carbonate  in  a  weli^dosed  vessel,  is  nuxed  with  oil  and  ignited 
in  a  ooveved  ondble,  ao  aa  to  eoumi  iha  oil  into  diarcoal.  After  several  repetitioM 
of  this  treatment,  thr  enrbonaceous  mass  is  reduced  to  powder,  and  made  into  a  firm 
paste  by  kneading  it  with  a  little  oil.  Finally  this  paste  is  introduced  into  a  crucible 
used  wifh  fhareoal  (enasrt  bnuqtti,  p.  888),theQnoecnpied  portion  of  which  is  fliled  op 
with  charcoal  powder.  The  crucible  is  first  heated  merely  to  redness  for  half  an  hour,  to 
drv  the  mass  and  deoompoae  the  oil,  after  which  its  cover  ia  carefully  luted  down,  and 
It  IB  o*|>oiiJ  ftr  aa  boor  and  a  balf  to  the  moat  violent  heat  of  aa  a&teaaea  that  tiie 
rmcihle  itself  can  supp<irt  without  undergoing  fusion.  The  metal  is  obtained  in  the 
form  of  a  semi-alobular  mass  or  button  in  the  lower  part  of  the  crucible,  but  not  quite 

Sure,  ia  itwmtMnatraeea  of  cwboBaad  rfKefam  deriwd  from  the  aahee  of  the  diaiaoal. 
ly  ignifinix  fh*'  metal  a  second  time  m  a  chanvial  crneible,  with  a  portion  of  bonix, 
John  obtained  it  more  fusible  and  briUiant|  and  so  free  from  carbon  that  it  left  no 
bbwlE  powder  irihea  disoelvod  in  aa  aeld. 

2.  C.  Brunner  (Ann.  Ch.  Pliarm.  n'i.  330;  Jahresb.  1857,  p.  201)  obtains  manga- 
neoe  by  reducing  the  chloride  or  tiuohde  with  sodium,  in  a  manner  similar  to  Deville'a 
pweeoi  for  tbe  rednetion  of  alaminliim:  «.  S  pto.  ihioride  of  manganese,  and  1  pt. 
sodium  are  arrangtMl  in  alternate  thin  layers  in  a  hessian  crucible;  the  mixture  is  well 
preeeed,  and  covered  with  chloride  of  sodium ;  and  over  the  whole  is  phieed  a  layer  ni 
flnoNqMr  in  nna]l  pioees  (to  prevent  spirting).  The  eraeiblo,  with  the  oover  on,  ia 
then  heated  in  a  blast  funiare,  first  pently,  then,  when  the  commencement  of  tlie  action 
ia  indicated  by  a  hissing  noise,  to  bright  redness  for  a  quarter  of  an  hour,  after  which, 
alltbaapntneaof  thetenaca  iM  doaed,Bad  thawboiaiaklltoaooL  Iftbabeat 
Voft.  m.  S  F 
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has  be«n  strong  enotigh,  the  manganese  is  found  in  a  ftisoci  maKH  nt  the  bottom  of  the 
crucible ;  if  not,  it  ipust  be  heated  agaia  under  a  layer  of  cMuride  of  sodium  or  pota£- 
num.  mixed  vith  ^  nf  intra(boMX  attedn  it  too  strongly). 

/9.  Inst-pad  of  fla-iri.lr  of  msn^flnrsf,  n  mixture  of  ♦nual  parts  of  o1itori<l<>  of  mnnirti- 
nene  and  tiaely-puirerit«e«l  iluur-t>pu.r  may  be  used,  aud  reduced  witU  t>odium  in  ihu 
manner  abor*  d«Mribed. 

M:tn£r:mr<<r'  mny  br-  nVtaiiii  d  in  the  pulvernlent  stMo  hj  hmitf ng f ^  *"**^gr"  (p 
in  a  tube  iilkd  witk  vu^>aur  of  m.-k-oii.  (Giles.) 

fntptrties. — Manganese,  obtuined  Iqr  zeduction  of  «ililuv  <tf  Hm  ooddao  with  charcoal 
ifl  a  pTr'\i^li-\vnif.»  irirtal  having  thr>  as]><Tt  of  cast  iron,  Tciy  soft  find  brittle,  with  a 
fine-grained  t.Uueturf,  and  is*  tuailj  bplit.  Specific  gravity  8  012  (Johu).  Feebly 
liiagiMti&  Melts  only  at  the  strongest  he«tol  abkat  ftirnaco.  It  oxidises  quickly 
when  exposed  to  thi'  air,  and  niu>-(.  therefore,  be  kept  under  rot^k-oil.  or  in  scaled  tulics. 
It  decomposes^  wat«T  slow  ly  at  ordinary  temperatorc^,  aud  di^uiolvra  easily,  with  evolu- 
tion of  hydrogen,  in  hydrodilorie  or  oilote  sulphuric  acid.  It  does  not  reduce  any 
simple  nil  f  allic  aoltB»  eioept  the  nlita  of  iEtw  and  gold,  and  evan  than  tha  ndnctiaa 
is  rerj  slight. 

The  metu  obtained  ft<om  the  chloride  or  fluoride  by  Brvnner's  nrooMH,  baa  dto  tiia 

aspeef  (jf  ea!5t  iron,  aiid  is  very  l-i-ittle.  but  it  is  not  maf*notie  [?wnat  power  was  uscii 
in  testing  it] ;  has  a  soecillc  gravity  of  onJv  7*138  to  7'206 ;  is  haid  eotMigh  to  scratch 
and  eut  glass  like  a  dunaond;  may  be  peluiked;  and  doeo  not  taznieh,  «ven  in  noiat 
air,  at  orvliiiary  f eniperatures ;  when  heated  on  platimim-f,)il,  it  ln«oomes  coloured  like 
stceJ,  and  covered  with  a  brown  iilm  of  oxide.  Under  water,  it  oxidises  slowly  at 
Ofdxnaxy  temperaturee,  more  qnkUy  at  the  boiKng  heat,  with  floundy  fwraepttble 
evolution  nf  hydrogen.  When  immersed  in  sfrontr  stdphnrli"' acid,  it  eliiriinatef^  out  a 
•mall  quantity  of  hydrogen  at  ordin^  temperaturt^,  but  diasolres  when  heated,  with 
evolntioB  of  Mdplinfow  aabjdxade.  Ik  dilute  sulphurie  aeid  it  diMohw  nadily,  even 
at  ordinary  ten^aatOMa;  alio  in  nitria  add,  in  ^mif  dilate  k||<dnMliliaio  nddt  and  in 
acetic  aeid. 

H.  Derille  (Conpt.  rtnd.  -sHr.  079)  attfibntia  the  dMhreneee  betpwi  the  manga- 
nese prepared  by  BnninerV  iin  thod,  and  that  olttained  by  reducing  either  of  the  oxides 
with  cbaxcoal,  to  the  presence,  in  the  fanner,  of  ioipttritiei  derived  fitom  the  rodc-oii 
adhering  to  the  eodinm,  and  to  nKdon  from  tiie  UnaMf^.  WShler  Ibuid,  indeed, 
that  Brunnrys  ni;in<ianeHo,  whrn  dissolved  in  hydruehlunc  aeid.  L-ft  a  nut  ineon«iider- 
aUe  leeidae  of  bydrated  oxide  of  silidum :  and  Bmnner  him8<^>lf  afterwarda  foond 
tiiat  thfe  i«i^due,  fnm  1ft  samplee  eibtrined  in  ^Mftrent  prepstadoiifl,  Taxied  ftom  1*6 
to  6*8  per  cent.  By  fusing  the  coarsely -pulv.  rised  metal  with  twice  its  weight  of 
chloride  of  aodiom  containing  1  pur  cent,  of  chlorate  (d  potassium,  the  quantity  of 
nlicinm  eonld  be  ledneed  to  0*1  per  cent. ;  but  Branner  did  not  find  that  thia  reduction 
in  the  proportion  of  the  silicium  made  any  ilifference  in  the  eolMr,fkMibiIi^,  Inudnean^ 
or  lustre  of  the  metaL    (See  MANOiLmBSE,  Seltctdb  of.) 

Manganese  enters  as  a  base  into  two  classes  of  compounds,  namely,  the  manganous 
compounds,  in  which  it  is  mono-  or  di-atomic,  according  to  the  atonde  weight  ^opted ; 
and  the  manganic  compounds^  in  which  it  is  sesqui-  or  tri-atomic.  It  Iikewi5:e  enters 
as  an  aoidrndicle  into  two  claaeea  of  salts,  the  maneanates  and  permanganates. 
Biampliw  of  then  eonaponndi  avs  glTea  in  tiia  talOtomng  table:— 


Mnguunu  dilorida  .  HhOI  m     '27<S  +  98 

or  HmnCl*  «      55    +  2 .  35  5  «  126 

JlangaiiooJi  oxido      .      .       !BIb*0  »  2 . 27*5  +  <•  71 

or    lAotnO »     M    -f      Id  »  71 

Hti^gudaddfitide  ^U.^Cl*  »  2  .  27-5  -i-  3  .  3.V5  -  I61*tf 

or  MnmOl*  -      65    -i-  3 . 36-6  «-  161'6 

Kaaguiie  oxide.  Mn^O*  «  4 .  S7'6  4>  8 . 16  «  108 

or  Mran«0«=.2.W    +8.16  =  1-5S 


Mangamq^  of  potaaainm    .    JlnKO^         87*5  4-  89  2  +  2  .  16  s  987 

orMmnK*CH  .     86    -i-  3  .  89-2  +  4  .  16  -  197-4 

BBEmaogMiateafpotaiiium    MirKO«  .  2  .  27*5  +  ao  2  +  i .  16  «  158-2 

or  MmaKO*  »      55    +  39  2  -f  4  .  16  «>  158  2 

Manganoso  also  oombinee  with  chJoioQt  dements  in  other  ptoportkma^  t.g,  the 

peroxide  =  MmnO', 

MftWW— ,  AldMOm  on   The  compounds  of  mangueee  witli  other 

met. lis  art-  not  of  laneli  iini")rfancc.    It  unites  with  eobalt,  niekel,  copper(iL 
iron  (iii.  368),  and  gold,  fomiing  whit«^  brittle,  and  vejy  refractory  alloys. 

An  allov  of  manganeia  and  alnmiaiun^  UnAP,  ia  obteinad  by  melting  together 
10  pte.  aalvdzanfl  eUacide  of  manganeie^  80  pts.  of  a  mtstOM  of  tlia  dUorilee  aC 
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potamiam  nad  fodlm  is  atomic  propoitio&i,  ami  \5  pes.  ahuninlmii,  «aid  twMtIng  lSb» 
rrsiilfinf;  rot^nliis  with  dilnto  hydrochloric  aci'l.  It  f  >rms  a  dark  prov  crystallino 
powder,  of  spediic  mtLwity  2'i02,  iiuwluble  in  cold,  but  easily  soluble  ia  hot  ooncou- 
tMtodflitrioMld;  um,  in  toiiaiBbMrted  it  w  dMompoMd  I7  ernvtis 

soda-ley,  erott  vfaia  ditat^  tlw  AlnmBiiim  dlMfllfiiig       (Wdhl*!^  ifiit  Glk.  fbsnib 

CXT.  102.) 

An  •nift!ffnm  tiwatagmtm  U  obtained  hf  ndiaing  »  mSiti&m  of  tha  cblnida  with 

eodium-ama^m.    (Giles,  PhiL  Mag.  [4]  xxir.  3SS.) 

MAKTO  AITESX,  JkMBWXTH'S  OF.  .Alir  Afl  or  Mmn  A  — Thi<?  compound  occurs 
as  11  iiaiural  mineral,  Arsenica/  iitanyane^e  or  Kaneile,  in  botryoid.d  ni:ixses\  or  amor» 
p  hoas  With  foliated  or  granularstmetlira.  Specific  gmvitj  6'Ao.  Hani.  (ir<yis]i.whiC*. 
BecomPR  covpml  "with  a  bLickish-giry  powder  when  cxpowd  to  tlio  air.    3Ii'lta  on 

Elatinum-fuil,  aud  combines  with  tha  pbitinum.  Before  the  blowpipt*,  it  burns  with  a 
lue  flame,  garlic  odour,  and  emission  of  white  fumea  of  ars«nious  anhydride.  It 
di^solvf  s  (  onipli  t.  ly  in  nitroTnuriatic  acid,  and  in  a  large  quantity  of  nitric  acid.  Con- 
taiaii,  at-eording  to  Kaao'tt  analysis  (Fogg.  Ann.  xix.  145),  45*5  per  cent,  maoganese, 
61-8  arsenic,  and  a  trace  of  nanganfloa  (a  97'3),  the  formula  rpqotring  4S*70  Mn  and 
67*25  As.    The  specimen  examined  was  supposed  to  be  from  Saxony. 

BCAJrCMUNTBSS,  BROWirDX:  or.  MnT.r  or  ^rninBr'.— The  aiiliyilr<jus  bromide 
18  obtained  aa  u  pdl*  fiuiid  xuuas},  by  licutiug  the  pulrcrisod  metal  in  bromilio- 
Tapour.  By  dis.<oh'in<|  the  carbonate  in  hydrobromic  acid  and  eraporating;  iJie 
hvdrated  bromide.  ]'>rijl5i".2n-0,  is  obhiincd  in  small,  red,  deliquescent  needli  s,  isomor- 

?houa  with  the  ordiii.ny  t'urm  of  hydrated  mangauous  chloride  (M&riguae,  p.  804). 
'he  crystals,  when  eim^fMllj  heated  in  a  close  vessel,  gire  off  their  water  of  crystallisa- 
ti  ill  ami  It-avi.'  tho  anliyilron-'i  broniide;  and  this,  when  ignited  in  contact  with  the  air, 
;i\  i.s  off  bromiae-vapour,  and  leavoii  manganosomangan io  cxide.  It  is  decomposed 
)y  sulphunc  u -id,  the  twsaaino  going  off  pwtlj  in  tho  oaa  atatc^  part^aa  hjdiofaeoaue 

«ci<l.  (Lr>wig.) 

BKAVGAirEaB,  CBX.ORZl>z:s  or.— a.  Mftnffannmt  CkJoridr,  MnOl  or 
MmnCP.  This  compound  is  formed  by  direct  combination,  the*  finely-divided  metal 
taking  Arc  when  thrown  teto  ohkrin«'  gas.  It  is  also  prodaoed  by  passing  dnr  hydro* 
eldorie  aoid  ^s  over  mnnpfanous  carbonate  or  the  red  oxide,  healed  first  gently,  after- 
wards to  low  rr'ditp.'i.i,  the  process  being  continued  till  tlie  gas  is  no  longer  abijurbed, 
and  the  p  I  r  forms  a  »ear,  coloorkm  l^wUL  The  air  must  be  care^lly  eixdbded 
during  the  uhide  of  thp  reaction;  the  ma*-'^  mM«*  be  left  to  cool  in  the  enrrent  of 
hydrochloric  acid  ;  and  the  excess  of  the  latter  tmaiiy  expelled  by  a  stream  of  dry  air. 

Manaanowa  ehloride  obtained  by  this  proceM,  or  bj  heating  uo  hydnted  chloride, 
is  a  pale  ro?e-eoloured  mas",  hnviiip;  a  lamino-cni'stalline  structure.  Aeeoixlinfj  to 
H.  Rose,  it  may  be  obtained  in  yeiiow  ervt»tak,  by  pas.sing  ehloriue  gas  oxer  a  strongly 
^l^fced  mixture  of  manganooa  onde  and  charcoal ;  also,  by  ex{>o8ing  a  mixture  of  the 
pen»xid<'  with  ."^al-annnoniac  tn  a  gradually  increasing  heat*  Manganotis  ehloride  melts 
to  an  oily  liquid  at  a  dull  red  heat,  but  does  not  volatilise  at  a  temperature  above  the 
melting  point  of  glass.  It  is  not  decomposed  by  heat  abne,  if  air  be  esdoded,  bvl 
when  ignited  in  moist  air,  it  gives  <'>fF  hydrochloric  acid,  and  lenrcs  manganoso-man- 
gauie  oxide.  Hydrogen  gaa  does  not  set  upon  it  at  a  red  hea^  but  pho*phortUad 
nydrogen  decomposes  it,  mnning  phosphide  of  manganese  and  hydxoeblortc  acid.  When 
heat'  u  with  mifphtrr,  it  is  partly  coiivortt-d  into  stiljiliidc  of  m:irfr-v.<--'^r'.  Wlien  vairr 
is  poured  upon  the  anhydrous  diloride,it  becomes  hot,  and  distiolvtM  very  easily.  It  is 
wry  ddiqnescent. 

HydrotiJ.  Ck/oridr,  Mnr'1.2TT'0  or  ■MmiiCI-.4lP0.— Tbo  protoxide  and  carbonate  of 
manganese  dissolve  readily  in  cold  hydrochloric  acid;  and  the  higher  oxides,  witii 
ewointion  of  cbkrine,  when  heated  tiiemvitb,  tiie  modocC  being  hi  all  eesee  naa^anona 
chloride.  It  i«i  contained,  together  with  ferric  chloride  and  other  subsfanees,  in  the 
waste-liquM  of  the  prenaration  of  chlorine  bv  heating  the  common  black  oxido  of 
manganeee  with  byiAodilorie  aeld;  and  ae  t»te  li^nia  aeemnnhitaa  wnr  quickly  m 
eht  niieal  laboratoricH,  it  may,  after  pr<jper  purification,  be  advantageously  used  as  a 
source  of  the  pure  chloride,  and  thence  of  the  other  preparationfi  of  masganeee.  The 
iron,  whidi  la  ^  diief  impurity,  may  be  vmoved  Doiling  down  oonaSderBbly,  to 
expel  the  exerj^K  .,f  acid,  afterwards  diluting  with  water,  and  boiling  again  with  oav* 
Ixmate  of  maj^aneee,  which  salt  preetpitates  the  whole  of  the  sesquioside  of  iion, 
fomfogdUorlcbof  manganece  witfaittaeid.  If  about  one-fourth  of  the  imfnue  adto- 
tion  of  ehloride  of  maiiganese  be  rcscrred,  and  precipitated  by  carbonate  of  jkjdiiun,  a 
quantity  of  carbonate  of  muiganeee  will  be  obtnined,  which  is  sufficient  to  precipitate 
the  hvn  ^cm  the  othw  dtree-ftnrtha  of  the  lic^uid,  and  may  be  used  for  mat  ptnfpoaa 
after  it  has  been  Wf  hhed.  The  iron  may  likewise  be  sepanitcd  by  evaponiting  the  so- 
Itttioa  of  the  impure  cblcnide  to  dimness,  heating  the  residue  to  low  redness  ia  a 
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crucible,  as  long  tin  hydrockloric  acid  continues  to  escape  ;  tlu-ii  leaving  it  to  cool,  ex- 
hausting with  boiling  water,  and  filtering.  The  hydratod  ehloridt-  of  iron  isiwolvii 
by  the  h<nit  into  hydrochloric  acid  and  posquioxido,  while  the  chloride  of  mnnpnne*© 
remains  unaltered,  and  is  easily  diswlvetl  out  by  water,  all  the  iron  remaining  behind 
(Breritt,  Phii  Mag.  [3]  tL  493).  Chloride  of  raaagaae^t ,  w  ]u  a  fren  fhim  iron,  is  pg^ 
cipitated  white,  without  any  shade  of  blue,  by  ferrocyanide  of  potassium,  and  of  a  pure 
fletih-red  colour,  b^  Hulphide  of  ammonium  :  the  latter  tetit  is  the  most  delicate,  tlie 
slightest  trace  of  iron  imparting  a  perceptible  blackness  to  the  predpitaled  — I'lJ*"^ 
By  precipitating  the  whole  of  the  solution  with  sulphide  of  ammonium,  the  manganese 
may  be  freed  from  barium,  calcium,  and  other  impurities  present.  If  coppw  is  present, 
it  must  be  removed  by  sulphydrie  add^lMibm  precipitating  with  sulphideof  MUDonium. 

The  solution  of  chloride  of  manganese,  obtaintxl  by  either  of  th*»se  processes,  yi'^lds 
by  cooling,  or  by  spontaneous  evajwrut  ion,  between  16  and  20**,  crystals  of  the  hyilrated 
chloride  having  the  composition  above  indicat«d»  Hmj  an  monodiflk^  but  the  deter* 
minufion.s  of  their  form  by  different  observes  do  not  agree.  Acconlitit:  to 
8chabua  {BtKhrtibung  der  Krystallgestullmt  &c,),  they  exhibit  the  combination 
ooP  .  [  00 Poo  ]  .  [Poo  ].  Ratio  of  clinodiagon^  octhodiagonal,  and  principal  ilk 
=  0  4101  :  1  :  0-8331.  Angle  of  inclined  azM  »  60';  ooP  :  ocP  in  the  clino- 
diafi»ual  prinapal  section  -  66';  [Poo]  :  [Poo]  »  lll<3  20'.  But,  according 
lo  KammeltDerg  (JTyysi^ritoyrgyltiaiU  CTg?/»>,  p.  4b\  and  Marignx  {BtrUrrkm 
tur  let  forma  erystallius  de  quffquis  rrtmponfs  chmit\urf,  Om^'ve,  IHoU;  Compt. 
rend.  xlii.  288),  the  clinod.,  orlltod.,  and  principal  axis,  are  to  one  another  as 
1-1&26  :  I  :  0  6446.  and  the  angle  of  tiM  inetuied  axes  ia  80°  3d'.  Ang^e  ooP  :  ooP 
in  the  cHnodiagonal  principal  s^  otion  =  82**  40';  [P«  ]  :  [Px  ]  -  115"  6'; 
ODpao  :  [Peoj  —  97°  15'. — Marignac  has  since  found  (Compt.  rend  xlv.  660),  that 
OTtttlt  of  the  MUM  composition,  but  of  dlAtcui  ftnn,  isomfnphoas  with  tboao  of  • 
hy^ted  ferrous  chloride,  FeCl.'2TT'0,  arc  Hometimeo  obtained  when  a  solution  of 
maoaanoaa  dikoide^  mpersaturated  by  evaporutiun  at  a  Ul^  tcmpomtore^  is  left  to 
■taMftraoBM  tfaae  at » tanpfltatHMhohnoi  0  and  +  6**ia  avaani  with  Uli*- 

liniK  paper.  Tlieso  crrystals  are  also  monoclinic,  but  the  angle  of  their  inclined  axes  is 
6yo  14'.  They  exhibit  the  combination  OP.  4  P.  -P.  [^Pao ].  Angle  +P  :  +P  in 
dM  diaodiagunal  principal  leetioa  -  if;  — -.P  in  the  aame  >  lOS^W;  -f  P : 
—  P  in  the  principal  orthodiagonal  section  -  103O  69'  :  oP  :  +P  =-  103°  30';  oP  : 
>P  -  126°  30'  i  oP  :  riPao  ]  -  142"*  30'.  Hjrdrated  manganoos  chloride  is  therefora 
^hdoqihoML  R  taawt  Be  dwanud,  howofwf,  thit  the  qiyrtdo  kat  dneribtd  ara  of 
rare  occurrenee,  tlie  solution,  even  when  evaporated  wdn  the  pOflriliir  circumstances 
just  mentioned,  generallv  yielding  the  ordinaxyonretala  p>ayioa4ydeiMribed  according 
to  tile  ifatiraihiertiiiM  ef  Marignao  ead  BMMMibberg.  Ae  Ike  cmtds  aMMocd  bf 
SchabuaanMadqjdiflhnBttahelhbitkic^baUe  that  he  euni&ed  a  diflbn^ 
i^drata. 

The  flijvtdB  (UmaaOPAWO)  pheed  over  oil  of  vitriol,  eitlMr  in  vaeno  or  in  « 

ireceirer  containing  air,  losf>  2  at,  water  at  ordinary  temperatures  (Graham).  At  25 
the/  beeoBie  white  and  opaque  (John);  between  26^  and  37°  they  give  off  hygro- 
aeopie  mter  irilh  deeeopitetooii,  and  hMMw  hard ;  at  t7*f^  (hey  beemae  tough ;  at 
M^^BeMinAuid  ;  and  at  87'5  they  form  a  mobi  1.'  liquid,  which  b<^il8  at  106°.  If  the 
IMei  he  Itipt  for  some  time  at  a  temperature  near  100°,  it  giTee  off  28  per  cenL  (3  at.) 
of  watw,  and  leeireeavliitepovdflr,  wMeh  Mfaine  1  at  iiatsr.  (Brandea.) 

Both  the  anhj'drous  and  the  hydrated  chloriJe  deliquesce  rapidly  in  the  aif^  ana 
part  of  the  ciystala  absorbing  1*2  parte  of  water.  One  part  of  the  aystallised  salt 
diaeohae  at  10»in  th66  parts ;  at  Sl-26«  in  0-t7 ;  aad  at  62-6,  Bl'S*  and  106^  eaually, 
in  0  16  parts  of  wat«  CBraadeaV  Ihe  aohtioB  hM  ft  ]%ht  Mae  aoioiv,  aad  tU^ 
lyrapj  oonsistanca. 

Theaalt  diMohee  ivadilT  in  aiieelibl,  hat  ia  iaadlBhle  in  other  and  oQ  of  tanentfaM. 

The  alcoholic  solution  of  tno  hydratod  salt  is  grtx'n,  and  yields  on  cooling  coiourh  '-.s 
orystals,  still  oontaining  4  at.  water.  Xbe  ao^ydroua  oUoxidai,  diseolved  to  saturatioa 
to  boiling  abeolnte  aleohol,  crjafalliaea  oat  on  aooUng^aiid  the  rmaining  solntaon  eta- 
porated  in  vacuo  yiilda  an  ftdditfeiial  9»aatily  of  etyatalu  anrtlaittiag  <K  <f  their 
weight  of  alooboL 

A  solution  of  *"**6**"***  ohkride  hi  net  altered  hy  passing  dilorine  tiirough  it ;  but 
if  chloride  of  potassium,  chloride  of  barium,  &c.,  be  added  at  the  same  time,  a  precipi- 
tate of  hvdrated  peraside  of  manganese  ia  formed  (Sobtero  andSelmi.  Ann.  Oh. 
Phys.  xjoSx.  my  Aeeordiag  to  Hilloa  (Jahneh.  ISM^  |i  Ui\  the  aeoie 
oxidation  is  produced  by  chlorine  water  which  has  been  eo^oaea  to  ianltl^f.  and 
therefore  contjtina  l^rdroohlocie  and  hjpo<^loroo8  adda. 

MaBgaiioaa  oUonde  fbnne  two  OTStaUtne  doable  ealta  with  eUoride  of  ammwmttMm, 
One  of  these,  MmnCP.2NII'Cl,  forms  cubical  crystals  containing  1  at.  water  according  to 
BaameUbeqi^  and  2  at.  awwding  to  v.  Jtoiaer.   The  cqratak  when  ignited  leave  iMUi- 
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0UiO0O-mftnganic  oxide  in  inicTWO|nc  pyramidB  pos^  niLlIng  haasmannite.  The  other 
double  salt,  MmnCRNU'CLSU^O,  forms  monoclinic  crystals  (liaats).  Solution  of 
— ""ir**'^*  ehbride  coDtuiniqg  dbloride  of  ammonium  yields  on  additioii  of  tminaaM 
and  expoiwft  to  th«  aii^  *  jnctpitate  of  Igrdnttd  miiBgiHioaO'mBi^iiio  orak. 
(Otto.) 

A  oomDOoad  ei  mmfanemt  tMpride  and  mercuric  cyanide,  MmnCI'.HhgCy,  is 

obtained,  by  spontaneoas  evapontiou  of  a  snhition  containing  the  two  salts  in  atoniiL' 
pti>portioo,  in  colonrlem  four  sided  tablets,  wiiich  efiluresee  quickly  in  tlie  air,  and  are 
Terjr  soluble  in  water.  (I'oggiftle.) 

fi.  Manganic  Ckloridr,  Mu'CP  or  MnuiCl'  is  r.  Vnnwn  in  tTip  rolid  but 
when  finely  diWdt^l  maIl^uIll<^K>-maagan^c  or  manganic  oxide  is  uddoii  hy  small  partion* 
at  a  time,  in  order  to  aro;  I  r  i  of  temperature,  tocoid  concentrated  aqueous  hydfOCUotid 
acid,  a  brown  solution  w  formed,  whioli  slowly  bocomen  colourless  at  ordinary  tcmMn^ 
tores,  and  more  rapidly  when  heated  cv  cx{)ustHl  to  NonHhiue — chlorine  being  erolTaaaiid 
aumganouscbloricb  pradnoed:  hflMOthe  .solutiun  dii^«(olves  metals  as  readily  McUoria*- 
water.  It  likewise  converts  gulphuroos  and  sulphydric  adds  into  sulphuric,  an  rl  tartaric 
into  carbonic  add.  The  addition  of  water  in  large  qnantitiefl  predpitat^  manganic 
4nnde^  and  emat  rise  to  the  formation  of  man^aow  duorida.  (Forchha«in«r.) 

"\Vh'  n  diXarine  is  pissed  into  a  solution  of  1  pt  manprinnii-  o'lloride  in  1 0  pi.=^  water 
oooWl  to  -t-  6%  the  liquid  graduidiy  solidifies  to  a  yelluw  cr)-Ht&Uine  manii  which,  how- 
fiwtt  wStM  for  the  most  part,  on  slight  rise  of  temperature  (John).  Tlie  aiystalt 
thuB  obtaitn  i!  rleliquL-iiCf  xvry  n-adily  ir.  the  air,  and  are  dl  i  iiliniimd lljl f^MlHi  llM(lW|, 
just  like  the  imlation  of  manganona  uxidc  in  IwdrocUorie  add. 

y,  P§r^kiorid§  »f  Manffant94,  MnKA^f  "WIwb  sulphuric  aeid  Is  cddadtoagrMB 
solution  of  potassic  miin^r  in-itf^  till  the  liquid  turns  rod  ;  the  solution  then  evaporated  to 
,  dryness ;  the  rmdue^  ooutiitfting  of  sulphate  and  permanganate  of  putasidnm,  dissolved 
in  strong  sulphurieadd;  th^aobtioo  iatradneed  into  a  tvlmUitodvetoit ;  sod  ftngmenta 
ni  fused  chloride  of  sodium  added  as  long  as  col( '  n  l  vnrmTr«  are  evolred, — the  copper- 
eoloored  or  green  mpoon  which  ^stil  ovej;  condense  entirely  in  a  tube  attadied  to  the 
Ntoit  and  oooled  down  to  —  or  —  MP,  forming  a  greeiddbo|)i«wa  Uqnld.  Thm 
TapourM,  when  brougfit  in  contact  with  moist  air  in  a  vr'  i'  tube,  produce  a  dfnMerot'e- 
eokMued  cloud,  and  fonn  on  the  sides  of  the  tub^  with  efulutifm  of  hydrochloric  add,  a 
daporit  of  purpto^ed  ftmasmin  add  (Duma^  Aan.  Ch.  Fl^a.  [21  xanL  81). 
H.  Ro^<^  rigafdatUiMpotiiaaipicMi^aMlQgOMtollM 

cbr'TTT'jium.  ' 

asAi70AirESS,  CTAMXoma  of.  See  CYANiDas  (ii  263). 

M.a.W0^17£SZ^  aaraonOW  AV]»  SSTZICATIOW  OW,—l.  Reaotiont 
in  the  Dry  Way.    All  compounds  of  aianganese,  heated  with  borax  or  phosf^oni^ 

salt  in  the  outer  blow-pifx'  flame,  form  an  ftmcthTSt-colounxl  bead  containing  mnn- 
|nno«>o-nLUiiganic  oxide,  which  becomes  colourless  in  the  inner  flame  by  reduction  of 
UlBt  compound  to  manganou!)  oxide.  This  react  ioq,  when  not  disguised  bytliepva* 
sence  of  other  Tnctjdf4  ft^rming  coloured  beads,  is  extremely  deliott'*,  and  serves  to 
distingxii  sh  nmng-.tnesc  from  all  other  metaU.  Another  reaction,  equal iy  cliaracteristte, 
arm  more  delicate,  and  not  likely  to  be  intorfnad  vUfa  by  the  presenee  of  othor 
inetnls,  is  obtained  by  heating  the  --iib-^^incc  under  PTcamination  with  two  or  three 
times  its  weight  of  carbonate  of  soihuiu  aiui  <i  iittle  nitre,  ou  pbtinam-foil  in  the  outer 
lllo>w-pi[)o  flame.  Tba  ■Ballest  tniLV  of  mangaueae  will  then  ba  indicated  by  tha 
formation  of  green  manganate  of  wdium.  The  Ix'st  wny  of  applying  the  heat  is  to 
direct  the  hottest  part  of  the  flame  on  the  under  side  of  ine  platinum-foil  immediately 
bsneath  the  mixture.  In  testing  for  traces  of  manninese  in  ores  which  are  rich  in 
iron,  it  ih  b.  .-Jt  to  treat  them  with  nitric  acid,  which  di.ssolvcs  the  iron  as  ierric-pnlt  ; 
nearly  saturate  the  solution  with  carbonate  of  8(xlium,  and  precipitate  the  iron  with 
aadato  of  aodinm ;  than  Balazat«  the  filtrate  with  ammonia,  add  one  drop  of  fiil|i*Hdft 
(if  ammnnimn.  and  t«it  tiw  ntdnitalsd  ittiyhida  bj  tamaa  witb  atee  M>d  tailwito 
of  sodium,  aa  above. 

1  BtuvHomi  in  SotuHon, — ■.  Of  Mamgtmom  dMdt.— HitM  taHa  bav^  a  pala 

rose  tint,  which  is  not  destroyed  by  su![)hupou«  or  hydrochloric  acid,  and  must  there- 
foae  be  considered  as  characteristic.  When  the  solution  is  nilnurlnan.  aa  is  samiitiiBca 
tiia  case,  the  fact  is  explained,  tmai&tt%  to  Ooif^u,  by  the  preaeoeo  it  a  adt  of  iraa, 
nickel,  or  copper,  the  gretn  or  blue  tint  of  the  latter  metals  producing  a  white  or 
•eacool^  peroq^ble  nofet  tint»  whw  combined  with  tha  xoao  ooJoor  U  a  SMagaaona 
■alt. 

Sutphydric  acid  forms  no  precipitate  in  neutral  solutions  of  manganous  salts  con- 
taining any  of  tha  atronger  adds.  In  a  naotnj  solution  of  the  acetate,  a  flesh* 
aolonred  ]?redpitoto  u  fopned  allar  Mnaa  tima;  brt  not  if  tba  oohttion  contains  fhsa 
afiiCie  aod.  BuffMde  iff  ammammm  totam,  in  n««teal  aolntiaBa  of  najoganoiai  ttUti^  a 
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flesh-coloured  precipitate  of  hydrated  sulplude  of  maqgaoese,  insolBblo  in  excess  of 
KuIphMe  of  ammonmTn,  bat  reddflj  MlttNe  in  adds.  When  expoMd  to  die  air,  it 
tarns  brown  on  the  surfnc*,  from  oxidation.  This  reaction  in  quite  characteristic,  no 
flther  metal  giving  anvthing  like  it;  »  Teiy  snwU  taut  of  mm  or  oobolt,  hoveW; 
eoikmn  the  nreoipitato  black. 

OtuuUe  alkalitt,  acUled  to  solutions  of  manganous  salts,  throw  down  the  protoxide 
of  manganeee  in  the  form  of  a  white  hyd^te,  which  soon  absorbs  oxygen  from  the 
air,  and  b«!oraes  brown  ;  when  collected  on  a  filter  and  washed,  it  ultimately  changes 
into  a  black ish-brown  powder,  which  is  the  hydrate  of  the  sesquioxide.  A  similar 
change  is  instantaneously  produced  by  the  action  of  chlorine-wator  upon  the  white 
hydrate,  or  by  the  addition  of  chloride  of  lime  to  a  salt  of  the  protoxide  of  man^- 
nm* ;  but  then  the  hydntod  perasids  ii  formed.  Ammonia  precipitates  the  vlut* 
li  V'lmte  from  neutral  mangnnon«?  »f»lnf-?oTiH  :  in  sohitions-  .-ontaining  free  acidorammrv- 
i)i:iral  salts,  it  gives  no  precipitates ;  but  if  ButKcicut  uiiiiiiouia  is  added,  the  solution, 
on  exposure  to  the  m,  gtadiwly  deposits  all  the  manganese  as  faivwn  eeequihydrnte. 
The  alkaline  'monf><^rf>f>'nnf>'^  prrrt|>it;iti'  wliitc  i'arboii;it<«  of  Tnfin]2flTif«if»,  which  does 
not'tum  brown  ia  Llw  air,  and  llit•^ulvis  9{Kir!iigly  in  a,  cold  sulutiiui  of  sial-iimmonia>c. 
JUid  emhomi^  of  potassium  precipitates  a  strong  solution  immediately,  and  n  nders  a 
dilute  «»olntinn  sliglifly  turbid;  but  if  the  solution  coiit  iins  «  free  ac'u\,  w  that  an 
exceiM  of  ear)»ouic  acid  is  set  free,  no  precipitate  is  formed.  The  earthtf  curhonatts 
dp  not  precipitate  mngpnam  etto.  JlMttu pko§plUiU$^  anmaiet,  and  oMkttm  giif 
irtiite  precif>ifiit<M. 

Ferrocyamde  of  potassium  forms  in  neat  ml  solutions  of  mau^uuous  salts,  a  white 
mdpitete,  baring  a  tinge  of  red,  and  eolnbleia  fraeaddik  Jte  fiojww  jwtuftm 
nrane  a  reddish  precipittite,  Tn«;nhible  in  ncids. 

The  least  trace  of  a  mHuganouii  salt  may  be  detected  by  heating  the  solution  with  a 
little  dioxidei  of  lead  (or  red  lead),  and  mtrie  tuid,  when  an  ilritense  pmple-red  colour 
is  prO'luof  1.  owin^  to  tlio  f^cniafi^in  of  pormnnpinnic  ainil,  or,  aceordinp  to  H.  I\<.sf,  of 
mangaitiu  uxide.  The  colour  is  readily  p«>re«'ptibk  when  the  cxcfs^  of  !t':i<l  oxide  ixaa 
enbsided.    This  is  the Boet delicate  test  for  manganese  in  the  w(  t  way.  (W.  Crmn.) 

AM  cotn;>nuiK!s  of  Tnanganeee^  afttt hoflisg nioi  hjdioohknie  aeid»  exhihifc  the  in- 
actions ot  mangauous  nsxliA. 

fi.  Of  Manyanic  salts. — Solutions  of  Daagamc  salts  are  red,  and  jtaU  with  foUuk 
H  Wnck  pn'ci[>itat<-  of  manganic  hvdrato,  unless  chlnvidc  of  ammonium  is  pft  sont,  in 
which  case  no  precipitulo  in  fornjt^  They  arc-  very  uuiitable,  beiug  reduced  to  man- 
gaaena  ailta  merely  bv  heating,  also  by  hydrochloric  sulphurous,  or  nitrous  amd,  or 
any  organic  cyvrjioftta,  the  liijuid  then  lu-cdriiintr  colnurl' s*-.  Siilj-hi'lc  of  ammonium 
reduoes  them  to  manganous  suits,  and  then  precipitates  the  flesh-ooiourcd  sulphide. 

y.  Of  Mangtmates. — ^The  mangaaatea  or  the  a]kaK*netala  an  aoltdrle  ia  water* 
fonninpr  prfi'n  solution^*,  which,  liowov-  r,  arc  Tcrv  unsfaMo,  qntrkly  ttirnini^  red  on 
expusurt'  to  the  air,  from  formation  of  permanganic  acid,  and  depositing  the  brown 
hydrated  jpoimide;  this  change  is  retarded  by  the  preeenee  or  vmeem  of  alkali. 
Nitric,  s'lfjJttirir,  or  h!/(Jrtxh^"rir  acid,  effects  t lie  rhanp;>' at  oncp :  with  hTclroohlonc 
add,  the  red  solution  gradually  becomes  brown,  and,  when  heated,  colourless,  owing 
to  the  Ibmuition  of  nanganona  dilorfde.  The  aolntkn  ia  alao  deoobriaed  by  sulphU' 
tout  and  snlphi/dric  ados,  and  other  rfHncinp:  a^;cntM. 

9,  df  Fcrmanganates.  —  The  alkaline  permanganates  fom  0olati<Mia  of  a  deep 
purple-red  eolonr.  They  are  very  easily  vediteed  hf  wffank  eompounds,  and  hj  au 
reducing  nfrcnt?;  fc.  q.  hi/ilrochloric,  sulphurous,  nrsnu'oi/.-^,  ultrmus,  and  sulphm^rir  art,f.«^ 
ferrous  salts,  stannous  saltSf  &0.),  the  eolation  tlxat  becoming  gre^  and  oUimateJjf 
ooloarlrea. 

3.  QuaniitaUfiB  Btiimation  and  Separation, — The  usual  mefliod  of  pl«- 

cij  ifatin^  m?!TijjaTiP!«e  fi*om  the  solution  of  a  mnnjranon?«  salt,  is  to  add  carbonate  of 
hotlium  ut  ll»e  U^iliug  Ltat.  The  pm  ipitat^l  carbonate  of  manganese  ia  then  well 
washed  with  boiling  water,  and  calcined  at  a  strong  red  heat,  wberebv  it  H  eomwrteil 
into  manganoso-manganic  oxide,  ^rii'f)^  containing  72  1 1  prr  cent,  of  man^nror.  If 
the  solution  contains  a  cousidcrable  quantity  of  ammoniacal  salts,  it  must  be  evaporated, 
af\er  mixing  it  Mith  excett  of  carbonate  of  aodinn,  and  the  aohible  ealta  dinonad  o«t 
of  the  resiiltic  hy  wafrr. 

From  the  metals  of  (.imnp  I.  (i,  217),  mangauehc  is  ficpar.itcil  (y  the  iiou-precipita- 
lion  nf  it-  suljihi  le  fr  ni  an  acid  eolotton  by  sulphydric  aci  l.  Its  i<epnration  frcaa  tiha 
mftal-  r.f  (iroup  II.,  whicli,  like  mnnpriinrop  itself,  HrepiaoipitaledlQraiilylnde  of  amwK 
nium  Hud  iiut  by  sulphydric  acid,  is  more  difficult. 

The  methods  of  .^t  pirating  man^neee  fnm  iron  have  been  already  grrcs  vnder 
Irox  (p.  386).  The  best  i^  to  [xvoipitate  the  imn  (ivreviou'-ly  bi"uiighf  into  the  ferric 
state  b^  succinate  or  benzoatc  of  aramouium)  from  a  solution  cazefully  neutralisod  with 
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From  cobalt,  nickel,  and  sine,  loan^nese  maj  bt»  ii6pAnit<>(l  by  mixiiif  the  solu« 
tioD  with  oetMe  of  sodium,  and  ■atimituif  with  $nlj^ht/dnc  arid  ya«,  wlmsh  thiowa 
do\v'i  the  of  Lit  nietals,  leaving  the  manganese  in  Kolution.  In  the  cjf-c  of  fo'';i1t  and 
oickd,  the  solntion  must  not  contain  much  free  acicL  The  separation  lims  etieeted  is 
not  rvf  eoraptete  aft  flnt»  bot  it  may  \»  randerad  alauMt  aow^e  by  repeating  th« 
prDPe?"^  Iwo  or  thrr>e  times.    Other  methods  of  separatincr  til  ing' iii  '-''  fnnn  fi.Vtaltnre 

STen  under  Cobalt  (L  lOlG),   One  of  tha  beat  vi  that  which  cunsiMt^  in  converting 
le  two  uetalf  into  di]ondfle,and  igniting  them  in  a  atraam  of  hydrngmy  vhidindaoea 
the  cobalt,  and  liMves  The  diloridr  of  inauLrmese  undMonpoeed.  tanM  wtdm^ 

nay  be  \mA  for  separating  mat^une^e.  trom  niokel. 

Fiom  nraninm,  manganMe  ta  separated  by  precipitating  that  metal  as  nvtoie  oxido 
by  means  of  c<irf.  -nnf'  <>/  Kirium,  which  leaves  all  the  manganese  in  solation.  For  the 
aeparatiou  from  chromium,  see  i.  015. 

From  the  metals  which  are  precipitated  by  sulphide  of  ammoninm  from  their  neutral 
Solutions  as  hydr.ifrs,  viz.  tlios.-  of  the  earths  prnp.-r.  iiK<>  •rium,  lanthanum, 
and  didymium,  nungauese  may  be  aeparatod  b^  mixing  the  solution  with  a  sufficient 
quantity  of  iartark  Mid  to  parer^t  the  prrcij^itataon  of  those  metals  Irr  an  attali, 
then  adding  execas  of  immoma,  and  precipitatiiig  the  mangaacae  Igr  at^fAide  ^  am- 
monium. 

F^m  yttrium,  thoritim,  sireoninm,  eerinm,  lanthanttm,  and  didj- 
mium  it  may  also  be  gcpar.it.*d  l>y  j^ri  ripitatinfr  those  metalB  with  oxalate  of 
ammonium^  after  adding  sul-ammoniac  to  retain  the  manganese  in  solation;  from 
eer i  u  m  and  its  alUed  metals,  also  by  sulphate  of  potamum  (i.  833). 

For  the  methods  of  aeporation  mm  tttanium,  tantalum,  and  niobiutn,  ioa 
those  metals. 

From  aluminium  and  glucinnm,  manganese,  if  in  small  or  moderate  quanUty 
on^,  may  be  separated  by  boiling  the  solution  with  potash  in  an  open  TcsseL  The 
man^nese  is  tl  len  precipitated  m  the  form  of  sesquioxido,  while  the  alnmira  and 
glucmaare  dissolved  by  the  potash.  If,  howcTor,  the  proportion  of  maugauese  be  con- 
siderable, this  method  cannot  l*  usod,  because  the  oxide  of  manganese  carries  down 
with  it  coTisidtTiMo  quantities  of  alumina  and  glucina.  In  thi»  cu^f  thf  liquid  muj-t 
be  mixed  with  sal-auimoniac,  and  the  alumina  and  gluciua  precipiuted  by  aummiia 
Tho  pirecipitate,  however,  always  contains  small  quontitisfl  of  man^siMie,  which  must 
be  separated  hy  sn!'S<  qnpnt  tr^Ji)  jncnf  with  potjish. 

From  barium  aiid  •jtroii  tium  maugnnesc  is  easily  separated  by  me;uis  of  aidpluUe 
of  sodium  which  throws  down  tha  barium  and  strontium  as  sulphates;  also  \>y  f^'lphitle 
of  ammminm.  From  caloinm  and  magnesium  it  is  separated  l-y  <'.r<i!iit:;  of 
ammonium^  which,  if  the  soiutiuu  bo  .Huffieienlly  Uilut-',  precipitates  tJie  luauganeso 
alODain  the  form  of  sulphide.  The  senaration  from  calcium  may  also  be  eflfected  by 
means  of  oxalate  of  amnwnium,  sitar  the  addition  of  chloride  of  ammonium  to  hasp 
the  manganese  in  solution. 

Manganese  is  separated  from  the  alkali -matals  by  means  of  carhonair  of  todiiim 
or  sulphide  vf  ciinntoninm.  whioh  latter  precipitafpR  it  in  thn  form  of  8idphid<'.  The 
salf^ude  is  Wiishcd  with  water  containing  a  small  quantity  of  sulphide  of  ammonium ; 
Aan  ndissolyed  ia  add;  and  tlia  maagaaese  precipitated  fton  tiie  solotloii  by  oar^ 
bOBftte  of  8odium. 

4.  Valuation  of  Oro»  of  Mangantae. — ^Asthe  eommeKial  value  of  manganese 
ores  dep'  uds,  not  on  the  qumtfty  of  metal,  tmt  on  tiiat  of  the  aTuiIable  oxygen  con- 
tained in  them,  the  niodo  of  ussayin;:  tlioia  dot  s  not  properly  come  under  the  f^stimation 
of  manganese,  bat  will  be  best  oouiidared  in  connection  with  the  oxides  of  manganesesi 
(See  p.  814.) 

6.  Atomic  We ig htof  Ma npatu  s,.— Tha  sariter  determination h  nf  this  number 

by  Berzt'llus.  .T.  Darj',  and  Forch hammer,  were  either  fuo  lii^h  ot  too  !ow. 
Arfyedsuu  ia  1818  (Sc-hw.  J.  xlii.  202),  by  precipitating  the  Koiutioa  "f  m  angtui- 
ous  chloride  with  mtmts  of  silver,  found  the  atomic  weight  of  mang34ne^•  to  l  >o  28, 
that  is  to  s.'iv.  the  5aine  ns  fltat  of  iron.  Turner,  in  flo'  Pfime  year  ( I'liii.  M.i^.  [2] 
iv.  22),  by  a  similar  im  thfHi,  obtaiatd  llic  nuiabi-r  27'iy,  aud  by  dewj-uiiaiag  the 
quantity  of  manu'aiiKUs  sulphate  pro<luced  by  treating  a  known  quantity  of  manganous 
oxidi' ■W'itli  sulj.linrii'  acid,  ho  found  —  27VC>.  B<Tz«'liii8  in  \8^i)  (V<>ir,^.  Ann. 
xiv.  21 1)  aW,  by  prcdpitaling  niaugunouM  ciiloride  with  nitrate  of  silver,  fouud  that 
4'Wf76  MnCI  pive  9-575  AgCT ;  whence,  if  Ag  108  and  CI  =  35-5,  esIenJation  gives 
Mn  =^  27  ').  11  u mas,  in  1859  (Aon.  Ch,  Fhaim.  eiiii.jy  found,  sa  a  mean  of  five 
similar  exp4.  ririR  nts,  >Iu  •  27*48. 

Hauer  (Chem.  Ontr.  18^7,  pi.  88)  detr^rmiaed  the  atomic  weight  of  manganese 
by  rnnvcTtii'pr  anh_vdn>n<?  mnrr^nnnn*  (iulphate  into  the  oorresponding  snlphid''.  The 
quantity  of  oxygcu  in  the  i«tilphate  was  thus  found,  as  a  mean  of  nine  expcrunents,  to 
be  42*890  per  cent  (from  42'8dl  to  42*428);  whence  Un  m  87*49. 
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TIm  WMit  eiMl  of  thm  pneedfng  experimetitfl  mppetit  to  dbow  tiiat  A»  al«nie««ighl 

of  riian^niiK  se  is  27  '»  <>r '>5,  nrcoraing  as  it  is  n-i^urdrd  a.s  mono-  or  iliafomic. 

K.  Soboeider  (JE'qgg-  Ann.  (18d9)  cviL  665)  hm,  hovcrer,  obUified  a  mach  lover 
Mtdt ;  1.  Bf  dattmSttig  the  qunntity  of  water  prodooed  u  ^  redneHoii  of  nuro- 
paiio*to-m.inganic  tu  niaiifiimous  o\i'l>-  rt*Juftiun  with  hydropon  :  2.  By  (Icfemiininar 
the  ratio  be^reea  the  carbon  and  maoganeae  ia  roanganom  oxalate.  The  fixrt  methoa 
gava  ft  aMM,  Ma  »  S7  oi ;  the  teeoad  97*01.  MnMm  Aflnim  Mgnrdi  S7 
■a  Uia  tree  atomio  wdgbt  of  manganese. 

llSA9r6A.lfSSS,  EAXTST.     This  t<^Tm  is  appTidI  to  tMPiAn  of  HIII0n6M 

occurring  in  ainorpfauns,  lootiely  coherent  maiKies  (see  p.  813). 

obtained  bj  dissolving  the  carbonate  in  f-xorns  of  hydrofluoric  add.  On  evaporating 
the  excess  of  add,  tiie  aalt  acfiantes  in  small,  infUMrinct,  amethyst  •coloured  erystaii^ 
which  are  inooliiUtf  in  pan  wiime,  but  diMolra  in  wftter  eootaimiig  free  l^drafloonc 
Hcid.  The  fluoride  is  not  decomposed  hf  hmt  alomv  but  wbm  bMtod  with  aodiwit  ^ 

yields  metallic  mangnnese  (p.  SOU). 

Manaanic  fiuori£i^  Mn'F*  or  MmnF*,  is  obtained  by  dii^*  ^tin(>  the  seequiouda  or 
MRudde  with  excess  of  hydrofluoric;  acid.  The  reNulting  <lurk  brown  eolation  yields, 
Dy  spontaneous  evaporation,  crystals  of  manganic  fluoride,  which  are  nlby-eoloured  by 
transmitted  light,  and  yield  a  rose-coloured  powder.  They  dissolve  without  decompo- 
■itMa  in  a  very  small  quantity  of  water;  but  the  solution  is  decompoaed  by  dilution 
into  »  ^foluble  acid  fluoride  and  an  insoluble  basic  oompoand  or  Oijftnonde. 
Aoiuiouia,  added  to  the  solution,  throws  down  manganic  hydi»te. 

JPtrifimoridt  of  Mangam.*-,  Mn^F'  or  MmnF'? — Whea  a  fend  auxtam  of  peroxide 
of  niftncanesft,  hydrate  of  potassium,  and  chlorate  or  permaniEianate  of  ]x>tUAsium 
in  uiLxvd  with  half  its  weight  of  fluor-spar,  and  dreucht'd  with  strung  iiulphuric  acid,  a 
yellow  vapour  is  formed,  which  is  decomposed  and  acquires  a  purple  colow  hf  eontact 
with  moist  uir,  aiul  Cvtrroilfs  gla.M.s,  forming  ffooride  of  .siliolum  au<l  pormanptmic  arid. 
With  water,  it  is  resolved  iuto  hydroJluorie  and  pamangaiuc  aciils,  forming  u  purple 
•oliitioii*  wlkiob  remains  anchanged  in  itoiipeied  bottles,  outf  when  evaporated,  evolves 
oxyj^en  pa.^  and  hy<lrofltiorio  jicid  vapour,  and  haves  a  brown  shining  ri'.''I<lno,  frota 
which  water  diiiboives  niiuigauouii  fluoride,  k'aviug  u  l>]ack  insoluble  bamt^  salt.  The 
solution  also  dissolves  copper,  mercuiy,  and  silver  (not  gold  or  platinum),  forming 
fluoride-s,  and  at  \\w  same  time  brooming  perfpi^My  coh~)urIt)itt.  (WoJiloJ^  ^^^^tll^  Ana. 
ix.  619 ;  see  also  Dumas,  Ann.  Ch.  PI^s.  [2j  xxxvL  82.) 

KAMAVBBflii  Mnv»  A  tena  nrnimtiTma  applied  to  auoigiails  and  pyit>« 
fauite  (pp.  810,  81 IX 

solution  of  iiuinganous  carbonate  in  aqut^ous  hydnodic  acid  Icavo^t  a  white  cr^'stalUno 
mass,  having  a  somewhat  styptic  taste.  When  kept  from  contact  of  air,  it  bmj  be  Aised 
without  deooiajxj!?ition ;  but  on  the;  admission  of  air,  it  is  r- > -Ived  iuto  ^•;)poT^-  f,f  iodine 
and  maaganous  oxid>>.  Tt  de]i^ues(»«  in  the  air,  and  dissoiveti  readily  in  wattT,  fonuiug 
a  aofeaiun  lolaiion,  which,  on  evapotatioa,  wppoaits  white  ntedBta.  Hie  solution, 
wh*»n  exposed  to  f^i  ur,  is  slightly  decompoaed,  depositing  brown  fl;t>-ps.  Bromino 
and  chlorine,  as  well  us  concentrated  oitnc  or  sulphoric  acid,  set  the  iodine  &eew 
(Lassaigne.) 

$.  Manganic  P'^'ffe. — Yvry  flnely-ponndec!  pf toxMp  of  mr\nganpse,  apn'^at.  whh 
cold  aqueous  hydriodic  acid,  yields  a  oaik  yellowish-red  solution,  which,  when  heat«d, 
awthm  iodiai^  and  ia  lapid^y  cowTBHod  iate  laaagMBoaa  lodidaw 

WUamMMmmm,  iwrmi—  m   VnngMawa  ftna  taw  «addfa  «r  ddtaita 

aoapotition,  viz.  :— 

Pratoadde  or  Mangaaoog  osida  •      .      •      .  Mn'O  or  MmnO 

VaagaaoaOi«aa|Kaailecaida     ....  Mn'O'  or  Mran'O* 

Sosquioxidc  or  Mangairfa  odda  ....  Md*0*  or  Mmn*0" 

Dioxide  or  IVroxide   Mn*0'  or  Mn)nO». 

The  protoxide  is  a  strong  base,  forming  with  aeida  a  dasa  of  veiy  stable  salts  :  the 
aeaqaioKida  ia  a  weak  basa.  Mangano8o>manganie  atid  alaa  diiMMa  witlioBt  d»> 

composition  in  certain  ;v mMs.    The  peroxide^  tiaitcd  wtth  arifli,  fa  IDWiflld  falB  Man 
gaoous  or  manganic  oxide  and  firee  oxygea. 
There  are  afao  two  or  three  other  nam«  oxides,  inisttnadiata  in  oonpoaftiaBbetwaea 

thi^  H«-.s<|ni-  and  di-oxides,  via;  Varmcifr,  yrv^:!rki(e,  &c,  but  they  are  not  very  deflnite^ 
and  are  probably  mare  mixtures.  Besides  thewj  it  is  usnal  to  aromierate  two  higgler 
oiidM,  KiH)*  and  M n<0',  wiitcfa  are  the  anbydiidfla  ootwepoudiBg  to  nud 
pormanpanic  acid  rosport  i\  cly :  Imt  iht  y  have  not  yet  been  obtainc'd,  and  malt  tl*frt#TT* 
at  present  be  regarded  as  mere^  hypotfaetkaL   (See  IfiaqAWic  Adpa.) 
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Frotozlde,  or  Iganganona  ozldo»  MnK),  or  MmnO.— This  oxide  may  he 
prepared  bv  igniting  manganoaa  hydrate,  carbonate,  or  oxalate,  nt  a  nuxlomto  heat 
in  a  closed  resael,  or  better  in  a  stream  of  hydrogen,  and  allowing  the  pnxluct  to 
cool  in  that  giu«i.  The  best  mode  of  prepiirution  is,  boverer,  that  reoomnmded  by 
Liebig  and  Wohler  (Fogg.  Ann.  xxi.  684),  which  consists  in  mixitirr  oqual  parts  of 
fused  manganona  chlonde  and  cartwnate  of  iK>diam  with  a  small  quuutity  of  aul- 
ammoniac,  haattng  tlM  mixfenra  till  it  ftun,  and  irhOTstii^  tite  ftued  bmb  wnk  water 
when  coldL 

Manganotis  oxide  is  a  greyi|||<-gIMIl  powder,  which,  according  to  Despr.  tz,  mcU«  at 
the  h*'Ht  of  a  fbtge-lln  to  a  fine  giwn-eoloared  mass.  l\y  heating  it  to  n  cherry*red 
heat  in  hydrogen,  mixed  with  a  rery  small  quantity  of  liydn. chloric  acid  gas,  Devi  1 1  e 
(CompL  rend.  lii.  1264^  obt^intxl  it  crystallised  in  tmnsparent  regular  octahedrons 
of  an  cnmlAfigreen  coloar,  and  adanmntine  lustre.  It  is  not  deoxidised  Ij 
heat,  bowerpT  pTcnt.  Heated  in  nulphydric  acid  gas,  it  yields  water  and  manganous 
sulphide.  When  it  is  fused  with  sulphur,  sulphurous  anhydride  is  evolvet^  and 
aanganoiis  oxysnlpUds  remains  behind. 

Uydrated  Manganorrif  oxide,  or  Manganous  hydrntf.  oTitnined  by  precipitating  a 
manganous  salt  with  caustic  potash,  as  a  white,  milky,  liueculent  precipitate,  which,  on 
oposure  to  the  air,  turns  brown  by  oxidation,  and  is  ultimately  oonvertediMD  mm* 
ganic  hydrate.  The  same  change  is  produced  immediately  by  chlorine-wntcr,  or  the 
solution  of  a  hypochlorite.  If  it  be  washed  in  an  apparatus  from  which  the  air  is 
excluded  as  completely  as  possible,  tlien  dried  in  a  straun  of  hydrogen,  and  hiiitcd  fa 
that  gas  jtist  eulficiently  to  drive  off  the  water,  the  remaining  protoxide  is  sometimee 
pyrophoric,  and  when  a  red<hot  coal  is  laid  upon  it,  it  glows  from  the  point  of  oontaet 
tnioiig^t  its  whole  mass,  and  ii  coatwited  mto  aaaguiie  oddst  AnoidiBg  to  H. 

DftTy,  the  hydrate  cmtains  24  per  cent,  water. 

Both  the  oxide  and  hydrate  dissolve  readilj  in  nitiii^  snlphiuio^  and  hydiochlorie 
Mid,  awhitiftiup  of  naBgiDooa  Mitt. 

•aaqnlostdta*  or  nsanranie  oxiae,  Mq^O*,  or  MnmH)*. — ^This  oxide  occurs 
aative,  as  Brawtite,  in  obtuse  quadratic  pyramids,  in  which  the  principal  is  to  the 
Meondaiy  axes  u  0*985  :  1.  Angle  of  the  terminal  edges  109°  63' ;  of  the  lateral 
ettgeowlSO^  89'.  Cleavage  perfect,  parallel  to  P,  none  parallel  to  oP.  It  occurs  also 
massive.  Hardness  ■»  6 — 6-6.  i^pecifio  gravity  =  4-76— 4  818.  Lustre  snbmetalh'c. 
Streak  and  colour  dark  brownish-black.  Fracture  uneven.  Brittle.  Infusible  before 
the  blowpipe.  It  occurs  in  reins  traTorsing  porphyry  at  Oehrenstock  near  Ilmenau ; 
at  i^lcrsberg  in  Thuringia;  also  near  Thlefeld  in  the  Hartz  ;  at  St.  Marcel  in  Pied- 
mont ;  in  the  isle  of  i*^ba ;  aX.  V'iziauugram  in  India ;  and  in  the  state  of  Vermont 


Abs^  . 

Turner. 

ToRMger. 

BmM. 

DlBMHir. 

Sniiioxide  of  manganese   .  . 
Lime  .       •      •       •  •    •  • 

96-71 
3^ 

0-96 

95-83 

1-  74 
•  • 

2-  19 

91-42 
4-76 

208 

96-62 
1-45 

1-22 

99-n 

90^ 

M-64 

The  aame  oxide  is  obtained  a  Uadt  powder  by  heating  manganous  ahrate,  per- 
oxide of  manganese,  or  manganic  hydrate  to  low  redness,  the  hydrate  perhapa  yielding 
the  most  definito  fiodnot.  If  the  heat  is  too  stcomt  thexendoe  oonsieta  of  manganowo- 
manganic  oxide. 

Aoooxding  toR  Sehaaider  (Pogg.  Ann.  cvii.  605)  nil  the  lower  osidta  of  WH^paMM 
are  convert^  into  seequiozide  by  strong  ignition  in  oxygen  sas.  ' 

From  the  experiments  of  Bittmar  (C'hem.  Soc.  J.  zrii.  294)  it  appears  that  the 
composition  of  ue  prodnet  obtained  by  heating  an  oxide  of  manganese  depends  upon 
the  tension  of  the  oxygen  in  the  surrounding  atmosphere  as  well  as  on  the  temperature. 
By  heating  peroxide  of  manganese  to  bright  redness  in  pure  oxygen  (tf  Tarions  tensions^ 
also  in  various  mixtures  of  oxygen  and  nitrogen,  and  in  pure  nitrogen,  it  was  found 
that  wh(  n  the  tension  of  the  oxygen  was  between  0  and  0-21  atmoKmere,  manganoeo- 
mangauic  oxide  was  formed ;  but  when  the  oxyaen-teoeioB  was  between  0*26  and 
1  rtiiiwHliifii  the  ■WMdoaddi  n  oMMd    The  eanet  Knit  of  linMiiwi  wbkh 
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tbe  tUlHlity  of  one  «r  tlw  oOm  «addt  tfftmm  to  v«y  with  Ut«  tnai* 

jH;n«Turo. 

KanjianM  QaddBwbeii  ilnini^  ignited  is  •  dose  vessel,  cr  in  th>;  lir.  (rives  off 
oxyprn,  ;i:i>!  l.-  irf  s  TTU'inpinOBO-manirnnic  oxtdp.  I?y  boiiint?  "vrirh  iiitrii- mci  I,  or  ■with 
dtlttte  sulfuric  acid,  it  is  rowlved  into  protoxide,  which  disjsulws,  ami  j>«  toxi>lo,  which 
mmiliui  ondinolTBd.  Hot  atoong  lutpbttie  «dd  veduces  it  to  maugaxious  oxide,  and 

dissolves  it,  with  rro 

evolution  of  chlonn.'.  ^ 

Ui/drctidManganU  oxirlr,  or  Af<t>uMuir  ITn^h  al',  ^In'OMT'O,  or  ^^JJ"  ^0«.  —  Thia 

compountl  is  iomid  native,  aa  Manganite  or  (rny  Maj^anree  oi%  in  veins  traversing 
}M)r|>hy ry,  at  IhleMd,  is  tiM  UmIs  ;  at  Ilin«Bni  and  Orftronateek  inTlniniigta ;  in  Aber- 
deenshire; at  UndeDm«8in  Swreden  ;  ainlut  ChristiiUT^  iiiil  in  Xorwuy.  It  f  irms  trinictric 
cry8tal%  uattalljr  eachibiting  the  face  ooi;'  with  aud  other  vertical  prisms,  together 
withoP«iidt*ao,orftim«midf>3,  &«.  Batio  of  axe^s  a :  * :  0  0'8440 : 1:0-5444; 
crP  :  cr-P  =  SO^  20';  ooPJ  :  oop3  =•  103-  23'  ;         :  r»  =        41'.    Also  twins  with 

{)lane  of  combination  j^«o .  ClMTagn  very  perfiKl^  parallel  to  ac»£*ao .  The  crystaJs  are 
ongitndinallv  sli^^  moA  often  gronp«d.  Ths  vdaani  timo  oeeim  eolvauMr  mad 
grunular,  Hardnetw  =»  4.  Specific  gravity  =  4-2— 4  4.  Lustre  sub metidlic.  Colour 
durk  stt«I-grey  to  iron-bladL  Stt&tk  reddiah-bTown,  sometiiiwa  nearly  bhusk.  Opaque  i 
uinuta  spUnters  aonetiinw  browB  by  tnmamittcd  U^b/L  Fraotun  niMvca.  FuiU* 

jMolytes  Mtmganitc. 


W(st  IktfJfU. 

Gothland.  ^  —  .  Calcn'.ncd. 

Arrvedton.  Oaailii.     Tan»«T.  lia^O^.Uso. 

Oxygi-n       .      .         J  j                  27  22  VI-VI 

Water  ....      10  08  9  50         1010  10-23 


lOOOC         10000        10000  10000 

Manganic  liydmU:  is  prepared  Jirlififially  by  exjxjfeiug  iiiuist  luaniranous  hydrutc  to 
the  air,  or  by  passing  chlorine,  m  t  to  saturation,  into  water  m  \^liich  manganous 
rarboiiiite  is  susp.  nded,  d»'Caiitin<^  the  liquid,  and  digesting  the  brown  re-idiu-  sflll 
eoiitiiiuiug  niiiuj^anoMs  carbonnte,  in  cold  very  dilute  nitric  or  act'ticacid  to  remove  the 
mungiinous  oxido;  w)ien  pwptged  fcjthia  latter  pvoeets  howttveiv  It  is  often  mazod 

Willi  liydrated  peroxide. 

Mitiigsiuous  hvdnite  artificially  prepared  is  a  lijjht  powder  li;iving  (Lirk  brown 
colour  and  capaM.'  of  soiling  very  strongly.  It  gives  oflf  its  watrrata  temperature 
n\n\\t\  lorp.  Jiy  in.iling  with  niodt  rately  cnneentrnted  nitric  acid,  it  if*  resolved  into 
protoxide,  which  diesulves,  aud  a  rcbidiie  of  hyilrated  peroxide.  (Berthier.) 

Manganic  oxide  dissolves  without  decomposition  in  cold  hydroddorfe  aeid,  forming 
nangani  '  eliloridr.  Ptronjr  '•nlplniricncid  combines  wifli  it  at  t'  inpor.itnre';  a  little  a"'  n-f« 
100°,  bar  do^s  not  form  a  soiutiou.  Dilute  sulphuric  acid  docs  not  dissolve  it»  unlt  bii 
man^nous  oxide  is  present,  et«n  in  veiy  amall  qmmti^,  In  Wliioli  oaae  a  VidUteolv- 
tion  is  fonind.  (Carlus.) 

A  niaiipiuic  sulphate  may  be  prepared  by  mixing  finely  drnded  peroxide  of  man- 
ganese wit  h  monohydxated  snlphnric  add  to  the  eonaiatenee  of  a  pulp,  and  gmdnall^ 
heating  the  mixture  to  135°.  Tt  may  be  brated  to  100°  without  decomposition,  but  is 
decomp<^od  at  huhcr  tem^ratnrcs  into  oxygen  and  mani^anous  sulphate.  It  is  also 
qtuck^  redaaed  oigaaie  Mibatanen,  and  decotnpoecd  by  \vat«r,  with  aepaiation  id 
manganous  liydrate  (Carins,  Ann,  Hi.  Pharm.  xcvill.  ,^1 ).  Bu(  tbi'  iTiost  stable  of 
the  simple  manganic  salts  is  the  phoephate,  which  dissolves  in  water  without  dccom* 
poaituML 

Oenerally  spi:>alc!ni!:,  liow«'V«'r.  niantranle  oxide  d.^es  not  form  .stable  sjilts  with  aeids, 
unless  a]U>ther  baae  or  protoxide  is  present :  with  sulphuric  acid,  foic  example  it  forma 
««yeni1  doaUe  salta  having  the  conatitvtioii  of  nlnmti ;  tlraa  thm  ia  a  manganieo- 

p..ti -•'.•>  ■■:]■  but.'  found  native  nn  the  slue  -  ..f      ••  fb-.. S*  ,ll   T..;ke  f^,'.'  Scf-PHATRs). 

M>iig»noao»ro»nganio  oxi<te,  or  Bed  oxide  of  lCaas«tieae*  Mn'O'  or 
HiRii«CH«l[iniK>.-|fiaB>0*.— TUa  oaide  ocevia  nativa,  aa  Jt^mtHtointdt^,  and  togctlMF 

Avith  otlierniantranrso  oivs,  witli  ()Or|:iliyrv,  n.  ar  Tlmenau  iuThurlnfjIfi  an.l  nearlhlefeld 
in  the  Hartz.  The  oystala  are  acute  quadratio  pyraouds^  in  which  the  princiral  ia  to 
the  aeeondaiy  azaaaa  1*176 : 1.  An^^a  F ;  P  In  (be  tendna)  edaen  «  106^  Sr ;  in  tha 
lateral  i-du.  s  117*'  54'.  Cleavage  basal,  nearly  perfrof.  It  also  forms  twin -crystals, 
the  &ee  of  combinatioB  being  paxaUel  to  Pee ,  the  aame  kind  of  combination  someticaaa 
oaonning  hetvaeai  lb«r  indimnab.  Alao  gnun^,  a  malinifn  atrongly  oohavNit 
BisdMaa-ftof^.  SlpedUe gmvi^ - 4m  LnaliaMibtMlillie;  OotonrtatmlA. 
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1>Ia<!<.  StTCllk 
blowpipe. 


okeetnnt-browii.   Op«qiie.  Fnetnt  VBeren.  Infttribl*  befiom  tb« 


T«rM*r. 


99-44 

0-05 
0-15 


BedoMadAof  Bwng^iuw    .            .  98-902 

Oxygen   0-215 

Baryta   0111 

Silica   0  337 

Water   __o-i35 

100  00 

This  oxide  is  the  moel  easily  obtained  by  Hrtificial  me-aus  uf  ail  the  oxides  of  man- 
^dJi€i$e,  b*'ing  always  produced  vihcn  iuhd^uiouh  oxide,  nitrate,  or  carbonate,  is  strongly 
Ignited  in  contact  witli  the  nir,  or  wli*'n  i  ifhor  of  the  liighcr  oxidvs  is  sulijncted  to  very 
strong  ienitioo.  Metallic  man^aues^,  i  xposcd  tu  moist  air  at  orJiuary  teniperatorer^ 
evolves  Eydxog«ngasof  a  peenbar  odour,  and  is  converted  into  a  reddish-brown  {wwdar, 
wliiob  is  n  mixturp  of  mauganegc  containing  charcoal  and  siliiMiiin,  w  ith  Tnanj»-ann<«n- 
manganic  oxide,  biuce  it  dissolves  in  hydrochloric  acid,  with  evolution  of  hydrt^u  gas^ 
and  forms  a  brown  solution,  which,  whta  heated,  becomes  colourless  and  gnres  off 
clilorine.  Th*'  oxidation  r:il:<-«:  place  more  rnpidly,  in  {inijmrtipii  a«:  the  msn^sne^ie  is 
more  free  fn^m  diareual,  and  i.ii-  air  is  wanner  and  cuulaius  mon}  moisture,  if  the 
natal  is  In  ated  in  the  air,  the  conveiaum  into  manganoao^manganic  oxide  takes  j^aca 
more  rapidly,  but  without  in<-dnd(  «cf>r!ce ;  in  oxypfn  jras,  thk»  finoly-divided  metal 
becomes  ignited.  The  red  oiide  is  also  pixxiiieed,  with  evolution  of  hydrogen,  by 
Iwating  the  protoxide  in  a  stream  of  aqueous  vai>our.  It  ia  a  laddiahobrown  or  cinna* 
mon  coloured  powder,  whirh  turns  T^lack  when  heated,  but  recovers  its  original  colour 
on  cooling.  When  heated  to  whiii  ix  ssi  with  charcoal,  it  is  reduced  to  metallic  maa- 
ipnese.  By  boUing  with  ililuto  Hnlphuric  or  with  nitric  acid,  it  is  resolved,  Hke  tiia 
aeequioxidc,  into  profo\id.>  and  prmxid.' ;  hot  strong  sulphuric  acid  dis^iolvea  it  as 
manganouis  sululute,  with  liberatbn  of  oxygen ;  hot  bydrucliluric  acid,  with  liberation  of 
chlorine.  It  dissolves  without  dabomposition  in  a  not,  vei^  strong  Bolnfeion  of  phos- 
phoric add,  and  in  Cfdd  coMcrntratcd  sulphuric,  hydrochlonc,  oxiilic,  or  tartaric  acid, 
Dut  only  in  small  quantity,  and  witiiout  ueulrulii^iug  the  acid.  The  solutions^  treated 
With  caustic  potash,  yield  a  brown  precipitate,  p^^rhaps  consisting  of  manganoao^aan* 
panic  hydrate.  Ilcaf,  and  the  addition  of  water,  or  of  deoxidising:  ap  nt^i,  converts 
these  salts  (the  phosphate  ex<%pted)  into  salts  of  manganous  oxide,  with  a  lai;ge  excesa 
of  add. 

Dioxide  or  Peroxide.  MirO'  or  MmnO',  This  oxiile  occurs  in  nature  as  Pj/ro* 
limte  or  Pdyauite^  in  trimetric  crystals  exhibiting  the  combination  ool^oo .  ooV.  ooPoo .  oP. 
i^eo .  Batioof  aacea  a :  & : «  «  0*776  : 1 :  1*066.  Angle  e»P :  obP  •>  08"  40*.  Alao 
columnar,  often  divergent;  also granidar,massive,andfrfquentlyinrenifonn  coats;  often 
aoila.  UardDea8«»2  to  2*6.  Specific  gravity  a>4-819  (Turner);  4*97  when  pure.  Lustre 
metalHe.  Oolonruon-blade,  wk8t<%l-grey,aDin«time«bl^^  StnakUadt  Opaqoe. 
Rather  T-rlttle.  Infusible  alone  l»  fore  tlie  1)lo\r{M[ie ;  gives  off  oxypen  on  char- 
ooaL  It  is  a  Taluahle  ore  of  manganese,  and  .is  extenfdveiy  worked  at  i^ersberg, 
IhneDao,  and  othfls*  plaew  in  Thtn^npa ;  alao  at  VoTderAwnadorf  near  fiihfudi* 
Trul.uiu  in  I^Ioravia,  whicJl  place  afT^)rd.s  annually  many  tons  of  the  ore.  It  diO  OeOUt 
in  Devonshire,  and  with  faUomelane  in  manj  parts  of  the  United  Stataa. 
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PfPoxiJe  of  manpinesf  in  pr^par-  d  }>y  the  followine  pmefBBee : — 1.  Mangsnodo- 
nianganic  or  manganic  oxide,  is  builcd  with  strong  nitric  acid. — 2.  Manganous  nitrato 
is  jpnuhu^r  heated  to  indpUnt  njuam,  aad  the  residue  pounded  and  freed  bj 
boiung  nitnc  acid  from  any  remaining  mangjinou"?  oxide ;  the  inftolubl*»  resi'Iut'  is  then 
washed  and  Tciy  ciirefullj  heated  to  low  redness,  stirring  all  the  while  (Berthier). 
— S.  Manganotu  oufaonato  it  hmted  hi  an  OfMB  fMMl'to  260°,  and  any  portions  of 
carbonate  which  may  then  remain  undecompoeed,  are  removed  by  cold  and  verj-  dilute 
hydrochloric  acid;  whereu^Kin,  according  to  Forclihammer,  pure  peroxide  remains 
bsMad.  li  MaagaWNis  cartxinatc  is  carefully  bMte<l  with  fused  chlorate  of  potasshn^ 
and  the  mass,  when  cold,  is  w»"ll  wafshed  with  water  (Gobol). — 5.  A  solution  of  a  man- 
guuous  salt,  even  when  very  dilute,  provided  it  is  perfectly  free  from  iron,  deposits 
peroxide  of  mangOMM  <m  the  positive  pole  of  a  voltaic  batteiy ;  a  fctble  current  il 
sufHcient  for  the  poiposc  (Fischer,  Kn-stn.  Arch.  xvi.  219).  ArtificiaUjrpBBpmdpM^ 
oxide  of  manganese  is  black  with  eubmetallic  luiitre,  hard  and  tou^li. 

Peroxide  of  manganese,  Aether  natural  or  aitlkial,  is  a  good  eCNidnetor  ct  sb^ 
tricity,  and  is  remarkable  for  its  tendency  to  become  strongly  electro-negative  in  contact 
with  metals,  so  that  poweiAi]  Toltab  combinations  may  be  made  bj  asing  a  platinnm 
plate  eorend  with  it  aa  tiie  negative  element  Disoa  of  pi^ier  eofswd  wiA  tiw  pac^ 
aaide  are  ahn  ii'^ed  in  the  construetinn  of  ilry  piles.    (See  Ei-KCTBiaTT,  ii.  421,  423.) 

The  peroxide  when  iWa<ec<  alone  gives  otf  part  of  its  oigrgen,  and  is  reduced  to  man- 
fSBMorniaapaMiaiHnaagaBieoitM^  aeeofding  to  the  dff^of  hM 

jiosifion  taki^s  place  more  readily  in  open  than  in  closed  veH!?cl.H  (see  p.  809).  Heated  in 
a  charcoal-lin*  d  cruciblflL  it  is  reduced  to  protoxide,  and  if  mixed  with  ttUokur,  to  man- 
ganoBS  oxy sulphide,  wu  avohition  of  suphanMM  anhydride.  When  drendiid  widi 
strong  sulphuric  acid,  it  gives  off  one-fourth  of  it,s  oxygen  and  yieldis-  a  dark  red  solu- 
tion of  manganic  sulphate ;  and  on  heating  the  mixture,  another  fourth  part  of  the 
oxygen  is  given  olf  aad  aianynona  snlphato  is  prodnaed.  ^Elie  ladnetion  is  greatly 
fiicilifnted  by  mixing  the  peroxide  with  organic  snbst.mees.  such  as  «igur,  oxali\^  aei !.  iJce., 
oarboaic  anhjfdxids  being  then  evolved  instead  of  oxygen.  With  cold  kgdrvohiorie 
meUt  it  ftrnns  niaB^aBfe  eblorids ;  on  heating,  manganons  ddorida,  with  avolQtwn  of 
chlorine.  TVifh  sulj^hvroxs  aciif,  it  forms  a  solution  containing  manganous  sulphate 
and  bjrposolphato.  £jr  ignition  with  potasA  in  a  cIcnm*  Teasel,  it  is  MMTed  into  man* 
fpuMiM  oGnada      roang^fff^  aoid* 

Tha  ftdU^  with  which  peroxide  of  manganese  parts  with  a  portion  of  its  oxygen 
Madars  it  a  ittj  Taloable  ozidisiiw  sgenti  both  in  the  ehemiail  laboratory  and  in 
mana&etores.  It  is  extnisiTely  nara  far  tiM  oroltitaon  of  ddrarino  from  hydrodiloric 
acid  (i.  890),  also  for  discharging  the  brown  and  green  tints  of  glass:  honeethe aanw 
fjfro^uUe  {pom  irvp  fire,  aixi  Kiw  to  wash)  applied  to  the  native  parcuddi^  and  the 
somewhat  whimsical  title,  tatxm  det  verriers,  given  to  it  bj  the  Frenoi. 

Hffdratet  of  the  Peroxide. — ^Peroxide  of  manganese  unites  with  water  in  several  pro- 
portions, according  to  the  mode  of  preparation. — a.  In  the  spontaneous  decomposition 
of  manganates  or  perman^pinates  dissolved  in  water  or  in  dilute  add,  a  bladL-brown 
hydiuted  peroxide  is  precipitated,  which  cakes  together  to  a  black  coherent  mass  con- 
taining MmnOMl'O  (Mitscherlich).  The  same  hydrate  is  formed  when  manganous 
carbonate  suspended  in  water  is  treated  with  chlorine,  and  the  bhick- brown  residue  is 
weA  washed  with  dilute  acid (BerthierX—iSL  Ahgrdrnte  containing  2MmnO^H'K)  ia 
obtained  when  a  solution  of  a  manganous  salt  is  precipitated  by  a  mixture  of  cati-tie 

Sotash  and  potii.«<.sic  h^'pochlorite  (Winkelblech).— -y.  The  hydrate  o.MmuO'.IlH)  ia 
eposited  on  evaporating  a  solution  of  aumgUMU  hfomate  (Ilammelsberg).— 
8.  4MmnO^.H'0  is  obtained  by  treating  manganoso-mangaaiB  Iqrdata  with  atrnqg 
nitric  acid  (Berthier).    See  Gmeiin's  Handbook,  iii.  2u6. 

According  to  05rgaa  (Ann.  Ch.  Pb^  [3]  Ixvi.  165  ;  Jahresb.  1862,  p.'l55)  per- 
oxiilr  of  manganese  acts  as  an  acid,  uniting  with  h^.^iCH,  and  reddenini?  litmus  hligntly 
when sui>i>ended  in  perfectly  pure  water:  hence  Uur^eu  propoik^  tu  call  il  manganous 
aeid.  (See  MaiioAmo  Aim*,  817.) 

Oxides  of  Manganese  itHUnillMatr  in  composition  h.  fur^  n  the  Srsquioxidr  and 
Dioxide. — Under  this  head  aia  iadaded  several  ores  of  manganese,  moetljr  amorphous^ 
one  OP  two  «f  iBalnito  oiiMUtiUioii,  but  the  freater  nainbcv  mmif  afaBUnas  of 
differ,  nt  oxides,  which  MDBik  ba  Mpidad  aa  daWte  ohomiBil  caiHyaah  «v  dSHiBok 
mineral  species* 

«.  Mmmilanik  BWJfaWjHPO^  with  mam  cf  pewndde  ttsclianbaily  eomMnii ; 

the  symbol  RK)  denotes  protoxide  of  manganese,  partly  replaced  by  other  protoxides, 
chifidur  baiyta  and  potash.  This  ore  occurs  massive  and  botiyoidaL  Hatdnesa 
«to  «.  flipeaiflo  gravity  -  8*7  to  4*8S8.  Laitoa  inlnialalli&  Sixaalt htowniBii. 
black,  shining.  Colour  iron-black,  paming  into  daric  steel-grey ;  opaque.  It  is  a* 
common  ore  of  manganese,  oocuning  £m|aantfy  in  alternate  lajeis  with  pyroluaite. 
It  is  found  in  bottjnoidal  and  atolaeliiia  Aanca  in  Dafoaehin  and  CammiJi,  wt 
Ihlefehi  in  the  Haxta^  and  the  othsr  loealitiesmdmeationsd. 
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Varvacitf,  ft  mineral  frmn  WarwickBhire,  of  erygtalline-lami  natiod  texture,  and  8p»* 
dflegrarity  4*681  to  4*623,  wm  ftmnd  by  R.  Phillips  to  contain  68  par  east  mttMpkBeoa^ 
31*6  oxygen,  and  6*4  water,  agreeing  nearly  with  the  formula  Hn'QUQfl^O'J^X  Xl 
is  probd^  an  altered  man^nite  oooaistiiig  largel^y  of  pyfoliiBitec 

y.  Wad,  Eartkjf  Cohalt,  Cupreous  Mangaimt. — Tmm  oree  oeeor  in  amorphona 
and  lenifbrm  maflsea,  either  earthy  or  compact,  sometimes  encrusting  or  as  stains.  They 
are  mixtarra  of  different  oxidea,  and  not  distiDCt  mineral  species.  Thmt  budlMM  firisB 
from  0*6  to  6 ;  specific  grari^  from  8  to  4*26 ;  colour  dull  black. 
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fVad  or  Boa  Manganese,  consiata  mainly  of  oxides  of  munganeee  and  water,  oltoB 
luXiStilmm,  Onnmm  mmn  ia  wmdith  wMtat  of 
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brow  iiiBh-black  coham  tatA  reddish-brown  streak :  hardnoss  Bometimes  9  to  It  Is 
ftom  Groix/i  in  ilaycncp,  Vicflcssos  I'n  Spain,  and  Cant  <  en  in  France. 

Cuprcom  MangatK^c  cautuiuj*,  besides  bydrcrus  oxides  of  maiipiaiiese^  from  14  to  25 

Eent.  oxido  of  copper,  aud  4  to  18  per  cent,  ozido  of  cobalt^  mth  facioiia  iinpuritidai 
ific  gravity  -^1  to  3*2.    Pelokonite  is  n  rrm'i  t  v  of  otipreons  imilg|ilMiin.  UTiogft 
•brown  t>treak.    Harduew  »  3.   iSpecific  gruviij  =  2'd67. 
Earlkjf  OMU  li  a  wmI  in  vludi  onidtt  of  oobalt  i»fttti<rim<w  ooenn  to  A«  MMnt  of 
88  peremtk 

Valuation  of  the  Oxide$  of  Mangaiuai. 

The  numorouR  applicafious  of  thf  liij^hor  oxidci^  of  manganpso  in  chemical  mannf<te- 
tores,  depend  up>a  the  quautitj  of  oxygen  which  they  can  furuiah  when  exposed  to 
the  action  of  aeidi^  or— WiMt  eomes  to  the  Buoe  thinir— the  oimitil^  of  dilorine  which 
thfv  are  capable  of  eliminating  when  treated  Mith  hy(lrfxhl<iri<*  acid.  Tliis  will  he 
seen  firom  the  following  equations,  which  represent  the  action  of  hydrochloric  acid  on 
the  dioKide^  sesgiuioxide,  wbA  red  asdde  of  manganeM : 

MirO'  +  iHCl    «     2.MnCl  +  2n=0  +  CP 
Mn«0>  +  6Ha    »    4MbC1  4-  ZSSi  * 

Setquloxkle. 

Mn«o«  +  8HCL   -   tfHiiCn  +  4HP0  +  CP. 

Red  oxide. 

Hence  it  appo&rsi  that  the  qimntttip<?  of  hydr<>chloric  acid  requirf»d  to  fiimit^h  a  pi\"en 
quantity  of  chlorine,  when  ucttd  upon  b^  thest:  three  oxides,  are  as  the  nuuibers 
S :  8 :  4 ;  or  a  giv«  n  weight  of  hydroehkme  acid,  aotod  npon  bj  Um  tiuao  onda%  wilt 

yield  quantities  of  chlorine  in  the  inverse  mlio  of  tht^p  mimbcTN. 

Moreover,  as  thi'  .sesquioxide  and  red  oxidt^  may  bo  regarded  (so  far  as  proporlional 
eotnpositioii  is  eoiicerneil)  as  coinpounds  of  the  protoxide  and dittxide  (Mn*0'—Mn'0-|- 
;  and  ,Mn^(  )-  =  ]\In-'()  +  MnO),  it  fxllows  that  the  commeJciHl  i-ftlun  of  a  man- 
ganese-ore  may  be  regarded  a^t  proportional  tu  the  percentage  of  dioxide  or  ])ei-oxide 
contained  in  it 

The  methods  of  aflsayinp;  t!ie  oxides  of  niangnTi*»sp  may  bo  clashed  und<'r  three  . 
heads  : — 1.  The  d^nnination  of  the  amount  of  oxygen  disengaged  bj  soiphurio 
acid .  —ft.  The  ozidatiQii of  ozalie aeid.— 4.  The ordaUoii of  dihuiiie  ftom  hydneUoRO 

acid. 

a.  The  decomposition  of  peroxide  of  maaganese  by  etUphuric  acid  takes  place  as 
represented  by  the  oqvatioii : 

MiM*  4-  mo*  -  mBfeo*  ^      +  o. 

The  sample  of  manganese  ore  to  be  tested  is  heated  with  Strong  snlphnric  acid  in  a 

mrtall  retort  pmrv^*  1  with  a  bent  delivery-tube  papsin!*  iipwnrfls  into  an  invert. n!  Tiell- 
jar,  filled  vrixh  nud  ^tallding  in  sxu  alkaline  liquid,  so  tliat  any  caxlnjiiie  acid  gas  thiit 
may  pass  over  may  be  absorbed,  and  the  oxygen  alone  collected.  The  ooatsnts  of  the 
retort  are  heated  *}:•-•  boiling  point,  the  neat  lieing  emitinued  as  lonp;  as  any  is 
disengaged.   Ixie  apparatus  is  then  left  to  cool,  aud  the  volume  of  gas  is  meaBured  and 

^y.  781.  .Tttponr. 

Each  atomic  proportion  (IG  pts.  by  weight)  of  oxygen 
evolved  corresponds  to  1  at  peroxide  (87  pts.)  in  thesamplo. 
Moreover,  as  the  reaction  is  precisely  analogous  to  the  de- 
composition of  the  peroxide  by  hydrochloric  acid,  each  at. 
of  oxygen  evolved  in  the  one  reaotion  ii oqidvalsnt to  2  at. 
chlorine  eliminated  in  the  ether. 

p.  "By  oxidatKMi  t-f  ox-aitc  avid. — When  oxalic  acid  is 
heated  witii  pecoxido  of  Hunganese  and  l)ydi>>.  Idorir  aridi 
the  disengaged  chlorine  convertn  the  oxalic  acid  into  c:ir- 
bonic  anhydride,  2  at.  carbonic  anhydride  evolved  repre> 
Miitiiig  8  at.  ehlorine^  and  theralbio  1  at  petoarida  of  man- 
g»soi6: 

C»H^«  +  Cl»    =    2C0*  +  2Ha 
Ox«>ic  add. 

The  quantity  of  carbonic  anhyd.-idc  evoTve-d  may  bo  c!ot<n^ 
mined  bv  means  of  the  flask-appanitus  represented  in  Jig. 
78 1,  ana  idready  deaeribed  tmder  Aut AuitBTBT  (i.  1 1 9^  aO 

gmins  of  the  manganrsc-ore  finely  pulveribe^l  are  introduced  into  the  flask,  tog.  jher 
with  liiilf  an  ouuce  of  cold  water  ana  100  grains  of  strong  hydrochloric  add  in  the  test- 
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tabo ;  ftO  grains  of  crystallised  oxalic  acid  aro  thon  added,  flM  cUoride  of  calcium  tibe 

fitted  on  ;  the  whole  qnickly  woi^Iu  d  ;  and  fho  prrwoss  condnrfpd  rxnrtly  in  tin'  Fame 
manner  iu  a  determinatiou  of  carbonic  auliydinde,  ai»  (.l('.>-oril>ed  ia  the  articio  ubore 
referred  to.  The  loss  of  weight  of  the  Aixsk.  after  boiling,  the  qotiitiljof  entKMiie 
anhydride  fvolv.nl,  and  as  87 — the  atnmifwptpht  of  jn'ix-xid''  of  manganese — itt  nearly 
dottUe  that  of  cai-Wuic  anhydride,  44.  tiie  loss  of  weielit  in  the  appanttua  may  be  taken 
tappmriiMtii^y  to  represent  the  quantity  of  real  pnaade  in  tiwtfO  gmini  of  the  nai|»le. 
A  moro  exact  calculation  is  easily  mad--. 

The  quantity  of  oxalic  acid  oxidised  by  a  given  sample  of  a  maugaueso-oro  may  alsO~^ 
be  flfltimated  Tolumetrioally  by  aMatii  «  permangoMtt  ^  potaMttm.   A  dilute  tola- 
tion  of  oxalic  acid  decomposes  p<^nnangnnatej>,  in  presruce  nf  sulphnric  iiniii^,  hning  Itlinlf 
eonverted  into  carbonic  anhydride  and  water,  according  to  the  iquatiuu  : 

2m^«  +  m»SO«  +  «^*0*    -    2Mn»S0«  +  8H»0  +  lOCfO«. 

acid.  njdJK^e!" 

Under  the  same  circumstances,  oxalic  acid  decomposes  peroxide  of  maogauose,  atom 
Ibrfttoa: 

Hence,  the  aanoniit  of  peronde  of  maagsncie  In  an  «i«  nu^  be  erttniatod  Tolunetri- 

cally,  by  allowinj^  it  to  act  uf>on  a  known  volum.'  of  a  stanilard  s^lation  of  oxalic  acid, 
which  is  added  in  excess,  and  t}i<  n  estimating  the  amount  of  undooompoeed  oxalic  acid 
by  a  standard  solution  of  penminganato. 

The  standard  solutions  required  are :  1.  Oxalic  acid. — 1  cub.  cent,  of  this  aolution 
contains  0'063  grm.  of  ozjilicaieid,  andoarresponds  to  0  042  grm.  peroxide  of  ranngnni  .«e. 
—2.  Permanganate.-^T^aB  solution  cumot  be  preserred  without  decomposition,  and  is 
therefore  not  standardised  once  for  all ;  but  a  moderately  strong  solution  is  prepared, 
and  its  exact  value  determined  before  each  operation.  This  is  readily  done  by  means 
of  the  standard  solution  of  oxalic  acid.  5  c  c.  of  the  latter  aro  diluted  to  200  c.  c ; 
about  4  c  c.  of  strong  sulphuric  acid  are  added ;  and  the  permanganate  solOdoD  i* 
in(r«Kliioed,  dn)p  liy  drop,  from  a  bur.  tto.  The  dark  colour  produced  by  the  perman- 
ganate disappears  tilowly  ut  ILrfct,  but  luore  rapidly  as  the  operation  proceeda;  the 
operation  is  terminated  when  a  faint  rose  tinge  is  produeed,  iriuch  ranuinH  jtcramoeilt 
for  a  short  time.    Suppose,  for  instaiaoe»  29  a  o.  of  the  permanganate  solution  are  re- 

qnirad:  tim  1  o.  e.  of  this  lofaition  ootmpOBdito  ^  «  0*1724  e.e.  of  «alM  acid. 

The  analysis  is  eoi)duot<»d  as  follows: — Th*'  ore  having  been  finely  piwdrrrd  nnd 
eom^etelr  oned,  2*1  gxras.  aro  tr(^ted  MiLh  about  30  c  c  standard  oxalic  acidi  and 
4  4L  0.  of  ooneoilnMi  raliihtirio  acid;  when  the  efohtion  of  eaftwnu  anhydride 
filackens,  ho-at  is  applit  d  till  no  more  pu?  i>J  evolved.  If  any  of  the  r.ro  remains  undi'- 
compoeed,  6  or  10  c  c.  more  oxalic  add  must  be  added.  When  the  evolution  of  ^  has 
qnUte  oeoMd,  the  dear  aidttfien  »  decanted  Into  a  graduated  ejdmder,  and  the  Teeidneia 
treated  with  2  or  3  o.  c.  more  oxaliL'  acid,  and  a  fcvr  drops  of  sidphuric  acid,  and  airaiu 
heated.  Wiani  the  decomposition  is  complete^  the  solution  ( residue  and  all^  is  washed 
Into  the  cylinder,  and  the  whole  ia  dfhrted  1o  a  known  vravme.  The  mtxture  thna 
oljtainf<l  is  HL-vi-r  clt-ar  ;  but  it  need  not  filtered,  uidess  it  in  diirk-eolour<'d.  A 
known  volume  of  it  is  measured  of^  diluted,  acidulated  with  sulphoric  acid,  and  the 
aauamt  of  non-ooddtwd  oxalie  add  ia  estiinated  hf  the  pewnatiganate  aoltitioii,  aa 
above ;  from  tlie  result  thus  obtained,  the  amount  of  non-oxidised  oxalic  acid  in  the 
whole  mixture  is  calcokted.  The  number  of  cubic  centimetxee  of  oxalio  acid  oxkLifted, 
nniltipKed  by  2,  givm  the  pereentage  of  peroxide  of  manga neee  in  the  ore.  F<n>  example, 
1  e  e.  j«  rrnan)/:inat*'  solution  =  0"1724  oxalic  ai  id.  WiM^^ht  of  ore  taken  -=  21  irrnei. 
Total  volume  of  oxalic  used  »  48  c  c  The  mixture  being  diluted  to  300  c  c.,  100  c.  c. 
leqmre  4  &  e.  pmoanganate:  henee,  the  wbcde  800  c  c.  require  12  e.  e.  permangantttit 
which  correspond  to  2*07  c.  c.  oxalic  acid.  48  —  2  07  =  45  '.'3  c.  e.  oxalic  acid,  ooddiaed  . 
by  peroxide:  whence,  p'^^reentage  of  peroxide  >=  45  03  x  2  =  91*80  J»ar  cent. 

It  instead  of  2*1  gruii..,  any  arbitrary  weight  of  the  ore  ta  taken,  the  amottllt  of 
peroxide  is  citlculated  by  the  proportion  100  :  4-2  »  number  of  &  gnlie  add  need: 
amount  required  ;  the  percentage  ih  then  calculated  as  usuaL 

8.  Jitf  tw  evolution  of  Chlorine  from  Hydrochloric  arid. — Tlie  ore  (th^  rooirture  hi 
which  IS  first  estimated)  ia  heated  in  a  flaak  with  exe<>H««  of  concentrated  hydrochloric 
acid,  and  ull  the  cldonno  evolved  is  conducted  into  a  known  volume  of  a  sttndard 
aeid  or  alkaline  arsenions  solution,  or  into  nteevs  of  icxlide  of  potassium,  or  into 
a  solution  of  a  known  weight  of  ferrous  sulphut*-,  that  salt  being  in  excess,  and 
the  amount  of  chlorine  is  estimated  by  one  of  the  chlorimctric  procesf^es  described 
under  Chlobisb,  Estimatiun  of  (i.  004).   The  amount  of  peroxide  of  manganese, 


Digitized  by  GoogI 


810       MANGANESE,  OXYCHLOEIDE—SULPHIDE. 

wrr  ■  spj  luiing  to  >||wii  wdjgM  ot  dbbrip^  h  ihiilifdl  ly  ttw  pwpimioa  CP ;  MmvXP 

-  71  :  87. 

Each  e.  c.  of  the  acid  ars^nioos  solution  (i.  904)  oorresponds  to  0*010  grm.  chlorine, 
mad  to  0  OllSSfperooudeof  inaoguMM ;  hmce  50  o.  c.  ooiifli{>onil  to  o  ogrm.  chlorine^ 
and  to  0  5915  peruxido.  If  tho  ore  is  ridi,  about  1  (rm.  ht  Mffioieot  for  tbe  tauljUi i 
if  it  be  pour,  from  16  to  2  grm.  ahould  be  taken. 

Each  c.  c.  of  the  alkaliM  ■wufona  soIutiMi  (i.  904)  eawUMludi  to  (HMJtWgm. 
chlorine,  and  to  0-0042  CTm.  peroxide  ;  honce  100  c.  c.  corref«pond  to  0-42  grm.  per- 
oxide; and  if  0*42  grm.  oe  t^ken  for  autiljsiii,  the  number  c.  c  of  arMeniuus  solution 
which  is  oxidised  by  it  gires  at  onoe  tiiapCMMk|g»  flf  pmidt>  (Cbwliyfcwr*  Bmi 
book  of  Chemical  Ana/t/Hs,  p.  247.) 

MAVClAnsB,  OXTCBXiO&ZBB  Ol*.    The  pwihlorida  <tf  manginfe  d*- 

Bcribed  bj  Dumas  (p.  805)  is  perhaps  an  ozycUorida 

MCAMAVan,  OKMnnVBOM  om.  Mii^.1M  or  MmSO.— TMi 

pound  is  produced  when  manganous  sulphate  is  ignited  in  a  stream  of  hydrogf>n,  or, 
together  with  mlphide  o£  manganeee,  when  an  oxide  of  manganese  is  ignited  in  contact 

takes  fire  when  hcatod,  and  burns  to  nearly  pure  raanganoso-raanganic  oiido.  es- 
pecially if  strongly  heated  at  the  last  It  oiaaolTea  in  acids  as  eaaiiy  aa  aulphide  of 
prepuad  ia  tlw  trafe  way.  (Avfv«d>OB.) 

IB,  FBOSVSIsa  OV.  ObtaiBad  by  exposing  an  intimatattiBtaM 

of  10  pts.  of  pure  ignited  dioiido  of  maiMEIIMML  lOpts  of  white-burnt  boiif^s,  5  ptH. 
of  white  quurt2-sami,  and  3  pts.  of  ignited  lamp>Uack  for  an  hour  in  a  cloeed  hessian 
erncible,  to  a  heat  siflMMit  to  mSa  eaat  iron ;  or  by  atronglj  ignitang  10  pta.  of 
ignited  phosphate  nf  manganese,  3  pt*.  of  ignited  Inmp-black,  and  3  pts.  of  calcined 
borax  in  a  crucible  lined  with  charooaL  The  product  is  a  rery  brittle,  erystaUino 
regnlns  «f  IIm  eokmr  of  grey  eaafe  iraii»  and  of  specille  gravi^  A'Ml.  It  ii  permaoeni 
in  the  air,  glows  when  heated  in  contact  with  air,  bums  with  an  intense  Iii;ht  when 
heated  with  nitre.  It  appears  to  contain  Mn*P,  and  is  probably  a  mixture  of  Mn'P 
aiid  liB'P,  tha  kMar  «r  vUA  eonpoiaDda  is  Mt  beUad 

with  hydrochloric  add,  wliilc  t!ic  former  dissolTCf,  with  evolution  of  non-spontaneoM3(|' 
inflammable  phosphoretted  hydnwen.  (Wohlor,  Ann.  Ch.  Pharm.  Ixxxfi.  371.) 
SelirStter  (JuvsAl  1849»  p.  147),  by  heating  finely  dirided  mamjjmfiso  in  plu»> 

phorus-vap<inr,  obtained  a  phosphide  naving  the  composition  Mn'P,  efgpesBte  gWlf 

4  94,  inwlublo  in  hy^b:^x:hloric  acid,  easily  soluble  in  nitric  acid. 

KiLirCiLirSSS,  BZXiXCZSB  or.  The  effect  attributed  to  small  quantities  of 
■Qieiuiu  in  altering  the  phj6i(til  properties  of  metallic  manganese  has  already  been 
mentioned  (p.  802).  Wohler  (Ann.  Ch.  Pharm.  cvi.  ;V1)  has  farther  examined  the 
question  by  preparing  manganese  containing  larger  proiKjrtious  of  silicium.  A  mixture 
of  about  equal  parts  of  fluoride  of  manganese,  water-glass,  cnroHte,  and  sodium,  pressed 
intoahessian  cnicible,  and  covered  witn  a  mixture  of  ohloride  of  potassium  and  chloride 
(tf  sodium,  then  heated  and  exposed  to  a  higher  tcm^-rature^  yielded  a  well  fused,  bard, 
brittle fCpifaM  containing  11*7  per  cent,  silicium,  exhibitiagft  somewhat  lam i no-crystal- 
line structure  on  the  fractured  surface,  but  without  visible  separation  of  free  silicium  ;  the 
action  of  hydrochloric  acid  upon  it  was  considerably  impeded  by  the  sepauution  of 
codde  of  silicium,  Tery  dense  but  not  aqFstaUine;  the  hydrogen  gas  erolred  at  the  same 
time  contained  siliciun^tted  hydrogen,  and  deposited  amorphous  silicium  when  passed, 
through  a  red-hot  glass  tube  ;  hydrofluoric  acid  diasolred  it,  with  evolution  of  fetid 
hydrogen  gas.  A  mixture  of  ftised  chloride  of  nangsaeee  md  sedim,  tmat-apn,  ^iitop- 
glass  and  sodium  yielded  a  well  fused,  verj'  brittle  regulus,  containing  13  per  cent, 
silicium,  and  exhibiting  a  few  cavities  filled  with  steel-gre^  priamatic  crystals.  A  mi3^ 
ture  of  ftised  manganovs  dtkrids^  fluor-spar,  silioo-fluonde  of  potasshutt,  and  eo^na 
yioMed  (after  somewhat  quicker  cooling)  a  nearly  silver-white,  xeij  brittle  regulus 
containing  6*6  per  cent  silidum  and  haring  a  conchoid&l  strongly  shining  fincture.  A 
ndztoM  or  ntagaaom  oUoride,  sodium,  flue  quarta-sand  and  er^Kts  (Uie  two  laHer 
in  the  prop<jrtion  of  22  :  26)  yielded  a  yellowish  regulus  containing  11*4  per  cent, 
silicium,  with  indications  of  laminar  struotore.  From  these  results  Wohler  is  in- 
dined  to  leners  that  even  •  nnaU  qwnthy  of  sOidmn  It  ■dBoisnl  to  iesoant  far  €bm 
peenliarities  of  the  metallic  manganese  obtained  !)y  BroiuMi^a  mettod. 

mAKOMMWrnm,  BBB.  Matiiy  carbanate  of  mmpnwflb  alao  > 

(L  788). 

MAVQJLWBSB,  BTTXiPKZBB  JfinywwM  mipkide,  Mn%  OT  ICmnS^ 

which  is  the  only  known  sulphide  of  manganese,  occurs  native  as  Manganrsr-Mnide  or 
Alabandtnr,  in  the  gold  mine  of  Nagyag  in  Transylvanisi,  bometiuus*  crys^tallif^  in 
cubes  and  regular  octahadniBs,  with  perfect  cubic  dearage,  but  more  generaUv  grann- 
huly  massiTe.  HardjMM  •  3*6  to  4.  %saiile  gravity  »  8-96  to  4«14.   It  has  aob- 
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iiu>Ullic  lustre  and  iron^Uadi  ooloor,  tarnished  brown  on  exposure.  Streak  green. 
TrtuAnnctmehtikM.  Bcftm  the  Uofi^pe  it  melt«  only  <m  tlie  ufimM^ 

The  same  compound  is  produced  artificially  in  the  dry  wny,  by  heating  the  peroxide 
with  solphur.  Salphurons  anbiTdnde  is  disengaged  and  a  powder  remaiu^ 


yfldA  fianlvM  in  adda,  vifh  cfolatioD  of  sulphydrie  tdd.  iTbe  mne  comnoond  ia 
obtained  in  thel^jdl&ted  stat^  by  drcomposiiig  aci  tate  of  nMQgUUM irfth  iwpfalfdfio 
add,  or  any  mMtgHMiiB  salt  with  salphidie  of  auunoniam. 
A  erfilailiiie  anlphide  of  manganese  it  obtained  by  passing  the  mpoor  of  soflphideof 

•\x>n  ovT  liyflratfal  nianpiinic  nxid«>  ignited  in  a  porcelain  tube.    Tho  (Tystals  are 


ivon-black  rhonil>ic  priems,  having  a  tinge  of  green  and  vieldutt  a  dingjr  green  powder. 
AitiMally  prepanMl  mangaaoos  sdlphidesooiitinns  brovaSf  oiidaftiononeKposm 

to  the  air.  When  igniftMi  in  th.'  air.  it  easily  giveH  off  a?l  itn  sulphur  us  sulphurous 
anhydride^  and  leaves  manganoeo-manganic  oxide.  Heated  in  hyarogiBn  gss^  it  gives 
off  snlpfaTdrie  add.  It  deCoDSlM  when  heated  with  mtia  CfldiodM  KCi  hut  abwlw 
OB  it,  forming  chloride  of  gulphur.  The  Itydratad  wdphtds  hoUad  wfth  potMb,  yielM 
nlphide  of  pot-assium  and  manganous  hydrate. 

XaapnuNH  sulphide  Assohes  very  easily  in  adds,  even  in  aeetie  add ;  snlphtmms 
add  convert*  it  into  hyposulphite  with  separation  of  sulphur.  When  the  precipitate  is 
nixed  bv  sf^itation  wUu  neutral  metallic  solatioost  9-  sulphate  of  cadmiom,  acetate 
of  lead,  nme  diloride,  nittate  of  sHrer,  sulphate  of  copper,  &c.,  these  metals  unite  with 
tike  sulphur,  and  the  manganese  is  taken  up  in  their  place. 

Manganous  sulphide  forms  d^nite  oompounds  with  the  sulphides  of  potasnnm  and 
sodium.— The  pUattium  tali,  ^B.SMn'B  or  Mmn'K?^',  is  prepwed: — 1.  By  fusing 
anhydrous  manganoos  sulphate  with  ^  of  its  weight  of  hunp-bladc,  and  3  timee  its 
weight  of  carbonate  of  potasdum  and  sulphur.  A  gentle  heat  is  applied  at  first,  till 
the  carbonic  anhydride  is  expelled  and  sulphide  of  potassium  formed ;  afterwazds 
the  lit  at  is  raised  to  bright  redness.  On  cooling,  a  perfectly  fusi-d  mass  is  obtained, 
which,  after  the  excess  of  sulphide  of  potassium  has  been  removed  by  cold  water  pre- 
viously de-aerated  by  boiling,  leaves laige  dark  red  scales  collected  together  in  masses : 
these  masses  may  be  readily  split,  like  niea,  into  thin,  traospBMnt,  dark  red  laininm. 
—2.  By  substituting  peroxide  of  manpuiea«  for  the  manganous  sulphate,  a  similar 
eomnound  is  obtained,  but  of  less  brilbant  colour. — The  scalet*,  when  muibt,  are  rapi'Ily 
osimaed  in  the  aii^  becoming  black  and  opaque ;  bat,  when  pesftetly  dry,  they  remain 
permanent  for  a  condderable  time.  They  are  nearly  insoluble  in  wntiT,  alcohol,  and 
akher.  They  detonate  violently  with  nitre.  Acids  dia^olve  ihem,  with  rapid  erolutiun 
of  aid^liidxie  add  gas.  When  hsatad  on  platinum  wbi^  they  become  covered  with  a 
preen  powder  of  oxysulphide  of  manganese.  Th- v  arc  oradually  di.ssolvi  j  by  water 
contaiiiiug  air,  iuto  sulphate  and  sulphide  of  potiuthium,  and  nianganuus  hyposulphite, 

which  dissolve,  and  an  insdnhla  mixture  of  sulphnr  sad  *»««yp*  oidda.  (Y dlker, 
Ann.  Ch.  Fharm.  lix.  35.) 

The  aodiun^tali,  Mmu'KS*,  obtiiiued  in  a  similar  manner  to  the  potassium  compound, 
tanoM  small,  shining,  light  red  needle-sha^ed  oystals,  resembling  tliOBe  of  solpnide  of 

manganese  wid  potatwium  in  most  of  their  properti«-s,  but  more  readily  oxidi^able. 
When  treated  with  distilled  water,  they  rapidly  becume  opaque  and  dark-coloun  d.  If 
in  tUa  ilate  they  ace  placed  over  oil  of  vitriol  in  a  vacuum,  they  n^ndlv  absorb  oxygen 
as  soon  as  they  become  moderiit»dy  dry;  and  the  absorption  is  attended  with  so  violt-nt 
a  disengagement  of  heat,  that  the  crystals  frequently  take  fire,  and  burn  like  a  pyro- 
-•^ —  (Folkar.) 

Mmnrl0«.l2HH), 


ftmadnadve  on  the  sbona  of  ths  Great  Salt  Laka.'— Awiawyawaw  wuiywadwai  oftanhas 

been  found  in  the  Canton  Un  in  Switzerland,  (8aa  Solpratbs.) 

MAJrOAariUiS-BXifiirsi!.    Native  manganous  sulphide  (p.  819). 

>LAJrOA.lffS8B-OXiAVCB.    Syn.  with  Manoanbse-bx.rndb. 

Hf  AirOASrZlSB-SPAS.  Syn.  with  DiArxoorm  Native  carbonate  of  manganese. 

aKAJrOAJVZC  ACZSS.  Two  (ugrgen-acids  of  manganese  have  long  been  known, 
^ia,  manganic  acid  and  paniaiiga&io  acid^  tiha  potaadam-aalli  of  iriikh  are 
ia|paient(«i  by  the  formulm: 

Manganate  of  potassium  ....  MnKO'  or  MmnK'O* 
Permanganate  of  potassium        .       .       .       Mn'KO*  or  MmnKO*. 

Hanppmic  acid  cannot  exist  in  the  free  state ;  but  permanganic  add,  MmnHO*,  has  been 
obtained  as  a  Kqiiid,  andiqppearBto  be  capable  of  existing  in  the  solid  state.   The  an- 
bydrides  corresponding  to  ttieso  aoid%viz.,  MmnO*aad  luanO*,  haw  not  been  obCainsd, 
Vol.  IIL  3  G 
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Ri-cciit  i>xi><  riments  Qbrgei  (Abh.  Ch.  Plus.  [3]  Ixvi.  1  oS")  app^^^r  sh^w 
that  dioxide  uf  munpunwy  ICinbO*,  is  capaULe  of  uuiiin^  with,  aikahoe  bases,  and 
invuMe  salts  -wltieli  mij  b»  eaUad  mangsnites.  Tk«v  app^  to  h«v»  tbe  oompo- 

•itioD  R^.5MmnO-  (Tl  deDOtini>  a  nu.uatomic  metal).  th»-  poLaa!^itmi-s;ilt  is  f<olui>lo 
in  wat«ri  tixe  csJciiUft-asil  is  a  brown  preci^tme^  obtaiaed  by  adding  a  solution  of 
manganow  nlMto  to  l^poeUofito  of  oddsm. 

ICaaffaaatas.    MnRO',  or  MmnK'O*.— These  salts  are  isc^Mtphons  wilJi  tk» 

snlphat-es,  solcnafos,  and  rliromatfs.  Only  throe  of  thorn  h:iTP,  hcwprer,  b«'on  oMninfy^, 
vis.,  the  banura-,  pot«»»mui -,  and  raKnum*iMilt«.  Th«y  hii\e  a  green  colour.  V>ut  art*  very 
orttUs^  mnmlifqr  In  iolGti*>n,  being  q^dekly  converted  into  pcrmaugiiniiM^  "mm 
•epantion  of  mangnnio  oxide :  lbs  d«eaafOtitioa  is  nariwitiil  bgr  the  {MMMt  d 
matdB,  and  retarded  by  aikalia. 

Manganate  of  JfaHfiM.  MfAiO*,  QT  IfiniLBbaO*., — ^TMs  salt  Is  oMsiiMdtfjr 
igintincr  pt'ivixiJc  of  niaii^aru  se  with  nitrate  of  !;arium,  orb<"ttor,  by  inlying  the  [»en->xiJo 
in  fine  powder,  and  l)y  small  portions,  to  a  mizture  of  hydrate  of  baham  and  chlorate 
of  potassiuui,  lisatsd  to  Amon,  atid  sftsrwards  dissoiriDg  ont  thv  dikwMo  of  potosMSMi 
h\  wat*'r.  Tt  13  a  green  jiowdor,  insoluM©  in  water.  It  may,  howcv  r,  !  i  )}>niinf<i  in 
crystallino  state  by  "^^-"Tig  a  solution  of  pemMtngtnatft  of  bariam  with  banrta- 
vaiar,  and  h«Ting  the  Kqnii  to  atond  in  a  looadT-conwad  rmd*  (Mti«elt«rlieB.) 

Manganatf  of  Pota$$ium.  MmnE'O*. — Wlieaiffioadde  of  msngnDese  is  strongly 
ignited  with  hydrate  or  carbonate  of  potassiiini  in  pxcp«8,  manganic  acid  is  formed,  una*  r 
the  influence  of  the  aiiiali,  together  with  a  lower  oxide  of  manganese.  Ignition  in  opexx 
Tessels,  or  with  an  admixtun  of  nit  m to  of  potoasiQm,  inoKases  the  production  of  the 
atiJ,  by  the  al'.s.;rjiiion  of  oxrpra  which  then  occurs.  Thcproluct  has  li>nf»bfeti  known 
as  minrrai  chaimkun,  from  the  property  of  it.s  sululiuu,  which  it»|j:r-  «'n  at  lirst^  lo  jmsa 
vapidly  through  several  shades  of  ooilottr.  A  more  conwnleirt  i  rocera  for  preparing 
manpiinntp  of  potas<i'iiii  i.s  that  reeomm^'iKlcil  \>y  Dr.  Gmpnry.  lie  mixes  intimatoly 
4  ptg.  of  dioxide  of  numgaueiie  in  fine  powder  with  '6^  yXa,  ol' chlorate  of  paia.-'diiiTn,  and 
addd  the  mixture  to  6pt«.ofhydratoof  potassium  disHofvedin  a  small  quantits  of  wat«r. 
The  mixture  i.s  evapomtod  to  drynes",  powd»»red,  and  afterwanis  i^nifrtl  in  a  platinnm 
cruntble,  hut  not  fuited,  at  a  low  red  heal.  The  ignited  Dmss,  iiigcsted  in  a  small  quan- 
tity of  cold  water,  forms  a  deep  greto  solution  of  the  alkaline  manganate,  which  may 
be  obtiiinnl  in  <  ry^tala  of  the  auiie  colour  bj  eniporatiBgthe  aolnpon  Ofwni^lnine 
acM  in  a  vacuum. 

Ufanganate  of  pota«iun  is  not  sotaUe  !n  water  witihoist  deeomposition.  Whan 

wntrr  is  poured  upon  the  crystals,  they  Hrf»  re.'^nlved  into  pemiaTiLruiate  of  pota.>^tium, 
and  a  black  crystalline  compound  of  potaHh  with  peroxide  of  manganese  ( mangaoite 
of  potafl^oin)  which  abnost  uuaedlatuy  git^  up  its  potaah  to  tlM  'Witoii  aodMifw 
pore hydivtod  peroxide  of  manganese.  (Mitacherlich.) 

aMnuiKy  4-  %B?0  -  mxofiJLQfl'  4-  4SJSLQ  +  XnnO*. 

According  toGorgeu  (/oc.  ctY.),  when  carbonic  anhydride  is  passed  through  a  solntton 
of  potassic  manganato  till  the  allcali  is  completely  converted  into  carbonate,  perman- 
ganate of  potassium  is  fbrmed,  together  with  a  yellow  hydrated  precipitate  containing 
numaanite  of  potassium,  KK).5MnmO^  or  Mmn^KK)". 

lunganate  of  potassium  dissolves  without  decomposition  in  water  containing  fr<>o 
alkali.  If  potash  be  added,  not  in  too  great  excess,  but  still  sufficient  to  funu  a 
green  solution,  this  solution  sometimes  turns  red  when  wmed,  aad  fanaiai  ao  after 
cooling ;  but  if  briskly  stirred,  it  turns  grfcn  ngnin. 

When  a  very  strong  solution  of  potassic  uuuig^wate  is  expo<<^  to  the  air  till  tho 
potash  has  absorbed  carbonic  acid,  crystals  are  sometimes  fjnnLid  *rTlirttliiigL  »*^i>^*'*f[ 
to  Mitscherlich,  of  ewid  manganatf  nf  pofassrnm,  MniiiK}!  o*. 

Munaanateof  HodiuTn. — Obtained  by  igniting  peroxide  of  manganese  with  caustic 
aoda.  itisaov^aolaiitoiBvetflr,tfaaftit<»anotbeobtaiBediBll^ 
(Mitgeherlich).  According  to  Tn-'ntele,  however  (J.  p.  Chrm.  Ixxxii.  58).  man- 
ganate of  sodium  is  obtained  in  nearlv  colourless  crystals  resembling  Glauber's  sal^ 
and  wwntohifag  lbftiiKa*0*.10H*0,  tMOhig  eqnal  parte  of  flneljriMUfciiaad  pennlde 
of  manganese  and  nitrate  uf  .sydiutn  in  a  niume  to  a  bright  red  heat  for  16  hutir^i, 
boiling  the  pulvecised  black  moss  with  wot^i;  and  leaving  the  sohntioa  to  stand  in  a 
odd  liuos.  Hie  eiTitals  diasoliw  in  water  vitli  dtgfafc  deeompowtion,  yielding  a  greea 
8ohition.  According  to  "WuhliT  (Ann.  Ch.  Ph.<irni.  cxix.  375),  oti  the  other  hand, 
this  process  docs  not  yinld  utrace  of  sodic  manganate,  because  the  nitrate  of  sodium  is 
deeonpoflsd  iMftn  toe  tempefatme  M^nited      tiie  ftwinatioii  of  the  inangaiuite  it 

attained  ;  in  fact,  the  deeom[)osi{ion  i.s  so  complete,  tliat  the  process  might  be  Used  for 
the  preparation  of  pure  hydrate  of  sodium.  [But  why  does  not  this  hyiuate  of  sodinm 
Mt  OA  ilia  pennidB  <tf  BMBgMNM  ao  aa  to  ftzn  iodie  nai^^ 
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9«rmaiigranates.  Mn'RO',  or  ^rmnTvO*.— Thoso  salts  arc  movf  f^tixU,-  than  tlio 
■BBganaUiM,  ami  aro,  in  fuct,  produced  by  their  oxidation.  They  are  iaomorphoua  with 
the  pndilMalti^  OIBO* ;»  feet  iHi^ 

micity  of  manpnneso,  inasmuch  ns  if  the  metal  bo  regarded  as  monatomic,  the  formulffi 
of  thepezBiaiigaiiates and pezchiont«t  do  not  ozactJjr  conei^nd,  the  one oontaiiuqg 
8  at  Ma,  whwMw  lb»  ctiwr  aoatd—  imfy  laLOi 

Permanganate  of  Ammonium.  l^am^S[B,*)0*. — When  pormangaaate  of  silrer 
ia  triturate  with  an  equivalent  quantity  td  ■l-ammoniae  and  with  water,  a  purplo  n-d 
solution  is  formed,  which,  when  decantad  bom  separated  chloride  of  silver,  y  wUlti  by 
araporation,  crystals  corresponding  in  composition  with  the  above  formula,  and  not 
containing  any  water  of  ciystallisation.  Thoy  am  trimetric,  and  similar  in  form  to  the 
potasainm-salt,  but  with  somewhat  different  angles :  a  :  b  :  c  =  0-8060  :  1  :  0*6519. 
osP:  ciP«r77®  40';  1*00  :  Poo  =78°  (  t .  When  dried  by  heat,  they  quickly  decompoaat. 

Permanganate  of  Barium.  Mn*BaO*,  or  IVrmn'BbaO*. — This  salt  maybe  pre- 
paivd  by  paHsinc  carbonic  anhydride  through  water  in  which  impure  manganate  of 
iMrium,  obtained  by  caldninff  peroxide  of  manganese  with  nitrate  of  barium,  to  mm» 
pende<l,  till  the  salt  is  completely  decompr)«:ed,  then  decantinfr,  boiling  for  a  while  in 
order  to  decompose  the  resulting  acid  carbonate  of  barium,  and  evaporating  the  dear 
■olutioQ  to  tlw  eryttaUising  ^int  Or  permanganate  of  dftr  ii  deoompoaed  Ij  aa 
equivalent  quati^  of  ohunda  of  tariiua  diiMtvBd  ia  mlor,  tad  ttie  aolataoa  ii 
evaponnted. 

Permanganate  of  barium  forms  black  prisms,  permanent  ia  ^  air,  tad  inwawphowa 
with  anhydrous  sulpliate  and  nelenate  of  sodium  (Mitsoherlich).  Whm  flie  r.d 
eolation  of  this  salt  is  mixed  with  baryta- water,  it  aquires  a  violet  colour,  loses  after  a 
whfla  ite  iUuliao  naetioB,  sad  yitido  Ij  efnponitioB  oyitali  of  maogamito  of 
barium. 

The  permanrauiates  of  oofci'iow,  e/wptr,  maifrunum,  soditm^  Urontium,  and  sine  am 
prepared  lilw  toe  ammonina-oalt:  tun  an  ddiqiMiMnt  aad  difloalfc  to  OT^ilHaa, 

Iba  UtUm  tuft  crystallises  moM  tmmj* 

Pfrmanganate  of  drogen,  or  Prrmanganie  arid.  MninlTO*. — This 
arid  may  be  obtained  in  the  state  of  aqueous  solution,  by  decomposing  tho  barium-salt 
with  Hulphurie  acid.  Am  ttw  obtained  by  Mitscherlich,  the  free  add  appeared  to  be  a 
body  not  more  stable  than  peroxide  of  hydrogen,  beiiifr  dt'oomiv>sed  between  30°  and 
40°.  with  escape  of  oxygen  gaa  and  precipitation  of  -hydrated  pt-roxide  of  nianganeno. 
It  1)1.  ached  powerfully,  and  was  rapidfy  deotioyed  by  all  kinds  of  organic  matter. 
Hiinefeld,  on  tho  other  hand,  obtained  permanpinic  acid  in  a  state  in  whinli  if  (>r,uld 
be  preserved,  e^•apo^at^d,  rt  di.'.solvt'd,  &c.  He  wat-lu  d  the  manganute  of  barium  with 
hot  watMv  liy  whteh  it  is  re.solved  into  dioxide  of  manganese  and  {Mtmaaganate  of 
bariom.  and  then  addeil  to  it  the  quantity  of  phosphoric  acid  exactly  necessary  to  neu- 
tnlise  the  baryta.  The  liberated  pemiauganic  acid  wa8  dissolved'  out,  evaporated  to 
^ijmmftaAhfn  second  solution  and  evaporation,  obtained  in  the  form  of  afeddiah> 
Hnmaiass,  crystalline  and  radiated,  which  exhibit,  d  the  lustre  of  indipo  •^  ^mo 
asialt  aad  was  entirely  soluble  in  water.  When  the  dry  jH'rmanganic  acid  waii  tuded 
IB  a  Mtott  vith  anhy^us  snlphnrio  add,  and  aftervaido  distilled  at  a  higher  tem- 
perature, an  acicular  sublimate  <rf  a  crimson  red  colour  was  obtained,  which  appeanvl 
to  be  a  combination  of  permanganic  and  sulphuric  acida.    rikrzelius'  TraiU,  i.  622.) 

■oawvti 


Whmimo»ohydrirt«d  iBlphurie  add  is  poured  upon  a  aoawwiiat  conaidenUo  ooantHj 

of  crystallised  permanganate  of  potassium,  the  salt  is  decomposed,  with  great  evomtion  of 
heat,  red  flumes  bursting  out  oxyeen  being  given  off,  and  manganic  oxide  being  set 
Am  ia  darit-brown  dakea  aad  ihioda  like  spidarJiaM.  The  red  flames  seem  to  shoir 
that  permanpiinic  acid  is  paseous  at  the  high  temperature  produced  by  the  reaction. 
Ita  volatility  has  been  further  demouHtmted  by  Terreil  (Bull.  Sue.  Chim.  do  Paris, 
18t3,  p.  40%  «lu>  makes  aaa  of  this  property  to  obtain  the  aeid  fa  the  pure  state.  For 
ih\^  purpose,  permanganate  of  potassium  is  di'^iolved  in  sulphnric  aeid  ( Tf'SO*')  diluted 
with  1  at  water ;  and  the  greenish-yellow  solution  is  distilled  over  the  water-bath  at 
or  70^.  The  apparatus  Uien  baeomai  flUed  vith  Tiolet  vapoon,  n^ich  oondenao 
to  a  soluble  greenish-black  liquid,  not  containing  either  chlorine  or  sulphuric  acid,  but 
oonsisting  of  mue  pexmaoganic  add.  It  is  difficult,  however,  to  prepiue  a  large  quao- 
litPf  of  tlM  am  at  oaofr  hi  thif  mmmay  inanaveh  tm,  at  a  eertam  momenl^  at  aooa  m 
the  quantity  of  the  distillate  has  become  somewhat  considerable,  it  doflOnpoiao  wpdH" 
taneoualy,  with  slis^  detonation  and  aeparaUon  of  manganic  oxide. 

Pamaagaitle  mSk  lhao  obftfaod  io  a  tiddt,  greedB&bhMik,  metalUivahininf  liqiiid, 
which  appears  to  be  capable  of  solidifying.  It  greedily  attracts  moisture  ;  its  nolntion 
haa  a  noJci  colour,  and,  if  protected  from  dust«  may,  when  dilute,  be  preeerveil 
vikh  tobnhloteai^.  Wkai  quickly  horted,  11  dotoaatw;  Imt  if  alovfyvnid,  it 
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Tolatiliii^  in  violet  vapoaxa,  hftring  a  peculiar  metallic  odour.  It  Poaoe—M  rtxj  gr^ 
oxidising  power,  iwsrMidy  Mf^tuiff  five  to  papflr  mid  shjobol,  iSt»  uttw  wHk  taiyMkm. 

In  contact  with  fetty  bodies,  it  dctonntcs  witli  violence  WTien  a  few  drops  of  aqnoous 
sulphite  of  potaseitim  ore  let  fiill  on  pcnnanganic  acid,  a  tot  brisk  reaction  takes  place ; 

Snrt  of  the  add  is  carried  ftirwaro  in  TapoQrs,  and  the  rapoors  deeofmpoM  as  tli^ 
iffbae  through  the  air,  depositing  a  shower  of  brown  flocks.    Permanganic  acid  di»^ 
solrea  to  a  certain  extent  with  green  colour  in  strong  solphuric  acid.    The  solution  in 
acid  containing  3  at  water,  is  Tiolet ;  a  difference  whidi  ae«ns  to  iitdicate  the  existence 
of  an  talqrdniit  tad  » l^ydinated  pcmtpgnis  muL  (TeneiL) 

Permanganate  of  Lea 'J,  Mmn'PpbO',  is  fonnid,  on  mixinp:  a  solution  of  nitrrit^^ 
of  lead  with  permanganate  of  potaiwinBi,  aa  a  hrown  preajpitate,  soluble  without  residue 
InnitBoaei^ 

Permanffunui4  of  Pota*9iMm,  ICmnKO*.— TUb  nit  nay  be  prepar(>d  hy  the 

following  procfsses  : — 1.  One  pt.  of  peroxide  of  manpan<^';p  is  igiiltcil  with  1  pt.  of 
hydrate  of  poUst»tum  (or  1*8  of  nitre);  the  resulting  mass  di^iiolved  in  wat*r;  and 
t&o  nd  solution  decanted  and  evaporated,  mpidlj  at  flnt  till  small  necdl.  K  appear, 
afterwards  cautiously,  so  that  the  cr^talli«it*on  may  go  on  rt^piliirlr  (Cb  rvillot  and 
Edwards). — 2,  Chlorate  of  potassium  beiug  kept  in  a  state  of  fusion  OAer  a  spirit- 
laaap,  hydxate  of  potaasium  is  first  added  to  it,  and  then  an  excess  of  fincly-dividad 
pproxide  of  manganesi',  uhioli  inimrtli:it<'ly  dissolves,  forming  a  t^plf^ndid  sxcvn  solution. 
The  mixture  is  then  heated  till  the  whole  of  the  chlorate  is  decompotKnl ;  aud  tUe  mass, 
viMn  oold,  ii  boflad  with  a  small  quantity  of  wat^r.  whprptrpon  the  green  colour  of  flia 
fcolulion  cliango.s  to  rod;  finally,  the  liquid  is  decanted  from  tlio  pcroxid--  of  manganese 
wlul«  still  hot^  and  set  aside  to  ciystalUae  by  cooling  ( W  u  h  1  e  r,  i^OQ^  Ann.  xxri  626). 
Gregory  (J.  Fham.  zxL  SIS)  adds  a aoludon  of  10  pts.  (3  at)  «^ydrate  of  petaa* 
sium  iu  u  very  small  quantity  of  wnt*>r  to  a  fint'ly-dividod  mixture  of  8  pts.  (Ii  at.>  of 
peroxide  of  manganese  and  7  pts.  (1  at)  of  chloxate  of  potassium ;  evaporates  to  dxy- 
UMi,  during  whidt  a  aaoall  quantity  of  mm«dral  dtamdeoo  ia  Ibnned;  ignites  ttaa  HaHy 
powdered  ma.Hs  in  a  platinum  crucible  over  a  spirit-lamp,  till  the  whole  of  thi-  chlririto 
of  potaaaium  is  decomposed  (for  which  a  low  rod  heat  is  quite  sufficient) ;  reduces  the 
aemi-ftaad  naaa  to  ooaf«*  powder;  boala  it  ia  a  laiger  quantity  of  water ;  aHovs  thm 
insoluble  portion  to  >ul)side.  and  decants  ;  ovaporatfs  the  clear  S'llntion  r.ijiidly  ;  apiin 
decants  from  the  freshly  precipitated  peroxide  of  manganese ;  and  leaves  the  solution 
to  crystallise  by  cooling.  Tha  oystab  are  titan  wadid  with  a  tmall  qaantity'  of  eoM 
wattT ;  dissolved  in  the  hn)al!ef»t  povsihlc  qunnflty  *>f  boiling  wat'T  ;  :ufd  the  solution 
is  left  to  crystallise  bv  cooling.  In  this  manner  needles  are  obtained  three-^uarterw  of 
anineh  in  kngth,  and  anumntiiig  in  might  to  ahoot  a  thM  of  the  perozida  of  manpi- 

ncso  employed.  If  M  l  e  desired  to  filter  the  solution,  in  ord^r  to  avoid  thf  loaaaoaUlg 
from  decantation,  a  funnel  may  be  uaed,  having  its  neck  filled  with  asbestos. 

The  salt  aystaDiMa  in  ^rk  purpkHrsd  nevdieit,  having  lliat  a  aweet,  and  altarwatda 
a  rough  taste;  it  does  not  n-ddeii  turmerie,  and  is  permanent  in  tin-  air.  The  crj-stals 
aratcimetcic;  a:  b;o  mm  079523:  1 : 0-6478^  :  ooF  «  76°  59';  Poo  :  Pao  -  78''20'. 
Tiksy  am  prmnati^  adiibiting  the  eomhination  oeP .  t^os ,  tii«  hitter  often  predominant ; 
frequently,  also,  with  oP  and  otlier  faces.    The  nalt  dissolves  in  16  pts.  water  at  16'^. 

The  crystals  decrepitate  when  heaied,  evolve  10*8  per  cent  of  oxygen  gas,  and  are 
eoBvected  into  a  Maoc  powder  ftom  whidi  water  extracts  manganate  of  potassium, 
leaving  54  pi-r  cent,  of  black  manganic  oxide.  When  heated  in  an  atmosphere  of 
hydrogen  ^<u,  they  becbme  red-hot  and  diminish  in  bulk,  at  first  rapidly,  afterwards 
slowly,  with  formation  of  a  green  mixture  of  hydrate  of  potassium  and  protoxide  of 
manganese.  The  salt,  when  triturated  with  sulphur,  produi  es  a  s.  ri»s  of  small  detima^ 
tions.  Mixed  with  an  f^ual  weight  of  sulphur  and  heated  to  177°,  it  explodes  with 
flame.  Phosphorus  produces  a  much  louder  detonation  when  triturated  with  it,  also 
when  heated  with  it  to  70^.  Ckawol,  orMNM,  and  anHmoi^  Uknrim  tdca  iva  iHwn 
heated  with  the  salt. 

A  solution  of  perman^nate  of  potassium  containing  perchlorate^  deposits  crystal  cou- 
tttBing  the  two  salts  in  the  same  proportion  as  the  solution.  In  preaeaoe  of  ft  vevj 
lar^  eTce!;s  of  porchlomt^,  they  an  xad;  but  if  thepropoctiaa  irf  ptwnangiwiatft  MWHinta 

to  out*  hall',  ihey  appear  black. 

P»rmanffanate  of  8iiv§r,  IfmnAgO*,  is  obtained,  aceording  to  Mitseherlich, 

on  mixing  warm  solutions  of  nitrate  of  silvor  and  jM  nnan^anate  of  jK>tassium,  th<-  solu- 
tion as  it  cools  depositing  the  salt  in  large  regular  crystals^  which  require  190  times 
their  weight  of  inter  at  ISf*  to  diasolTe  than.  In  warn  watar  ^mj  aM  amdi  mona 
aoluble,  but  they  cannot  sustein  a  boiling  heat  without  decompoaitimu 

Tfift  manganates  and  permanganates,  especially  the  latter,  nvf  n««Ml  jtn  oxidising 
agents  for  a  Variety  of  purpose.  A  solution  of  permanganate  of  putii««tum  in  quickly 
dacaddiwdL  and  eonaajiMrtlly  daeoloriaad,  hj  auphiircnw  add,  bf  neotaal  aoliitMBa  of 
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snlphides  and  pentdliloiialM,  and  hj  tdd  aolotkms  of  snlphttM,  hyposnilphites,  tetra- 
thiomitea,  sulphocyanates  and  nitnfi  s ;  nioro  slowly  by  trithionates.  Acidolated 
•olutions  of  ^mercorops,  ferrous,  utuaaoas  and  antunouiuaii  aalta,  and  acid  sulutions  of 
•fMBioof  Mid,  Iflwviae  rapidly  deeoloriM  a  solution  of  a  permanganate.  A  aolution  of 
prrxniiiiiriuiat.  of  potas><inni  cuiistitutes  a  test-liquid  of  great  use  in  vx)luaMtB0aiu4|li% 
110  we  have  already  had  occasion  to  notice  (see  L  263;  li.  59 ;  iii.  384). 

The  mangaiHitea  and  pnmaogaoatra  Tikewiae  act  very  rapidly  on  organic  matter,  and 
may  therefore  bo  employed  as  disinfecting  agents.  Solutions  of  these  salta  hare,  in  fiict, 
lateljr  been  prepared  on  the  large  acalo  for  this  purpose  by  Mr.  Condy.  Putrid  water 
from  atagnant  poob  la  rapidly  deodoriwd  by  these  solutions.  Their  freedom  from 
o-lour  and  perfectly  innocuous  character  render  them  available  for  many  purposes  for 
which  other  di»iufectanta  cannot  be  used,  as  for  application  to  wounds  and  foetid 
aona:  they  may  abo  be  advantageously  used  for  the  purification  of  tainted  provi- 
sions. On  the  other  hand,  their  fixed  character  renders  them  lea  ikdapte*!  for  punfying 
'infected  atmospheres  than  the  hypochlorite's,  which  evolve  a  gas  capable  of  acting  on 
the  organic  matter  in  the  air.  (See  Hofmann's  Beporl  on  (Jhetnical  l*roducU  and 
fntcatn  «i  tk$  BiUmational  AnlWos  ttf  1862*) 

WKMMQBMTTM,  Nattve  mang^me  hydrate  (p.  810). 

MAWomRA  MaomMMS.  Hm  tne  idudi  yiddi  tii*  av^dled  IXkm 

bread  (ii.  330). 

MUkMUOltH  WintXS&.  See  Bsta  (i.  .082).  On  the  changes  which  take  plaee 
in  the  compouition  of  the  plant  doting  iti  gRnrth»  860  &  Hoffmann.  (BnSL  Soe. 

CShim.  de  Paris,  18G4,  ]v  ?.9:].) 

aCAVCKMTXar.   C'oH^O'.  (W.  Sohmid,  Ann.  CL  Pharm.  xciii.  83).— A  sub- 
•teaeoeoirtaiBed  in  the  husk  of  the  frdt  of  Gareima  Mango$tana  (iL  771).  To  obuin  • 
i^the  dry  husks  are  boiled  with  water  to  extract  tannin,  then  treated  with  hot  alc(^ol» 
and  the  alcoholic  extract  is  left  to  evaporate,  whereupon  it  deposits  man^iAtin  ».<<  a 


To  remove  the  latter,  the  whole  ia  dissolved  in  alcohol,  and  the  solution  is  mixed  with 
sufficient  water  to  render  it  opalescent;  it  then,  on  cooling,  d  cpof^itH,  first  the  resin, 
afterwards  the  mango«tin  in  small  yellow  kmin».  For  further  purificat  ion,  the  alco- 
holic solution  ia  precipitated  with  basic  acetate  of  lead;  the  washed  precipitate  is 
aoRMnded  in  water,  and  decomposed  by  Hulphydrie  arid  ;  tho  filtrate  is  mixed  at  the 


from  It  OB  eofdiqg  ia  tatSltj  pnifled  Iqr  etjataUiring  it  aevand  timaa  fnm  dilnto 


Mangostin  thus  prepared  forms  thin  golden-yellow  laminse,  destitute  of  taste  and 
ameQ.   It  mdta  at  nboot  190'',  without  kaa  of  water,  to  a  dark-ydlow  liquid,  whieh 

solidifies  to  an  amorphous  mass;  by  a  stronger  heat,  the  greater  part  of  it  is  deeoni- 


ui  aicohol  and  in  ether,  forming  neutral  solutions.  Warm  dilute  acids  dissolve  it 
without  alteration  ;  by  heating  with  strong  nitric  acid,  it  is  converted  into  oxaiie  acid. 
Alkalis  dissolve  it  with  yellow  or  brownish  colour.  It  reduces  the  iiobU  metaU  from 
their  soluriona:  vith/emc  cMoHde,  it  forms  a  dark  greenish-black  solution,  the  eolow 
of  which  disappears  on  the  addition  of  acids.  It  is  not  precipitated  by  any  metallic 
■alt,  excepting  b<uio  acetate  o/  lead.  The  yellow  precipitate  thrown  down  from  the 
alooholio  solnfiOB  neutral  aoetata  of  lead  and  a  little  ammonia,  gave  by  analysis  (at 
lOO''),  in  one  expenmt  nt,  numbers  agreeing  nearly  with  the  formulje  4C^H^Q*.6Pb*0. 

BEAVIBOTXG  ACZS.  An  acid  said  to  Iihvl-  been  obtained  from  the  root  of 
Jairvpha  Manihot ;  it  crystallises  in  pri^mn,  liuviug  an  acid  taste,  and  forms,  with 
boiyta^Hms^  and  magnesia,  neutral,  easily  fusible  salu^  eryntallising  in  Boddft;  tat  its 

existence  is  not  well  established,    (Ilandw.  d,  Chem.  v.  113.) 

MAVZIhA.  WUMU  A  xesin  of  unknown  origin,  reeembling  Copal  and  Dammara 
vaaiB.  It  diiaolwibrlfce  moat  part  inatooholcf  >OparwBt,ana  m/SSa  mSijt^ 
flving  an  odonr  like  that  of  the  tesin  of  the  Coniftim.  (Bnchner.) 

MUUffZOO*  The  Indian  name  of  the  nutritions  matter  of  Jatropha  Mavihot,  from 
which  cainm  and  taoioca  are  made  in  the  West  Indiea.  It  has  been  analysed  by 
Payen.  (Oompt  vena.  zfir.  40L) 

BKAWA.   A  saccharine  jnioe  which  exuden  from  Mrtain  speciea  of  ash  and  othw 

plants.  It  has  a  strong  smell,  a  sweetish,  Niightly  nawMowa  tartfi,  and  aota  aa  nmUd 

purgative,  but  is  also  more  or  less  nutritious. 
Tub  tnm  which  yield  the  manna  of  commerce  are  two  spodsB  of  aah  growing  in  the 

warmer  parts  of  Europe  and  in  the  Ea»f,  viz.,  Fra^rinnn  OrniM,  linn.,  which  grows  in 
the  South  of  Europe,  in  mouutaiuous  situations,  especially  in  CSalahm  and  Sicuy ;  and 


alcohol. 
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fyaiinus  rotundifolia,  Lam;irck,  or  Omus  rotund  if oUa,  Porsoon — the  Kwnd-leavtHi, 
flovmiig,  or  maDoa  ash,  vhich  gtowa  in  Calabria  and  in  the  East.  Aceoidiiu  to 
DecandoUe,  it  is  from  this  lattartree  titat  manna  S>  chidfyotjtain^d.  Th«  nmnm  floM 
natomllv  fh)in  the  trees,  and  attaches  itself  to  their  sides  in  the  form  of  white  trans- 
parent  d^pa;  but  the  ertwctim  of  the  jmoe  is  ftiniHf«t»d  bj  iactgioiii  mads  dning 
summer. 

The  finest  kind  of  manna  is  culled  flake  manna  ( Manna  cannulaia  rel  caneUata). 
It  is  white  or  yellowish-white,  lights  poroos  and  friable,  the  fructurcd  surface  exhibit^ 
iug  a  number  of  small  capillary  crystals.    Its  odour  somewhat  reaemUes  that  of  • 
hum  y  ;  it*  taate  is  sweet,  but  afYerwardi  rather  acrid. 

Inferior  sorts  are :  I.  The  Sicilian  manna,  whicli  is  th«  commonest  in  English  com- 
merce, consisting  of  small,  soft,  round  fmgnients  of  a  dirty  yeUowisii-brown  eoiour, 
intermixed  with  particles  of  dark  flake-manna :  this  kind  contains  mazir  iwipilfiliiHi 
-  2,  Miinna  in  sorts  (in  sortis),  •w}nc\i  may  ho  tiuhJiTidtM  into:  a.  Gfratr,  which  ' 
appruttL'hes  mu&t  nearly  to  tiaku  manna ;  aud^  ^.  Ca/Jdce^  wliich  comprises  not  ool^ 
tn«t  frcnn  At  district  so  called,  but  also  that  of  Cinesi  and  Faberetti  in  Sidtr;  it  m 
fittr,  wticky,  and  hard,  though  clearer  in  -ip-warHTice  than  f  h  •  H^^t  -  -  3.  ^fffnn<^  cahihrinOf 
which  stands  between  the  last  two  and  but  is  now  ui  nire  ui-Vurrtiucw  in  com- 
niflraa— A.  An  inferior  kind,  known  as  Manna  communi*,  is  found  in  the  Neapolitan 
province  of  Cai'itanata,  on  the  decliAnties  of  Mount  St.  Angelo.  It  is  not  fatty,  but  . 
very  damn,  and  is  chiefly  consumed  in  Italy,  and  sent  tu  the  Lfevant.  The  yearly  pro- 
diietion  <»  this  Idnd  of  mtnm  aauoi^ 
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Umpb  00  also  several  varieties  of  sai-charine  4■a&llioBf^  known  under  the  name  tt 

manna,  not  prodm-f  d  by  the  nsli.  Of  these  Landerer  enumerates  eight,  viz. :  1.  Manna 
larieina,  from  the  leaves  of  Larix  airopaa ;  also  called  Brian<^  manas.  Aeoording 
to  Bnfhelot.  it  contains  melezitose  {q.v.). — 2.  Manna  cedrina^  from  die  bwBwhes  ot 
Pinus  crffrtis.  This  varii  ty  is  brought  from  Mount  Lebanon,  iiii  1  T:n=  rn^at  repute  in 
Syria. — 3.  M.  cda»tntia.—A.  M.  querdncu — 6.  M.  australu,  produced  by  Eucalyvtiu 
rtsini/ero,'^.  M.  cistina  s.  labdanifera,  s  mn  variety  met  "tmk  in  Greece.  This  is 
dfriv.'d  from  i?<^reral  species  of  Ciyfus,  and  is  called  Cistos  manna. — 7.  If  A^fhiirjma, 
the  exudation  of  Mrdytarum  Alkago,  a  plant  indigenous  in  Arabia>  and  growing  also 
in  the  msBtime  distiirts  ti  Gweos.  This  manna  is  supposed  to  esndo  fnm  ths  JM» 
aarti/fi,  which  covers  fxtctisivo  pi  sin';  in  .Arabia  and  Palo.'^^liiji',  a  result  of  the  wounds 
produced  on  the  plants  by  the  browsim^  of  sheep  and  goatti,  Jt  is  used  as  nutriment 
17  the  Axsbs.  ss  itv>ll  ss  bf  those  v&>  Ibrm  Uie  ommms  whidi  ooos  dm  Dssot^ 
According  to  Landerer,  it  is  this  varit  ty.  and  not  the  produce  of  tho  ash,  whldi  corre- 
sponds to  the  md  ex  eSrK  uf  Piiuf,  and  tho  kumor  meUetu  <3i  Theophrastiis< — 81.  Mawna 
tesMHM^  esUed  dao  JfaiMa  iMIEiteri(si»  sad  1^ 

nienti  r  d  in  tho  Old  Testament.  He  informs  \\r  tli at  this  exudation  is  produced  by 
the  puncture  of  Coeem  mann\ftnu,  an  insect  inhabiting  the  trees  of  2'amariz  numnifera, 
iHitch  grow  sbimdantly  in  the  ne^hbouiiood  of  Ifoont  Sinsi.  9fa»  msmm  onoes  as 

a  thick  transparent  syrup,  eovt  ring  t lie  smaller  branche.s,  from  which  it  flows.  It  is 
coliocted  by  the  monks  of  the  district  in  the  month  of  August  The  ooUectton  takes 
plaoe  rezy  early  in  tlie  mtmua^  st  wtAA  tima^  evnw  to  tas  eedliiess  of  die  night,  tlw 
aacch H ri ne  juicc'  lias  bpcome  to  some  extent  congeali-a.  The  tamarisk  manna  is  eulen 
in  Palestiaet  and  in  the  district  of  Hiaiu^  as  a  delicacy,  and  is  said  to  be  affieacious  in 
dlteMBS  of  the  obfot  It  is  solnUe  in  vitsr  «&d  aloohol^  and  Iho  stOMM  toUttoA 

•  labA.  pr.Phms,tal.(iaai».  f  Aoa.€b.nsniuttLllL 
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naffilr  vmAerfgtm  fcrmentation.   TIra  dflobol  wUdi  it  yields  hag  a  peediar  odour, 

resemnlinjj  that  from  tlu'  fruit  of  C'ratmiia  si/i'/jnn,  wliicli  contains  Itutvrie  acid.  Tho 
manna  must  therefore  contain  fermentable  sugar,  in  pliico  of  manuite  ior  together  with 
thvbtterl.  (lMn^«lfMBf4sJf4M^  AoeoH&g  to  Box*, 

thelot  (Compt.  rond.  Hii.  683),  the  tamarisk  manna  from  Sinui  contains  5.')  jicr  cent, 
cane  ugar,  26  inverted  sugar  (iL  S63i  and  20  dextrin,  &e. ;  manna  from  Kurdistan 
maUaaB  91  per  esot  oaaa-aqgar,  16'6  mvvtad  togar,  and  SS*6  dasteii^  8n; 


See  the  next  articK  p*  B26. 


BKAJiJyrA'lL  Sugar  of  Manna.  8iigar  of  MitshrootM.  C*H'*0*. — This  snbstanca 
wasdifloovered  by  Proust  (Joomal  t  Chem.  a,  Phys.  v.  Oohlen,  ii,  83),  and  has  been 
investigated  by  many  chenusta,  including;  among  others,  Liebig,  Fr^my,  Strecker, 
Berthelot,  Wanklyn,  llllMUflf,  Mid  lilBMIIW     (F«  tdutum,  mtb  GmdUt 

Handbook,  xv.  SSG.) 

The  following  plants  and  parts  of  plautii  contain  mannite  ready  formed:  the  roots 
of  Aconitum  Hapellut ;  of  celery,  from  Apium  ffravfoUfu;  Mum  athamanticum t 
of  (Enanthe  crocuta  ;  of  Volifp'xHnm  rHliiurf ;  of  Scorzonrra  JJispanica  ;  the  root- 
bark  of  Tunica  Granatuin,  Icoubtitutiu^  I^itour'a  Grmtatin^ ;  th«  roots  of  Triticum 
repent.  The  bark  of  OaHmtm  alba  contains  abont  8  per  oent  of  mannite;  that  of 
FrdJ-hitis  rTcrffiior  contMTiB  mnnmfo.  Tlie  1  pares  nnd  younp  twigs  of  Si/ringa  vid' 
guns  contain  niuunito  [which,  mixed  with  /.i/uciw,  constituti*s  Bcrnays'  Sgringin:  also, 
the  leaves  of  Ligustrum  vulgare;  eeleT}''-leaTe8 ;  the  foliage  of  Obeo*  nue^km;  tiia 
fruit  of  Laurvs  Pcrsea,  of  Cacttu  opvntia.  Coffee-beans  contain  mannite,  accordiqg 
to  Dubereiner.  Ergot  of  one  year  contained  mannite,  that  of  another  year  myooaa. 
Many  /u7tgi  contain  mannitti  Ob  4dga  there  is  often  found  an  effloreseeSM  of  mtiudtf^ 
•which,  accordint;  to  Stenhoose,  mjiy  also  be  obtained  from  the  dry  algse  ;  according  to 
Phipson,  mannite  does  not  exist  in  fresh  aLgte,  but  is  formed  from  vegetable  mncibge  . 
bj  wrmanlafioo.  It  is  fanad  yof  $han&ntiy  dnring  tho  ▼iMous  fennentatfoa  of 
sugar,  and  to  a  greater  or  less  ext.  nt  during  fermentation  generally.  In  the  trans- 
formation of  starch  into  glucose  by  boiling  with  dilute  sulphuric  acid,  it  is  also  formed 
as  a  secondary  product.  Finally,  Lin  nomas S  (Am.  Gh.  I%atm.  CBdfl.  1841)  hm 
obtained  it  by  the  action  of  sodium-amalgam  on  glucose, 

Mannite  is  usually  prepared  from  manna,  which  is  treated  with  boiling  alcohol,  and 
<he  aleohoSo  nlBtion  allowed  to  oyvtaUiaa.  On  ooolin^  mannite  is  da^Mited»  It  Ii 
purified  by  lowjitilliMiliflii,  and  appoon  to  1m  ymj  oanfy  obtaiaaUo  in  n  Uj^  ■tel* 
of  purity. 

Mannite  erystalUwa  in  thin  Ibnr  ridad  pdmm,  iHileb  sometimes  grow  to  a  eonrider- 

aUa  size.  One  of  the  characteristics  of  mannite  is  the  ean*  with  which  it  may  be 
cmlaUised  from  its  aolotion  in  water  or  in  alcohol  The  cry  stale  oontain  no  water 
of  fliyitalHaotkni,  and  am  Vat  Tcry  slightly  hygroscopic. 

At  18*^,  1  pt.  of  mannite  dissolves  in  6^  pts.  of  UHittr.  At  15°,  1  pt.  of  mannito 
dissolves  in  80  pts.  of  alcohol  (specific  gravity  0*898),  and  in  1,4<)0  pta.  of  absolute 
aloohoL  In  boililig  alcohol,  it  iamneli  mora  aolwle.  Li  slter.itdoeinoldiinlvoflitalL 

An  aqueous  solution  of  mannite  does  not  become  synipy  on  being  spontaneously 
evaporated;  in  this  respect  it  difiera  strikingly  from  a  solution  of  ma»x.  It  ia  only 
slightly  owwt  to  the  taste.  It  doeo  not  exert  any  aetioo  on  polarleed  nghf. 

Mannite  differs  from  sugar  in  its  power  of  resistance  to  the  action  of  neat.   It  molts 
between  160°  and  166<> ;  at  about  200^  it  begina  to  boil,  and  may  be  distilled  with 
Tery  little  decompoatioa,  even  at  tfio  Oiffinia^  ttmooplMfie  pi'OMiun.  In  oaaM  taiw 
it  will  bear  a  h(^t  of  SiO^  viliMt  nflb&ig  nndi  daeonporil^ 
tores  it  carbonises. 

It  doea  not  ferment  except  under  Tnytuniraaleonditfona.  It  doeo  not  vednoa  oaido 

of  copper  to  the  state  of  suboxide  ;  but  hinden  the  precipitation  of  sulphate  of  copper 
by  the  fixed  alkalis,  causing  the  formation  of  a  bMutiful  blue-pun>le  solution  instead. 
It  may  bo  boiled  with  solution  of  potash  without  imparting  a  brown  eolovr  to  tiio 
aolution. 

The  composition  of  mannite  was  determined  some  years  ago  by  liebig,  who  fixed 
npon  the  formula  which  is  at  present  admitted ;  but,  as  was  shown  a  short  time  ago 
(Froee*  (1.  Roy.  Soc.  Edinburgh,  1861-02;  Ann.  Ch.  Pharm.  cxxiiL  372  ;  Chem.  Soc.  J., 
xri  221X  this  must  liavo  been  by  accident ;  for,  nntil  quite  recently,  nothing  waa 
known  about  mannite  which  could  lead  to  the  adoption  ci  one  rather  than  another  of 
three  or  four  formulae,  each  of  them  equally  probable. 

The  close  analogy  subsisting  between  mannite  and  glycerin  was  shown  by  Berth«^lot 
{Chimie  organiqws  fondee  sur  la  Synthhr,  par  M.  Berthelot),  who  obtained  a  great 
wiety  of  salts  of  mannite  by  heating  a  mixture  of  mannite  with  different  acids  to  a 
toq^eiatura  of  between  200^  and  200*^:  nitfo-nMNBnit«b  wtitcL  ie  xeall^  the  nitmte  of 
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the  merles,  hiiJ  l)e<M]  pix  vioubly  diieOffeNd  llj  FlORl  DOBBOBte  aild  MlOlcd  (1647X  Mi^ 
then  inveftigated  bj  Strecker. 

The  flonneelaon  betirvan  nmnito  inl  tiM  hex^Uc  group  wm  duvm  Waa^ya  and 
Erlenmryer  in  1861»  the  tomwAm  of  '""""^^  wlo  io^de  of  h«ql,  tj  mMiM  «f 
hjrdriodic  acid : 

CH^HOj*  +11111    -    C^1I"I  +  CH'O  +  5P. 
Moaiilte. 

By  this  transformation  the  £wmaU  of  BMumito^  wfatch  up  to  thai  tioM  WM  doobtftilt 
u  uii  Uxed  with  cerUiatjr. 
The  cheniari  ofauMtw  of  aaiiiiilfria  tbHof  apoSystoniealaolul:  HlsftliaaHabOMie 


Or,  it  may  be  regarded  a«  hjdfide  of  htaji  bk  vhioh  6  fltOM  of  |»iW«ldd  of  I^JfdiOf 
npkoeft  ■loaa  ot  hjdragin : 

It  io  cIomIt  nlated  to  dw  aueus,  gliuooe  Mooming  iMaaite  vImd  aetod  npon  by 

nascent  hydmg.  n,  whether  thatOjdfqgni  bo  ft  pPOdtWt  of  fcrMODtBtiPd  OT  of  tfao  aottOtt 

of  aodium-amalgam  oa  vater: 

C«H"0«  +         =  C»H'<0». 

Olucote.  MMUi'te. 
niueose     prulwtbly  deriTed  from  tl^  hydrocarbon  C"H",  being  C''H*(HO)*. 
On  }-  -rv^  ht  ated  to  a  tcmpentiDO  of  200°,  mimiiito  Ions  water  aodpaaaw  into 

uiauuilau  (liertlielut): 

Thia  conversion  schema  to  bo  partial   ManniUt  ia  IQuarua  oonvcated  i&to  aMMHiitaa 

fcw  prulunged  boiling  with  ■-•'^^n'^'  hydrocliluric  acid. 

When  manniu-  is  oxidiNt  d  wilh  mtrw  actd,  it  ia  converted  into  saccharic  uoid, 
and  not  into  macic  acid :  on  poahing tho  oxidation  fiiither,  oxalic  acid  in  ubtaint-d. 

F^usion  w  ith  cnnstic  potash  causes  disenpigfiment  of  hydrogf>n,  and  production  of  for- 
niuttj,  acetuU',  and  propionate  of  potassiam.  Distilled  »iih  lime,  it  appears  to  give 
acetone. 

Witli  fi'nu',10  n'ifrk  acid,  or  hottft  with  a  BLtxtom  of  nitric  and  Mulfikmia  midt,  il 
gives  nitro-maunite,  C'H'CNO*/* 
WithfH{|4w^a0tf  ItgiTcaaeoupledacid,  aulpho-mannitie  aoid: 

(0>B»)<(H«0*.(BO^>0*. 

Haated  for  some  hoars  to  a  little  over  200^  with  organic  acid%  It  tmm  aalla  idiidl 

iMar  a  consideral n  stniLlftoce  to  the  fata.  CBprthi'lot.) 

When  it  is  heated  vith  bromide  qfetiyl  and  potash,  it  fnmi^hps  oth  jl-m  a  n  n  1 1  c. 

Aeootdiiig  to  Bartibelot,  whan  it  ia  kaptliaraaraal  weeks  in  contact  with  water,  chalk 
and  chresi'^OT  other protein-compcand,  at  a  tpmp<*ratupe  of  10^,  it  gives  rise  to  alcohol, 
carbonic, lactic,  butyric  and  -ic.  tic  acids,  and  hydrogen:  at  the  same  time  th«re  ia  no 
pradvetion  of  yeast,  and  no  fat.  nor  glycerine  BOV  WO^,  If  *  aUt  taatida  be  tmployed 
M  a  ferment,  then  there  is  production  of  sugar. 

luabuiuch  as  glycerin  liiui  been  produced  attifioialljr  from  a  derivative  of  propylene^ 
vis.,  from  CH'Br*,  there  is  reason  to  expect  that  aaiimto  will  be  mada  flmn  %  asriw 
tive  of  Iiexyleaa*  Up  to  tha  foaoaaA  ttaoM^  howatw,  the  ^ynthaaia  of  mwnwlir  haa  not 
been  realised. 

SdU  9f  MmmUt. — In  Berthalotfa  Chtmh  orffaniqus,       a  mimbw  of  ovj^ie 

salts  of  mannito  are  described,  i.  r.,  acetate,  butjrjUe  and  dibutyratp,  palmitate^ 
■tean^  oleate,  benso&te,  and  tribenzoate.  They  are  prepared  in  general  by  heating 
maimito  or  uaiiaitaik  with  the  add  to  a  temperatOM  ranging  batwvcn  900^  and  86^ 
for  from  12  to  16  hours.  At  the  end  of  this  proee.ss  more  or  loss  of  the  salt  is  found. 
In  order  to  pittify  the  salt,  the  crude  product  is  treated  with  exoeas  of  an  alluda 
(baryta  or  oaibonato  of  aodivm)  which  oombuieB  with  the  aeid  that  haa  not  bean  need 
up  by  the  mnnnife  or  mannitan,  but  does  not  attjick  the  orgjuiic  salt  which  has  been 
pixiduced.  Ether  is  then  added  and  dissolves  the  salt.  The  ethereal  solutiuu,  on  being 
eraporated,  jpMda  t^  aalt;  whleh  ia  an  oQ  or  a  fSvt  aoeoidin*  to  add  employed. 

Of  tlio  salLs  above  mentioned  the  butyrate  appears  to  be  tlie  easiest  to  prepare;  but 
in  all  eaaos  only  a  portion  of  the  maunite  or  mannitan  nndeisoes  converaioa  into  » 
aalt  There  ia  the  doaeat  reaemblaBO^,  both  physically  and  floemieally,  betineu  the 
aalts  of  glycerin  and  these  salts  of  mannite. 

Betthdot  re^urda  these  salts  as  deriTatiTeOk  not  of  mannite,  CHiH)*,  but  of  mannitan, 
CV**0*.  Thair  fiiimiite  (gtrm  WDdat  "Skam,  li.  521)  require  ooofinnation.  . 
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Mannida.  C«H'»0*  =.  C^"0"  -  2H'0.  — l)is<^)veml  h\  :  theIot»  who  obtaiued 
it  by  acting  npon  mmiiute  witli  butyric  acid.  It  ooiutitatee  u  aym^  whidi  k  at  ficat 
aweet  to  the  taste,  and  altflrwuda  Htter.  It  is  very  nlabk  in  mdiar  and  io  abiohita 
alcohol,  even  in  the  cold. 

A  remarkable  drcumstance  connected  with  it  ia  its  Tolatilit^.  It  i«  aenaib^  Tolatile 
at  100°,  and  i^poratea  rapidly  at  140°. 

It  is  higlily  dt-liqutifceat,  passing  gradually  into  mannite  when  it  is  exposed  to  a 
moist  atmosphere.  Exposed  in  an  open  vessel  to  the  air  in  the  usual  state,  it 
abeorbii  us  mueh  as  40  per  cent,  of  moisture,  whilst  in  air  saturated  with  moisture,  it 
vfll  sometimes  take  ap  aa  onidi  m  80  par  eent 

Mnnnide  ia  notam  tAut,  bot  a  detnwtiTe  of  feha  hydrocarbon  OS*,  via., 

flCanMaMt  O^B^OV-INaaofVCfed  by  Berthdot  Obtained,  Imt  only  in  small 

quantity,  by  heating  mannite  to  about  200*^.  A  better  method  of  prtparatiuu  is  1  y 
Uie  lopy-eontinund  boiling  of  mannite  with  strong  hydrochloric  acid ;  or  by  the  sapauiii- 
eatioaof  aaateof  manmta  It  ia  a  cmlom  CmI^  titat  tlie  aalto  of  nannito  ahn^ 
gire  mannitan  on  saponiflentioa,  ^  mwiTiitan  paaatu^  anbMqpHi%  nwea  nr  mm 

eofumleti^  into  mannite. 
lunnitui  ia  a  syrup  wMi  a  ii%^t|hr  awea^  taatat.   It  nar  ba  'voij  inadHy 

dititinguishcJ  from  mannite  by  its  solubility  in  absolute  alcohol,  which  tl.ns  iffords  a 
meona  of  affiseting  a  aeparation  of  theso  two  aobatiuicea.  It  is  ray  aol^ble  in  water, 
bat  inaolnUa  fai  after. 

On  being  oxpos«'Cl  f(  r  a  li  iiizll:  of  tini-  to  tho  itmosphore, it  unclergoes  a  very  partial 
eonveraion  into  mannite.   Boiling  with  alkalia  or  diluto  acida  aoceleratea  thia  change. 

Wben  heated  abora  140°,  it  partly  volatiHaea. 

With  respect  to  its  rational  constitution,  it  appears  to  the  writer  of  tliin  article  that 
mannitan  is  not  an  ethar  of  It  would  aaam  rather  to  be  dexiired  ftom  a 

lower  hydrocarbon : 

MannitA  being  devlfad  from  C*H>S  t.  e.,  CH^HO)«. 

Mannitan        „        ftOB  C^'*,  t.  ft,  C^(HO)». 

The  ease  with  wliirli  hoxylic  compounds  pn-j^  '11*1  licxylene  is  again  cTieoTirtcr*^<^  in  the 
mannite  oompoundt>,  which  are  hexyl-cutiipouuds  that  hare  Bufieiwi  repkccment  of 
bydNfen  by  panside  of  hydrogen.  (See  Hnxn^coiainnaML) 

Sttro-nuuBnlte.  C«H»(NO»)*.— Pr^^parod  by  tr^ting  mannite  with  the  strongest 
nitric  acid  and  sulphuric  acid.  It  forms  beautiful  fine  whittt  acieular  ciystals,  insoluble 
iu  wat«r,  but  soluble  io  alcohol  or  other.  It  explodes  sexy  violently  on  being  struck 
with  a  hard  substance.  If  carefully  heat^  it  may  be  decomposed  without  explosion; 
but  when  it  is  suddenly  heated,  it  oxplt^os,  but  not  with  groat  Tiolaaoa  Itaaama  to 
suffer  spontaneous  decomposition  on  being  kept  for  a  long  time. 

It  bts  been  prqpoaeq  to  naa  nitMMnaaalta  te  aiiaigiwg  pananaBmi  rmjp\  bit 
apparently  without  success. 

A  reaction  of  nitro-mannite  which  is  of  considerable  theccetical  interest  is  that  with 
anlphide  of  amaMolaaB,  hf  whieli  Tiageat  it  ia  oouvarta^  not  into  a  notnganona 

Crp'riT'if" 'h;i'!r',  \^',\*  info  *i'!'!nr'ifr». 

aniplio-mannltic  acta  (C*H'*0'3S0*).  A  kind  of  mannite-aalphoTinic  add,  ia 
Ibvmed  hj  tiia  aetian  of  atrong  sulphnria  add  npon  maanita.    A  barivm-aal^ 

C^"Ba*<>3S0\  and  other  aaltH  of  this  twid,  have  been  obtained.  J.  A.  W. 

MAJtJBlTXO  AOX]>.  An  acid  produced,  together  With  mannitose,  by 

the  oxidation  of  mannite  under  the  iniluf'uce  of  platiiiuni-hlack ;  it  was  Erst  obserred 
bar  DSbamnar,  and  more  completely  tnTestigated  l  y  Gomp-Besanes  (Ann.  Ch. 
Pharm.  cxTiii.  257).  To  prepare  it,  mannitr  is  mixed  with  twice  its  weight  of  pla- 
tinuu-black ;  and  t^e  mixture,  moistened  with  water,  is  exposed  to  a  temperature  nut 
aaaaadhig  tSP  cv  40^  at  the  tdanoat,  aa  long  as  it  containa  anj  andaaontpeaed  mannite 
(about  thr*  e  weeks  for  20  or  30  gniins  of  munnito).  The  mass  is  then  exhausted  with 
water ;  the  &oIutioa  prtcipitated  with  basic  acetate  of  lead ;  the  well-washed  preeiM> 
tate  decomposed  by  sulpnydric  acid ;  and  the  eolation  ia  empoaatad,  fliat  over  taa 
water-bath,  then  in  the  cold  over  snlplmrir  n  i  l, 

Mannitic  acid  ia  not  czTstallinfata^  but  fonns  a  gummy  mass,  soluble  m  water  and 
in  aleohol,  neofy  inaolnUa  ia  ether.  It  redveea  cuproua  osida  from  aa  alkaliaa 
aupric  solution,  and  throws  down  metallir  r:1v.  r  fr  ni     0  nitrate. 

The  mannitates  have  not  vet  been  obtained  in  the  ctystaUine  form,  i  ho  compo- 
aitaott  of  the  aaUa  aaahaed  \n  Qorup-Beeanca  corresponds  with  the  fbrmula  C*H'*9rO^ 
The  calciuiu-sali,  C*H**Ca*0^  is  precipitated  from  its  aqueous  solution  by  alcohol. 
The  cogtper-talt,  C*U'*Ca*0%  renuuna  as  a  green  amor|»hous  mass  when  ita  aqueous 
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RTilution  i.s  ovnporatpd.  The  Irari-salf,  C'H'*Pb'0',  s^paratos  on  cooHnfr  from  the  .solu- 
tion ubtaintni  hy  boiling  munnitic  acid  with  lead-oziae.    The  siiver^Mlt,  C*fi**A|H)', 


as  a  frreAnish-yellow 
ium-salt  with  nitrate  of  silver. 

C*H'H)*.— A  kind  of  sugar,  isomeric  with  g^noose^  prodaoe^ 


Mack  (Gorup-Besaii oz,  A'C.  cif.).  It  is  ft'nnent:iM»\  but  dcx-s  not  act  on  polaris*^! 
lights   It  «xliibitiy  with  sUuUifl»  aikalino  enpbc  soiMtions,  bMie  aittm^e  ot  hiiamtfh, 

but  does  not  unit*)  with  chloride  of  sodium  ;  ita  tlMbplic  Bolution  mixed  with  alco- 


Imlic  potash  ooaUuniiiig  11'27  peg  csnk  pot—b,  tent  a  Muifloid  joUow  pradpitalc^ 
•omepouding  wilk  Ik*  tewtb  KKXtCw^O*.  (taelin's  SuMtok,  sr.  839.) 

KAVnUi*    Lunger.    Engrait. — ^Thia  temi,  in  its  widest  signiflMllBB,  is  ai^i- 

«lMe  to  any  matpriivl  used  in  apriculture  and  horticulture  fur  the  pnrposf,  and  with 
the  eflfect,  of  arcflt-riitinp  vop  tution.  or  of  iucreasiug  the  productiou  of  cultitrnted  plants. 
Il  •  usual  and  more  limited  8en.«e,  it  aignifiea  the  (ii  i  iimilrtril  refuse  of  the  dwell- 
ings, Rtiibles,  and  cattle-yards  of  a  fiirm — includina;  animal  excreta,  dpctiyinij  n'niainsof 
^DtH,  &C.    (See  Voelcker,  1^6-9,  Joumai  of  the  Royal  "^^^^^^^^ 


England,  zril  191;  zriii.  Ill;  six.  112;  xx.  134;  On  the  Conponte  «f 
ynnl  Manore.— Lawea,  1862  ihid.  jeuL  4&)    fiwin  JlMb  Mii  tbgr*  gyfMHm  Sft 
are  also  commonly  nsed  as  nuinure. 

Ift  addition  to  tfwas  Itfauia  of  manore  whidi  are  inwdaasd  vpoo  the  fium  as  the 
IMnlt  of  its  intf-mnl  ntinomj*.  ur  ubtaini  d  in  the  immediate  neighlnjurhood  of  the  bind 
to  vhich  they  are  applied,  a  varie^  <tf  other  materials  are  employed  iox  the  same  pur- 
pew^  writer  the  wk  of  wMM  mmim,  ThiM  Mlfrials  are  diieAy  obliiMa  \if 
the  farmer  fnim  extraneous  sources,  and  sometimes  from  considerable  distances,  accorJ- 
ing  to  their  value.  They  comprise  guano  (ii  062),  bones  (i.  619),  prepared  pboybatie 
M&enb  (Anmm  i  848;  OmwEttn;  L  82X  aamoyMlta,  aitMliik  the  wibw  of 

■langhter-honsf  s  and  of  various  manufactuwa  ;  fish,  pea-weed,  &c. ;  the  refuse  of  towns, 
in  the  form  either  of  night-soil  or  savage ;  and  artificial  saline mixtavea.  (See  U re's 
DMumary  of  Artit,  Mmm^Ktmm,  mti  Mkm,  iii  88  et  aeg. ;  abo  W«j  H49,  Jtmm, 
Boy.  Agric.  Soc.  Eng.  x.  196 — Compoaition  and  Value  of  Guano,  1S51,  Fh.  xii.  204  — 
On  Supeiphon>hate  of  Lime^  1866,  i&.  xri  683 — Value  of  Artificial  Manures.— 
Toeleker,  1881-1;  Bid.  xn,  880;  xM.  9TT--<A«alMd  Oonporftfok  tad  CoMMnh 
dal  valuo  of  Phosphatic  Manures  and  Artifleill  Kannres.) 

The  lutiliuiig  inflnence  of  mainue  is  a  fiicl  vUsh  has  bera  established  bj  nnirasal 
SB^sriiBoe  tilwwttp  Ae  crilmtiaii  of  plants  hae  Immi  piMfebsd.  fin  a|p46dloe*~ 

aonridercd  as  that  bnundtflf  industrv  which  ih  oonoemMlB  the  manu^ture  of  food 
,t  Air  man  and  domesticated  ■liwaln.  and  therefore  the  most  important  art  of  civilised 
(  life— miinure  may  be  re^irarded  as  beings  to  a  great  ezt«nt,  the  raw  material  employed. 
A  complete  knowledge  of  the  eausea  to  which  the  efficacy  of  manure  is  due,  and  of  the 
mode  in  which  it  acts,  would  comprise  the  whole  chemistiy  of  agriculture.  The  ngbit 
management  of  the  manure  naturally  resulting  from  systematic  acrieulture  is  lb* 
bawis  on  which  rests  the  printable  practice  of  tiie  art,  the  fundamental  princinle  which 
should  regulate  all  the  operatiouH  of  tlie  farm,  and  determine  all  their  details.  It  is 
only  by  means  of  such  knowledge  that  it  can  be  possible  to  modify  and  improve  the 
method  of  enltore,  or  to  make  a  right  selection  aad  ase  of  other  materials,  besides  the 
natural  manure  of  the  farm,  witli  tlie  object  of  augmenting,  artificially,  the  prodnoe  of 
land,  by  rt-ndering  effective,  in  a  higher  degree,  the  natural  sources  of  fertility. 

The  principles  involved  in  the  adiw  tt  manure  are  to  some  extent  deducible  from 
that  knowledge  of  the  gentTul  phenomena  of  vegetation  which  has  been  acquired 
chiefly  within  the  present  century,  and  has  begun  to  ai>&ume  consistency  and  system 
only  within  the  last  llve-and-twent^  years.  Hm  dais  ttpoB  which  that  know* 
ledge  is  founded  were  contributed  chiefly  by  the  puccessive  researches  of  Pricstl  ey, 
Xngenhou8z,  Sennebier,  Wood  house,  Saussure,  and  Davy.  But  though 
thcj  afforded  roateriabi  for  a  view  of  the  chemistry  of  vegetation,  more  correct  than 
^k^which  considered  decaying  animal  and  vegetable  substances  as  the  chief  food  of 
^H^kthey  were  but  little  regarded;  and  though  the  reee^irches  of  S  a  assure  were 
HmfNMUwith  special  reference  to  agricultural  practice,  still  the  humna  tilMfjfif 
plant  nutrition  lii^Lits  ground,  and  was  adopted  by  Davy  in  his  lectur»«  on  the 
"Elements  of  J|RSIroral  Chemistry,"  delivered  before  the  Board  of  Agriculture 
between  1802  anRrei2.  In  those  leetores  he  did  little  more  than  state  the  general 
pn)bl<  ra  to  besolvt-d  in  the  application  of  ohemLstry  to  agriculture,  nnd  insist  njvrn  the 
important  relation  between  toe  science  and  the  art ;  but  thev  afford  some  remarkable 
fllueteatioos  of  the  eomet  sppredation  of  Bitaral  &ets  triiicn  ^ras  eliiifiitsriitin  of  hia 
P  liiuv  (Pri.  Htlev,  1772,  PhU.  Trans.  72;  Ixit.  157  ^OO—Ingenhousz,  1779. 
^iKrtnunU  on  i'cyUaUcs,  ^e, ;  1783,  I'Aii.  2\r«M. ;  1784,  3ur  l  Eoooomie  d« 
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fivz,  Jimr.  Tljrt.  ladr. ;  17M,  Am^  m  A*  Flood  &f  FUmit  emi  tht  l^mmUHm  «f 

Soils. —  TI  ;i '■srnfratz,  1792,  Jour.  Pht/s.  xili.,  xir.     Sur  la  Nutrition  dcs  V^g6- 
taux. — Kir  wail,  1794,  2Y<mt.  £ojf.  Iruik  Acad,  t.  123.   Wluit  are  the  manures  most 
adTantagoooflly  appHcaUe  totaHbm  fnorti  of  foils,  and  iHwfc  tm  the  eantet  of  the  bene* 
ilcial  effect  in  pMrtioular  iTistunot^ji?  -  SenneLior,  1800,  Phi/siolooie  viaitaUt 
Woodboase,  1^2,,  NickoUm'*  8aa8«ure,  lWJ4,Sech§rM  elmmigwm  tmr 

la  Ve/f Station, — Davy,  CntUeted  Works,  vii.,  viii.) 

Foilowiog  in  the  track  of  Snu8Hure' b  rcsiMrchea,  Bonssingavlt  entered  npon 
the  study  of  the  same  tmbject,  condnetine;  hia  experiments  on  a  much  larger  scale,  and 
vith  a  more  direct  mlation  to  afi;ricalturaT  practioe  th«D  had  hitherto  been  attempted. 
In  this  country,  Lawes  was  also  led,  by  the  stiggestive  woric  of  Saussure,  to  study 
the  efTpcts  of  rarions  earthy  and  saline  substances  npon  the  growth  of  different  plants, 
and  the  researches  of  both  have  been  continued  to  the  present  time.  Boussingault's 
imtifflirs  on  the  subject  wore  published  in  1836,  and  in  the  year  ISM  be  had  made 
known  rwulti  of  his  investigations,  which — besides  estal)lisbinpr  the  composition  vf 
the  musit  importHut  kinds  of  agricultural  produce ;  the  efficiicy  erf  various  materiiilrs  la 
feeding  ■aimli^wid  the  general  relations  between  ttM  composition  of  the  crops  obtained 
and  the  raanareu«>ed  in  the  orditiHry  rotttine  of  prooticein  his  locality — had  led  him  to 
adopt  tho  eouclustous,  that  the  carUxi  aud  uitxogt,>u  obtaintHl  iu  ih^  seveml  crops  com- 
prised in  aiotation,  amounted  to  nnsh  more  than  was  contained  in  the  manm;«  supplied 
within  thf  pamptirtie^;  and  conscqncntly,  thrif  thosf  i^finstlfuents  mn^f  be  derivwi  in 
some  way  from  the  atmosphere  (itu-iiig  YfgftMtiuii  -  thai  those  altorrmtioos  of  crocM 
wUeh  MB^ttod  of  Meonraktioas  of  carbon  and  nitrogen  being  gathered  ftom  tM 
ntmosphrTc,  and  conserved  upon  the  ferm  most  lan,^(  ly,  iu  the  form  of  manure*  mn 
the  most  advantageous;  that  certain  plants  were  Wtter  fitted  for  this  purpose  than 
otheia;  and  tiiat  ue  valae  of  nuntvo  was,  to  a  great  extent,  indicated  by  the  amount 
of  ammonia  or  nitrogen  which  it  contained.  (See  Boussiugault,  1836,  Ann,  Chim, 
;  Becherehes  mr  la  quantity  d'Asote  contenu  dans  les  Fourrages,  et  sur  ienr 
Equivalent  hSL  225-244,  1838,  Ixvii.  409^21 ;  Examen  eomparatif  dee  riironatanrqi 
m^t^)Polo^queB  sous  lesquf  llf^  v^g^t<>nt  oertainos  Plantes  alimentaires,  & r^uatetir  ct 
sous  ia  xdne  temp^r^,  337-368 ;  18<i7,  Des  Influences  m^t^oiroU^qnes  snr  lia  Culture 
de  U  Vigne,  Ixiv.  174 ;  Mimoire  sur  la  quantity  de  Olutea  eontamie  demsleal'telBiada 
plusicnrs  esp^cos  Froracnt  cultivoes  dans  le  meme  sol,  Ixv.  301 ;  De  la  Discussion  d«^  la 
valeur  relative  desAasoiements  parl'anaiyse  eieuienuire,  Compt.  mui,  vii  1149;  viii.  64.) 

Ingenhonaa  and  Sanssnre  had  already  adopted  tiie  opinion  that  tito  cartwn  of 
plants  was,  to  a  pnreat  cxt^'nt,  dmvcd  fi»ijm  the  ntm  h.  ric  csirbonir  .ici  l ;  and  the  samo 
view  had  been  put  forward  by  Brongniart,  iu  retert-nce  to  the  origin  of  the  coal  strata, 
aa  noM  piulMole  than  the  fauraus  theory.  (Brongniart,  18S7,  Compt  rend^  Oon* 
fjitV-r.ifiun.^  8ur  la  Katnrc  des  Vegefaux  qui  ont  eoawrt  1»  BOgfllfla  da  ]a  Tttm  am 
diverses  ^poques  de  sa  formation,  v.  403-416.) 

But  Itwaa  notuttU  tha  year  1840  that »  eompwhecsHw  theory  of  phmt-nvbrifioB 

wjw  proponnil(>d  by  Liobig,  witli  such  perspicuity  and  furcn  jvs  to  fxcitt-  univt-rsal 
attention.  The  fundamental  proposition  of  that  theory  wa%  that  the  food  of  planti^ 
tha  niataiala  fimn  vhldk  tiM  ^hif  manof  thair  aalia^^ 

eists  soh'ly  of  carbonic  acid,  \vater,  and  amraonia.  TIic  chemical  argiimeiits  by  which 
this  view  was  hunporte<i,  in  opposition  totho  raevailing  opinion,  that  plants  derived 
their  eariwn,  liydrogun,  oxygen,  and  nitnigen  worn  humus,  and  from  other  vegetable 
and  animal  substances,  were  conducted  iu  8uch  a  convincing  and  logical  manner,  that 
lielMS  baa  been  ffonerally  regarded  aa  being  entiUed  to  the  same  honour  in  the 
aalabuahnMDt  of  VmM  theory  of  ^Isorib-wilritioii,  aa  if  the  data  on  which  it  was  based 
had  altogether  originated  with  himself  Uebie's  researches  on  the  phenomena  of  the 
decay  of  animal  and  vegetable  materiok  afibrded,  together  w  ith  the  existing  knowledge  of 
the  phemnuttta  of  aniraid  Itf^  the  most  eondusive  evidence  that  the  ultimate  products  of 
those  processes  were  carbonic  acid,  water,  and  ammonia,  predsdiy  thoae  materiala 
constituting  the  chief  food  of  plants.  Moreover,  these  substances  cannot  be  com- 
bined, in  any  way,  so  as  not  to  contain  a  far  greater  amount  of  oxygen  than  the 
enbstances  of  which  planta  collectively  consist,  and  which  are  produced  in  vegetation. 
This  fact  showed  that  elimination  of  oxygen  was  a  necessary  feature  of  vegetation, 
and  threw  an  entirely  new  li^ht  upon  the  known  constitution  of  the  at  ntottphere  and . 
Urn  decomposition  of  carbonic  acid  by  growing  plants ;  at  once  establishing  a  aUMt 
remarkable  relation  between  the  phenomena  of  vegetation  and  animal  r{*spinition,  and 
denioniitrutim'  the  essential  interdependence  of  the  processes  of  auimai  and  vegetable  life. 

From  the  met  that  the  food  of  animak  ia  provided  exclusively  the  vegetable 
kingdom,  cither  directly,  in  the  form  of  com,  roots,  fruit,  &c. ;  or  indirectly,  tlirough 
the  medium  of  animal  life,  as  the  flesh  of  herbivorous  animals,  th«)  importance  of  a 
kaoiriadgo  of  the  dMmiatrv  of  ▼egetanon,  in  reftMBM  to  the  cultivation  of  plants  as 
s  aonm  of  Awd  Ibv  wiBaH  ii  •dl^«Tidaat.  ConaegneoUy^  Liebig'a  coqpoat&oo  of 
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Iiis  thonn,"  of  plant-nutrition  had  espwial  nforonce  to  the  practice  of  agriculfurp,  just 
as  the  researches  of  Maastare,  Bounsiusaalt,  L*wei.a&d  otliers,  hod  been  prose- 
cnted  in  fh(>  Mme  diraetioB ;  ftnd  it  «M  deiritoped,  fa 

culture.    (Liebig.  1840,  Ch<  mistry  in  its  Applications  to  Aqrinilture  and  Physiology.) 

la  order  to  iiluBtrate  Miy  the  cfaemiitry  of  manures,  an^  the  prioci^es  involved  ia 
thair  om^  m  well  m  fai  tbt  graend  fonriiM  of  agrienltonil  practieev  ^  ^nH  be  niiei— ly 
to  give  ft  brief  ilatenioiit  of  tho  pencral  f  iitur«>s  of  tho  cni'mistrj-  of  vt  cr  tatlon,  oon- 
•idaied  ftom  M  abitnct  point  of  view,  so  far  as  the  present  knowiedgB  of  that  salyect 
win  permit;  tiwn  to  dcwribe  the  coaditioiis  wbii»  eanrdbe  tilie  enief  dflUnoimag 
influ*'ne»>  u)K">n  vegetation,  in  wc^ard  to  tho  olij.-et  :i[i]>.Tt!iining  to  agriculture  generally, 
ftnd  the  different  means  adopted  for  the  attainment  of  that  olgectt  aoeording  to  the 
nodificHtioD  it  feorivee  by  the  Tvioiie  ^Mciiil  dreninstaneee  vadwwbicli  the  art  ta 

jraefised. 

The  ultimato  rcealt  of  the  growth  and  development  of  plants  consists  ia  the  pro> 
duetion  of  a  number  of  oxygenated  and  nitrogenons  hydrocarbon  eompounds: — atwdl, 
engw  (ii.  B56),  gum  (ii.  953),  lignin  (i.  818),  fat  (ii.  616),  albnmin  (i.  69).  gluten 
(iL  878),  legumin  (iii.  568),  fibrin  (ii.  643X  Mrhich,  in  some  form  of  subordinate 
modification,  are  uuiTersid  coustitoentB  Ot  all  plants ;  and  a  great  variety  of  other 
analogonaambatanecfli  iHiiah  an  qpeoial  eoDatkoaotBof  piiliaalarplanlBorof  pnCiealar 
plant -orgnns. 

The  chief  mam  of  the  solid  portion  of  plants  consists  of  these  subetanoes ;  it  is  the 
main  function  of  vegetalioa  to  {nodaae  tun,  and  thia  to  piovidB  iiod  te  aaiBalft 

(See  NcTKiTi(»x.) 

These  coustitueuts  of  pliuits  wore  formerly  termed,  in  a  chemical  sense,  "orgaaie" 
aubstaooes,  in  conformity  with  the  opinion  that  they  could  be  produced  only  by  the 
plant-orgnnism,  nnder  the  influence  of  vital  action  ;  and  that  they  were  totally  distinct^ 
in  their  chemical  nature,  from  the  compounds  producible  artificially,  and  frum  thutie 
helon^ng  to  the  mineral  kingdom,  widen  wrae  termed  "inoivanic"  to  distinguish  thtm 
chemicalty  from  the  proximate  constituents  of  organised  bodies — either  plants  or 
animals— and  firom  the  derivatives  of  those  compounds.  Modem  chemistry,  however, 
haa  discarded  that  opinion,  and  with  it  tbe  aae  cf  tho  tanM  organic  and  itiorgauic,  as 
exprt  -'^^ive  of  a  diptinction  which  no  longer  represents  a  recognisied  difference ;  but 
the  term  "organic"  is  still  conveniently  applied  to  the  conetitoents  of  plants  and 
animals  without  iavohing  aaeh  a  diariaoHim.  (eorlia»dt»  MM,  TVaW  db  CStM 

OrgnviijUf,  \.  1-6.) 

The  materials  from  which  the  proximate  constituents  of  plants  are  produced  in  ve^ 
tation  are  ftiw.  Aeeordiog  to  (lie  preeeatatateef  knowledge  oaiboBie  add  fa  the  ptn- 

cipal  source  of  tlie  carbon  ;  but  in  the  case  of  some  plants,  a  further  portion  of  carbon 
may  poesibly  be  derived  from  other  carbon-compounds.  (See  HuMVSt  iiL  76,  a^Uucuf.) 
Water  is  the  aonroeof  hydrogni  and  ox3rgen,  wfafle  nitngen  is  derfrad  dueflyftom  Oi- 
nonja;  to  some  extent  also  from  nitrir  acid;  possiblyfrom  nitmgt'nons  snlistances  ana- 
logoos  to  humus,  and  frum  the  elementary  nitrogen  of  the  atmosphere;  but  whether 
directlj  or  Indirectly,  or  eren  at  aO,  haa  not  been  aseertdned.  The  prepondamiMO  of 
evidence  is  in  favour  of  the  opinion  that  elementary  nitrogen  is  not  directly  assi- 
milated byplants.  See  on  this  subject:  Saussure,*  1804^  liedurehe*  6ie. — DtkXj, 
GtOetifd  workt,  vii..  viii.;— BoaaoiBganlt,  18S8,  Jbm.  Okim,  Alyt.  facril  l-M^ 
Ixix.  3.53-367;  Reoherches  chimiqusi  aBT  la  Voi^i  fntion,  entreprises  dans  le  but  dTeK* 
aminer  si  les  Pkntes  prennent  de  I'aaote  k  Tatmosph^,  1864  [3]  xli.  1-60;  1865^, 
zHii.  149-223 ;  1856,  xliL  1-41 ;  1858,  Compt,  rend,  zlvii.  807  ;  1838,  Qmmt.  rmd.  tL 
129;  1839,  vii.  889,— Liebig,  1840,  Chimi.<try,  ^r.— Mulder,  1845,  The  ChmUttrw 
Vegrtable  and  Animal  Physiology. — Qr.  Ville,  1853,  Jiechrrches  exph.  tur  la  Vh*- 
UstUm\  1856.  Compi.  rmd,  xMl  679;  xliii.  85,  143,  612.— Mine,  1851,  Compt  rend. 
Txxil  180,  770.— Koy.  1854,  Compi.  rmd.  xxxiz.  1133.— Cloes  and  Gratiolet^ 
1860-5,  Coiiipt.  rend.  xli.  775,  935.— De  Lnca,  1856,  Compi.  rend,  xliii.  865. — 
Harting,  1855,  Compi.  mid.  xli.  942.— Pef sboldt,  J.  pr.  Chrm,  Ixr.  101-106. — 
Lawes,  Gilbert,  ami  Pugh,  1862,  On  the  Sources  of  Nitrogen  in  Vegetation,  PUL 
Trans,  for  1861,  p.  431  rt  .s^.  and,  1863,  Journ.  Chem.  Soc.  (2)  I.  100.— Lehmann, 
Physiological  Chemittry,  Cavendish  Soc  iii.  178. — Mohl,  The  VcgctabU  Celi,  hy 
.B^ntfy,  pp.  77-88. 

Among  the  substances  aboTP  named,  carVmic  acid,  water,  and  ammonia  constitute 
the  chief  materials  of  plant-food  ;  and  since  it  is  from  them  that  the  organic  coustitu- 
ents  of  plants  are  principally  produced  in  vegetation,  they  have  l>een  sometimes  called 
the  "organic  materials  of  plant-food"  {Quarterly  Rrvinr,  Ixix.  336  ;  hie  id  en,  The 
IHant^  p.  173).  Under  natural  conditions,  these  substiinces  are  constantly  supplied  to 
plaata  bj  the  «taioaphera(i  437-439X  which  contains  them  ia  anall  proportion,  but  ia 
large  Aggregate  quantity,  eontinually  replenished  by  the  process  of  animal  life  (see 
RKstLBATiOK) ;  by  the  dt  cay  of  dead  animals  and  plants  (Eb&macausu^  iL  497);  by 
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Bt'vcral  natural  phenomena  of  tlio  minenil  kingtlom  (i.  770,  ii.  8.^5) ;  by  indastrialand 
economic  opoatkm*,  (CoacBogixov,  i  1095 ;  kma^  iL  722) ;  by  nia,  dew,  and  thtt 
6n^NHnljoB  tt  vstsf  fron      oorau,  IskM,  ud  I'Ifwn  (bm  Watb  rad  AmnniiA, 

i.  182).  It  is  immiit^rial  wh.  fli.  r  th^se  substances  an*  supplied  to  plants  exrlusivcly  by 
ibm  nimmphtn,  or  whether  they  are  derired  from  other  sooices  as  well ;  in  either  cum 
tbcir  Tdoe  In  regud  to  vegetatioik  if  tlie  mntk  They  may,  therafore,  be  termed 
collectively  the  air-food  of  plants ;  and  the  organic  substances  produced  fit)m  them  in 
vegetation  may  bo  deei^ated  the  air-derived  constitaeuta  of  planta.  So  fiir  as  relates 
to  the  merely  abstract  Tiew  of  the  chemistry  of  vegetation,  it  is  a  matter  of  indtfference 
whether  the  materialfl^  eonatituting  the  air- food  of  plaota,  are  derived  exdusircly  and 
directly  from  the  atmosphere,  or  whether  they  are  to  some  extent  derived  from  other 
sources  also,  and  indirectly ;  as,  for  instance,  by  the  decay  of  humus  or  nitrogenona 
animal  or  vegetable  mbstaiioea  contained  in  the  soil,  or  supplied  to  it  as  mantire.  The 
case  is  different,  however,  when  vegetation  is  regarded  from  a  pnictical  point  of  view — 
as  the  means  of  producing  food  for  animals  artificially — and  when  the  objects  and  cir- 
cumstances of  the  practice  of  agrieulturo  have  to  be  iaainded  in  the  eoaiidcntioii  ef 
that  subjeef ,  the  differ^neo  is  of  the  highest  importance. 

But  there  are  altw  other  materials  concerned  in  ve^tation  besides  the  carbonic  acid, 
water,  ammonia,  flam  which  the  plant  ooofllnetB  its  chief  substance.  In  almost 
all  plants,  and  in  every  organ  of  a  plant,  there  are  certain  substances— indestructible 
by  tire — which  remain  as  aahes  when  planta  are  perfectly  burnt.  (See  Ask,  i.  4 16  stq.) 

The  ash  of  all  plants  contains  potash,  aoda,  lime,  magnesia,  pbosphorie  acid,  sul- 
phnrie  acid,  silien,  iron,  &o.,  wliich,  in  the  case  of  land-plants,  an-  derived  exclusively 
frum  the  soil  on  which  the  plantii  grow.  The  relative  proportions  of  these  substances 
vary  eouiderably  in  different  phinta,  and  in  the  different  oigMM  ef  flie  aans  plant ; ' 
fvnni.  tinies  al.M),  though  in  a  less  degree,  according  to  the  character  of  the  soil  on  which 
the  plant  grows ;  but  most  of  them  are^  in  greater  or  less  amouijt^  constant  oonstitnenta 
cf  ptanti^eBd  arether^btetobe  regardsd  as  mtmmn  te  thwr  eiiiteroe wd  wiiimM 
to  vegetation.  (5^e  Kirwan,  1794,  f^.  cit,  14$,  HA^  BtiXMgUf,  IWi,  Btektrdiet 
ckimigues  aur  la  Vtaetation^  pp.  261,  269.) 

Ift  eounsetkw  wiUi  the  dtemietxy  (rfa^enltnre,  these  snbstmoea  hew  been  eommonly 
eallad  the^min-ral"  or  thf'  "inorganic"  conHfitnonts  of  plants;  mineral,*  in  accor- 
daaae  with  the  recognised  classification  of  natural  olyects,  into  mineral,  v«^table,  and 
•Bfattal,  beeaiise  they  8i«  eartfiy  in  their  1lat1lr^  and  ere  lifes^^ 

inommic,  to  distinguish  them  fn^ni  th"  organic  constituents  of  plants,  which  are  pro- 
dneed  in  vwntation  from  carbonic  acid,  water,  and  ammonia.  (H.  Davy,  EUmenU  of 
JgrkmttmmCkmmstry,  1827,  Odlected  Works,  tUL  40,  H.  teq. ;  Liebig^  0%$mitUy  im 
its  applications  to  Ayi  icxihurc  and  PhrjsiuJo,j>f\  1840,  p.  92,  <fg.) 

The  condition  in  which  the  above  sabstances  are  found  in  ue  ashes  of  planta  is 
Anwhelf  ym  dUftwii  htm  that  in  whkh  thev  exist  in  tiie  plants  theneem,  and 
little  ie hum  M  to  iriiat  that  naybsk  ThefliafltioM  tfatj  psrfbm  ia  fvgeMioii 

*  TUs  oae  of  the  epithet  ** mineral**  to  deiiote  tboM  oonitltacfitf  of  planta  which  are  not  diuipatad 
bj  Are,  ai  well  aa  to  aiitlnguUh  them  from  the  other  coa*tltii«>n(«,  itnd  from  other  matpriaU  of  plant, 
food— carbonic  acid,  water,  and  ammonia— hai  receotljr  b<>Mi  objf  rted  to  by  a  high  chemical  authoritT, 
as  an  error  in  nom4>ncUture,  indicatinff  confuiion  of  ideas,  *iiu-«<  ihe  epithet "  mineral  "appliei  "  equally 
to  alt  the  •Icmeiiu.  tu>th  volatile  and  fixed,  of  plant-food"  (Hofmnnn.  Cki-mical  ProducU  and  Pro- 
etutt — InUmationitl  Eriiibititm,  1862,  (;ia»i  II.  Section  A.  lirpnrtt  ht/  the  Jurifi,  p.  I.V»).  Since  the 
chemittry  of  agriculturi-  i*  a  subject  concerning  which  it  is  c-kv><  i  i.illy  lU-iirable  that  any  real  or  tiippoted 
confiuion,  whether  <il  tcrn.n,  nr  of  idea*,  or  of  facts,  (houKI  »triij|tently  eradlcaterf,  »nd  kept  cloar  of, 
I  shall.  In  lubmissinii  in  tiiiU  «uthtiritjr,  abstain  Irom  »uch  um-oi  the  term  "mineral."  »ub<tl(u(iiik'  fcr  it 
the  term  "ath,"  to  denote  th(j»€  ruiiitttuents  of  phiiitJ  wtilch,  Ix  ing  earlhy,  are  derired  t  xclimively  irom 
the  tiiil ;  and  shall  follow  the  same  rule  In  refercun-  t"  Uir  tn,r,frul>  of  '|ilant-food  «hiLii  aie  supplied 
exchuively  by  the  soil,  in  order  to  distinguish  them  from  tin-  other  materials  of  plant-iii  hI— <  arl>onic 
acid,  water,  and  ammonia.  In  doing  so,  howerer,  I  may  remark  that  the  use  of  the  term  "  miinr.il," 
which  is  now  condemned,  has  long  heen  common  amoiiK  chemists  :  and  will  irenlure  to  sutr^^  si  thai  there 
U  no  reason,  berond  oliedtence  to  authority,  for  ali>i.uiiiiig  from  that  use  of  tin-  ti  rm  w  Im  ti  luis  been  cus- 
tomary. For  tnnugh  the  epithet  "mineral"  uimui  !,tKiuably  does  apply  "I'qii.illy  nil  the  elements, 
t>oth  ri^latile  and  fixed,  of  plant-food,"  still  it  does  so  only  In  a  Natural  HHtnry  srime.  m  t  as  tynoiivronut 
with  the  chemical  term  "Inorganic,"  when  used  in  Its  true  sense  aj  the  antithesis  to  "organic.  Nor 
has  th«  use  of  the  term  **  mineral."  In  special  reference  to  the  chemistrjr  of  asrlcultare,  b«en  such  as  to 
iQdicatr  Its  equivalence  to,  or  confiuion  with,  the  term  "  inorganic,"  wlieo  used  in  its  true  chemical 
•ante.  On  the  contrary,  the  term  **  ninerat "  has  been  uasd  In  refarsnce  to  that  subject,  durlns  the  last 
eily  years  at  lent,  for  the  uedfle  designation  of  tbs  «ib*eoMtitiMBt«  of  plsnU :  and  duriof  the  last 
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p.  »-ty  mm  iMMlplina,  "  They  are  ntaMnl  ■iibatMiw>,snj  at  wMh.  V  MmtavuUbllm  by  Iwt  and, 
SoainiMlly>Teiahi  at  ailiw  after  the  incineration  of  the  plaali.  or  of  their  parts."  (See  also 
■ehlef  den,  IW  W— »,  p.  ITS.)  In  fiwt,  the  term  "  mineral,"  so  lUM,  taaa  a  nal  advantage,  la  baing 
nvclM  than  the  term  "  inorianie,"  also  used,  in  tome  iostances.bv  Lleblg  and  others,  for  the 
4adgnation  of  the  fixed,  ash,  or  toil-ixmstltuents,  as  contradistinialtlMl  ftwt  the  other  materials 
planl^bod — carbonic  acid,  water,  and  ammonia— which,  ha  a  chemical  sense, are  also  "inorganic," 
k  vblrti  have  Irequeotly  been  called  the  "organic"  materials  of  plant-food.  (See  Lleblg,  IMO. 
'  finUt  AfpUeatHMu  to  AgrkmUure  and  PkytMvg^,  pp.  3,  'J'l,  I  l4.-.Boaatlnf  anlt*  l$<i,Sm«d 
.  p.  49a— QMntcr/y  Rrvieuf,  Ixix.  336, c<  <^ro_L  i  wes  lei  Gilbert,  lil^-fl  Awi*. 
'  iM.  vUl.  aU.  stL  sviL  x*UI.  aal.  alii.  *ck-A  U.  t. 
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are  :t1.«o  littln  undentood  Tho  amount  of  them  contained  in  plants  is  oompArativt^lj 
very  hiiKill;  but  thaee  wliich  are  constant  and  eflsential  constituents  of  particular  pUntH 
being  u<-c«-98ui7  to  vcgstation,  must  be  rogardsdM  iadv^psnsablo  constitueali  irf  plant- 
fuoci.  (So'  Kirw:in.  op.  ctt.  149,  157— 8au«snr«^  0p. p.  2G1.)  Thia  is  criMont 
from  the  fuel  that  plautu  will  not  grow  to  maturity  under  conditions  which  exclude  a 
Mpply  of  the  ash-constituents  found  in  them  under  ordinary  circuagteMHi  Tk» 
necessity  of  the  ash-conHtitu«'nts  in  vegetation  is  n-nden^d  «till  further  apparent  by  the 
fact  that  the  tluids  and  organs  of  animals  cuutaiu  precisely  those  aHh-oonstituents 
irUdi  are  iJways  Ibund  in  fully-deTeloped  plants.  (Bn%  L  687;  Blood.  L  809; 
BoNB,  i.  619 ;  Cbtx^  L  961;  MiMK,  iL  6Mi  Qabok  nnk  ^  <22;  Mwaow^B 
TtMvm;  Nbbtovs  tusub.) 

Mamfvmtf  the  ftmctioDS«f  ttete  Mh«ooiwtlta«nt8  in  the  prooMi«f  animal  life,  hat* 
Imb  to  fertmofd,  \h:\t  thcro  cannot  be  any  doubt  of  their  being  essential  to  it^  Y>oth  in 
dit  fVOVth  of  animals — when  they  partly  remain  in  the  body,  contributing  to  its 
liMiiiaat  aiMT  daring  the  lilb  of  mature  animals,  when  they  no  longer  remain  tad  ai^ 
cumulate  in  the  body,  but  are  eliminated,  either  directly  or  indirectly,  in  common 
with  the  rest  of  the  dailr  food,  in  the  excretions,  after  having  performed  their  ^oota 
In  lha  akoneal  ywBias  or  aidaial  Bfe.  (See  Mrannoir.) 

The  ash -constituents  of  plants  have,  therefore,  a  twn-f  .M  importance,  being  ess<>ntially 
coneemed  both  ia  vegetation  and  in  animal  life.  8ince  they  canxu>t  be  dehved  from 
tiia  itanosphen^  it  ia  avidsak  tliafttlMaQa  an  vhioli  plants  grov  baa  ateMMUi^ 
taut  eharo  in  vegetation  than  that  of  affording  merely  mechanical  support;  Itetlfc  la 
likewiaa  the  aooroe  of  an  essential  oortion  of  their  Ibod.   (See  tmte^  p.  Ii29i) 

Tilt  noda  ia  iHdeh  tiia  laalapiaLi  of  plaBe4bod  are  takm  np  into  tha  BigawiaBi  of 
'  Aa  plant  \B  twofold :  partly  by  means  of  the  leaves,  and  partly  by  the  root*;.  The 
abiOtptioa  of  carbonic  acid  by  the  leaves  and  green  parts  of  pknts,  first  ohaerved  by 
PriM(la7(177S,iML  2VaM«.]zU.166XaadmoiaiUI$dMM»nl(nted  bySaaaaaraaad 
ficnaabier,  is  one  means  by  which  plants  may  appropriate  carbon,  and  perliaps  water ; 
bat  'wiiather  they  obtain  mtrqgen  in  the  nma  wiur,  has  not  been  proved  (see  Mohl, 
J%9  VtffftMt  OeU,  p.  S6).  The  aah-oonatitnenfa  of  planta  can  b»  intwdaew  farfo  their 
organism  only  by  the  root^,  and  tho  utrueturt'  of  plants  justSftea  the  opinioa  tlMt  thty 
are  taken  up  in  the  state  of  aolution  in  water  (Moh  1,  op.  ciU  pi  66).  But,  bendea  the 
aah-oooatitwBti^  odur  fBod-natarfali  ave  takeo  ap  by  the  toots,  espt  cially  ia  oal- 

tivated  plants — carbonic  acid,  ammonia,  or  other  nitrogenouh  substaiitN's,  n'sulting 
ftom  the  decomposition  of  humus,  and  perhaps  also  QarhonaMons  compounds  other  than 
carbonic  add.  (See  Mo  hi,  0^.  eit.  pp.  80,  81 — Mold  or,  Tk$  (SkewiUtryqf  FfjfMk 
and  Animal  Physiulouy,  pp.  142-188.  Trinchinetti,  Sul  FaoM  nmimtH  ddU 
Badiciy  pp.  65. — Boussingault,  Rural  Economy,  p.  41  ei  »eq.) 

Scarcely  anything  is  known  as  to  the  precise  influence  exemsed  upon  the  growth 
and  development  of  plants  by  the  relative  amounts  of  air-lbod  supplied  by  the  atmo- 
sphere and  from  witnin  the  soil,  or  of  the  modifications  of  growth  which  may  result 
from  such  influences ;  though  there  are  numerous  facts,  established  by  agricultural 
experi«ioe,  which  apparently  indicate  that  this  circumstance  is  in  some  eases  of  aapMial 
importance  in  determining  the  character  of  the  produce.    (See  pp.  841.  844.) 

Nor  are  the  special  functions  of  particular  materials  of  plant-food  in  the  growth  of 
plaals  aagr  batter  understood,  though  experience  af^tears  to  indicate  that  tlMgr  an  aaa- 
ful  in  fiome  other  way  than  by  directly  contributing  to  the  increa.«?e  of  mass  in  tho 
plant ;  and  it  is  far  from  being  established  that  eithex  the  kind  or  amount  of  the  sub* 
stanoea  of  lAoA  {riants  consist  afford  a  quantttadve  indication  of  the  food-materiala 
which  are  necessary  in  their  growth.  This  is  especially  the  ease  with  cultivated  plants 
which  are  fluently  grown  with  special  objects,  requirtug  a  dispruportiuuate  develop* 
aunt  of  partiealar  oigana  aad  oonratnents. 

These  circumstances  render  it  very  doubtful  whether  the  requirement*!  of  planta 
during  thi-ir  growth,  can  be  correctly  measured  by  a  knowled^  of  their  composition 
aloQS^  any  more  than  it  would  be  poasiUe,  in  Ilia  oaae  of  animals,  to  determine  tho 
quantities  of  food  rfqviir*'d  ilurinc  th'-ir  exi.Hteneo,  nipn'ly  from  a  knowledge  of  tho 
qualitative  and  quantitative  compobition  of  the  animal  at  any  period  of  its  lii^. 

The  various  materials  oaeenaed  in  vegetation  as  plant-food,  are  all  equally  neceaniy 
for  the  growth  and  development  of  the  great  majority  of  plants.  No  one  of  them  can 
be  replaced  by  anything  else,  not  even  by  an  increased  amount  uf  some  other  of  them. 
All  must  be  supplied  togodicr ;  ia  tto  abaence  of  anv  one,  the  rest,  hoiwwfu  abundant 
are  wholly  incapable  of  aiqifoitiiig  tigBtatioiv  and  ddkMiicjof  aBjoBo  liauta  tiia 
effect  of  the  remainder. 
Haaoiw,  tlMvalative  propoBtloaaof  the  sevmal  aiaNriala  of  plant-food  reqoirflaftr 


fMjStetion,  are  not  absolutely  con.stant  for  all  plants  :  on  the  contrary,  they  vary  to  SOBHI 
aaSMatfor  different  plants^  or  £unihes  of  plants:  some  planta  drawing  more  Ja^^ 
iq^ttorfHhodlhtnoltei;  aw  t^gmag  a  gwater  proportioit  of  adi  aoaalitatBla. 
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Amoqg  the  fonneo;  some  pcodaoe  the  nitrogenous  oonstituonts  in  larger  j/isofg(atiaa 
ttsBOthflts;  id^ioaw  pradnee  ehuflr  the  oooBBpoudiog  non-nitrogenau  


nits.  Anuigg  tli» iMfew.  Bome  requir(>  liikalis,  soiM  fhrngfiprit  tod  in  fCifondBnting 
Amount,  QUHWfttniMaiififly  limi^  nlieai  &e. 
Hie  spedal  ooooitioiu  raoer  wudipbati  onnr  also  csndse  aeonridmbk  inflnraw 

fa  modifying  thoir  rc-quirements  as  regards  thft  Mvcr.il  food-mati  rials,  and  in  detei> 
■imng  the  sixe  of  particalar  oi|^^anfl»  as  well  ta  tha  xelatire  proportion  of  the  nitroge- 
amg  imd  non-nitrogenooa  eonstitnenta  prodnead.  Maaj  puata  bMome^  under  culti- 
Tatioo,  totally  difft  rent*  both  in  structure  and  oflwyaition,  frum  what  thaj  are  in  a 
atate  of  natural  vegetation ;  bat  the  extent  to  vhieh  this  influence  is,  or  may  be 
exerted,  is  far  from  being  sufficiently  known,  nor  are  the  conditions  which  determine  it 
fWl}'  as<'ertained.  Climate  and  season,  the  physical  condition  of  the  soil,  the  greaU-r  or 
less  facility  with  which  some  or  all  of  the  food-materials  may  be  obtainable  by  plants 
in  particalar  casen,  and  the  copious  or  scanty  supply  of  certain  food>mat«rials,  are  all 
doubtlsss  inflnsntnal  in  tkia  swpset»  and  Una  aolQaet  still  oOm  a  wide  Add  ftprafaan^ 
vation  and  research. 

Among  ilios^'  conditions  of  vegetation  which  are  neither  chemical  nor  climatic,  the 
plqpaieal  characters  and  state  of  umd  exercise  great  influence  upon  the  aaoMNDit  of  pn^ 
duce.  Soils  difFt  r  naturally,  in  this  respect,  afrr.rdinfx  U)  the  relative  propf)rtion8  of 
clay,  sand,  gravel,  &c.,  M-hic)i  thoy  contain,  and  thty  differ,  perhaps  still  more  widely, 
in  regard  to  the  texture  they  possess,  or  an  eapable  of  acquinag  by  tilTaja.  (fitoa6i>lt% 
and  Boussin  pault,  tiural  F!er.nomif,  pp.  25R-308.) 

The  essentially  chemical  eunditions  of  vegetation  cotiaiiit  then,  in  a  supply  of  food- 
Mtviala:  thaj  eomprise  the  existence  in  the  soil  of  the  requisite  ash-constituents  in 
a  state  fit  for  assimilation  by  plants,  and  a  supply  of  the  requisite  air-food. 
Whertner  these  conditions  obtain  in  due  proportion,  together  with  the  conditions  of 
climate^  AaL,  M^jidaad     iMiticalar  plants— whsthar  paMnaialar  imwiali— tiioaapliala 

will  grow,  attain  maturity,  and  pt-rffot  di-vclopment 

So  far  then  as  relates  to  the  purely  chemical  conditions  of  v^ctation,  other  oondi- 
tioM  \uim%  tiha  aame,  the  quaainty  «f  phat-anbataace  produced  within  n  given  time 
on  a  given  area  of  land — the  amount  of  produce — will  be  determined,  within  certain 
limits,  by  the  quantity  of  plant-food  supplied ;  and  it  will  be  limited  by  the  available 
qaaatfty  <rfthat  aaoatrtnent  of  tbe  taoA  which  ia  aapplied  maaairiule,  is  leaat  amoonl^ 
relatively  to  the  general  n^nirements  of  the  particular  plant  growing. 

Since  the  verv  striking  dlfierences  recognisable  in  vegetation  at  difltoent  placetL  or 
flB  mii'r  "'*  hUM^  tad  ■MMliftittttll  hi  tha  nnequal  amount  of  prodnee,  cannot  beaseruied 
to  tfM  atmospheric  fl|yl|yof  air-food,  which  is  alway.s  constant,  and  evi  rYwlicrc  the 
ana^it  oaaaBaaiy  to  seek  in  the  soil  for  the  citRmical  cause  of  these  difierencea 

faithadigmaflMility  as  represented  lij  tha  aaiMut  of  prodoea.  Tha  aoQ  beinf  tha 
only  source  of  the  ash-constituents  of  plant-food,  the  capability  of  performing  itjwnhare 
in  tha  chemical  conditiona  of  vegetation  most  neeessaiily  depend  npon  its  containing 
the  laqulaita  aah-aooaHtaaata,  is  snfflrisnt  anumnt,  oA  m  aooi  %  atate,  aa  to  ba  arait 
able  in  the  ^i[rowth  of  plants. 

When  it  la  oonaidered  that  soils  have  been  fanned  by  the  mechanical  and  chemical 
altenlfaB  of  vodka  poaaeasmg  the  moat  Taxfed  eampoaitfai^  that  thejr  eonaiit  of  tha 
disintegrated  debris  of  granite,  basalt,  olay-.slatf,  linuF>t(ine,  sandstone,  chalk,  fti;,  itit 
andent  that  their  oheaaical  oonatitnents  must  vary  veiy  conaiderably  aecoi'ding  ta  dkt 
pavtieAvtodaftoiii  wfaidi  they  haTe  ori^nated,  just  hi  tfia  aaoia  maiUMr  aa  thiiy  dHfcr 
in  bong  sandy,  calcareous,  loamy,  or  argillaceous. 

The  total  amount  of  the  ash-oonstitaents  concerned  ia  Tegetation  will  therefore  be  Teiy 
diflhreat  in  different  aofla.  Motaovar,  the  different  chemioeraflihm  of  the  adnetalseon^ 
toting  the  rocks  from  whidi  aoila  have  orig^ated,  and  the  unequal  susceptibilitjr  of  those 
Biinerals  to  decomposition  andar  atmospheric  influences,  give  rise  to  wide  <fiflbrences 
between  soils  in  regard  to  die  chemical  condition  the  ash-constitnents  thej  contain. 
Both  these  circumstances  may  iniluence  tlie  fertility  of  land. 

The  mechanical  operations  of  tillage,  besides  communicating  to  soils  that  textnre 
which  is  necrasary  to  admit  of  the  free  development  of  the  roots,  are  also  conducive  to 
tha  thffl****'  altwatinii  of  minerals  in  the  land,  by  &cilitating  the  acosaa  of  atmospheric 
air.  and  the  confiequent  decomposition  of  insoluble  alkaJine  silicates.  The  fertdising 
iutiuonce  uf  tillage  upon  land,  especially  when  it  contains  a  lane  proportion  of  clay, 
has  long  been  known,  and  it  was  at  one  time  believed  to  be  a  auoatitute  for  manuring.  / 
Tull,  Borsr-fiorinff  Husbandry. — Smith,  A  Word  in  Season  :  D>is  Weedon Husbandry.  ' 

The  analysis  of  soils,  frum  which  so  much  advantage  was  at  one  time  anticipatra, 
haa  not  be«  n  fuund  ao  aacAd  aa  had  been  supposed  in  legaid  to  agriealtuie,  or,  indeed, 
capable  of  affording  any  trmstworthy  indication  a.s  to  the  composition  of  soils  or  their  ^ 
defects  i  bnt  the  following  statement  of  the  most  prominent  features  of  a  number  of 
iiialtyMi  «r  aoOib  nada  bj  wiml  duBiati  aads  tha 
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give  tome  idea  of  the  Tuiation  affecting  the  most  important  constttoent!!,  phosphoric 
add  and  potash,  &c.,  lodstiiig  in  muk  statw  as  to  be  soluble  and  insnluble  in  dilute 
hydrochloric  acid  (Magnus,  1848,  Ann.  der  Landtnrtktekt^ft,  xir.  2  i;>  richt  uhtr 
VffSttche  betMffend  die  Enchopfnng  dea  '^*~^^»*y%  vakha  das  ifanigiM**  Landat 
Oiwiomie'KoIkgiam  veianlasst  hat) 


Ume.      .  . 

Soda  :  • 
Silica .  • 
Fhosphorifi  aeid  . 
Solpnaric  acid  . 

PorcfloUa*  unvuot  of  Mh-ooDatiUienU  in  wiU. 

QoaatMy  per 

Soluble  in  add. 

AvMSfa* 

Maxima. 

Miaiaum. 

j  Muimam. 

MininttOB. 

0-895 
0-200 

<Hni 

0-161 
0-448 
0*17S 
0*154 

0^1 

ft  • 

•  • 
8*406 

■  a 

•  • 

•  • 

86,794  lbs. 
10,180 
8,908 

17.990 
7,681 

8*4 

Tht<  extent  of  the  ref^ourcvs  of  land  in  ash-constituents  is  still  further  illustrated 
bj  tho  following  table  calculated  from  the  remdta  €f  aE|ltKiMiali  oaadMlad  bjLaw  es 
iod  Gilbert  at  Rothanisted,  in  which  whfat  was  grown  evory  year  on  the  namp  Lmd 
vithont  an^  manure  for  20  years.  Tht^  Imid  was  a  heavy  hmtw,  resting  upon  chalk. 
TIm »r— ga  aasoaat  «f  pramiee  in  the  n.-i^^hbovAooi  ai  the  time  whMi  oa  opsri- 
menta  were  commenced  was  under  22  biishols  per  acr**,  ami  wlioat  vrnn  prown  only 
oace  in  five  Tears.  When  the  experiments  were  commene«Mi  in  1843,  the  land  was  in 
aask  a  oon(Ution  that,  afleovdiiig  to  the  ordinaty  ztiatiDo,  it  required  to  ba  aaiiB 
manured  with  farm-yard  manure :  for  w nee  the  previous  application  of  manure,  four 
crops  had  been  removed  from  it,  viz.  barley,  peas,  wheat,  oats.  See  Lawes  and 
Gilbert— lM7—«fk  eit.  viii— Agricultural  Chemistry— 1864— TStVi. 
of  Experiments  on  the  Growth  of  Wheat — IJ-A? — Ch/^m.  Soc.  Qh.  J.  x.  1.— On 
Potnta  in  yMrOampooition  of  Wheat  Qrain ;  its  Products  in  the  Mill  and  Bread.) 


Total 
Silica  . 
Phospboiio 
Potash 
Soda  . 
lime  . 
Magnesia 
Sulphuric  acid 
CUonne 


A»h-rf)n»tlttierit»  rt-fTiriTrit  from  laiitl  hy  whr.it. 


Toul 
produce. 

Cora. 

Straw. 

Toul 
produos. 

CofIL 

Sirav. 

Itw. 

lbs. 

lb*. 

Ibt. 

lb*. 

Ibt. 

2241  00 

364  00 

18S7-00 

112-00 

18-00 

94  00 

1229-77 

8-64 

1226-23 

61-48 

0-18 

61-30 

262-6« 

177*10 

76-46 

12-62 

8-86 

3-77 

360-94 

106*98 

254-68 

1804 

6*81 

1273 

0-48 

9-43 

0-47 

047 

106-49 

11-16 

94-33 

6-28 

0-66 

4-72 

77-40 

80^ 

37-73 

'  3-87 

1-96 

1-89 

61-88 

»  • 

61-88 

2-59 

• 

2-69 

37  73 

•  • 

37-73 

1  1-89 

1 

1  89 

The  soib  in  whidi  the  fertilising  effects  of  tillage  are  moat  flUoAced,  are  generally  of 
a  clayey  nature,  and  are  therefore  capable  of  furnishing  a  larger  supply  of  ash-enn'-ti- 
toents  under  the  influence  of  atmospheric  decomposition.  But  there  is  anotiier 
ahaiMteristic  whidh  such  aoib  possess  in  a  high  degree,  viz.,  the  oapability  of  absorbing 
ammonia  from  the  atmosphere.  (S^  e  Faraday — \S25-—Qiiartfrlt/  Jottrv.  nf  Sa'rnce, 
six.  16  4t  tea,)  Bjr  reason  of  Uiis  capability,  they  ptore  up,  during  the  period  of  faUoi 
llw  ammoBM  aoPTiyad  to  them  from  the  atmosphere  by  rain  and  othenHMb  and  " 
pro-r df>  an  increaaed  supply  of  this  aiv^bod  to  plaiili  nqpamag  it.  (8ao  Lttvoo 


Gilber  t,  Op.  cit.  xvii.  293  et  uq.^ 
Tba  abioraCrve  poww  of  soils  li  notliiBitsd  to 


but  extends  Iftwiao  to 

soluble  in  water.  This 


most  of  the  unportant  a.<!h-oonstituontfl  of  pinnt-ibodlrfddl 
fiust  was  fcst  observed  by  Thompson  (1860,  Jemm.  Aw.  Agrie.  Soe.  of  JBnaUntL 
sL  68).  Md  M  dbwndi  lufjrfliBUd  hj  Way  (iBML  jilll ;  siB.  19i>  Uk 
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highly  probable  tbnt  tho  condition  in  which  substanceB  are  thnfl  retained  by  ^oilt*,  act 
Ha  to  be  gradually  supplied  to  the  roots  of  plants  by  the  mt'dinm  of  carbonic  acid  afid 
water,  is  of  great  importance  in  regard  to  the  imtrittou  of  plants,  and  to  tbi  idaiive 
IMity  of  land.  (S<<.i  .Soils  ;  Way  and  Voelefcer,  Op.  e(L;  LUbi^  2X«  2/atural 
iawtf  n  f  Hxshandrift  p.  66  et  $eq,) 

III  eoiwiikriug  the  chemical  conditions  which  dett  rmnio  the  relative  fertility  of  land, 
it  will  be  «iMfeBivnt  to  examine,  in  the  fimt  plaee,  how  far  this  it  determined  by  the 
ash-constttucntti.  So  fur  as  tii»>s<'  alou.-  aif  contNTned,  tlie  drgTCC  of  f.  rtility  of  land 
-it6  capability  of  contribating  to  the  growth  of  a  greater  ot  leas  amount  of  produce — 
would  M,  in  a  strictly  chemical  ceoBe,  proporHonito  to  the  arailable  amount  of  ash- 
con8titn<'nt<i  it  was  rapablp  of  fnroishintj  wifliin  tho  prriml  of  pniwth  ;  but  th''  .'inKunit 
«f  produce  would  not  wy  in  tha  (>ame  ratio,  because  the  aah-ooiurtaiamUs  of  laud 
oaBiwt  ba  weM  itt  wgotatioo,  cauepe  in  so  ftr  ai  thoj  oan  «H)pemto  vith  a  due 
{>roportion  of  air-food. 

Ijf  the  wareca  of  air-food,  avfulabli^  during  the  period  of  growth,  vere  limited 
to  the  eonatairt  abnotphwic  supply,  the  amount  of  pro(bace  woula  be  proportlOMata  to 
the  capability  of  nwimHaliQB  Vgrtbe  pkat,  mite  tha  adMr  (MmOiag  condiiioiia of 
climate,  season,  &c. 

Bat  if  other  iMurces  of  nir-food  were  available  wiUiin  the  period  of  growth,  in  addition 
to  the  atmosphcrie  tij^ly,  and  t^i^othor  witii  tM.  thuAaat  supply  of  ash-constituenta 
by  the  land,  the  muNUtt  of  pfodaee  wofdd  be  h^gAj  twgWieiiKw  anderoooditioiui  other- 
wise the  same. 

T^oa  plants  gnminif  wptm  k&d  aibrdifig  onty  a  scanty  supply  of  arailable  ash-con- 

stituonts  might  be,  ow  that  Acoouiit,  incapable  of  assimilating  air-fi>od  to  tht^  full 
extent  of  the  atraouplieric  supply,  and  the  h"v»«v»^  of  prodaee  in  each  case  would  be 
mnalL  %  the  deiilb  and  (uevf  ef  these  plasta,  tluir  aah-oooatitaeiitt  wonld  be 
r(  rston-d  To  tln' land,  so  ivs  to  Ix-eoin*' cajtaMf  of  Hi-rvint;  for  a  succeoding  growth  of 
phints,  and  the  production  of  humus,  at  the  same  time,  vould  provide  in  the  toil  itself 
a  ftntiiev  toavw  of  air^lbod  in  addition  to  the  atnionthcTie  rapplf.  BtiU  the  aaMnrnt 
of  produce  from  thi  succeeding  growth  would  be  small,  if  the  available  supply  of  a.ih- 
eiNDMitituents  remained  as  scanty  as  Ijefore.  In  tl)i8  way  vegetation  might  continue  in- 
deflnitely  without  alteration,  afibrding  sustenance  to  numerous  animals,  as  in  the 
steppes  of  Central  Aj<ia,  the  prairitw  and  pampas  of  Anariea. 

Cut  if  a  larger  amount  of  ash-constituents  became  availalile,  in  tho  intf^rral  Wtween 
the  successive  growtlis,  by  the  decomposition  of  minerals  in  the  land,  the  conditions 
night  become  such  as  to  ensure  assimilation  of  ntr-food  not  only  to  the  full  eztmt  of  ' 
t!ie  atmospheric  supply  durimr  th<>  jhti'vI  of  ^rt-^wtli,  but  !d><o  from  tlio  furth<^r  pnpply 
|>rovided  by  the  gradual  decomposition  of  humus  in  the  buil;  aud  in  such  case  t lie 
amount  af  produce  would  be  pwHwrtionally  inoreawed. 

The  greatt-r  or  less  amount  of  nvailablo  Hsh-conMfitnerits  i«,  therf^fore,  not  thp  only 
condition  upon  which  the  amount  of  produce  or  the  fertility  of  land  depeods,  even  in 
astrfedyebenieal  sense;  aBofher  eseantisl  eonditioD  w  the  amount  ef  a&4bod  capaMe 

of  being  siupplipd  from  witliin  f1i<^  soil,  diirir.pr  tho  )>.  riod  of  p^rowth.  Land,  IiowL'vcr 
rich  in  available  ash-constituents — however  weli  adapted  in  all  other  respecta  for 
piolilb  vegetation,  woold  still  aUbrd  but  scanty  prodnce  wtthoot  sm  anple  supply 
t)f  air-f«wd  during  the  period  of  growth.  The  increai»ed  nupply  of  air-food  proviiie^l 
by  the  decomposition  of  humus  in  the  soil  may  be  regarded,  in  this  respect,  as  the 
acettinulated  i^moepheric  supply  of  several  successive  periods  of  growth ;  and  tbe  capa- 
bility of  land  to  furnish  such  a  supply  w,  in  a  chemical  si-nso,  as  much  Ml  elMieait  ef 
its  ft>rtiHty  ns  the  available  amount  of  iish-constitucnts  it  cont«ins. 

The  requirements  of  diflcrf-nt  plants  for  ^noii  an  augiuciited  supply  of  air-foud,  iu 
regard  to  tho  amount  of  produc<»,  differ  very  widely,  and  the  capability  of  differeot 
'plants  to  UH-Himilate  th**  air-food  tiius  f^tun  d  up  i«<  also  vitt  diffwnt.  The  adaptation 
of  the  capability  of  one  plant,  in  this  reapi-cl,  to  provide  fur  the  requirements  of  another, 
ftnd  the  derelopneot  with  that  view  of  particular  habits  and  oonditifnia  of  growth 
in  rfgnnl  to  rort.un  orop?:,  mnfititutc  the  basih  of  th*  modern  system  of  nprif^ulttirc. 

linving  t  hua  fur  described  the  general  features  of  the  chemistry  of  vegetation,  in  its 
simplest  form,  they  must  now  be  oonndeved  hi  tbeb  lebtton  to  sgifcultiue ;  and  It  will 

be  desinbb'  first  to  examine  the  rnnditioii.s  afrectiii*>  the  m|V|^  of  adl'COIIStitwnt%  M 
well  as  their  influen<M  under  difierent  ciroumstancoiu 

In  fte  eoltiTaliofi  of  pluits  as  s  source  of  fSod  to  aniittals,  and  to  ottier  purposes^ 
the  ash-constituents  requisite  for  vegetation  are  removed  from  tlinbuid  in  the  produce; 
and  since  thejr  are  not  repLiced  in  the  same  manner  as  the  atmospheric  supply  of  air" 
tod,  the  soeecesiTe  growth  of  a  particular  plant,  year  after  yiuir,  wmild  itt  pfoeese  of 
time  so  fur  exhaust  the  land  of  available  ash-constituents,  as  to  render  it  incapable  of 
support  ing  further  growth,  or  of  yielding  such  an  amount  of  nradnce  as  would  be 
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returning  to  land  under  cultivation  tho  ash*con8titnents  thus  withdrawn  from  it. 
Hence  the  practice,  intuitivelv  adopted  in  the  rudest  state  of  agrictdture,  of  appljriiig 
to  land  the  excreta  of  animals  fed  upon  its  prodtice  and  the  decaying  refttse  of  the 
plaiita  grown  upon  it.  Such  :i  system  of  cultivation  woold  be  sufficiont  to  prerunt  any 
aecreaw  in  the  annual  produce  of  the  1  md.  ina?imTich  as  the  materials  applied  to  it  as 
manll^«^  would  restore  whatever  had  Uecn  removed  in  the  plauto  serving  ;vs  food  for 
animals,  or  fbr  other  purpoMi^  «nd  thus  render  the  land  e^Uo  of  eontinning— with 
the  ai.l  of  th^  fifmosgkmmmmiit^Luiiiri^^  (Sao  Kirvan, 

O^.  cit.  p.  160.) 

If  tiMMiMMelMoltttofyaocanoitof  prod^  in  such  a  case  the  restoration  of  the 

nsh-<'  n  lit'icnts  would  be  c<ttnpt.'tc,  and  the  capability  of  production  would  continue 
undimiuitilied,  so  for  as  rekt<«  to  the  aab-oonstitnenta  asHj,  It  would,  in 
inereaee  year  hy  jear,  wofn  u  aah-eomtatiiente  were  eoneenifld;  toe  liho  aivsilable 
unionnt  of  thoni  would  b«^  gradually  increased  by  tillage,  and  by  the  oonseqiient  decjim- 
position  of  minerals  in  the  land.  The  im]pix>vemeafe  of  the  land  by  tilhige  is  donbtleaa 
ivfttaUeiiiaoiMdagtMtoiaehaiiiadoclcingof  i^  smI  the  inanMe 

of  what  may  be  regarded  as  its  floating  capital  in  a.sh-con.stituent.s. 

Where  the  population  of  a  country  is  small  and  thinly  distributed,  and  where  land 
•B  of  little  value,  as  in  many  remote  and  uncivilised  locahties,  all  requirementa  may  bo 
fiilfilled  1^  SRteh  a  ffjrstem  of  vdyisg  upon  the  mttond  produce,  without  the  need  of  any 
effort  to  inerori'^*'  it.  But,  even  in  such  circumstances,  it  is  seldom  that  the  natural  con- 
ditions of  fcrtiUiy  arert'li<-d  uj>on  exdusirely,  or  that  the  meanii  adopted  for  maintain- 
in^  the  amoBBt  ot  ptoduoo  aro  liuiited  to  the  internal  eoonooiy  of  the  farm.  Whatowir 
fortilisinf;  matertHls  can  be  obtained  from  external  sonrees,  at  a  cost  commensurate 
with  their  capability  of  augmenting  the  produce,  are  generally  employed  an  m&nure  even 
iu  the  rudest  practice  of  a^culturei  Guano  hai  long  been  used  for  that  purpose  by 
the  nutit-is  of  South  Amenca  (Hum  bold  i,  Fourcroy,*and  Vau<^ueHn,  1803,  Anu. 
Chim.  Ivi.  2viS-268).  Fish,  seaweed,  &c.,  have  been  used  izom  time  immemorial  as 
manure  by  the  peasantry  of  ■etboard  disferiots ;  aad  woodnuthei,  soot,  &c^  have  ben 
applied  to  tho  fmme  purpose  inland.  Most  of  these  materials  would  add  to  the  amount 
of  available  ash-oonatituents  in  the  land,  and  would  in  so  far  increase  its  ca{>abili^ 
of  jwodnefeioiL 

"Wliere.  on  tho  cfjntrar^',  tho  population  of  a  country  was  c]ii'  H  v  i^^ncentmted  in  cen- 
tres, aoda  portion  of  tho  com  grown  was  annually  remoTed  from  tho  land  for  the  8U|i^ 
of  food  to  towns  it  a  distance,  or  under  dgcMMtoBCM  »ot  admitting  of  th»oorrey>n^ 
ing  excreta  being  returned  to  the  land  as  manure,  the  soil  would  be  gradually 
deprived  of  ash-const ituenta,  in  a  degree  proportionate  to  the  export  of  food.  The  in- 
ternal economy  of  the  farm  would  then  no  longer  ensure  the  full  rMtoration  to  the  land 
of  all  the  ash-eonstituents of  its  produce;  it  would  no  longer  ensoMtilO  laaiutenanee  <^ 
the  degree  of  fertility  obtaining  before  the  export  of  the  produce  commen  > '1,  or  the 
ca|>ability  of  production  corresponding  to  tiie  amount  of  ash-coustitueuts  origmaily  ooo- 
tained  in  the  land.  On  the  contrary,  as  thojeerly  export  continued,  and  the  abetno- 
tion  of  ash-constit«ent8  from  the  land  progressed,  the  quantitative  relation  betwees 
them  and  the  atmospheric  conditions  of  vegetation  at  any  place  would  be  progresnvely 
ehanged ;  for  while  the  atmoepherie  supply  of  air-food  XMunaed  constant,  thequantitj 
of  ash-constituents  in  the  m\\  would  diminish  from  year  to  year,  until,  eventually, 
vegetation  might  be  no  longer  possible,  in  consequence  of  the  deficiency  of  one  of  its 
essmitiBl  eonmtioBO. 

Even  before  that  time,  a  point  would  be  reAohed  when  the  amount  of  produce  would 
be  no  longer  limited  by  the  supply  of  air-food  available  firom  the  atmosphere  within 
the  period  of  growth ;  when,  on  the  oontnuy,  the  assiinilntion  of  aiMbod  would  bd 
limited  by  the  available  amount  of  ash-constltuents  in  the  land|  aadlAill  tilO  mOIUlfc 
of  produce  would  be  so  small  as  not  to  be  worth  cultivation. 

This  exhaastion  of  land,  or  reduction  cf  the  degree  of  fivtiUty,  by  the  growth  of 
mccessive  con-CMiis^  and  by  the  export  of  the  pradoce,  without  any  supply  of  manure 
ftrom  extraneous  sourees,  would  talce  place  sooner  or  latrr,  according  to  the  nature  of 
the  land  tmd  tho  ext«ut  of  its  natural  resources  ;  sooner  in  the  sandy  or  chalky  soils, 
knawn  as  light  land,  than  in  the  loamy  or  clay  soils,  known  as  Ik  avy  land.  So  far  aa 
thn  nsh-constituents  were  coneemed,  tne  exhaustion  of  land  might  l)e  retarded,  under 
«uch  circumgtaaces,  or  th«'  capability  of  production  re\ivod,  by  allowing  it  to  remain  at 
intervals  without  growing  a  crop  on  it  for  one  or  more  years--«  praotiea  adopted mder 
the  ti;inif  of  liare-fallow.    (Sf-e  Kirwan,  Op.  cit.  p.  160.) 

During  the  interval  of  rest,  a  froah  supply  of  available  ash-constitnents  would  bo 
pmvidedwr  a  fhtnre  crop  of  com  by  the  decomposition  of  miaccals  in  the  land,  timn 
eompensnting.  either  wholly  or  in  part,  for  tho  abstraction  resultiiic'  from  export 
of  produce.  The  amount  of  produce  obtained,  when  a  corn-crop  was  ^rov»-u,  might  in 
this  way  remain  fonstawt^  or  soAr  bat  inapprecialila  <Kiinmiitxm  dnnii^  long  periods. 
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e8p«>eirtlly  in  tlio  eaw  nf  rich  soils.  The  rato  at  which  the  rcstoratif.n  of  the  ratio  •  pre- 
viously existing  Ui-twieu  ilxc  uuppiieit  of  availitble  ash-constitaonts  from  the  mil  and  of 
air-food  ftom  the  atmoephere— took  plaef^  iRwld  dagmd  rspun  the  MAn«  of  the  land  and 
its  tillage,  Mid  wodd  rtrtiniiinn  the  intenral  to  eh^pid  betiram  the  growth  of  tiio  awpa 
of  com. 

The  same  I'awJi  might  be  attained  by  a  rotation  of  cro|«,  or  tiM  altsniafo  growth  of 

(litTcnMit  plants,  occupying diflR'n-nt  rang**  in  the  soil  during  thoir  growth,  ormjuirin:^ 
different  ash-constitaenta^  soch  as  com  and  goM,  or  potatoes;  ao  thaL  in  either 
ease,  the  edHwmrifenm  eoolauMd  in  the  fandmiaht  be  dMImtad  among  the  St- 
ft-r.^nt  plants,  and  fhus  n^ndfreil  availal>l»«  during  a  ruigi-r  p<  ri<Ml.  If  the  crops  grown 
in  the  intervala  between  the  oom-cxops  wore  consiuaed  on  the  farm  in  feeding  cattle^ 
thej  umild  eewtribete  to  Ae  proJaeneii  of  memne ;  aad,  eren  if  some  of  the  cattle 
were  eocportttl,  the  griNtter  part  of  the  a-sh-eon.stituenta  of  tht»  fallow-cn^jiH  on  whidltltfy 
had  b«en  fed,  would  remain  upon  the  farm,  and  be  returned  to  thi>  land  in  tho  niHnurf>. 
Howerer,  the  ultimate  result  of  exhaustion  would  still  be  the  same ;  and  it  has  bci  u 
loag  regarded  as  an  established  fact,  that  "  the  ejqport  of  grain  from  a  comrtiy,  unlet« 
nom^  nrtich'S  capable  of  Itecoming  mannre  are  iiitnjduc«-d  in  mjmpensation,  mast  ulti- 
muttily  Icud  to  exhaust  tlu>  »oil.  8omo  of  the  Booia  now  detiert  sand^  iu  NorUitrii 
Africa  and  Asia  lfuK>r  were  anciently  fertile.  Sicily  was  the  granary  of  Italy;  and  the 
quwintity  of  com  carried  off  from  it  by  thr  Komans  is  prohably  the  chief  cause  of  it.s 
pn'^nt  titerility.  In  this  island  our  commt  ruiai  aymtem  at  {nvsent  iias  the  effect  of 
eflltding  substancee  which  in  t  heir  use  and  decomposition  must  emrkh  the  kad." 
(Davy,  Op.  oit.  viiL  78.-8ee  Kirwan.  Of,  ciL  ^  IVK-^lMg,  JOiltbitMl^  im 
£taUui$$a»§  det  JTvldbave^  pp.  106-109.) 

EortheiiifiaiimftiliiiMtiee  of  lyienltaB^  thertlbtn  it  k  ee  ■ieemai  j  tomaiBtdn 
fertility,  as  it  is  to  obtain  a  sufficiont  amount  of  produce.  Lar)d  from  which  corn  19 
exported  requires,  in  most  eases,  a  coxurtant  supply  of  maoue  fxam  extraneous  sources, 
capable  of  replacing  the  aah-oowtifawiits  whtcn  nay  hum  hesM  nadned  dcA^mt  in 
mnount 

An  idea  may  be  formed  of  the  extent  of  the  exhaustion  of  land  from  which  com 
>•  exported,  by  assuming  that,  in  the  comBtries  which  are  the  chief  sources  of  com, 
the  amount  of  produ«e  is  at  the  sate  of  16  bushels  per  acre,  and  that  a  com-erop  ia 

grown  every  other  ycnr.    The  quantify  of  ash-con»tit«ents  removed  flCMa  the  lead 
acre  in  the  crop,  would  b<>  about  as  aliowu  in  tlic  following  table:— 


Amount  of  produce  per  acre 
Tefail  aeh-eonstituents 

/Phosphoric  acid  . 

GomsMinff-  t''^'''*^  a  '  ^ 
"  t " '  '  0  iiime  enamaBBeme 

V  Silica 

TMHiVQdmB. 

2260  lbs. 
92 
11 

14 
8 
51 

15  bushels 
151hiL 

8 

4 

2 

0 

1333  lbs. 
77 

3 
10 

6 
61 

The  greater  part  of  these  bein^  contained  in  the  straw,  would  be  returned  to  thti  Luid 
in  the  Curmyard  manure ;  and  if  the  whole  of  the  com  nwe  eo^orted,  without  any 
supply  of  aah-consfituents  from  without,  there  would  bo  a  p'TTTinncut  abstraction  of 
them  at  the  rate  of  -1  lbs.  phosphoric  acid  and  2  lbs.  of  poUuih  auuuaiiy  per  acre.  These 
being  the  substances  whim  sro  beet  ehwident  m  knd,  ft  ie  BeemMCj  that  Umj  ahoidd 
be  restored  again  in  pome  way. 

But  in  ocder  merely  to  maintain  the  degree  of  fertilit  v,  the  supply  from  without  does 
not  leqvlM  to  be  eqtud  to  tiie  quantity  removed  in  the  ocported  produce ;  far  land 
alwaj'S  possesses,  in  addition  to  Ua  itimuHliatcly  availabb-  resonrccK  in  ash -const  ituents, 
other  resoiuces  which  are  latent — ^r«sources  from  which  fresh  supplies  of  them  are  only 
nadaanyderetooed,  aadxmidared  anllable  by  the  epetaCioae  of  tOkge  ia  the  maaaer 

Sri  ady  described.    (See  antf\  p.  531,  and      ti ) 

Consequently,  the  exhaastion  of  soils,  in  regaxd  to  ash-constitueutit,  thou^^  con- 
eeivable  aader  eadi  eiivnaiffeehese  se  thoee  above  refemd  to,  is  afaaoot  hiooBeeifabUv 
even  in  rep-ard  to  ortlinary  laud,  under  circumstances  admitting  of  a  proper  supp^ef 
manure  from  extraneous  sources,  in  addition  to  that  produced  upon  the  farm. 

80  far  as  the  ash -constituents  of^land  determine  its  share  in  the  general  eonditioai 
of  fertility,  it  may  be  legvded  as  practically  inexhaustible  under  any  system  at  agri- 
erdtund  pmctice  considend  to  be  good  merely  from  an  ea^iikal  point  of  Tiev^  aad 
having  no  higher  rccorom^datio^  titan  success. 

The  f««tiliahig  inflaeaee  of  ntavm  is  not.  hovem,  Hmfted to  the  leitoiathm  of 
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iiflli-oonRtituente  to  lind.  Itleako  dn^  to  itscapabilitjoffiirntflhing  a  larger  snpplj  of 
air-f<HHl  to  futui%  crop«,  daring  tli*>ir  pf-nnd  of  frro^h.  than  thfy  could  obtain  diirfolly 
from  the  atmosphere.  This  is  ono  <>t  tin-  chirf  Hiivdutages  resulting  from  rotation  and 
th»  growth  uf  faliow-cropB  far  feeding  t-Httle.  The  adrsntHgf^  of  bare-ftdlow  is  also,  to 
some  oxtrnt,  dur>  to  thr>  ncTTimnlation  of  airofaod  ia  tb«  toil,  in  fixtM  of  its  abwipdve 
powiT.    ii:>ee  ante,  d.  831,  and  Soii.s.) 

SioM  vbm  amibbw  «h-«(nMtituentx  of  UuBd  oui  b»  «fllwli«»  in  dH^tmfaing  aa  li^ 
creafM  amount  of  prodticr,  only  i"  so  far  as  thor  ran  co-operato  wl'Ti  n  proportionate 
aapply  of  air-food,  during  the  period  of  growth,  it  is  evident  that  the  supply  of  this  cob- 
^ition  of  ftrtility,  by  m«nu«,  nut  bo  of  especial  importnnoe  when  H  »  aHwwiiy  to 
oV>l!u'n  !i  liirjic  amount  of  }>rodiicf. 

The  total  reoources  of  the  generality  of  land  in  ash-oonatituei^  preponderate  so 
largely  awm  tho  eonatent  dwmieal  oondttkiaa  of  ftBrHUty-  nt  say  timo  aTniUUr  ia  the 
atmosphero,  within  tht^  period  of  growth  of  onliiiary  crops — the  latent  nesourci^s  of  the 
land  BO  easily  admit  of  the  liberation,  from  time  to  time,  of  fresh  supplies  of  aah-con> 
stituents  by  the  operations  of  tillage,  that,  under  a  good  system  of  fanning,  tiie 
probability  is  rather  in  fevour  of  the  ash-constituenta  arailable  at  mry  jtartiadar  tiOM^ 
beinsT  in  oxcpss  of  the  supply  of  air-food  direefly  arailaMo  from  atiuosphfric  flonre^ 
within  the  period  of  growth,  and  of  that  provided  by  manure  resulting  from  the  in- 
temal  aeoaomy  of  the  iarm. 

In  ««ome  cases,  the  gradual  unloctinjr  of  the  latont  resources  of  th*  soil  by  tillage, 
&e.  may  far  exceed  the  yearly  abst  ruction  of  Ht>h-coDStitaeat6.  This  chemical  can- 
ditioo  of  flntilitj  in  had  my  incMasc  from  year  to  yecr,  sad,  inaCMid  of  TCtaintBg  a 
constant  proportion  to  the  ^^ipplip'i  of  air-food  from  the  ntmosphrro  and  from  manure, 
it  may  preponderato  over  them ;  so  that  tbe  amount  of  produce  of  the  land  in  com, 
bntaerennid,  if  the  other  dMniad  eonditiowof  femSity  aeeemiblo  ia  tho  mbm 
prr.portion  within  the  period  of  growth.  But  though  til!au"\  iu  «noh  a  case,  would 
increase  the  fertility  of  the  laud,  so  far  as  tho  ■sh^oonstituenta  wore  ccmoeroed,  it 
wonM  not  1m  attrndad  with  aniacnaM  in  tha  afttonnt  of|Mrodneei,  unlets  it  wws  aeaon- 
pani:  1  1  in  incn  u-i  d  supply  of  air-food  during  that  period  of  flic  rotation  when  tbo 
erop.  for  wluch  the  liberated  ash-eoastituents  were  most  required,  was  growing. 

The«grtent  to  whieh  the  seeoinahitioQ  of  arailahle  a^th -constituents  in  relative  exccaa, 
may  take  place,  is  well  illu«itrated  by  the  experm  i  is  made  at  Rothamsted,  on  the 
growth  of  wheat,  upon  hind  which  hud  bf»<»n  n  ducvd  to  suph  a  eondition,  in  thpordinwy 
routine,  as  to  yield  only  half  the  ave^a^e  amount  of  produce  in  wheat.  By  the  use  of 
Bianuif  containing  only  the  a.Hh-constituents  of  wheat,  on  a  plot  of  this  land,  the 
amount  of  prodm^i'  obtained  in  18+ was  not  greater  than  on  the  nnmanurod  land.  In 
the  following  yeur,  thf  apuiicalion  of  3:iG  lbs.  per  acre  of  mixed  ammuniaciil  sulphate 
and  chloride  was  attehdpd  with  an  inen  ased  amovBt  of  produce,  amounting  to  doable 
that  obtained  in  tin-  previous  year  from  the  tinmanurfd  land,  or  from  that  supplied 
with  ikih-constitoents  x>n\j.  By  continuing  to  grow  wheat  upon  this  plot  of  land  for 
nineteen  eonseeatiTe  ^ean  with  ammonia-salts  only  se  miaare  mcaawiide,  tiie  amoant 
of  prfxlu-^e  obtained  in  each  year  continued  to  exo  ed  that  from  the  unnianurcd  land  ; 
and  the  average  amount  of  ^oduce  thus  obtained,  during  the  whole  period,  was  cmlj 
on»>ibnth  less  than  it  was  in  the  tot  year,  not«itiialaB£ag  tim  toj  esaentioQal  awol 
continued  drain  on  th>-  ash-oonstltnents cf  the  land.  (See  IiAwea  and  Oilbett*— ' 
1847-64.  Op.  cit.  viii.  226  xxr.) 
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rat  of  Pii 

'  Ask. 

Ash  ta  PfoJaai  per  JunVw 

Drei»ed 

0«fn. 

Uoni. 

Straw. 

Total. 

Cora. 

Stmw. 

TocaL 

1844 

( Unmannred 
jAah-coostitaents 

bailMltk 

15 

IH 

923 
1,008 

1,12.1 
1,1  lli 

Hh.  I 

Ibt. 
16 
17 

Itn. 
63 
88 

Dm. 

79 
70 

1845 

(Unmanured 

1  AmmmuA^alte  . 

23j 
32} 

1,441 
1,880 

2,712 
4,866 

4,153 
6»216 

23 
30 

152 
202 

175 
232 

Average  of 

lf>  yeaiti, 
1S4.>— IS63 

\  Unmanured 
iAaimonia>-ialti  . 

16| 

1.031 
M78 

1,723 

2.754 
4,812 

18 
25 

96 
128 

114 
153 

Total  in 
19  yean, 
184^^1808 

?  Unmanured 
|AmnMMiia-ealts  . 

310 
464| 

19.697 
28,888 

32,740 
88,008 

52,337 
81,940 

338 
465 

1.824 
2,440 

2,162 
2,905 
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btiiese  resnltithe  inflaonce  of  seaaon  ia  IgftwAag  or  Impoding  the  growth  of  whmt, 

wn«  manifested  hy  a  m'tain  >-uriation  in  the  !i?n"mit  and  qiudify  of  produoe  under  con- 
ditions otherwi&e  similar ;  but  this  was  not  uulliacut  to  ub^curethe  aiffon  ncivs  referable 
to  otihMPcaiues. 

The  qnnntity  of  ash-conHtilucnts  rfinovf^  from  the  land  during!;  this  period,  without 
any  Buch  return  as  would  have  been  made  in  ordinary  practice,  by  the  supply  of  farm- 
juA  mnMar^,  afibrds  sttU  f^her  erideooe  of  the  immense  neoforoM  of  tM  biid  in  tbte 
particular,  additional  to  tbit  alnedj Miamd  to  in  the  oue  of  A*  amranvred  land. 

{pec  ante^  p.  831.) 

mf  ineretM  in  tho  anioiint  of  prodnee  obtained  in  1844  bj 

applyitisr  to  the  exhausted  1h ml  manure  consisting  only  of  a^h-constitui  nts  of  w!ieut, 
and  the  increaae  in  the  amonot  of  produce  oUamed  in  fbe  itAiowM  year  by  using  only 
wnnonia,  as  eompared  with  that  on  tiw  nnnuuraftd  land  in  184o,  are  toi$ttthcr  mo»C 
conclusive  ]>rr..>{  that,  ainiough  in  1844  the  chemical  conditions  of  fertility  were  collec- 
tively insufficient  for  the  growth  of  a  full  crop  of  wheat,  still  there  «rts  no  defieiency 
in  that  element  of  those  conditions  which  appertains  exclusively  to  the  stoil- viz.,  the 
availaolo  simount  of  aehHSOttstituents.  Those  results  nl«)  piOTV^  on  the  contrary,  that 
in  iHii  the  available  umomit  nf  ;i*sh-con«ti{uoiitj-  t!ie  n>>mannrcd  lund  was  far  in 
excess  of  the  other  cheiuieal  coniiitions  requisite  ft  the  gnowth  of  wheat — viz.,  the 
atnonnt  of  air-food  supplied,  by  tbe  atmosphere  and  1  y  the  f«oil,  during  the  period  of 
growth.  Consequently,  the  syxtem  nf  euUivition  und.  r  wliicli  the  laud  hail  become 
exhausted  in  regard  to  thia  crop^  had  admitted  of  a  lar^e  accunmlution  of  surplus  ash- 
conelitoents,  which  would  hare  remained  nselera  in  the  land  without  a  oucrcepooding 
supply  of  air-food  during  thi-'  period  of  growth.  T!if  i  xlauj^tion  consisted  in  tho 
reUtire  deAcieucy  of  air*fix)d  ca|>able  of  betog  evu^lied  from  within  the  toil ;  and, 
diefefetei,  inereaM  intbe  mnottnt  ofmodneeeoudoiilT'boeflbetcdbjaa  artiAeialenpply 
of  air-f  >o(l,  additional  to  that  furui'^liLd  hy  the  manure  of  the  farm. 

The  practice  of  agricnlture  in  many  localities  doee  not  require  that  the  amount  of 
prodnee  obtained  should  be  very  krgu :  the  only  thing  neoetiaarf,  in  many  iustaiKjee,  is 
to  maint.tin  the  decree  of  fertility,  and  tbe  natural  amauut  of  proda^^e  is  quite  suf- 
ficient to  be  remtnienitive,  ns  in  tho^e  countries  which  are  the  chief  sources  of  the 
supply  of  corn.  lu  such  cases,  the  muuure  produced  by  the  internal  economy  of  the 
ftim  nny  suffice  to  peorido  an  adeqnnto  supply  of  air-food  from  within  the  soil. 

In  countries,  however,  whei-e  flie  population  i.s  den.He,  and  land  is  of  high  v.due,  ;urri- 
culture  assumes  a  xerx  ditiereui  eharacter.  Its  objuct  then  is  not  merely  to  mainrani 
ft  oetldn  defNO  of  wrtiltty,  but  to  prodoee,  year  by  year,  in  the  most  prufltuble 
manner,  «nd  on  a  rriven  area  of  land,  the  larigest  possible  quantity  of  the  materials  of 
food  for  mau  and  animals;  to  increuae,  by  artifidal  mean.H,  the  amount  of  pn>duee  upon 
an  area  incapoblo  of  yielding  as  mneh  viidar  aatvnl  eonditiona.  (See  L  i  e  b  i  g — 1843 — 
Chi  iiustry  in  its  A^plii  uiions  to  Aijric^'.ftHrc  and  Vfii^siofo'j;/,  3rd  edit.  p.  112; 
Lawes  and  Gilbert— 1847— t/oumo/ o/  iAe Uoucd  Jigricultimd  Hocicty  qf  England, 
TiiL  227.  xiL,  xfL  Ae.) 

Hence  aros.e  tlie  idea  of  etuployitig  artificial  manures — of  augmenting  artificially  tlia 
cbeBUcal  conditions  of  fertility.  For  the  practice  of  agriculture  under  theee  circum- 
itoneee,  so  utterly  distinct  from  those  of  agriculture  conducted  only  with  ft  JVtw  to  tho 
produce  of  natural  vegetation,  the  problem  to  be  solved  by  the  chemist  for  the  guidance 
of  the  farmer  is,  what  .^iub^tanceH  to  supply  as  plant-food  from  f*trnn<WT*  aounsee^  in 
order  to  obtaiu,  year  by  yeur,  a  remunerutive  pi^xluce. 

The  question  is  mainly  one  as  to  manure :  its  solution,  however,  involves  the  con- 
sidi  nition  of  conditions  and  re<|irenu  iit8  other  than  those  obtained  in  natural  vegetation, 
not  differing  in  kind,  but  quantitatively  dilferent.  Still,  the  knowledge  of  the  g.ueral 
phMMmenftof  plant-nutrition  must  be  the  gnide  in  the  endeavour  to  solve  this  problem, 
bince  it  is  established  that  the  various  materials  of  jdanfc-food  must  bear  a  certain 
proportion  to  each  other  in  order  to  be  in  the  highetit  degree  e^Bsctave,  and  since  the 
tnonnt  of  ptodneo  ia  known  to  bo  linked  by  the  quantity  of  that  food-mafeerisl  vliieh 
is  present  in  least  avail  t^  i  imount,  relatively  to  the  n-quiremeiits  of  any  p.irtrmlar  crop, 
the  desiden^um,  in  regard  to  the  ardficial  means  of  increasing  the  amount  of  produce 
fi  to  aoeerlnfai  what  food^nratorHd  beeomea  dHteieot,  rektirely  to  othen,  mdertho 
circumstances  attending  tlie  gmwth  of  that  crop.  Tlie  deficieuey  may  lie  in  tlie  ^unrce  of 
earbon  or  of  nitrogen,  in  tbe  supply  of  water  or  of  available  asb-oovatituents,  or  of  some 
one  of  them;  but  whli^ererit  be,  the  amount  of  produce  will  be  limited  bythodeideiiey. 

The  detmntnation  of  that  point  will  indicate,  theref<>re,  what  footi- material  it  is  most 
necessary  to  supply  artificially,  in  order  to  render  effective  in  the  highest  degree  thoao 
food-materials  which  are  available  in  gn-atest  abundance,  relatively  to  the  rcquiienienta 
of  the  crop  in  question.  The  food-materials  loftrt  ftwilaUe  abundantly  in  the  tame 
rektton  would  be,  in  that  particular  cane,  the  mnnnre  to  be  sn]>|  )•  d  artificially  in 
order  to  obtain  an  increased  produce    This  is  the  fundamentui  prmciple  of  "  high 
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 vfaich  really  consihts  in  anffmeiituig  the  acreage-produce— ohtuininp,  year  I'y 

year,  cropfi  largt-r  tlian  could  be  obtained  under  natural  oonditaoiui — bjzendeiiqg  mora 
effectire  the  existiug  natural  conditions  of  fertility. 

TkoB  objaiA  nay  be  attained  in  part  by  the  right  .si  lection  of  artificial  manure,  so  as 
to  •ecumulate  on  th^  farm  the  materials  of  plant-food  M-hich  are  natunilly  most 
dcident,  in  rtg.ird  to  tbu  whole  of  the  crops  grown  in  a  tieriee  of  years;  and  by 
adapting  the  nu  thod  of  cultivation  so  as  to  atore  up,  during  port  of  the  votatio%  lao 
matfrialf*  of  {>lant-foo<l  which  are  relatively  most  defic-icnt  as  regards  a  particular  crop, 
grown  at  intervals,  and  to  make  that  accuuiulutiou  serviceable  for  increaaing  the 
amoimt  of  piodneo  of  that  erapb 

It  is  not  by  substituting  for  the  manure  produced  by  the  internal  economy  of  the 
farm,  some  one  or  other  c$  its  constituents,  that  this  object  is  to  be  attained ;  bat  by 
Mipplen«nting  it  with  irhut  ia  noat  'waBtiai^  cilhar  Batarally,  or  aa  tho  eomammoo 
of  f  ii:it  I  niiK  li  nf  industry  wliichis  the  businoss  of  the  fitrmer — the  manufacture  of  food- 
Practically  there  ia  a  limit  to  the  incresse  of  product^  besides  that  natural  limitation 
which  ia  due  to  dimali  and  to  asaaon ;  it  la  tiw  aaoMuty  that  tha  digiea  of  ftrtifily 
produced  and  maintained  should  be  remunerative.  This  purely  commercial  necessity 
introduces  into  the  subject  an  important  complication,  involving  the  consideration  of  a 
number  of  circumstances  which  cannot  be  entered  upon  here,  but  which  will  readily 
sugge8t  themselves  to  the  readar. 

Ju  unitT  to  obtain  puch  an  amount  of  produce  in  com  a'^  to  bo  remunemtiTP  in  this 
caHe,  it  ia  incvb^ary  to  supply  during  the  period  of  growtli  a  larger  quantity  of  uilrugenous 
air-food  than  would  be  furnished  during  that  poriod  by  the  atmosphere  al(Hli^  or  MO- 
vide<l,in  addition  to  that,  by  theintenialaeOMIIiyof  tha£uCB),wil«MOthar«Np  0^ 
meadow-grass  wu8  grown  besides  com. 

This  mipht  be  effected  by  the  use  of  ammonia  aalta  aa  manure ;  bat  thia  soorce  of 
ammonia  is  too  limited  to  be  alone  sufficient  in  agriculture.  Recourse  is  ther<^fore 
had  to  the  aocomolatiou  of  anunonia  firom  the  atmosphere,  by  the  growth  of  plants 
wfaieh  poaasw  the  capability,  nndor  oaitain  oonditioaa^  of  appropriating  nitrog«a  horn 
that  source,  to  ii  mnc!i  larger  extent  than  either  wheat,  barley,  or  oatii,  and  which  conho 
employed  as  food  for  cattle  so  as  to  produce  meat — a  marketable  oommoditv  equivalent 
to  emu  and,  at  tha  aame  tima,  a  laxger  aopply  of  namm  than  ooudd  m  obtained, 
if  the  land  remained  in  bare  fallow,  or  were  converted  at  intervals  into  maadow-land. 

The  manure  so  produced  by  the  intenial  economy  of  the  farm  would  contain  the  greater 
pact  of  tha  nitrogen  collected  from  the  atmosphere  by  the  crop  intervening  batwvsntha 
aoni-crope,  and  used  in  feeding  cattle,  and  woold  MTVa  duing  the  growth  of  eocft  to 
furnish  the  aogmanted  aopply  of  nitiogenoaa  tMooA  mtommij  Car  obtaimqg  a  lama 
cr<>p  of  corn. 

The  plants  which  are  cultivated  mainly  with  thia  olgaet  be  represeotad  by  tha 
turnip,  since  it  presents  a  striking  contranf  to  corn-crops,  in  regani  to  th**  conditions 
mo»t  favourable  to  increase  in  the  amount  of  produce,  as  well  as  in  regard  to  its  capa* 
bilities  and  requiremanta,  though  it  ia  inftrior  to  1«^g^lm^l^^Pll■  plaata  in  tha  ponvr  of 
aasimilating  nitrogen  from  the  atmosphere. 

The  amount  of  produce  obtained  under  the  system  of  agriculture  generally  practised 
In  thia  coontiT  ia  oonaiderably  higher  with  Ngiud  to  all  enpo  than  it  ia  In  many  oAor 
countries  ;  ana  though  there  is  a  difference  in  this  respect  as  to  particular  localities,  the 
accomponving  table  may  be  taken  to  represent  a  fair  average  statement  of  the  q^aan- 
titiea  of  rao  eeranJ  oonatitiMnta  of  tha  diftNnt  erops  grown  allmatafy  in  wlint  in 
termed  a  "four-course  mtatioD,"  when  n  cropof  tnnup% banib  ctoftr  iiilw wmn 
between  two  cropa  of  com. 

Tha  growdi  of  tha  tomip  aa  an  aniealtaral  erop^  so  as  to  obtain  a  large  amonnt  of 
pnxluce,  is  far  more  liaUa  to  be  inflaenced  by  differences  of  season  than  is  the  oaan 
with  wheat.  In  the  absence  of  rain,  at  a  particular  stage  of  growth,  the  greater 
number  of  the  plants  may  die,  and  the  acreage-produce  become  very  small ;  but  if  the 
conditions  of  aotion  ba  fimmnUa^  tha  aaioant  of  prodnea  obtaiwiid  nugr  ba  na  ha^  m 
20  or  30  tons  per  acre. 

It  has  been  supposed  that  the  influence  exercised  by  the  cultivation  of  the  turnip  as 
nlUknr-arapk  in  reatoring  and  angnanting  tha  fertility  of  land,  and  in  oonducing  to  the 
increase  of  the  wheat-crop,  was  referable  to  its  comparatively  greater  capability  of 
appropriating,  bv  means  of  its  large  leaf-surface,  the  atmospheric  supply  of  air-food, 
wnin^  its  period  of  growth,  and  to  its  requiring  bat  •  ymey  —all  inpply  of  food- 
materials  from  the  soil.    (S,  t>  Pavy,  Op.  cit.  viii.  76,  77.) 

That  thia  is  not  the  case,  is  evident  from  tha  amount  of  aah-constituents  contained 
in  the  tnnip,  as  shown  in  fh«  table  just  refjemd  to;  and  it  is  rendered  still  Anther 
apparent  1  y  the  following  results  of  experiments  by  Lawes  and  Gilbert  (p.  840), 
showiug  tho  amount  of  produce  obtained  by  growing  tumipa  for  three  yeaia  ooosocatiTolj 
on  tha  aame  plot  of  lai^  without  manme.        ^      '  " 
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Comj^oniion  of  the  Acreage  Produce  of  IHffirent  0mp9, 


Corn  Crop*. 

Boot  Crops. 

Jw«gtUBinout. 

,of  pnMhiM 

Wheat. 
30  buib. 

Barley. 
40  bush. 

Oati. 
44  biuh 

Tumios 
1 10  tons. 

Swedflf. 

IS  tout. 

16  tons. 

Bmbs. 

34  bush. 

Cluvei- 

5,(00 
Ibt. 

Fresh 

'CTrain  or  bulb 
Straw  or  leaf 

Ibt. 

1,800 
3  000 

ib«. 

2,080 
2.500 

Ibi. 

1,672 
2  50(t 

i  Ibt. 

22,400 
8  960 

Ib«. 

29,120 

2-912 

Ibt. 

35,840 

v,0|  U 

Ibi. 

2,  ISO 

2  4O0 

■  lb^. 

crop 

Total  imdiiee 

4,800 

4,580 

4,172 

'.31,360 

32,032 

41.216 

4,680 

5,000 

Dr^  crop 

Onunor  balb 
Strmw  or  Uaf 

1.630 

1,716 
2,176 

1,438 
2,076 

1,792 
1,166 

3,203 
879 

4,301 
537 

1,809 
1,968 

Total  produce 

4,060 

3,8yi 

3,613 

2,957 

3,682 

■4,  S3  8 

i  3.777 

4,150 

stitueats 

Grain  or  bulb 
Stxaw  or  leaf 

31 
161 

46 
125 

47 
137 

134 
146 

141 
42 

3o9 
91 

60 
132 

Total  BRodhice 

182 

171 

184 

289 

186 

450 

192 

373 

Grain  or  bulb 
Straw  or  leaf 

32 
19 

S3 
17 

87 
19 

36 
41 

M  A. 

64 

90 

•  • 

86 
27 

XOvH  yKDCluC6 

51 

50 

66 

1  mm 

\  77 

79 

90 

118 

124 

Phon- 
pborio  ' 
add 

rOtaiB  or  tmlo 
StxawcvlMf 

16 

8 

16 

R 

V 

10 
6 

w 

18 

7 

• 

14 

fi 

18 

20 
9 

xotai  prouuc^ 

23 

20 

16 

20 

17 

23 

29 

28 

* 

Ptotath  * 

urain  or  duid 
Straw  or  leaf 

9 
20 

11 

19 

8 
23 

60 
29 

48 

7 

100 
21 

24 
28 

^JLOTBI  ymvuuOB 

29 

30 

81 

89 

50 

121 

JVM 

62 

76 

lime  - 

uxain  w  DniD 
Straw  or  leaf 

1 
8 

1 

2 
10 

16 
44 

WW 

16 
IS 

13 

U 

4 

28 

<) 

12 

12 

60 

28 

21 

32 

112 

■ 

'Gmin  or  bnlh 
Straw  or  leaf 

3 
3 

4 

3 

3 
6 

3 
I 

4 
1 

9 
7 

5 
6 

Total  pvodaoe 

6 

7 

8 

4 

5 

16 

11 

32 

• 

CbaSb  cr  bnlb 
StMW«rlnl 

1 

101 

IS 

T6 

22 
68 

1 
% 

s 
1 

9 

2 

1 
5 

Total  produce  | 

102 

88 

90 

3 

z 

11 

"1 

11 

The  immediate  object  of  tlie  ooItiTafetoil  of  tlie  tttnip  being  the  prodmlioii  of  food 
for  cattle,  it  is  not  required  to  reach  maturity,  as  is  the  case  witli  whc  at ;  ami  it  is 
desirable  to  obtain  the  utinoat  poeaiblie  derelopment  of  the  fleshy  root,  80  a«  to  afford 
a  fewd-nMlarial  eootainisg  both  mtrogenoiu  and  non-nitrogviMma  aaliataaeeB  in  fltting 
proportion  for  that  purpose.  During  tho  curly  stage  of  growth,  the  young  kuvt  .s  of 
the  turnip  are  liable  to  b«  attacked  bv  inaects,  and  it  ia  therefore  nec^aary  to  forward 
thmr  deTelopment  as  rapidly  as  posswle  tmtil  the  plants  baooma  adBkieiiUT  atnog  to 
zeaist  this  destructive  influence.  The  numbt  r  of  plants  per  am  is  tbsMftwe  aft  im^ 
portant  indication  of  the  efficacy  of  the  manures  used. 

The  land  selected  for  the  experiments  was  a  rather  hevrf  loam,  not  of  tho  best 
fha*f'***'  ftr  the  gcowth  of  titniipa ;  and  thrae  evopa— wbeat^  dover,  and  whcat^had 
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lK>eii  grwn  ttpAn  it  nuw  it  wnf  manured.  The  variety  of  tarnip  grown  was  tliat 
kuowD  im  JSorfolk  white.  To  attcert^uu  the  ctipability  of  aporofduitiiig  Ihe  atmoap hahc 
food,  and  the  rehitioa  lAidi  tha  tvniip  bore  to  the  soil  which  waa  mhwut^ii  tbe  wku^ 
n  pint  was  left  pach  year  immanared.  On  tbj.s  jilot  thp  amount  of  j  r.-Hl\iee  waa  rery 
mnali  even  in  the  lirsi  yoar,  and  in  the  third  year  the  bulhti  did  not  weigh  more  than 
two  owneaa  caeh ;  to  tbat  in  regard  to  the  gravth  of  th^  tnnip,  tito  monfeea  of  th« 
soil  are  soon  ezhauated,  and  soiui-  supply  of  mannre  is  oridentlj  requisite  for  the 
growth  of  tha  tvnup  a»  »fiiUow-crop.  (ijee  Lawea  and  6ilbert<-lM7 — Op*  cU. 
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With  funjwd  manure,  which  may  bo  considered  as  rapplyiiig  all  the  constitueflla 
of  a  large  crop  of  turnips,  the  uumbor  of  plants  in  each  yenr  rfpn^sptit.s  the  influence 
of  season  during  the  eurly  stage  of  tiit<  gruwtii ;  and  the  avt-rage  wtjights  of  the  bulba 
vspKMOt  the  influence  of  Moaoo  during  the  atage  of  bulb-formation. 

Ammnniacalsalta  operated  in  most  inistances  prejudici.-illy  during  the  enrlirr  stap©  of 
growth,  especially  wh4m  placed  near  the  seed;  wlien  used  with  £mnyard  or  other 
carbonaeeooa  manare^  the  dpretopment  of  bulb  waa  in  aone  inataaeea  oooeidftalile^ 
and  the  dm  i  lopmont  of  Iraf  wtus  nuioli  incrt-a.'-pd  ;  btit  the  amount  of  dry  nnl>!-tance  in 
these  bulbs  was  generally  letMi  than  in  othera>  and  the  anouot  of  nitrogen  in  tha 
aabalaaoe  waa  greater— just  the  oppomte  of  what  happens  in  Ihe  nniwlh  of  wheatb 

With  a  oon.'^idemble  supply  of  annnonia.  tlie  viyomns  growtn  of  the  plants  was 
accompanied  by  a  less  rapid  advance  towards  maturity  in  the' bulb,  an  i  u  cuodition 
kas  favourable  for  providing  a  supply  of  root-food  tiian  for  the  productiun  of  sved  by 
ftntiiar  growth.  In  this  n  sptct  the  influence  of  artiflcial  supply  of  ammonia  upon 
thf»  ftrnonnt  of  produce  of  the  turnip-root  and  of  wheat,  prcsmts  a  striking  contnist  ; 
and  it  is  evidtut  that  in  tht-*  cultivatiou  of  thr  turnip  for  fct-ding  purpubcs,  and  as  a 
fiUloW'^Oiop  fbr  obtaining  h  supply  of  manure,  it  is  capalilr  of  appropriating  nitrogen 
from  thr>  atmosphi  rlc  ^upl^ly  during  its  poriod  of  growth,  or  from  within  tn.>  soil,  t<i 
sueli  uu  fitfiit  itA  not  to  rcquin-  any  conaidcrublf  supply  artificially  by  infuusi  of  manurts. 

The  influence  of  solul'h-  pliospluites  in  promoting  the  early  growth  of  the  plants  ia 
well  indicated  in  each  year  by  the  number  of  phiiif^,  l>oth  mir-n  used  alon^^  and  with 
other  manures;  but  it  is  only  during  that  staj^  of  the  growth  that  they  contribute  to 
increaso  the  amoont  of  produce  in  bulbs,  as  will  be  aeeo  by  the  email  avenge  weight 
of  the  bulbs  grown  with  jiho^phate*  ouIt  f<njiplit  d  a?  mannrr. 

In  the  plots  supplied  with  manure  capable  of  furnishing  a  considerable  amount  of 
caiboiiaeeoua  aip>food,  tho  derelopoMnt  of  the  bulbii^  indicated  hj  their  atrengc  weight, 
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yna  nradb  more  considerable  than  in  any  other  case,  except  wftere  solnlik'  phom>hat« 
wtts  Tiswl  in  the  flret  year,  nm\  where  the  exe<-j.>tioiuil  result  waM  prol>a!ilv  rt  fcinffle  to 
curboniwjpouii  sabstances  iu  the  soil.  The  influeiici-  of  a  supply  of  aii'-fuud  from  within 
the  (K)il,  upon  the  development  of  bulb,  is  still  m  irr  sfrikingly  illustrated  by  the  coo- 
tr.ist  h«'twf't»ii  th<'  si>i-in)il  aiul  tliinl  year's  results.  Tlioii;:h  with  soluble  pliosplmtps 
aloueorwith  oth<2r  manure,  the  iiuml"  r  of  plants  wi*«  nlwavs  coUBidcrably  greater  than 
in  their  abMiMieb  the  averago  weight  <  >f  bulbii  was  ytry  mnm ;  wMk  on  toe  plota  where 
phosphfttrs  were  used  together  with  a  carbonaceous  m.'imirr,  th,-  avfrafje  Wi-i^hl  uf  tlio 
bulba  indicates  a  much  larger  bulbKlevelopment.  That,  together  with  a  greater  number 
ofptont^  gttfv  ooBsequently  the  lugnt  anoniit  of  jnodnce, 

Th<'  iiecesslty  for  trie  pr.-scnoe  of  o.ir1>uii;iCfi)Us  Mil/stanciu  cajjaMe  of  Mipplying  f.x>J- 
material  from  within  the  soil,  is  rendered  more  stnidiiglj  evident  by  the  results  of  tho 
•eeoiKl  year ;  tot  althoiiah  ihs  seaaoa  ma,  on  the  who^  more  ftrotmble  liiaa  tiwt  of 
the  preceding  year,  and  though  the  number  of  plants  was  greater,  the  amount  of 
produce  was  generally  less,  iu  consoqueuce  of  the  slower  rate  of  growth  and  bulb-forma- 
tion. In  the  third  year,  also,  the  deficient  bulb-development  within  the  period  of 
growth,  on  those  plots  where  phosphates  alone  were  used,  as  compared  with  the  resalls 
o^taiiii  (1  where  carb<:)naeeoiis  mrinnn  "'  were  also  snppliol,  shows  the  itTiportance  of  pro- 
viding tluit  source  of  pluiit-food  iu  order  to  iasure  rapid  growth,  and  lo  obtain  a  huge 
amount  of  {Mpodnee. 

The  influencp  exercise.l  upon  flie  composition  of  the  bulb  by  the  ratio  cxisimg 
between  the  supply  of  caxbouiict  ous  and  nitrogenous  air-food  from  within  the  soil,  is 
well  indicated  oy  the  differences  in  the  amount  of  nitrogen  in  the  dry  substanee  of 
the  tuniips  grown  with  farmyard  mtmurp  and  rape-oalce  alone,  and  witli  addition  of 
ammftpj",  and  in  tlwse  grown  without  inanure  and  with  top-dressings  oontaining 
diftMot  proportions  of  earbon*  and  nitrogen-yielding  materials. 

rarlxmaoeous  inanun'«<,  howevrr,  are  serviceable  onl}-  in  the  later  stage  uf  ^rniwth  by 
affording  a  iKupplv  of  food- material  for  the  developnumt  of  bulk;  and  in  th»  earlier 
stage  of  growth  they  may  even  be  prejudidal  if  plaoed  near  the  seed,  as  Indiosted  bj 
the  smaller  number  of  plants  in  the  first  two  years  when  these  manures  were  drilled  with 
tite  seed.  They  shoula,  therefore,  be  placed  so  as  to  be  only  within  reach  of  the  young 
plant  when  it  bos  developed  its  accumulative  organs  under  the  influence  of  the 
phoaphate^  which  should  be  placed  as  near  as  potssibla  to  the  seed.  The  advantagn 
of  doing  so  is  illustnited  by  trie  greater  number  of  plants  ill  the  third  jeai^  vhenthsss 
manures  were  applied  as  a  top-dressing  to  the  laud. 

Cknnparing  these  results  with  the  quantity  of  phoephorio  add  contained  in  the  turnips 
it  will  be  seen  that  thr_-  intlacnce  of  photipfiates  on  the  prowfh  of  this  plant  cannot 
altogether  be  referred  to  the  mere  supply  of  matt  ri<ii  ^.-rring  fur  Uie  production  of 
plant-substance  by  becoming  a  constitui>nt  of  it.  Though  tbo  amount  of  pho«qJiorie 
acid  in  the  fiirnip-ero[i  is  not  Inrger  than  that  in  tin-  vhc.it-rrop,  a  dirert  supply  of 
eolubh*  phosphate  appears,  from  very  general  experience,  to  be  much  more  influential 
in  r^id  to  the  development  of  the  turnip  than  in  the  growth  of  wheat  Henee  it  is 
icarecly  p'>ssiM.>  to  avoiil  f hi- eonolnsi. ai  that  it  ex>TL-I^*"-i  s^xue  important  and  essential 
function  in  that  porticolor  mode  of  development  requisite  iu  the  cultivation  of  the 
tvmipas  aihllow-  and  feeding-crop,  other  than  that  which  is  reprCTonted  by  thoamonnt 
of  phosphoric  acid  oonfained  in  the  plants. 

In  these  experiments  the  supply  of  potash  as  a  constituent  of  manure  was  not 
found  to  exercise  any  fcvoorable  influence,  either  upon  the  mode  of  development  of 
the  t  uraip-pIaDti  or  upon  the  amount  of  produce ;  nor  was  it  to  bo  expeeted  that  this 
laiul,  wliieh  was  capaole  of  prmwing  wla  at  without  mnnnre  for  several  consecutive 
yeain,  should  be  at  all  dehcieul  in  supply  of  poUuth  for  tile  growth  of  a  turuio-crop, 

aldKMgh  the  qpuOitj  of  polaih  nqnived  by  U  is  ao  moch  laii^  tlwi  that  needed  tat 

•wheat. 

The  t^u^utity  of  potash  removed  fiMui  the  land  iu  the  lui'itip-crup  dota  uut  otuso 
exhaustion  of  Oieasa'Constituents  to  any  sensible  extent ;  for,  excepting  a  small  portion 
ri]Kirti  >1  in  the  mrnf  produced  by  the  u-e  of  the  turnip  in  feeding  live-stock,  they  are 

Xin  returned  to  the  land  in  the  manure;  and  if  artificial  phusphat«»- manures  be  em> 
yed  in  tM  enltitatbn  of  tvmips,  the  abettaetion  of  this  eonstitaent  fran  the  land 
1^  the  export  of  eorn  will  be  to  a  great  extent  compensjited,  if  not  covered. 

The  &cts  already  described  will  serve  to  show  that  the  cultivation  of  the  luruip  is 
a  part  of  liie  economy  of  the  flam,  by  means  of  whidi  nitrognn  is  ttorad  up  as  part 
of  the  floitting  capital  of  the  land,  and,  after  having  served  intermediate  purposes, 
is  made  to  contribute  to  the  impoilant  result  of  increasing  the  amount  of  produce 
in  com.  It  is  by  this  means  that  coucentmtion  of  the  atmospheric  supply  of  nitro- 
genous plant-food  is  effectKl,  so  as  to  Aimish  the  com  er  p; ,  during  their  period  of 
growth,  with  twice  as  mitch  as  they  could  otherwise  obtain  diieclly  from  that  source 
by  tlieir  uwn  uniudt*d  ca^iabilify  of  apprupridtivu. 
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Tliough  tho  turnip  has  here  h«  on  rf'f«  rr(Hl  to  as  a  plant  pesenting,  in  the  circnm- 
gUince»  of  it«  <mltiT»tiou,  a  strong  conlrust  to  oiru -crops,  it  is  chiefly  by  tho  growth  of 
lugumluoiii  cawipi  math  as  dover.beans,  and  tares— that nitZQgeoiadimeUjqtpropriated 
fr  rij  the  atmosphoro.  In  the  cultivation  of  the  turnip  as  a  fellow-crop  an  arflfioiiil 
supply  of  nitn^en  over  and  abore  that  provided  by  the  farm  nuinure  i»  not  gcuemliv 
nqnimto;  Iwtw  in/m  largely  upon  the  supplies  of  nitrogen  team  irithla  llieaoil;  and 
in  this  rospcct  it  tends  to  render  an  artifioial  sapoly  of  nitrogenous  munnre  niore 
Mommrj  for  the  succoediug  coms^op  (Lawes  ana  Qilbcrt>  Op.  cit.  xviii.  454; 
jMm.  fykaiL  8oc  [2]  1 100).  LegnmuMOt  eropa,  on  the  contrary,  appear  to  render 
land  riclu  r  in  nitrugenou-s  supply,  and  thus  to  auginont  its  capal>ility  of  3rielding  large 
cnws  of  corn.  The  influeuco  of  clover  in  this  respect  has  long  been  known. 
Kirwan,  Op.  cit.,  p.  166.) 

In  the  cultivation  of  land  under  such  circumstances,  8up{)osiiip  the  amount  of  pro- 
duce sold  during  4  years  to  be  80  bushels  wheat,  36  baaiMla  barley,  and  Ui»  livo-we^t 
produced  from  10  tons  turnips  and  5,000  lbs.  ekmrte^  or  1,600  Us.  htm,  vithont 
unported  food,  the  quantity  of  ash-constitaenti  xoaiaved  mm  tiw  luA  mnSA  «t  th* 
ntoMM^  MaliovaiiitlMfoUiQnriiigtAblB;-^ 

Qmmmim  fifAtk^mmmumttiJtr  Acre  abstracted  from  Imd,  t»  JMiM  M  tgUm 

Farm  during  Fkmr  Year** 
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19 
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It  now  oul^'  remains  to  consider  the  means  of  maiulainiug  tlu-  Kupjdy  of  caj-boii- 
MOous  material  requisite  as  one  of  the  conditions  of  the  production  of  the  full  amount  of 
produee  in  turnips.  In  the  feedinp:  of  animals  there  is  a  loss  of  carbon,  due  to  respi- 
ration, amounting  to  nearly  one-half  of  that  contained  in  the  food.  It  is  therefore 
nocoionij  to  increase  as  ftur  as  possible  the  quantity  of  manure  produced  by  the  internal 
economy  of  the  farm,  l)y  the  xibp  of  imported  food-materials  in  feeding  cattle.  This  is  at 
once  a  profitable  mode  of  converting  those  materials  into  a  more  valuable  commodity, 
and  of  obtaiiiing  a  lai;ger  quantity  of  manure  for  the  cultiTation  of  crops ;  thus  maia-> 
taining,  or  even  increasing,  the  fertility  of  tlie  hind,  l>y  bringing  upon  the  farm  aah- 
eoDstituents — which  oompensato  fur  the  export  of  com— and  materials  containing  nitro- 
gen  and  eatiMMi  in  a  faan  capable  of  beooming  availaibla  in  tiia  cdltivBlioB  of  izopa  a« 
supplies  of  air-food,  auxiliary  to  tliose  furaiaSed  hjiSb»  atUMMfbCM  and  1^  IJm  Autm* 
yam  manure  resulting  from  the  crops  grown. 

On  a  farm  cultivated  under  such  a  system,  the  exhaustion  of  the  luid  is  altogetlier 
precluded ;  and  although  the  existing  system  of  disposing  of  town-refuse  involves  a 
total  lofi?  of  the  phosphates  and  potash  contained  in  the  exported  produce,  it  is  probable 
that,  as  rtgiml^i  the  extent  uf  land  at  present  under  cultivation,  there  may  be  suflicient 
available  sources  of  thoae  anbstances  in  the  mineral  kingdom,  to  oounterbalanoe  such  a 
loss  for  a  long  time  to  come.  Still,  the  dispof^ition  of  town-refuse  in  mch  a  manner  nn 
to  be  available  iu  fertilising  land,  and  to  be  useful  rather  than  a  source  uf  injury  uud 
annoyance,  is  a  requirement  iriiicii  18  evezy  day  more  wgently  demanding  attention. 

Having  tlnis  consider-  d  the  naturo  of  tho  difference?  obtaining,  on  the  one  hand, 
between  Bpontaneous  v^^etation  altogether  unaided  by  art,  and  natural  vt>getatiou 
aimited  by  tillage — on  the  oUier,  betireen  agricnltiiM  conducted  only  witli  a  view  to 
obtaining  the  natural  a>nount  of  produce,  and  agriculture  invohnng  an  inen  af-ed  pro<luco 
by  artiiicial  means,  it  is  now  necessary  to  consider  what  applications  have  been  made 
of  the  geuenl  knowledge  of  the  t^mmej  of  Ttgetatioii,  «  cf  lihtt  views  vliadi  hire 
been  cnteiCained  with  x«0ud  to  it. 
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Liebig;,  in  applying  to  agriculturo  tho  thoory  of  plant-nutrition  whicli  he  con- 
stracted  from  the  materiabi  furnished  by  Saussaro,  Davy,  8preugol,  and  Bous- 
singault,  adopted  the  fundamental  proposition,  that  pknt^food  consists  solely  of 
carbonie  adid,  vit«v  UUBOoia,  and  the  ash-eonstitaenta.  In  endeavouring  to  aaoertua 
thr>  onuKCS  of  the  efficacy  of  mannrr ;  tho  mode  in  which  it  acts ;  the  circumstances 
upon  which  different  muLliu^is  uf  culture  depend;  and  to  L'stablish  rult«  for  a  mtioiud 
lljBtem  of  agriculture,— he  addressed  himself  Hist  to  the  qu<  Mtlons,  "What  does  the 
soil  contain?  What  do  the  materials  railed  manur<^  contain?"  as  qnestioiw  wlioso 
determination  constituted  the  starting-point  of  rational  agriculture  {Cktmutrtf,  &c^  Ist 
•dit  p.  139).  In  this  enqiUTy  his  attention  was  mainly  duwtad  to  theash-conatitaeaitt 
of  plants,  anil  to  the  comparison  of  these  with  the  constitiicnts  of  soils  and  of  manure. 
Observing  that  all  cultivated  plants  contained  potaah,  phosphoric  acid,  and  other  ash- 
eonatitiMitti;  tint  dw  pwacaaeo  of  theae  aobataiieM  wm  eonatant  in  pwrtiwilar  plants, 
and  parts  of  plants;  that  every  productive  soil  contained  the  same  substances ;  that 
the  viMated  sueceeaiTe  growth  of  a  panicokr  crop  on  the  same  laod  raadend  it  lesa 
eaitabb  of  piodtieiiig  thit  crop  until  an  interval  of  aomo  years  had  been  oUowod  to 
elapse  without  growing  it, — he  came  to  the  conclu.sIun,  tliat  the  capability  of  land  to 
produce  crops,  was  due  to  the  presence  in  it  of  tho  ash-constituenti^  of  plants ;  that  the 
assimilation  of  carbon  and  nitrogen  was  dependent  upon  the  presence  of  the  ash-con- 
atttnente  in  the  soil,  and  limited  by  the  available  amount  of  tuem:  eoust^^aently,  that 
the  amount  of  produce  was  pmportionate  to  the  available  amount  of  a.sh-constituents 
ia  the  soil  (O^.  cit.  3>rd  edit.  pp.  113-123).  From  the  »amu  data  he  concluded  that 
tlio  daemise  of  produce  observed  when  a  particular  crop  is  xaiaed  year  after  year  on 
the  same  land,  was  daa  to  the  abrtnetioo  <h  aab-coutatunta  ftnatao  ooaL  (C{p.  cU, 
pp.  118,  164.) 

Oltterving,  ftntlMi;  fiuit  odbnal  aaureta  and  tho  plaiit«enHina  in  ftnqrud  manure 

contained  the  .<iame  ash -constituents  as  the  plants  which  had  been  consumed  as  food; 
that  this  manure  exercised  a  fertilising  influence  apon  land  natnral^  niwxoductive,  or 
oriianat<i<i  hgr  the  onltitntiott  of  oiopt,— he  oonclnaei  that  the  elloii^  of  Ifaia  nannr^ 

which  might  be  regarded  as  the  ashes  of  tho  food  bunit  in  the  botlies  of  animals,  was 
doe  to  the  aah'Conf^tituenta  it  contained :  that  its  peculiar  action  consisted  in  and  was 
limited  to  the  aupply  or  Natoration  of  the  aahHsoMtit«entg|  lAiah  tlia  tand  ma  ailliv 

destitute  of  or  had  been  deprived  of  by  pn'vious  anpa.  {Oj^cti^yif,  l^i^AXl  \  MUbut 
to  the  Agriculturitts  of  Great  Bntam,  pp.  7-12.) 

From  the  well-known  facte  that  the  produce  of  land  eoold  bo  inflimed  by  manure^ 
and  that  in  many  cases  the  crop  is  directly  proport  ionate  to  the  quantity  of  manure 
used,  he  concluded  that  this  eff»Mit  was  referable  to  the  amount  of  ash-conptituents 
supplied  U)  the  land  ;  that  if  the  supply  of  those  constituuntb  were  greater  than  the 
quantity  taken  away  in  the  {NNrriooa  ezop,  the  amount  of  produce  would  be  increased ; 
that  if  the  .stipply  of  them  were  lpff<?  than  that,  the  produce  would  be  reduced ;  and 
that  if  it  Were  ju8t  e«^ual  to  the  quantity  removed,  the  produce  would  remain  cousUint. 
{Address,  pp.  7-12.) 

Adopting  these  conclusions  as  axioms  to  be  observed  in  practical  agriculture,  Li  ebig 
also  taught  that  the  production  of  the  organic  constituents  of  plants  ^m  carbonic 
acid,  water,  and  ammonia  was  determine  bj  the  pnaenoe  of  the  aah*eonatitaents  pro- 
per t^j  the  plants  cultivated  {Clu mistrjf,  Sec,  pp.  198,  201);  that  its  extent  was  limited 
by  the  available  amount  of  them  in  the  soil  (Op.  cit.  203);  that  the  efficacy  of 
hanraa  in  augmenting  the  annonnt  of  ptoduce,  by  ftaraiahtBg  a  onpply  of  eaibonie  add 
additional  to  that  alforded  by  the  atmosplien\  was  subject  to  llie  same  limitation 
cit.  p.  197) ;  that  the  amount  of  produce  was  so  entirely  independent  of  tho  arti- 
supply  of  ammonia,  that  if  only  tne  ash«i  of  s(did^id  honidctxaretawfce  supplied 
as  manure,  the  crops  cultivati*d  would  derive  their  carbon  and  nitrogen  from  the  atmo- 
sphere {Op.  cit.  pp.  181,  203-204) ;  that  the  ammonia  of  the  atmosphere,  exceeding  the 
requirements  of  wild  plants,  wa-s  fully  sullicient  for  all  the  objects  of  agriculture,  even 
Itorthat  most  importaat  one,  the  production  of  nitrogenous  ooii8titaa&  of  plaatato 
iorve  as  f(H)d  for  man  and  animals.    {Op.  eit.  pp.  64,  211.) 

The  production  erf  these  snbstances  was  represented  by  Liebiji  as  depending  upjon 
the  presence,  in  ^  aoil,  of  phosphates,  irfJeh  enabled  plants  to  derive  tlie  reqniiito 
nitrogen  from  the  atmosphere — a  source  where  the  abstraction  of  tliat  element  was 
Boontaneously  compensated  by  the  ammonia  resulting  from  the  deoty  of  auiiiials  uud 
plaata,  and  perhaps  lirom  other  aonrcca  ( Op.  cit,  pp.  147*  212).  He  also  insisted  that  it 
was  of  the  greatest  importance  for  ag:riculturt\  tr,  know  with  certainty  that  the  arti- 
ficial suj^ly  of  amnonia  was  unneoeasaiy  and  superfluous  for  the  growth  of  most 
oohifBtod  phmta,  and  that  the  Tahie  of  maiUM  oonld  not  bo  oadniatadf  aoeording  to 
the  rule  recognised  in  France  and  QctnaBy,  bjthe  inoiUltof  nitrnpmona  rnibntniiBOi 
it  contained.  {Op.  dL  p.  213.) 
To  gneitiH  i^antarpfoiBUiCBOO  tohis  opinion  is  to  1^  saperflnilj  of  nteogenooa 
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wauue,  Ll*big  iiMtneed  ths  large  quantity  of  iiitrug<'nou»  BaUtnieM  pvodiiQ8d-«>w 

hay,  milk,  and  fl»»sli^ — on  pfrtiss-liind  without  any  ftipply  of  nttroj»enon!»  manure,  and 
contrasted  that  fact  with  the  smaller  produce  of  nitrogtnuiut  couistitueuts  produced, 
vithin  tiM  MUM  pcciod— ai  mm  and  raoto— «o  land  to  which  nitrogen  had  been  tnip- 
plit.'v!  u'l  mannre  in  p-eatcr  quantity  than  wa«  contnitic.!  in  th»'  product'.  ITc  al-  > 
rel^rred  to  the  export  from  l^ypt  ut  ammonia,  obtained  by  burning  animal  excreta ;  to 
th«  prandblal  fevtitity  of  that  eonntry,  where  only  the  wdies  of  amete,  and  tha  NUa 
mu>l,  coiif  iiiiiiuc  little  nitrogen,  had  been  used  a'?  miinure  for  a^c^ ;  to  the  export  of 
cheeae  Irom  MuUaud  and  Switaerlaad, — aa  rendering  it  perfectly  certain  that  the  pro- 
dntiim  of  nitrageBoas  eonatttaettta  of  plant*  waa  not  pfoportaonata  to  die  quantity  of 
nitrogen  supplied  to  th»>  laii'l  in  tlio  mivnun' :  th:it  the  export  of  nitrog-  aous  produce 
was  not  exhausCive ;  because  it  waa  not  the  soil,  bat  the  atmospb<^,  which  ^-ieldc^l 
nitrogen  to  pUiiitt :  that  It  was  impaasible  to  augment  tha  pnxboe  of  land  by  tha 
anpply  of  highly  nitrogenous  manure,  or  of  ammonia*aalts  aione;  but  that^  on  the 
wntr.iry,  tho  cnpability  of  land  to  produce  crops  increased  or  diminished  in  direct  pm- 
poition  tu  the  ajtli-eoiL-tiituents  supplied  to  it  in  the  manure.    {Op.  cit.  pp.  210,  ill.) 

The  logical  aooaaquenco  of  the  opinions  thua  formed,  was  to  regard  the  ash-con- 
stituents as  the  essentially,  if  not  the  only,  t  ffective  portion  of  manure  (o;).  cit.  p.  202). 
It  waa  iuaiated  upon  as  a  point  of  especial  importance  for  the  practical  farmer  not  to 
decetTe  fainMelf  ooDoacBUi|^  tha  eauaa  of  tha  Hlcacy  of  manurt-ji  (  Op.  cit.  p.  187).  la 
this  respprt  thf  ash-constituents  wers  comp;irrd  l-v  Licbi^  ra  th<  <jninine  of  cinchona- 
baxk,  the  iodine  of  burnt  sponge,  or  the  active  principles  of  opium  i^Op.  cit.  p.  187). 
Gonaequently,  the  aah-oonatitaenta  of  manure  were  the  materiab  which,  according  to 
his  \  \r\v,  it  was  rssential  for  the  farmer  to  anpply  to  landaVtificiaUy,  iSQcdertoUiamuM 
the  amount  of  produce.   (0^.  at,  j^.  20^,  211.) 

Tii»  ftmdamental  prin<j{da  of  vatzonal  evltave,  aeeording  to  Chat  -viaw,  waa  tlia|M>rfect 
restoration  of  the  a.sh-»  on;- tltuents  removed  from  fhi-  laiil;  and  whethor  that  restitution 
were  made  by  applying  excreta,  or  aahea,  or  bones,  was  rc^arJeil  as  a  matter  of 
indiffl^ronco  {Op.  cit.  p.  187).  Tho  particidar  kind  of  aah-eon<»titttents  tobeusM  as 
intiniiri ,  was  to  depend  upon  the  kind  of  produce  required ;  alkalia  for  tha  prodoctioQ 
of  suSvstiinces  analuguus  to  «<t:iiTh  ;  phospliatew  for  the  produet  ion  of  nitrogenouH  ?in1v 
8tauc(»  (0/>.  pp.  193,  H2,  144,  148).  By  the  exact  determiuatiuu  of  the  amount 
of  aiA  in  enllKTntea  plants,  and  by  the  aaalyaia  of  tha  ariies,  the  quantities  of  thaaa 
Bubjrtancr^  removed  from  land  by  crops  was  to  be  ftj'rert.'iined.  Thus  thf  fdniipr  wns 
to  be  otia\>liHl  to  ketjp  a  dvbtor  and  creditor  account,  fur  roch  of  his  fields,  of  the  *»ev*.'r.il 
ash-con  tituHuts  removed  froin  the  land,  year  by  year;  and  to  detamina,  aoeording  to 
thf  kind  and  quantity  of  th»^  rrop^  kurxI  upon  it,  what  subst^iT'".-^-  -."d  That  qnantitiea 
of  them  were  to  be  returned  to  the  land,  in  order  to  restotv  its  original  condition  of 
IbitiHty,  or  to  ba  aUb  to  expreaa  exactly  how  manj  poonda  of  ona  or  ochar  eonatitoent 
wa^  to  be  supplied  to  the  land  in  oidar  to  augment  tha  amount  of  prodnea.  (0^.  cif. 
pp.  218.214.) 

Eztaiu&igttriaTiawof  thaehamiatrf  of  plant-nntrition  to  the  explanation  of  tiiavariotta 

operations  of  flu-  farm,  th»'  practices  of  rotation,  fillow,  tSro  .  Li  eb  i t*till  concentrating 
his  attention  upon  that  particohir  aspect  of  the  chemiNtiy  of  agriculture  in  which  the  ash- 
constituents  of  plants,  soils,  and  manure  are  concerned,  aaoribad  the  influenea  of  iUlow  in 
landaring  iMid  again  capable  of  supporting  th«'  ^mwthof  com,  solely  to  the  liberation  of 
t  he  ash-constitnents  requisite  for  that  crop,  by  t  h<>  decomposition  of  alkaline  siiieaf  in  the 
laud  during  the  intorvid  of  follow  {Op,  cit.  pp.  118,  130-133).  The  similar  intluence 
of  burnt  lime  and  burnt  day  on  some  soils,  waa  aaeribed  to  the  aama  cause  (p.  136). 
He  represented  the  atlvantagos  of  rotation  of  crops  a«  boiiii;,  to  some  extent,  duo  to 
the  production  uf  hiuuus  in  the  soil,  but  chiefly  tu  thu  unequal  requirementa  of 
Iba  oifferent  alternating  eropa  for  particular  ash-constitnenta,  and  to  the  con.'k'qncnt 
accumulation,  during  thf^  gr(*ater  part  of  the  period  of  rotation,  of  those  a^h-con^titufnts 
present  in  least  ar^lsble  amount  in  the  soil,  and  reouiaito  for  the  growth  of  one  crop 
ui  latgar  amount  than  for  the  growth  of  the  interraning  eropa.  {Op.  tit  pp.  150-161, 
160.  172;  R.  r/.'lius-  ISM^ahrcshericht,  xxiv. 

This  theory  of  the  cbemistiy  of  agricaiture  waa  applied  by  Li eb  ig  in  the  nroductioo 
of  artillcialmairara;  and  a  patant  waa  obtained  hy  Muspratt  for  the  method  of  maait- 
facture,  as  a  communication  from  Li  (big  ( fn.jirtnu  di*  ni.s  in  thr  ^Tfiyuifinfu^of  Mnntcrf, 
1845,  Specification  Na  10,616).  These  artiticial  manures  were  intended  to  aupplj  to 
the  land  exactly  what  was  wanting  for  the  growth  of  ai^  partieidar  cnfp,  and  tnna  to 
aflfect  an  economy  which  would  be  impo.^tsible  while  manure  was  applied  indiscrimi- 
nately— the  useful  and  the  unneceaaaiy  constituents  together.  But  the  chief  advantages 
wliich  these  artificial  manures  were  to  secure,  were  to  render  the  rotation  of  crops  and 
following  unnaeeaBaij  and  aopetflaoua*  and  to  admit  of  one  and  the  same  innd  of 
crup  b<pinj»  grown,  year  nfVer  year,  upon  the  same  field — of  a  perennial  wheat-crop 
without  ih©  iiticc^ftity  eitiicr  of  fallow  or  of  a  rotation  of  croj^,  which  was  regrm?cd  by 
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LiVIng  as  n  rostnction  oxcliulinp:  nil  fliaf  sc^Itnicr'  nii^'ht  bo  alilo  to  t«;ip1i  (Prineijfhs, 
p.  47).  Th^  maaim>%  which  were  uit4md«cl  to  effect  each  an  entire  revotntien  in 
afpieolhtml  pnutioe,  oomngtod  diiety  <^  eonqKmnds  of  peltaMdniuheiaAmultBt  irftii  oal- 
cium-carl<onatp  or  jihosplKite,  potai<siain-6ilicate,  gyppum,  bone-earth,  and  salt,  uiul 
about  4  per  cent  ammouio-magnesian  phosphate,  equivalent  to  rather  less  than  0*25 
percent,  ammonia  in  the  manures.  The  followinGr  table  contain.^  analyses  of  these 
vmnmB,  as  mantifactum}  by  Messrs.  PMAr,  Schwimcnberg,  &  Co.  in  Cussel  (Fabst 
— 1849 — Lavdti'irthf'rhdfiUf^hf'  Fr/nhnmr/m  tw?  Ho^if  iihnnt,  p.  l^).  For  the  sake  of 
compariaon,  th«  calculated  composition  of  the  muiures,  according  to  the  dir«:tion8  of 
the  qMeifioatioii,  is  added: — 


C(mg»o$Uion,  o/Liebi^s  Ari\/ieial  Manures, 


• 

"6  fAnunooia  • 

1  Potash  . 

J  Limo 

g  Magnesia 

■g,'  Ferric  oxide  . 

^  Phospharic  acid 

^  Sulphurieaetd. 

^   Chlorine  . 

S  Carbonic  acid  . 

^  iMoltiblaiaHOl 
Silica      .  , 
Water     .  • 

Jer  Cirasls. 

Wot  Lcgutnloous  ' 
Crofx. 

FtN- ]lo««>-Ck«p>< 

|For  Tiil>cr 
Cropi. 

9-80 
1000 
21-20 
3-76 
506 
6-60 
10*0« 
104 
9  82 
M-SO 

•  « 
■  « 

Galsttbited. 
0-38  1 
40-32 
4-72 
916 
0-64 

600 
379 

7-66 

36-00 
300 

1 

.     .  1 

11-38 

13-  70 
26-23 

1-67 
1-48 

1  1-60 
9-17 

p  M6 

14-  33 
19*39 

•  ■ 

•  • 

CHleuliit*d. 

0-24 
26-28 
13-20 
16-20 

064 

9-76 
378 

2-40 
16-48 

8-32 
2-96 

ICakuUted. 
.    .  0-40 
14-60  1910 
4-<v2  1  15-73 
32-20 1  20-06 
1-66  I'Oe 
1-36      .  . 
1    2-37  i  14-20 
1  6701  3-00 
168!     .  . 
1  26  20>  21-60 

1   9-08|     .  . 

i 

1  .  .  1  4-60 

1 

16-31 

8-33 
26.15 
2-92 
6-35 
0-22 
I  9-67 
Mt 

■  19-47 
!  18*40 

i 

100*04 

100-00 



98-01 

100-00 

'  9376 1  100-00 

1  09-lS 

The  proper  composition  of  manures  for  other  plant;^,  waa  to  be  ascertained  by  burning 
the  plants,  and  analysing  the  a*thes,  and  then  combining  the  manure  acoowliiig  to  the 
motSjmB  (** Spfci/''  p.  4,  line  •17).  In  the  Addrest  to  ui|^nVi//^m>^,  explaining  tho 
principl*^  "f  artificial  msnnnnpr,  Liebig  stated  his  view  that  "  the  exhaustion  r>f  the 
soil  by  subsequent  crops— its  decrease  in  fertilitr — is  produced  by  thegmJuul  rcmuval 
of  the  mineral  dements,  in  a  eolvble  state^  which  «r»  neoetrai^fbr  the  de%-elopment  of 
our  cnltivntod  plants.  I?y  a  wpjily  f>f  mannrp  they  are  agnin  restored  to  the  ?il;ifo 
suited  to  son-t'  :i8  nourish nient  to  a  new  vegetation.  If  the  supply  of  the  removed 
ekouents  of  t)io  soil,  by  meant  of  mmimv  be  euflleient^  if  Uw  qnantuy  taken  away  ho 
restorj^d,  thcoT-ipnnI  fertility  rt  appr-ars  ;  if  thr-  supply  be  greater,  theprnluoo  inorrasos; 
a  defective  suppij  given  a  smalier  produce"  (p.  12);  or,  in  other  words,  the  amount  of 
porodneo  was  duoetly  proportionate  to  the  araihble  qvantily  of  ash-oomtitiMot^  ov 
minonl  snl'stanrrs  which,  "as  such,  an  iiulftstructiblo  by  fire,  and  consequently  MOiaiA 
as  ashes  aft«  r  the  incineration  of  the  plants^  or  of  their  iiarts/'    (p.  8.) 

CoBse<|>i«  ntly.  the  agricnltariet  was  to  oonfine  himself  to  supplying  these  ouhstaiieM 
to  his  land,  iind  giving  it  the  proper  physical  condition,  so  as  to  render  possiUfl^  and  tO 
increase,  the  assimilation  of  carbonic  acid  and  ammonia  from  the  atmosphere. 

This  th*ory  of  agriculture,  or  of  manures — known  as  the  minenil  theory — was 
recc-irt  d  with  enthusiasm  in  England  aiMl  jbocrica,  and  the  estimation  in  whicli  it  was 
held  is  wfll  r»->prfs«'nf«Kl  by  the  following  comments,  puljlishcd  sli^rtlv  nf».^r  tlii^  iiitro- 
dnctiou  of  t  he  new  manures :  — '*  Since  the  organic  footl-matt  riala  are  um vt-rs^illy  supplied 
to  plants  in  eonstant  anumnt,  the  great  difference  of  vegetation  cannot  be  sought  in 
them,  and-  coiMi«juf>ntlr,  must  be  due  to  f  ho  inorgnnic  const  ituonfs  ;  so  that,  in  putting 
farm-manure  ut>ou  land,  it  would  U  etibeutially  quite  the  aama  if  it  were  first  burnt, 
and  oidy  the  ashes  strewed  upon  the  land,  since  its  efficacy  can  only  be  due  to  its  ash- 
constiturnts.  Tt  is  efi»nrto  jx'r..»-ivt'  tliat  this  principle,  applied  to  agriculturt  ,  suddenly 
sheds  a  now  light  upon  ail  phenomena  whob^  explanation  has  hitherto  been  sought  fox 
in  Tain.  Now,  it  is  easy  to  oonceiTo  why  irrigated  meadow-knd  can  prield  snnnaD^ 
great  qnantitirs  of  hay  wifhotit  monur*^  whi-n  t!ie  nccrssary  qnantiti<'S  of  salts  are 
eoQTe^ed  to  it  in  the  water.  It  becomes  dear  how  the  ^Peruvian  is  able  to  obtain 
Inznnaat  crops  of  inaiss  upon  ^  most  and  sand-drifts,  if  only  a  tiny  rill  fiom  the 
snow-poalcH  of  the  Andes  convf^-.s  to  thorn  tho  roquisiti-  soluble  earths.  TTundn^ds  of 
similar  phenomena  are  elucidated  by  this  ingenious  idea  of  Liebig' s;  but  hundriMis 
of  now  ideas  ava  ahw  suggested  ftvitM  in  derelopment  and  improvement  for  that 
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aimpiiAcation  and  eeenrity  of  agricaltiire  which  will  be  the  inherit ance  of  po»torif y ;  tod 
W9  Dflg^  to  tod  It  Btthnw  tfiat  in  England — where,  according  to  the  stundard  hitherto  - 
known,  agriculture  stands  so  high— Liobig  should  be  celpbrated  as  the  found-  r  of  a 
rational  system,  in  opposition  to  the  previous  purely  empirical  oii<- ;  and  that  lie  should 
be  orerwhelmed  with  laudatory  demonfftrationa  and  marks  of  honour,  in  such  a  waj 
as  scarcely  any  une,  and  certainly  no  ^glMir  has  OfW  tnmtricilOld  thMOi"— 
Schlr^iden,  Thr  Plant,  pp.  173-174. 

Und»  r  tlu-  auMpiees  of  the  Itoyal  Agricultural  Society  of  England,  an  elaborate  in- 
Testigatiun  of  plant-oabas  was  undertaken  by  Wmj  tad  OjMlOBt  iritk  Ibo  viov  of 
obtaining  data  for  the  preparation  of  artifu-ial  niannwo liBeow[&Bgi>Iiiobi|^M nda— i 
theory  of  agriculture  {Joum.  Uujf.  Agric,  Hoc.). 

BntflKpflnenoa  did  not  realiaotiiaoqpflrtntioBgwtiMihadbMP  entciCsfn»d  m  to  tto 
results  to  bo  obtained  by  the  use  of  aamre  pn  p  ir-  d  acconiing  to  the  principles  of 
the  "  mineral  theory."  Among  other  j^bflfli»tbe  wheat-manure  was  tried  at  Hothamsted, 
and ttw  Allowing  resnhs warn dUidned.  (SMlmwoa  and  Gilbert,  op.  cit.  viii.  xxt.) 
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^■tobtainm  whcro  only  the  ash  of  an  oqual  quantity  of  the  same  manure  was  ustHl, 
{tla  arident  that  the  use  of  this  manure  etfecta  aomethiog  more  than  the  mere  reaton^ 
tion  of  aab-oonatitMDia  to  tho  land :  and  tlite  reanlt  alona  ia  anfldaiit  to  ahoir  tfia 

arror  of  the  "  mineral  theory  of  iipriinilturt'." 

It  has  already  been  shown  that  the  land,  though  exhausted  in  regard  to  the  growth 
of  wliaal  Wider  tha  ordinary  system  of  enltiTmon,  waa  aliH  lidi  in  aTaihble  ash- 
constitOMlti  (see  an/c,  p.  837):  consequently,  the  application  of  these  only  as  mannn^ 
was  not  attendetl  with  any  increase  of  produce  over  that  obtained  without  any  mannr©, 
which  may  be  regarded  as  the  measure  of  tlie  extent  to  which  the  natural  supply  of 
ab^lbod  %  the  atmoaphaM  and  soil  «ta  available  for  the  growtb  of  wheat.  Bo^ 
wherever  ammonia  was  Btipplio<l  ^  manure,  thi"  pn>duce  wa-s  a]way?»  nntrh  increased, 
even  in  those  exceptional  instances  where  it  was  used  alone.  Thcj>e  results,  then,  aro 
in  direct  opposition  to  Lie  big's  mineral  theory  of  agriculture. 

In  the  case  of  wheat,  the  capability  of  production  does  not  increase  or  diminish  in 
exact  proportion  to  the  ash-constituents  supplied  to  land  in  manure,  but  the  amount 
af  produce  ia  proportionate  to  the  supply  of  uitrogan  in  tha  nuunire ;  the  capabnity  of  . 
product inti  may  be  increased  by  mamiri'  rich  in  nitrogen,  and  even  by  ammonia-salts 
alone.  ^8ee  Chatter  ley — 1843 — Fhil.  Mag.  xxii.  470 :  Report  of  some  experiments 
with  sahne  manarea,  oontaaning  nitrogen.) 

It  i«.  th«  rofori\  tho  rolafivo  dt-flcionc}'  of  the  supply  of  nitrorronous  fwd  which  must 
be  n-gardcd  as  constituting  tho  nrincipal  feature  of  that  exhaustion  of  land,  in  regud 
to  the  growUi  oTiihea^  vfaSA  faiaaplm  in  tfaeofdtnary  loatina  <tf  agr^^ 
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Simnar  *^pmm«ita  to  tlmsc  above  dcMribed  hare  been  made  on  the  light  land  of 
•  HorfoUc  and  in  Kent,  nnd  the  s:ime  general  resolta  hare  b«enarriTed  at.  Law«s 
and  Gilbert,  Of.  cit.  xvi.  207.  xxiii.  31.) 

These  facts  at  onco  furnish  ii  cluo  to  the  Ainctionof  fannyard  maii'nre  in  the  ^Towth 
of  wheat,  oyer  and  above  the  mere  resUtutkm  of  aiih-con»tit)tMtt«,  and  thjej  illustrate 
tlw  inportaaea  of  the  iwwiiwlittion  d  tenSkScAn  nitrogen  upon  the  flan  bjr  the  enllink 
tton  of  fillow-crops.  Moreover,  they  arc  conelufiiv»«  proof  that,  so  far  us  rt  latt  s  to 
increase  of  produce  ia  vhea^  the  viiam  of  this  manure  is  more  essentiallj  depeadeat 
vpOQ  tile  rapplj  of  afaogwwi  matxirtal  -whaeh  it  proridei;  tiwa  upon  tlw  iMtoratliNi 
of  ash-eonstitucnts  removed  by  former  erops  ;  thoujjh  this  lattrr  is  a  necessary  eoudition 
of  the  maintenance  ai  fertility  in  regard  to  long  peciods  of  time^  ftBd  one  whkh  alw;^ 
obtafaia  under  a  good  syBtem  of  Arming. 

13m  striking  contrast  presented  by  wheat  and  turnips  in  regard  to  amoont  of  produce, 
when  grown  year  aftir  year  on  the  same  land  without  manure,  cloarly  indicates  that, 
inlhc  cultivation  of  the  turnip,  by  wliioh  the  exhaivstion  of  land,  by  previous  crops,  is 
MIBpenaated  for  mofdiDary  practice,  a  supply  of  air>food  fieom  within  the  eoil  raqaui— to 
be  provided  by  Thou+rh  tlie  produce  of  wheat — allowing  for  the  inflnenee  of 

seafioQ — was  tolerably  constant  during  twenty  consecutive  years,  the  prodoce  of  tunii{»« 
vaa  redoead  Ib  three  years  to  almost  nothing.  Consequently,  the  eapalnlity  uf  this 
plant  to  appropriate  the  foodm  itrrnil?  fnrnished  by  the  atmaspherf)  during  its  period  of 
growth,  is  aot^so  grei^  as  hsLa  beeu  supposed,  and  is,  indeed,  in&rior  to  that  of  wheat. 

The  dBkrat  Tattle  of  manure  in  regtbd  to  tinie  eropa  iMpeedvcly,  it  also  ahowa  by 
the  results  ol)tainfHl  \»nth  phosphates,  with  ammonia-salts,  and  with  farmyard  manure. 
Superphosphates  sp^Ued  to  wheat  affiurded  no  increase  ia  the  aaiooat  of  prodaoe 
«Tir  «at  otj^ataed  vitliov*  nairaM;  b^ 

produce,  efipeclally  when  there  was  an  abundant  supply  of  carbonaceous  air-food  pro- 
vided, ia  addition  to  that  fimiished  by  the  atmosphere  within  the  period  of  growth. 
AiwwioaiaFaJta  appHed  to  tvmipa,  either  with  or  wtthout  other  ingredients  of  manure, 
and  with  abundant  sopplies  of  ash-constituents  in  the  land,  did  not  increase  tlM 
produce,  or  promote  a  favourable  mode  of  growth ;  but  with  wheats  under  the  same 
conditions,  they  often  doubled  the  amount  of  produce.  Farmyard  maiiurc — containing 
bolhldiosphates  and  ammonia,  or  its  e<|uivalent,  togethar  with  a  large  amouniof  oailKMI> 
nepous  material — npplied  to  wlieat  did  not  increase  the  amount  of  produce  more  than 
60  per  cent  over  that  obtained  without  ouuiure;  but  with  turnips  its  use  was 
attended  with  large  increase  in  tha  ataii^  weight  of  the  balbf ;  and  whan  aoiabla 
phosphates  were  idso  used,  there  was  a  veiy  considerable  increase  in  tlm  nmount  of 
produce  per  acre.  The  difference  in  ihsm  cases  is  chiefly  referable  to  diHereuce  in  the 
taqafaranento  of  thMa  plants  as  they  are  cultivated:  a  aiHaiMunidTeiy  met*  abmidant 
supply  of  carlwoaceous  food  and  of  phosphates  being  necewary  f  r  thr-  tua^  vfaQa 
wheat  sequires  a  comparatively  mora  abondaat  of  nitrogenous  food. 

Hm  aaovat  of  pnidaoa  obteiafd  with  Iriebigri  wliaat-Biaaure^  in  tha  lliiid  year, 
was  little  above  that  obtained  without  any  manure,  and  much  less  than  that  obtained 
with  &rm-yard  manure;  but  wlisn  affiraonia-salts  were  used  with  Liebig's  manure^ 
tha  anooBt  of  pmdneewaa  inereased  nearly  in  proportion  to  tiw  amonat  of  nitro- 
genous material  supplied  cither  as  amnjonia-salts  or  nipe-cake. 

Ei^eriments  made  before  1846  by  Lie  big  himself,  with  these  manures  consisting 
anty  of  ash-constituents,  did  not  furnish  any  indications  of  their  effigy;  and  in  subfs- 
qnsnt  trials  iqwo  poor  uncultivatad  land  at  Qic^ssen,  the  eflbflk  ivodnced  wheva  tiMf 
were  used  alone  was  very  alight,  eempar«>tl  with  that  where  forest-earth  or  Ktable-mannre 
were  used  (Liebig,  Prino^diM,  pp.  40-45).  By  cultivation,  the  fertility  of  the  land 
gradually  increased ;  but  as  no  data  have  been  given  as  to  the  composition  of  tfie  soil, 
the  amount  of  produce,  &c.,  by  whi<'h  an  opinion  couH  ho  fcrmrd  n.<^  to  -whnt  -wer^  the 
latent  refiources  of  the  land — how  much  of  the  result  may  h&  due  to  the  influence  of 
tillage^  or  to  the  manure  produced  as  the  result  of  onhivaiion  only,  and  how  littia  of 
that  result  mnv  I .  due  to  the  supply  of  ash-confititunnta  tn  tho  land  ia  the  first  year- 
it  is  impossible  to  regard  the  results  of  these  experiments  as  coostitBtiog  any  ezoeptioa 
to  tha  obaarratiooanada  doiwiMM-aa  to  tha 
constituents  of  plants. 

Tha  failure  of  Liebig's  wheat- manure,  and  the  inefficacy  of  the  ash  of  farm-yard 
aiaanra  bara  bMn  aooriMd  to  thevdafloiaRt  adnbOity.  (1^  I^iebig,  EinUitung  in 
dicNatHrijcadze  ties  Frldbaufs,  pp.  70  et  seq. ;  International  Exhibit  ion,' 18G2,  Ihyorts  by 
the  Jurks,  p.  161.^  This  opinion  may  be  urged  as  an  excuse  in  those  instances,  but  it 
has  no  applicabih^  to  the  other  instances  in  which  the  constituents  of  the  wheat- 
maiiuro  and  of  the  ai^et  wero  used  in  a  very  soluble  condition,  and  were  neveitlulMt 
equally  inefficient  in  augmpnting  the  produce  bevoiid  that  obtained  without  manure. 
The  state  of  exliaujeitiun  could  uoL,  therefore,  coimmsI  in  deficiency  of  ash-constituents; 
and  ^nMlta  obtained  bjtlM  mo  of  aunonia*  am  akw^  or  with  thsao  mumm, 
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oloarly  proTP  tlint  flio  relativo  deficiency  of  nitrogMionB  supply  wi  tit  in  the  period  of  • 
gcowtb,  wa&  the  main  feature  of  the  exhaustion,  the  determining  cause  of  the  small 
•Bomt  of  prodnoe  on  the  iminaiiiirad  land,  aad  of  the  inefficacj  ol  tiMtoliible  adi-Mi^ 
■titiioTitfi,  If  n.)t  also  of  the  fami^Mrd  manure  ash  ami  of  Lit- bit,' '  8  manure. 

These  results,  therefore,  show  tbat  nil  hope  of  obtaining  annual  crops  oi  ocmi,  or  of 
toewM?iig  the  •momt  of  prodnee  of  crops  generally,  by  meuM  of  mtnnm  ooMwdiig  only 
of  thr  ;ish-<;on>ititm'nt8  of  the  plants  grown,  must  be  entln-ly  alnindoni'tl ;  and  that,  as 
xegaxds  agricaltuni  practice,  precuely  the  opposite  course  must  be  adopted,  of  sopphing 
wMaoA  %  utHkul  nwioi^  in  fo&tt  to  n&aer  tho  svtSMile  mmotcm  of  tt»  bad  nfly 
effeetire.  The  artifieiiil  supply  of  nitro^nous  air-fbod  is  the  only  means  by  which  a 
full  agricultural  crop  of  com  can  be  obtained  year  after  year  from  ordinary  land.  But 
since  the  sources  of  amraonia^salts  at  present  available  are  inadequate  for  that  pur* 
pose,  it  is  evident  that  a  rotation  of  crope  is  an  indispensable  ft^ture  of  a  sjstaii  of 
agriculture  where  the  prrKluction  uf  corn  is  the  chief  object,  and  wlirre  it  is  nHo*'««s:iry 
to  obtain  u  large  amount  uf  produce.  The  inereatted  supply  of  nitrogen  stored  up  from 
atmospheric  sources  by  the  cultrrKtion  of  £Uknr>crops,  and  made  «T«tkl)le  by  cattle> 
ftedirifr  for  the  production  of  com,  must  at  the  same  time  be  «riipplementiH(  hy  the 
purehaso,  from  extraneous  wurces,  of  nitro^^nioas  manures,  and  cattle-ifood,  as  far  as  may 
be  pracdcable  and  profitable  in  {wrttealsr  iMtnieei.  Jn  th«  one  of  land  riefa  in  adb- 
eon'itituents,  the  arfifieial  -sujiply  of  nitrogenous  manure  may  he,  to  f^omc  extent.  8tibf;ti- 
tated  fur  rotation,  and  cattle*feeding,  so  as  to  obtain  lai^ger  and  more^frequent  cora-cro^. 

It  appears,  tiiemftiM,  tlttit  inotoM  of  rafenaing  agri<nilt««  by  bui  Buumrm,  Liebig 
caused  them  to  demonstrate  the  incorrect ne.ss  of  his  mineral  theory  of  agriculture; 
and  the  failure  of  those  manures^  from  the  application  of  which  farmers  had  been 
indneed  to  antidiMte  sudi  wondoiAd  Msnlti,  natimiUy  prodneed  a  revulsion  of  opinion 
which  was  sometimes  expref^ed  in  a  manner  not  altogether  ft^e  from  exaggerat^n] 
opposition  to  the  views  put  forward  byLiebipf.  Thus  the  President  of  the  Royal 
A^cuitural  Society  of  England,  after  remarking,  in  his  annual  address  that  "  the 
mineral  theoiy,  hastily  adopted  by  Liobig,  had  brakm  down ;  and  that  tfcwdoelrine  of 
the  increase  or  diminution  of  crops  lu  inp  exaelly  proportionate  to  the  increase  or  dimi- 
nution in  the  quantity  of  amh-conBtituentti  ftuppliini  to  them  in  manure,  had  receiyed  its 
death-blow  from  the  cxperiuMiita  at  Bothamsted,"  went  on  to  state,  that  of  Uio  aotiri 
prineiple.s  of  manure,  ammonia  w;i<i  ^ecially  Muited  for  com,  pho^pbataa  for  tMway', 
(Pusey— 1860— JV>t/r.  Bojf.  Agric.  tSoc.  xxii'.  a83-392.) 

This  «apf«arioii  of  opimoa  by  a  piMtieal  &mer  mwe  bo  Mended  at  applying 
chiefly  to  the  artificial  supplies  of  manure  requirt^l  for  difT^Tent  cultivated  plantf^,  and 
not  by  any  means  indicative  of  the  idea  that,  in  regard  to  the  nntriUos  of  i^lants  con- 

any  one  or  ether  ooMtittHDt  of  plaat-tMd  posaessed  a 
ppecial  value  independent  of  (>llu  i  -.  The  erroneous  estimate  Liebig  has  formed  of 
the  opinions  held  in  thia  coantiy  respecting  manure,  has  no  other  basis  than  the  sup- 
position that  fndi  as  ideib  haa  been  entertained,  or  else  the  want  of  a  due  comprehension  ' 
of  the  fkmier^s  strictly  technical  view  of  this  subject  being  limitc'd  to  the  consideration 
of  materials  to  be  provided  over  and  above  those  supplies  which  are  furnish,  d  by 
ordinary  practice,  either  from  extraneous  wurces  or  by  modificationB  of  that  practice. 

Tliat  erroneous  estimate  has  also  given  rise  to  nmch  of  the  controversial  opposition 
which  Liebig  ha««  manifested  towards  the  ronchwon*  ^irrTved  at  Viv  the  r;'S(>;)r<'he>  of 
Lawes  and  Gilbert,  though  viriuaJly  atiopting  those  ct>nelu8iuu8,  and  materially 
modifying  his  own  viewa  in  aoeordance  with  them.  It  has  also  led  him  to  ima^e that 
the  general  doctrine  of  plant-nutrition  ha#!  been  called  in  question.  But  that  is  not  the  ' 
case;  norhasthi»  genorul  doctrine  ever  been  disputed,  except  in  so  far  as  relates  to  tbat  I 
extreme  fbm  of  it,  adopted  by  Liebig,  aeemding  to  wbidi  carbonic  add,  water,  and 
ammonia  sre  held  to  be  the  only  ponrees  of  the  onrnnic  einnstituents  of  planta. 

iSanssttre — 1841 — "Snr  la  Nutrition  dea  V^^ux." — BifU,  ttniv.  xxxri.  340.  
>eraeHn fr—lBit— JoArsiftii fc*l,  xadi 8^0.— Iff ti!der,op.etl.— Moht  op.  cit.  p.  78.) 
The  originality  of  that  «*xtrenie  view  was.  indeed,  disputed  l\v  Bu  m  a  n,  by  whom  it  waa 
alao  put  ficHrwaifd about  the  same  time.  (Dumas — 1841— "  Sur  le  R/le  qne  joue  I'air 
•tmoepMriqne  dana  la  natmw,  et  aor  l*amon  qin'il  exeree  mr  tons  les  £tres  oiganis&<." 
Htv.  tcimt.  iiidu3t.  vi.  228,  and  Chnnicaland  PhtfsioU)giral  linlanet  of  OrgmmMoture.) 
Berzelius,  in  criticising  that  doctrine,  remarked  that,  wliile  it  was  still  tinsupportea 
by  any  exuerimental  evidence,  it  wa«  so  opposed  to  general  agricultural  experience, 
tha£  it  emild  not  even  be  regarded  as  probable;  thonoh  itmanlfeated  much  gmdoaand  in- 
spiration, and  had  been  propounded  with  the  art  peenlinr  to  D  ti  m  a  s,  hut  I>  ss  cnlculatpd, 
by  fiouudiiess  of  argument,  to  overcome  the  doubt*  of  those  acquainted  with  the  subject, 
than  to  impress  othevi^  less  cognisant  of  it,  by  striking  manner  and  positive  naaMtiop~- 
the  most  efficient  mf-ans  of  making  precipitate  Jicientific  conclusions  generally  popular 
(Jahretberiekt,  xxa.  220).  In  ref«reuce  to  Ltebig's  views  on  tiie chemistry  ctf  agrkol-' 
ture,  he  also  remarked  that  the  mode  in  whieh  he liad  wq^  to  deddeqacatioiia  of  the 
higheat  impoftaBoe  for  that      had  met  with  greater  leeogoitioa,  aa  being  perfectly 
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tniHtwoztbjr,  than  vai  oonfiiBtaat  with  the  Btate  of  knowledge  td  that  time.  Of 
BuussinganlttOQ  the  coDtrarj,  who  had  followed  "the  difficult  and  laborious  course 
of  deciding  evwgr  ^pMtion  by  cxpejriment,"  he  remarked,  that  "his  anaiNI%  tilOT^ 
not     mptd,  were  mostly  trustworthy."    (Jahrt^^Mrirhi,  xxi.  2'SO,  238.) 

The  di^erence  thus  early  reeagjuiiji  ii  l»y  li  erzeliu.s  lK-twc<'ii  Lit^big'u  mineral  tJitory 
of  agricoltore,  and  Boussinguult  '  s  vi<  waoD  the  miuu-  Mil>ji  it,  hak  been  fliUy  con- 
firmed by  the  reeulte  of  expeneuoe.  The  former  may  bo  looked  upon  n*"  a  rhinp  of  the 
post,  the  error  of  which  has  bec>u  demouiitriit^d  by  the  entire  failure  of  tho  attempts  to 
carry  into  practice  Its  ftmdamental  principle  as  to  fSntality  and  mantm.  The  utter, 
though  modifii'il  in  some  partii-ukirt.  by  their  development,  and  by  the  prujrrt^sg  of  re- 
search, have  been  £ound  in  the  main  correct,  and  are  supported  by  the  extended  results 
obtained  hf  Lawea  ud  Ont>ert»  itt>  fbe  wtam  of  eaperimepts  they  h«?»  eondoitod 
U{xjn  a  workinj^  scale,  during  tlie  last  twenty  years,  with  a  striet  repanl  to  actual 
PEMCtice  in  the  field,  and  in  the  laboratoiy,  with  idl  tbo  refinement  of  modern  methods 

O^TSSittiolL 

T!i<-  difference  between  Liehig's  doctrine  and  the  conclusions  airived  at  by  Lawes 
and  Gilbert,  as  the  result  of  their  experimental  researches,  does  not  relate  to  the 
absl^nct  theory  of  plaut- nutrition ;  but  it  relates  solely  to  the  ordinary  syst^mi  of 
•piealtural  practice,  and  chiefly  to  that  faraadiof  the  "  mineral  tiieory  "  of  agriculture 
|.r<»r»Aunded  t>y  Lie1»ig,  whicli  comprises  the  principh^s  of  manuring.  Lfebig  ascribed 
lurulity  and  tli<j  tsfficacy  of  manure,  solely  to  the  amount  of  available  aiiih>eoQstita»kts 
in  hui'd,  and  the  advantagea  of  lotatioDf  mualj  to  fhe  ui^ttal  vaqndnBoaftB  of 

different  plant-^  for  those  suhstnnces. 

Xiswes  and  Gilbert,  on  the  contrary,  have  showu  th;it  fertility  is  not  proportionate  to 
tiiB  amount  of  availalilo  aab^nstituents  m  land ;  that  the  effioaey  vi  uanare  is  not 
propo^^"^nnt  -  to  the  amount  of  aKh-consUttients  If  Contains  ;  that  tho  exhaustion  of 
land,  in  the  urdimiry  practice  of  agriculture,  consists  chiei%  ^  ^  dettciency  of  nitro- 
geooiit  ftod-maieriuu;  thai  the  advantage  of  rotataoa  ronatits  man  m  thoaoevaudadon 
of  nitrogenous  and  carU^naeeous  fooil-inaten'al»  iu  the  farmyard  manure,  than  in  the 
dififecence  between  the  ash-csonstituents  taken  £com  land  by  com  and  &llow*crope;  and 
tihat  Ihe  reqturemeDtB  of  cohiTated  planta  eannot  bo  meaaaied  merely  by  Um  Mndta  of 
dieir  analyses. 

The  sterling  rnlue  of  the  results  thus  ol)f  ainod  is  not  overrated  by  the  opinion  ex- 
m-eesed  in  the  iiuuual  addre*»s  of  the  President  uf  the  Jloyal  Agricultural  Society  of 
AUgland,  that  "  daring  the  lust  twenty-five  years,  there  has  not  been  any  addition 
made  to  our  knowledge,  which  aj>pn»n  in  importance,  to  the  insight  into  th^  tnii 
principles  of  cropping  and  manuring,  obtained  on  the  experimental  farm  at 
Bothamated."    (Thompson— 1864 — Joum.  Boy.  Agric.  Soe.  xxv.  4.) 

The  particular  conclu'<i<>n»  and  general  views  which  have  l)een  arrlv.  d  at  by  these 
raseazebes  have  been  vehemently  <£spated  by  Lie  big,  who  has  suuglii  to  maintain 
Auit  thof  axo  at  once  totally  enonooa^  and  perfectly  confirmatory  of  his  "  mineral 
theory  of  agriculture."  (Liehig — 1861 — Letters  on  C^rmwu'rf/,  3rd  edit. ;  18r)r> — Pn'«- 
msAm  qf  Agrie.  Vhemistrt/;  1863— ^o^iira/  Jmw»  qf  Mu^ndry,  Js^nieitung,  (See.— 
Hoffltann,  Op.  cit.  p.  160.) 

This  paradoxical  position  has  l>een  arrived  at  by  n  «iri:xular  process. 

It  ia  contended  timt  tiie  "mineral  theory  "  of  agriculture  comprised  ammonia  and  its 
Mlts^anrag  the  onncaral  subatanoea  whkh  wevaoonaidorad  to  detarmim  tha  tetility  of 
land  and  the  efficacy  of  manure,  and  nhidi  it  was,  consequently,  necessary  to  return  or 
sujpply  to  land,  in  order  to  mainUua  or  inoceaae  liwetility.  (Liebig— 1866— iVtnaqrfra 
ofAprie.  Chemittry^  p.  90.) 

Tus  claim,  however,  is  quite  inconsistent  with  Liebig's  original  exposition  of  his 
viewH, and  with  the  pointeilnntithesis constantly  maintained  in  all  his  writing}*,  between 
the  atmospheric  food  of  planiij,  carbonic  acid,  water,  and  amiituuia,  whether  famitihed 
directly  by  the  atmospbert^  or  indirectly  from  within  tho  soil ;  and  tilooa  natSfiala 
derived  exclusively  from  the  soil,  wiiieh  "are  mineral  su1>"?tanep!«,  and  as  such  are 
indestructible  by  tire,  au(^  consequently,  remain  as  ashes  after  the  incineration  of  the 
|p]iHit%  or  of  tbdur  puts."  It  is  also  ineMMistemt  with  the  general  interpretMioii  of 
his  "  mineral  theory  "  by  other  writers  on  the  subject.  (See  Ho  rs  for d  —  1 8  JC  Gr-nesee 
itormer,  Aug.  1866.— Wei Hs&uborn—IM? — Farmir't  Magaeine. — Schuitze— 1848, 
Amtrtean  PnUtU  Ogtn  Report,  1849.— Johaaton— l84»WMir.  Rcjf.Jgrie.  Sue,  As^., 
ix.  223.  -Puvis— 1811—  /Vr//^'(AA  Am>  7idmmt*,v]>.  423.  623,  624.  627.  632.— Bous- 
aingault— 18dl~i!^onomte/^Mra/r,  ii.  Sl,^IfortAJJnUskAgrk*tIiitri§it^ov.  7, 1865.) 
Ifoiaover,  it  is  certain  that,  in  the  speeiltoatioD  of  tho  patent  irfakh  vaa  the  eoiba^* 
ment  of  Liebig's  "  mineral  theory  "  in  relation  to  practical  agriciUturt,  neither  limmouia 
IM»r  its  salts  were  included*  among  the  mineral  sub^tanreg  mentioned  in  there<  ipe?«  and 

*  Thm  qiMOtltv  of  annmMrfa.  amoanrtnc  (o  leu  thnn  Q-i  per  cent.,  corresponding  to  tbc  ammooio- 
am^pw4sa^^liMfliats  la  the  fa  ef  cearw  «>n«rfsfsa  as  wilaiyMlsni. 
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direcuont  girw  bgr  him  inr  the  pripatatkm  of  maattres  (m«  p.  845).  In  ike  "  Addy*$4  " 
alflo.  though  MMWOiiw  wm  itatod  to  iMm  1i«io  dUwk  totii*  «m»«i«  ntheint  year,  aliB 

the  prospect  of  b»^in^  able  to  exclmlo  il  aUo<;*>thfr  was  spoken  of  iis  probable;  and  in 
the  third  edition  of  the  Leiterion  Vhemutrif,  Ibbl,  (p.  602),  a  whole  letter  was  det^oted 
to  the  ai^ument,  that  an  sctifteial  supplv  oiP  nitrogen  was  qaite  a  matter  of  indifferoMe 
(p.  615) ;  for  thoogh  such  a  supply  woald  exereiae  a  favourable  effect  on  vegetation,  stiU, 
if  it  were  not  ^irt  n.  all  thf>  i^ninitc  nitm;]^n  wonM  b(>  obtaiaed  UtOOl  the  atiaoephenk 
(p.  618.    ^lii^  id&Q  AlLfemcitu  diiKilu^HQ — lhd7 — ^o.  167.) 

In  the  criticism  of  Lawei^  and  Oilbertfe  espennaito  and  conduaions,  LieMg 
has  aasumed  that  thr»y  have  r«*^rdH[  pfrtain  stibstnnpes  as  hiiving  a  spt'cific  value  aa 
matenala  of  plant-food  in  aa  abi>tra<:t  poiui  of  view  ;  but  thiti  assumption  is  uufounded. 
Iheir  axperimaota  have  only  led  them  to  consider  that  in  a  prantiail  paint  of  viflfW, 
and  in  relation  to  tho  existing:;  praofi  r  r  f  a^riouIturH,  in  tlii"  f^  '-irtry  pspwially  t^n^f 
inatftrfaH  ol  plaiit«i6od  acquire  a  preponderating  value  %a  manure,  which,  like  ammouia 
in  the  one  «  eon,  beeorae  nktivaly  deieiaBt;  or  whidi  are  capable  of  detemdnhig  • 
particular  mode  of  growth,  lil^i  ]  i.osphoric  acid  in  thn  ca^e  of  root-crops;  that  they  arr; 
the  materials  to  be  so^^lied  urtilictallj,  not  with  the  object  of  wastii^  the  available 
MMnueae  of  bad,  bat  w  oi^der  to  prevent  thcae  ftom  lying  idle. 

Herein  lies  a  difference  which  Liebig  has  either  failed  to  poroeive,  or  sttidloti-ly 
disregarded  ;  and  it  is  a  difference  of  the  highest  importance.  The  practical  farmer 
aooeptit,  in  its  full  significance,  the  abstract  theory  of  {dant-nntrition,  so  far  as  il 
■MiTift  him :  he  also  looks  for  its  appliealiiMi  to  the  ait  in  iHiich  he  is  engaged,  and 
for  rulps  by  which  his  practice  may  b<»  improvr'd.  Tht^re  is  probably  no  art  in  which 
auggestious  for  impruvement  have  beea  more  eagorly  acc»^pted  during  the  past  twenty 
or  thirty  vears  than  in  agrieoltare ;  but  when  sndi  ^^uinji  stiuns  are  teeted  and  ftnnia 
Vanting,  tne  practical  nature  of  agriculture  dt»mandH  tlieir  abandonment. 

So  it  has  proved  with  Liebig' s  application  of  his  theory  of  phuot-nutrition  to  agri- 
enltorft.  Looking  only  to  the  aBh-eonetitneati  of  planti,  of  eoO%  and  of  nanvra,  ha 
has  laid  down  mlf'9  for  agrictiUnral  practice — he  has  prc'scribed  manures,  and  written 
elaborate  expositions  of  the  various  operationa  of  culture,  which  in  every  single  instance 
&iled  to  boar  the  teet  of  emperienoOk 

But  where  the  enquiry  into  ihi.s  Mubjoct  has  bt  en  ronductt  d  in  a  moro  cat holic  spirit, 
and  by  a  method  at  once  more  philosophical  and  more  directhr  relating  to  the  ruling 
eondmone  of  praetioal  agrieidtare^  ao  ui  the  eacperimenta  of  Bontainganlt^  and  S 
Lawes  and  Gilbert,  the  results  obtained  are  calculated  to  afford  mutt'rial»4  for  a  legitt* 
mate  induction,  by  whieh  prinoiplM  of  real  talne  in  roLition  to  the  piaetiee  of  the  «i 
may  be  arrived  at. 

The  enetomary  rontlnn  of  agricultural  practice,  however  defective  it  may  he  in  pei^ 
ticular  cases,  has  l>e<*ome  established  by  obsfrvation  and  rxporieni»<?,  and  by  the  pjtcrcise 
oftthe  same  mental  fuuctiuus  which  are  employed  in  scientific  r«iH«rcb.  Though  their 
enereice  nay  be  limited  bj  the  pHMtioal  <^ject  in  view,  there  eaa  be  no  doubt  that, 
in  reality,  ngrienltunil  customs  reprfsent  natural  fact*?  to  a  crtrat^T  extent  than  science 
is  jet  competent  to  explain.  To  those  who  do  not,  like  Liebig,  consider  the  farmer  to 
be  *'  destitute  of  all  underatandinK"  the  prqndices  chamotMiafeie  tmn  <ii  the  mdei* 
practice  will,  th«'rofori',  appear  as  the  expK>nents  of  tho^e  pf'Culiariti'-'=  nf  climate,  soil, 
and  other  circumstancets,  which  lie  at  the  root  of  the  practice  adopted.  However  vague 
ud  rniintdligible  an^  prejudieea  and  empifioel  ralM  «iay  appear,  it  ie  #en  the  eon* 
iideration  of  them,  that  a  clue  may  \w  obtained  to  the  scientific  ( "u.  i  l.fM  n  and 
improvement  of  agriculture.  The  science  which  is  to  be  of  valne  in  agricultui^  and 
wfaooe  volae  win  be  reoognised  b^  fivmers,  mnet  groir  ont  of  the  pnoiee  of  tho  wet; 
and  the  patient  examination  of  its  various  details,  and  not  be  a  mere  sjKculative 
grafting  upon  iL  The  accumulated  data  of  ordinary  f'xpcrience  mtist  furnish  the  basis 
for  its  eonetmetaon,  and  its  doctrines  must  rest  upon  evidence  of  reality,  not  upon  mere 
probability.   It  may  be  a  slow  growth,  but  it  must  be  a  sure  one. 

Meanwhile,  it  is  no  mproach  to  the  fiirmer  if  ho  adhere**  to  the  system  which  he 
knows  by  experience  to  have  brought  him  certain  results,  or  that  he  refUses  to  adopt 
another  system  until  he  has  ^iufficient  proof  of  it*  being  MM  advantageona  than  that 
with  which  he  is  familiar.  This  natural  conpervativp  tendracj*  ban  been  strfnptbpned 
by  the  fiulnree  attending  the  premature  application  scientific  doctriaes.  This  is 
really  the  reeson  why  fkrmers  aw  in  many  casee  averse  to  the  adoption  of  improve^ 
ments  suggested  by  science.  It  i.s  not  because  they  are  "  def^titnte  of  all  understandinp." 
or  because  tbev  pretend  to  deny  the  existence  of  any  connection  between  scientifia 
doctrines  and  the  phenomans  eoneened  in  agriculture,  bni  bceanet  it  ie  elfil  qneatiBn- 

Ie  whethor  those  doctrines  really  furnisli  the  means  of  impr<jvcment.  For  this 
reason  thmr  prefn  to  be  guided  by  tradition  and  experience,  rather  than  by  untried  pre- 
oepu  ofaowntillospeettlation.  If  than  bean  eetaUished  and  invaaable  eonneetion  be- 
tween the  piactieoof  totation  with  eattle-Ming;  mdthapwiitnbleyiwdtof  fcwiitt  ■ 
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bt'tween  the  us*}  of  superphosphates  and  tlu'  production  of  a  large  root  crop — between 
the  ufle  of  nitrogenous  manure  and  the  increase  of  com-crop« — those  praatiw  viU 
"  contiuut'  to  adopted,  and  thoy  w  ill  oonstitutf  tlio  si'ii'iititio  praoticp  of  afrrlculture, 
quite  independent  of  the  questions  whether  superphosphate  or  ammonia  have  anj 
fpcMBud  Taloe  as  aMtariab  m  plaDt-Hwd,  m  what  beooBw  «#  tiboM  portiMM  of  iSktm 
iHlkll  are  supplied  as  manure  and  nro  not  obtained  in  the  crop.  Tlicse  arc  abstrart 
Miflotifle  questiona  of  high  interest  for  the  chemist,  and  of  poasibU  im|Kntaiioe  to  tha 
ftrtaf*  of  agrioidtim;  Mft  they  do  not  codmbb  tlit  »nn«r,  whoM  hmant  la  to  pvodooa 
food  with  such  means  as  are  at  his  diapoaaL  It  would  be  a  very  illogical  conclusion 
that  the  fkcti  obaerved  as  to  the  iflflttanas  of  artificial  supplies  of  ammonia  and  super- 
phoephatas  upon  the  (g^nt^  of  «Nm»  iod  root-crops  ahonld  be  disregarded  bccanse 
science  is  nnable  to  explain  the  pusiia  functions  of  those  substances  in  vegetation ; 
and  it  is  equally  irrational  to  denounce,  as  a  fol^  and  aa  eoor,  the  application  of  thoss 
facts  so  far  as  present  knowledge  will  admit.  B.  H.  P. 

BfiL  irtUi  BuHVML  (Sea  SEnra^  Bouhubb  f/t.y 

Rc'o  LuTRSTOini  (p.  697). — Church  (Chem.  Soc.  J.  xvii.  379)  has 
lately  exnminod  the  colouring  matter  of  the  Blue  Forest  Marble,  and  has  shown  tliat 
the  colouring  tnaterial  of  the  darl:  bands  which  occupy  the  central  portion  of  the  v.irious- 
iized  slabs  into  which  the  f-fi n  li  is  naturally  dlnaed,  c  onsists  of  iron  pyrites,  while 
the  paler  yellow,  brown,  or  buff  tint  of  the  outer  partes  of  the  i^labs  is  due  to  ferric  oxide 
resolting  from  the  oxidation  of  the  pyrites.  It  appears  probable  tbat  the  colooring  of 
•ttiflF  bra^  a&d  g(«7  elajra,  yodH^  aM  soils  mar  aleo  be  dne  to  the  presence  oftton 
pyrites  ;  and  hou'-o.  perhaps,  may  bo  expUrintd  fte  fajuilomtlliBfae  Whieh  thOM  blod 
and  grey  mutters  exert  on  vegetation. 
tKAJlOAflXra.  White  iron  pyrites.   (9n  Ibok,  Sri.ran>m  of,  p.  402.) 

flUUMZnaf  •  A  nane  applied  to  an  impore  Tariety  of  bnranite  (manganic  <ntlde) ; 
tflso  used      ;l  '^ynonym  of  rbooonite  (silicate  of  manganese). 

MAKCYXfZTfi.  A  mineral  having  the  aspect  of  tenorite  eupric  oxide),  from  the 
Bouthern  pari  of  K«d  River,  in  the  neighbourhood  of  Mount  Witchita.  Hardness  —  3. 
Spaeifie  gra\-ity  =  4  0  to  41.  In  the  Hume  of  a  candle  it  melts,  and  aequires  a  blue  or 
green  colour.  On  charcoal  it  gives  off  vapours  of  chloride  of  copper,  and  iiltimnt<'ly 
leaves  pure  copper.  In  the  pulverised  state,  it  disaolves  completely  in  ammonia. 
Contains  54  3  per  cent,  copper,  36*2  ohkriao  and  OB^en^  and  9*6  vatsr.  (U  U. 
Shepard,Sill.  Am.  J.  [2]  xxi.  206.) 

aijrn.  with  Pharlstovb. 

•  ^"^^^jo.  (Heinl%        AAn.cia.  272.)— 

Thie  tBUi  WaK  formerly  ap!'1i<  d  to  an  acid  intermediate  between  stearic  and  piltnitic 
adds,  aopflMed  to  be  produced,  together  with  others,  by  the  saoouification  of  solid 
Mtaral  Ms;  bvf  It  to  aoir  iwti4et«d,  ibr  mmom  presently  to  bo  awtloned,  to  an 
Artificially  prepared  fatty  acid  of  the  series  OII'"0',  resulting  from  a  definite  reaction. 

a.  Artificial  MargaHc  add. — This  acid  is  produced  by  tlie  action  of  potash  on  qranide 
Of  oe^l  (noqgimmitrile) : 

C"H!"!lSr  +  tSPO        C»*H"0*  +  HH". 

Oifvldo  of  eetyl  (oily,  see  i  841}  is  eoniinaoiisly  boiled  with  alsoholie  potaab,  tffl  om- 

monia  is  no  loncf-r  given  off,  and  the  r'^idne  has  breome  solid;  this  residtie  is  then 
deoomjposed  by  boiling  dilate  hydrochloric  acid;  the  separat<-d  fatty  acid  is  shaken  up 
with  oqpMooo  anafbonia;  and  fhe  tmbid  sohition  is  pr'  cipitated  by  eUorids  of  bariam. 

The  precipitate,  after  bc'iig  washed  wifli  wat.-r  and  with  alcohol,  and  repeatedly  boiled 
with  ether,  yields  to  this  solvent  an  oil,  which  solidiliea  in  the  cold,  melts  below  40^, 
and  has  the  composition  a  mixture  of  cetyl ie  ether  and  eefylie  aldeh3rde.  The  «»• 
dionlrod  barium -salt  isdecompoHcd  by  agitation  with  hydrochloric  acid  and  other;  and 
by  pipettintr  off  the  ethereal  liquid,  and  distilling  off  the  ether,  crude  yellowish  margarie 
acid  i«  obtained,  melting  at  06  6°  and  solidifying  in  scnles  and  fine  needles.  This 
•old  BMVJF  be  veeolred,  by  several  crystallisations  from  alcohol,  nfsaOid  partial  pre* 
•imitation  from  the  Polnti'Mi  of  it.s  »odinm-salt  by  acetate  of  magnesinm.  and  sul^e- 
QDSbt  recrystailisation  ot  the  ^>ortion8  of  acid  again  separated  (Roroewhat  in  tlie  manner 
CMseribed  on  page  474)  into  maignie  acid,  and  an  acid  containing  a  larger  proportion 
of  carbon  (C'*n*'0-,  formed  fiwm  cyanide  of  sf'fhj/f,  C"H"X,  contained  in  the  cyanide 
of  cetyl  employed),  which  ooenm  chiefly  in  the  portions  first  precipitated  by  acetate  of 
■agniw'am.  (Hoists.) 

The  portions  la.Ht  pr.  .  ipitafed  by  acetate  macnesium  yield  margarie  acid,  which, 
after  its  melting-point  has  been  raised  by  repeated  oystaUisation  to  59-9°,  exhibits  the 
ohawaBtwiilisi  of  s  «no  fiHtj  aoid  aMwlioned  bshnr,  and  oasnot  ia  any  way  bo  roMrivsd 
iato  acMs  dlMag  in  meltivg^iaiat  This  is  tho  oelgr  mgr  in  whieh  pmo  aMtgnfe 

8  I  ^ 
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Acid  can  b@  obtained.  The  acids  formerk  so  calUd,  obtained  by  the  aafoniflcation  of 
aalaMl  h^,  were  mAAiwm  of  ilMrie  mem  with  palnllie  add,  or  oUmt  adidt  of  lovw 

acltiDg-point. 

Margaric  acid  forms  vliite  crystals,  melting  at  69*9^,  and  soiidif}  ine  in  cn  .stalline 
scale**  on  cooling.  It  contains,  a^eordins;  to  the  mean  of  Heintz's  anal/t^  7o  '45  to  75*56 
per  r  carbon,  and  12-61  to  li*67  Sjrdwya }  iwmla  vaqpirivg  otcboiit 
12*59  hvclroprn,  and  1 1  -85  oxvpen. 

But  few  of  tlio  murgaratoii  have  been  prepared.  Tho  harimn-salC,  C^'U."BaO*, 
qbtained  by  precfpitatiwg  tha  •ediiaa'«alt  with  nitrate  of  iKirium,  ^d  washing  with 
\rnti>r,  is  h  white  amorpnotis  powdpr  yielding,  by  analysis,  60  39  per  c^nt.  9*60  Mf 
and  22-40  BaK);  the  formula  reouiring'  60  44  0,  9*78      and  22  67  Ba*0. 

Ths  MfswsaoM;  0'*1P*AkO',  oStaioed  in  like  nuumer  hj  precipitation,  dries  np  to  a 
loono,  white,  araorphoan  powder,  containing  §9*67  Mat»  o*74  wd  8S*w  Ag 
(calc.  6411  G,  8-76  ii.  *28-66  Ag,  and  8*74  0). 

The  toUum-^H  is  i^^epared  adding  a  bmling  aonoM  aolHtkm  df  pm  widift  Mf^ 
bonate  to  a  b<jiling  alcoholic  solution  of  mar^aric  aoio,  evaporating  to  dryness  over  tho 
water-bath,  exhausting  tha  naidne  with  boihng  alcohol,  and  filtering  hot.  The  filtrate, 
wllidi  aoUoillea  to  u  jelly  oo  oooling,  is  liquefied  by  heat  and  aixedwitli  iratar  m  the 
pro|>ortioD  of  one-t'ighth  of  tht'  vohime  of  the  alcohol  employ<?*i>  whereby  a  rnotlier- 
liauid  is  formed  which  takes  up  any  foreign  salia  {maeoti*  agaift  aolidifyia^  tha 
Mi  is  collected  on  linen  and  strongly  pressed. 

0.  The  90-calkd  margaric  acid  obtained      sap<mifi<faiSm  4^  mahiMi  fkbu-^ 

Cli>  V]  Til  in  1820  Jistin>;iiish.'d  the  solid  n  i  l?  Milrinc  from  tho  sa|>onif5cation  of 
fiitft,  MS  margaric  acid  and  margarou»,  afterwards  stearic  acid;  the  faaaet 
melttng  at  60<>,  tbs  latter  at  7«^,  aadaolidifying  at  70*.  H»  4id  not  aoMidar  Ilia  dif^ 
ferencf'  betweon  \\\c  two  acids  to  be  fully  ee'  ;i  ■  li^hed,  but  Fuggi-ssted  that  margaric  acid 
uittfat  be  a  mixtore  of  stearic  acid  with  another  acid  mordfiiaible  and  richer  in  oxj^en. 
The  add  melting  at  60*  waa,  howevar,  aftarwaxda  aoununed  by  sewal  dicniuta 
(see  Gerhard t,  Traiti,  li.  835),  and  reganli-d  as  a  sepamte  acid,  having  the  composition 
C"H**0' ;  and  this  view  of  its  nature  continued  to  prevail,  till  H  e  i  n  tz,  in  a  series  of  re- 
searches published  in  1862  and  subsequent  years,  showed  that  it  was  hot  a  distinct 
acid,  but  could  be  Mparated,  by  certain  porocessoM,  into  stearic  acid  and  otliar  fiitty  adds 
of  lowt  r  rni^lting-point.  'I'lio  leading  points  established  by  Hointz  in  this  series  of  re- 
8t<axches  (far  the-  rt.fcrcuces  to  wllicli  i»ee  G/udiu's  Handbvok^  xvi,  343,  344j^  are  the 
IbUowinff : 

1.  All  the  acida  obtuned  ia  the  ■agenMeatloa  of  lito  eooteia  tn  anntt  annbar 

carbou-iitoms  (C  —  12^ 

2.  The  margaric  acta  ofmosiciieiBiats  is  sonarable  into  palmitia  and  alMzie  addi. 

3.  Fatty  acids  may  bo  mixtures,  and  not  actinito  compounds,  even  tbongh  acftllV 
their  composition  nor  their  melting-point  can  L>''  alt<Ted  by  rn  r)*ntT>Uiaatian. 

4.  flnehfluztofw  naj,  howaira^  be  aepaxatod  by  partial  precipitttioit  (pi  474). 

5.  Tluy  diiftv  ttxm  piM  adds  u  ngttdi  tlMir  ladtuig^poinit  and  udrinoda  of 
aolidi^ing. 

Heiiitahaa,  inoreover, detemumd acenm^ ilui melting-point,  eomposidon,  and 
many  other  properties  of  the  fatty  acids,  and  has  also  drawn  up  tables,  hereafter  to  be 
^dven,  of  mixtures  of  fatty  acids  of  known  composition  (see  M^'Bts-nc.  PALxmc,  and 
BnUBio  acids).  From  these,  and  the  inveaUgations  of  other  chemists  subeequentlv 
published,  it  appears  thrt  tba  iMtqva  of  the  bodies  deaeribed  m  jnaigHie  add  m 
probably  as  follows : 

a.  Margaric  acid  of  ChevreiU, — Thi«,  according  to  Hciats,  is  to  be  re«ard(»d  as  a 
mixture  of  about  90  per  cent,  nalmitie  acid  and  10  per  ceni  ilaarfe  add,  which  i.i 
probable  from  the  circumstance  tnat  it  cryfrtallisefl  in  needb»s  on  eoob'ng.  Of  similar 
uuiure  are  doubtless  the  margaric  acid  of  V'arrentrapp  (Ann.  Ch.  Pharm.  xxxv. 
84X  obtained  from  bnrnan  &t ;  that  from  goose-fkt  by  Gottlieb  <ML  "ML  M) ;  ftott 
diea-butter  by  Thomson  and  Wood  (J.  pr.  Chem.  ilvii,  237),  and  many  others. 

6.  MargaHo  add  of  ^TOBkm. — The  acid  obtained  by  oxidation  of. stearic  acid  i« 
andsoompoeed  stmo  acsd,  iriudi  ovea  its  lower  ine]tiiig-p>oint  to  aaaoeiaiioB  wf^ 
volatile  acids  (seo  Steahic  aciti). — Eospccting  the  margaric  acid  which  Bromois 
(Ann.  Ch.  Phorm.  xxxr.  93)  obtained  from  impure  oLeie  add  by  the  action  of  nitric 
add,  eeeOuno  acto. 

(  .  ^f^ln/,ll■ir  a<  id  of  ■Redtenbacher  and  Vurrontrapp. — That  of  Redtenbaeher  is 
obtained  by  the  dry  distillation  of  stearic  acid,  when,  according  to  Heintz,  most  of  the 
stearic  add  paawe  over  nnehaugcd.  That  of  Varrentra pp  (Ann.  Ch.  Pharm.  xxxv. 
65),  obtained  by  the  dry  distillation  of  beef-suet,  hou  s-lard,  olive-oil,  or  emdo  olsie 
add,  doobUflas  varies  in  composition  uccordintr  to  the  kind  of  fat  omployrd. 

d.  Anderaon'e  Margarw  acid  (Ann.  Ch.  i'barm.  Ixiii.  37&)  is  obtained,  together 
vith  aidpliTdrie  add,  odmyl,  and  other  pnodnete^  bj  the  diy  dUiUatiofi  of  alnond^ 
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with  Btilphur.   It  contains,  on  the  avcnfe,  76*34  per  cent  C,  12-58  H ;  in  the  biiver- 
Bait,  28-62  par  MDt.  Bilver ;  in  the  ethylie  ether,  76-33  per  cent.  C,  12-78  H,  ani 
10.97  0.    It  appcflTS  to  be  palmitic  add  formrfl  by  thr  decomposition  of  oleic  a^'d. 
e.  Jdargark  acid      PoUdc,  Lewy,  aod  others,  obtained  by  tite  dry  distilLiUuu  or 

mora  or  pure. 

aCASOAKZC  ZTHSSS.  No  oonipfninds  of  the  alcohol-nidioles  with  pure 
Biaigark  acid  (Heintz'»),  huve  yet  been  obtained.  The  eompounds  to  which  the 
aoB*  bw  graenHjIwen  applied  were  probably  mixtarM  ef  atettic  and  paloiilae  ctiiani. 

A  Bimil.tr  ri^niiifl-;  ;ippHi»s  to  Cheyreul's  'mar,;u  rh} . 

MiUlCAjRX'rs.  P.rl.iUtnnur,  Enifryllitf,  C<>rundelHte,  and  Clinffmannite—  A. 
siiteatu  of  <ailciuin  and  aluminium,  ocoumng  in  trimetrie  hemihedral  orysfala,  with  a 
■cmoeliBie  <Upt«^  like  muscoyit^  ;  tiibolar  from  predominance  of  the  fonn  oP.  Angle 
ouP:  »P  =  119°  to  120'^.  Ijitoral  planes  longitudinally  fftriated.  Cleavage  bsml, 
eminent.  Usually  iu  intersecting  or  iigereguted  laminse,  sometimes  compact,  massiTe, 
with  a  somewhat  scaly  aCrnetnre.  ILir&ew  —  3-^  to  4*6.  Bpeciflc  gravity  3*082 
to  2*99:  the  latft-r  for  marcarite  (Henn»nn\  2  99fi  for  mirrrlHte  (Silliman,  jun.). 
Lostre  of  base  pearly,  lateraUjr  Titxeooa.  Coloor  greyish^  redUittii,  oc  yellowish.  Trans- 
hieeotto  snbtrauihtteenl  ldminmnlSu»hgStd», 

Analy$c». — a.  Prom  Stcraing, in  the  Tyrol  (Smith  and  BrHNh,  Am.  J.  ii.  xv. 
309).  b.  From  the  corundum  mines  of  Gumuchdagh,  in  Asia  ])iisor.  c.  from  the 
Urad  «f  Vlcaria,  hi  fhe  Grccuni  Ardiipelago.  d.  'Btaat  Nuofl.  «.  Vwm  Katlis- 
pinonburg.  in  thr  Vr.\\  (J.  L.  Smith,  ihiJ.  xi.  59  and  xv.  208).  /.  From  Village  Green, 
Chester  county,  Pennsylvania  iCraw,  ^id.  viii.  379).  g.  From  Buncombe  county^ 
Korth  Caiolijui (B.  Silliman,  wid»  Tui.  1).  h.  From  Unionrille, Pennsylvania  (C ra w^ 
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Silica      •  • 

,  28-55 

30-83 

30  04 

29-68 

28-60 

81-20 

29-17 

29-90 

Alumina  . 

.  60-24 

49-30 

4908 

49-38 

61  02 

60-88 

48*40 

6^bl 

Ferric  oxide 

.  1-66 

203 

1-48 

1-26 

1-78 

Lime       •  • 

.  11-88 

10-83 

11-20 

1118 

12-05 

10-26 

9-87 

11-31 

Magnesia  . 

0-69 

0-50 

trace 

•  • 

0-46 

1-24 

0-62 

Socla  and  puiaah 

.  1-87 

1-90 

2-o8 

1-26 

? 

2-29 

6- 16 

2-47 

Wator      •  , 

•  4*88 

8-88 

4*73 

4-88 

8*00 

tf'14 

2-00 

99-76 

99-27 

9910 

97-80 

98-39 

99^8 

loo-sa 

100^10 

These  analyses  lead  to  the  formula  Ca*0.2Al*O'.28i0^HK)  (the  calcium  twingfut^ 
replaced  by  potassium  and  sodium,  and  the  aluminium  by  ferricum)^ 

CbrundeUHt  is  muj^aike  from  Unionville,  Obeitar  eoimtgr,  ^mumjihtga^  ^^^^^^ 
Utannite  is  thf  snme  mineral  fnjm  Buncombe  county.  Nortli  Cnrolina. 

Viphantie  (ii.  430)  is  ah»o  a  variety  of  mtu-gariU:.  ^I>auu,  ii.  300.  Kummels  berg's 
JllMrafaiMN^pi848.) 

lHASOAJtOBXra.  A  van  ty  of  muscovirr'  or  biaxial  mica,  apparently  formpd 
firom  that  Buncnd  bj  assumption  uf  water,  and  loss  of  alkalis  aad  ferric  oxide.  A 
■peeiiii«D  from  HonriM^  OonMelaeiity  asalysed  by  Smith  and  Bruih  (BtU.  Am.  7.  [21 
xvi.  40"),  gave  by  analysis  46-60  per  cent,  silica,  33  91  alumina,  2-69  ferric  oxide,  0*90 
Xna^T^  -  --u  2  70  soda,  7'32  pot^ish.  and  4-63  M-ater,  with  0  P*;'  flnorinr  and  0*31  chlorine. 

^iLAXSkAMQVMf  The  acetone  of  niargaiie  acid;  it  iui3  not  been  prepared  &om 
the  pore  add. 

MARiAXTTi:.   Syn.  with  HAinrwa  (p.  14). 

aCAJUONXTZU  A  hydrous  carbonate  of  zinc,  containing  73*26  per  cent.  ZnH), 
16  01  CO*,  and  11*81  water,  found  in  Marion  county,  Arkansas  (Elderhorst,  SilL 
Am.  J.  [2]  xxix.  383).  A  mineral  of  tlM  MMM  composition  occurs  at  CuaiBM^  zwiiv 
fiuitellder,  in  Spain.    Its  composition  is  expressed  nearly  by  the  tomnla:  * 

8Zn'0.3CO».6li-0,  or  3ZnH;0«.6Z»«0.6fl*0. 

(Petersen  and  Voit,  Jahresb.  1868,  p.  734.) 

MJUtZVB  MSTAlta  An  alloy  introdiiced  W  Wetterstedt  in  1833,  for  fhe 
ahoalhing  of  thipe.  It  consists  <tf  94-4  per  cent.  loatl,  4  3  antimonv,  lad  1*8  mercury  ; 
has  a  jtpecifie  gravity  of  11  1,  is  veir  malleaMe,  but  harder  than  lead.  Tt  i.s  said  not 
to  be  attacked  by  water  or  hydrochloric  a*;iJ,  and  to  be  twice  as  chi^p  as  cc»pper.  It 
doM  not  vpfmr^  boiravor,  to  have  been  practical^  naed. 

nCASZOmS'S  XiAW.  The  law  which  expresses  the  Inverse  proportionality 
of  the  volume  of  a  gas,  to  the  pressure  to  which  it  is  aabiected  at  a  given  temperature. 
(Seen.  870, 819.)  o- 

llf /^wyOBAM,  OIIi  or.  Tlie  volatile  afl.  obtained  by  distilling  swre^  mairjonm 
( jtfliTO'W'M  Aor^Mtmi  or  Orifwnm  mMj^broiMi)  vith  water  is  lighter  than  wateir^  and 
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eontains  a  considembic  quantity  of  camphor  m  ititroptene.    When  freed  from  th* 

latter  bv  rf  etifiontion.  it  huils  at  about  161°.  and  appears  to  hare  the  composition  of 
oil  of  turpvutiuv,  couUiuing,  aceordiug  to  Kauo  (Auu.  Ch.  Pharm.  xxxii.  286), 86*7  to 
86-1  per  cevL  mx/btm,  11*1  to  11-4  hydrogen,  and  aboat  2  per  cent.  oxyg«^  pnMlif 
arij«iii{^  fr>m  a  «inall  quantity  of  tli»^  «imphor  not  completely  sepamted. 

TliecamuUur  of  marjoram  is  hard,  colourless,  inodorous,  heavier  than  water, 
mritl  vheo  oeated,  and  sublimea  without  residue.  It  is  soluble  in  boiling  water,  ia 
ether,  nitxic  acid,  and  sulphuric  acid,  the  laj-t  ctdouriug  it  Tfd.  It  contains,  accordinn 
to  Mulder  (Ami.  Ch.  Pharm.  xxx\.  tiu),  GO'O  per  oeaU  carbon,  and  iU'?  hydrogen. 

ISASXt,   See  LuosTOini  (p.  698). 

Popayan,  Soufi   ^  -     i;  t.    (S«»e  Zikc,  Svlphim 
MTARKOXtXTE.    .Syu.  \t'ith  Serprxtixt;. 

UfAMMiUMMXKm  ^Kromayer,  Arch.  Pharm.  [2]  cviii.  257.> — The  bittar  prin- 
ciple of  vUte  hoivhound  (Marnihium  vuiijor, ).    To  pr<  pare'  it,  tae  dried  hn1>  m  i*- 

p.  it.  dly  t^xhaustod  with  hot  wafer ;  the  united  and  concentrated  extracts  are  treated 
vith  rectintly-igniied  animal  charcoal  \  iuid  the  charcoal,  after  washing  with  watw,  is 
irell  boikd  iritn  tilooliol,  wbereby  a  bitter  lolntion  is  obtained,  which,  wheB  freed ftoa 
the  greater  part  of  the  alcohol  by  distillation,  and  then  left  to  evaporate,  deposits  erode 
marrubiin  at<  a  brown  bitter  baltuim.  For  purification,  it  is  dissolved  in  alcohol;  the 
•olutiou  is  mixed  with  water  till  it  begins  to  show  turbidity,  then  with  acetate  of  I«id; 
and  the  filtered  liquid,  after  being  freM  from  lead  by  sulpliydric  acid,  is  left  to  evapo* 
rat»*.  The  marrubiin  then  separates  in  light  browni»<h-yellow  oily  dn^ps.  whicli,  when 
eeptirated  from  the  mother-liquid,  solidity  in  crystalline  masses.  Only  a  part  of  the 
namibiin,  however,  assumes  the  crystalline  form;  the  reet,  whksh in  oCker R^wetii 
resembles  the  crystallised  substance,  .<<  Hdifying  in  the  amorphous  state.  In  preparing 
marrttbiin  alao  from  freah  horehound,  the  greater  ^ait  of  the  product  ia  obtained  in  the 
•aMnphoM  state. 

Marrubiin  cri-stullisfj  frnm  ether  fai  colourless  rhombic  plates,  or  thii'^  f '-.r-sided 
twin-crystals;  from  akohol  iu  needled  It  is  nearly  inaoluble  in  cold  wter  (whence  tho 
bitter  taste  of  hoMboond becomes psnepHbIs  aftfr  some  time  only) ;  MmmUmkmfm 
iOluMu  iu  1)1  >t  \v.itt»r.  Ah'ohii!  ;ind  tthr  dissolve  it  readily,  forming  perfetAtly  neutral 
solntioDs.  Marrubiin  melts  at  160  ,  and  solidifies  crystalliao  on  coolinfl^;  at  higher  tea- 
peraturee,  it  jires  ofF  white,  very  irritating  Taponra.  When  heated  in  a  test-tube,  it 
distils  in  oily  drops,  giving  ofV  pungent  vapours  smelling  like  oil  of  mustard.  Strong 
avJphuric  acid  diH^olves  it  with  brown-yellow  ccdonr:  strong  ht/dnKhhtric  /rWrf downot 
act  upon  it  even  when  heated ;  strong  nitric  acid  does  not  act  on  it  in  the  cold,  but 
dissolves  it  with  yelU nv  coh  m*  when  heated.  It  is  not  perceptil^  altered  by  alkalis^ 
or  by  mciaflic  italu,  and  predttecs  Tmt  a  slight  redaeoOD  in  ■itnfmim<»al  nitrstf  itt 
silrer ;  neither  is  it  precipitated  by  tannic  acid. 

M^WmWmUMM,-~Li^ki  cttfhweUed  hydrogen,  Hi/drid*  of  Methyl,  CHI ' 

This  hydrocarbon  gjis  is  vt  ry  abundant  in  nature.  The  bubbles  of  g;is  which  are  SQ 
often  seen  on  the  surface  of  stagnant  water  consist  of  it,  mixed  with  nitrogen  and  car- 
bonic add.  From  its  occurrence  in  this  way  in  marshv  districts  it  takes  ita  naxno^ 
.  Oreat  quntities  of  it  are  given  off  many  of  the  coal-beds,  so  that  it  often  aeeamA- 
lates  in  coal  pits,  where  it  is  known  as  the  firr-damp  of  the  miners,  and  is  the  «vtipe  of 
the  explosions  which  occur  in  those  places.  It  is,  roor€K)ver,  found  escaping  from  the 
earth  m  man^  puts  of  Italy,  Persia,  f'hina,  and  America. 

Besides  being  one  of  the  usual  pro<lin'fs  of  fh"  d  eav  of  orsjanie  substance?,  and  also 
of  their  destructive  distillation,  especially  wh»a  this  operation  i»  performed  at  elevated 
tsnperatnies,  and  in  general  of  the  impsribet  conbaalisii  •!  M,  il  asmtiliBtss  %  1h8» 
proportion  of  eoninion  illuminating  gas.  Buii'^^i's  analysissf  ICMMhsstsrcOalgMI^W 
84-90  vols,  of  marsh-^  ia  every  luo  vols,  of  the  thegaa. 

In  the  Ubonitoiy— if  we  except  this  prodoetioB  of  it  by  the  imperfect  confautMnor 
destructive  distillation  of  organic  .substaiu  it  i.s  comparatiTslj  SXlgSpHOdBCt,  IW 
priniei^  other  r(>actions  which  arc  known  to  yield  it  arc  : — 

(1)  Tht  Mtioil  of  moeSBi  hydrogen  on  tetradhloride  of  carbon  (the  nascent  hydrogaa 
be&i  genilad  bj  the  aetieft  of  potagsinm-anialgam  on  mtec)  (Beg nftult) 

O0L«    V  •  0H«  •¥  4HCa. 

(S)  Tho  MtioB  of  dio^Mthyl  on  water,  and  eeitaiB  aaalogoua  acUoaa  «f  this  mo» 
kind.  (FranUand,) 

CH«Zn  +  H«0  -  CH»H  +  2^0. 

From  this  reaction  it  derivrs  !t=  n.^nip,  hydrido  r.fmr'hyl. 

(3;  The  action  of  sodium  on  iodide  of  metl^yl  in  presence  of  ether  (Wan  kl  yn  and 
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Back  e  i  8  e  nX  vliiihyiaifeiid  «f  jiddiogpm  ttiilli^  gSm  A 

of  methyl. 

(4)  The  ttction  of  sulphide  of  carbon  upon  sulphuretted  hjdrogenand  (X>pp6^  at  ifOO. 
■t  * Md  iMMt;  also  tlie  Mtioa  of  folphid*  ct  ewboQ  on  photplranttod  l^arag^  aai 

•opp^r.  (TJprthelot.) 

There  is  also  some  reason  for  believing  that  it  is  produced  hy  the  direct  action  of 
Ir^droffen  <»  carboaiAuli^dilde  nt  a  red  h«ftt»  since  when  marble  is  hentod  in  a  eoxrent 
of  hydrogon,  more  wator  is  goncruted  than  correfspond.s  to  the  (rimple  xedBiGtkNl  <tf  tilt 
carbonic  add  to  carbonic  oxide.    (Waukljn  aud  F r u k.^ 

JVttporaMoa — -The  MMdiagt  of  preparing  large  quantitief  of  tttnlhgM  in  ft  steto 
of  tolerab!*-  puritj  is  by  ^  deotraotiTe  airtflliti'oa  of  a  nixtnn  of  an  alkiUne  sMltlo 
vith  a  bydrated  alkalL 

It  10  TCeommonded  to  employ  2  paxte  of  ttTStaffited  aoednto  of  aodinm,  2  parts  of  eaastio 
potash,  and  3  parts  of  powdered  quicklime  (Dumas,  Ann.  Ch.  Phys.  [2]  Ixxiii.  92). 
The  object  of  using  the  quicklime  is  to  save  th^  retort,  which  might  otherwise  be  per- 
forated by  the  caustic  potash.  In  conducting  the  operation,  a  little  caution  is  requisite ; 
no  triioo  of  gueonMoffttataflioteinpontanioTaq^ 
nush  of  gm. 

The  reaction  between  the  alkali  and  the  acetate  in  tolerably  fiCfdw: 

Acetate  of  mmUuio.  C«rbooat«  of  Usrth'f  aa. 

•odium. 

Witb  tho  iXoeptioA  of  Bunsen's  destrucUve  distillation  of  cacody], 

2Afl(CH«)«  -  As*  +  2GH«  +  C»H\ 
Caeod/l.  Marth-gM.  Ethylene. 

it  is  the  only  destructive  distillation  which  yields  marsh^gas  by  a  precise  reacticm. 
Mwdi-gas  prepared  as  jnst  deseribed  from  Cbo  neetato  io,  however,  Uaible  to  osctaia 

smaill  quantities  of  impurity.  It  is  ciusy  to  f<f  c  how  .small  quantities  of  aootono-vapoaP 
•re  almost  inevitable:  for  destruclivf  distillation  of  an  aci  tato  alone  gives  acetone. 

If  marsh-gas  of  a  high  degree  of  p  urity  be  requirtfd,  it  may  bo  ohtaiaed  by  decom- 
posing sinc-methyl  with  water. 

Of  all  known  compounds,  marsh-gas  is  the  richest  in  hydrogen,  containing  a*  mnch 
as  2o  per  cent.  Next  to  hydrogen  itself  it  is  the  lightest  gas  (specific  gravity  O  ddlB), 
and  ia  thence  noi  iaapproiffiat^Iy  named  liffkt  cariniretUd  hydrogen.  In  general 
character  it  bear*  a  great  rf^rmMane*^-  to  hydmpon.  It  is  incondensable,  colourless, 
without  taste  or  i^tnell ;  neutral  to  tei^t-paper,  and  very  neutnil  altogether.  It  is  dis- 
Clnffuishable  from  all  other  hydrocarbons  by  the  low  Inminootty  of  its  flame.  In  tcater 
and  in  akohfl  it  is  very  Jipnnngly  soluTtle.  lOf)  vols,  of  watfr  at  0**  C.  dissolve  5-449 
vola.  of  marsh-cas;  100  vols,  of  alcohol  at  0^  0.  dissolve  62  249  vols.  (Bunsen^ 
llie  sparing  wMobttity  of  i&anh*gM  in  aloohol  affords  a  method  of  separating  it 
from  some  other  hydi-orarbon  ga.ses,  such  as  ethyl,  whicli  di.ssolve  in  alrohol  to  a  much 
greatar  extent.  By  means  of  sulphuric  add  or  bronune  (neither  of  which  attack  it)b 
Oeoleiaeo  may  ho  ranoredftom  a  gaaeoasniztue  contain^  andolefloes. 
It  is  not  absorbed  by  potash,  and  in<leed  tliero  i.s  no  reagent  wliieh  alisorhs  it.  From 
acetylene  it  is  easily  separated  by  means  of  an  ammoniac&l  solution  of  cuprous  cMoridt^ 
The  same  reagent,  or  tne  hydrochloric  solution  of  cuprous  chloride,  might  be  employed 
to  remove  car^nic  oxide  fsee  Analt  sis  of  Gasrs,  i.  283).  According  to  Dumas  it  is  not 
attacked  hj  chloride  of  stuphur^  nor  by  prntaekloride  o/phosphorm,  nor  by  pentachlorids 
of  antimont/.  According  to  Kolbe,  a  hot  and  concentrated  mixture  o( sulphuric  and 
nUHc^eiv  ^  does  not  affect  it.  In  the  dark,  dry  chlorine  is  without  action  upon  it.  A 
mixture  of  2  vol-^.  of  ehlorine  with  1  vol.  of  m;irsh-pis  U  not  at  first  visibly  affcotod  by 
mnligbt>  but  after  a  while  it  explodes.  The  pai>&«iffe  of  an  electric  spark  also  dcterminea 
an  oaploaioii.  If  the  gaseous  mixture  be  diluted  with  carboaio  anhydride,  and  then 
exposed  to  snnlight,  a  qiu'et  chlorination  takes  place  :  and  if  excess  of  ehlorine  he  there, 
ohloroform  and  tetrachloride  of  carbon  are  produced  (Dumas).  Equal  volumes  of 
dry  ddflvfao  and  nMmW^  exposed  to  difluitd  daylight,  give  a  chlorinated  product, 
l.  ivitip  tlie  fonn^i!  L  CWC\.  It  appears  that  this  componnd,  CTT'Cl,  if  not  identical 
with  chloride  of  methyl,  is  very  reaoihr  converted  into  it :  for  Berthelot  has  succeeded 
fa)  el)fidii!ng  mefliyl-compoaaqa  from  ft  hy  doable  docompobition. 

If  moisture  be  present,  chlarinO  OUUWlO  BMHllpfNI  lato  hjdgQChlofift  acid,  OWhwiia 
acid,  and  carbonic  oxide. 
At  a  white  heat,  marsh-gas  l«  fesdvad  into  carbon  and  hydrogen.  Tho  aune  chongo 
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»  f'ff.'i'tt  d  by  th«  tnasminioB  of  «l«otnc  spuk^  but  tbit 

eomplete. 

C»r1)on  beiiig  a  tetimtamie  deMMitk  imanh-RM  it  the  wmial  bydrid*  «f  eaAtem,  snd 

the  typ*"  of  a  numerous  i^l  iss  of  coii!{>ound<5  which  arr  produced  liy  replacement  of  iiiore 
or  lens  hydrogen  by  other  radicles.  TbuK  chloride  of  methyl  is  mouochlurinated 
nardi'gu:  Authyl-aleolM^  im  marsh-gas  wlureiB  hydrog«B  hM  ben  rupbcvd  by  per- 
oxide of  hydro^i'ii  :  Formic  acid  i>s  niiirsh-g^iiN'  wherein  some  of  til6  bufWOgNllm  f 
xeplaced  by  wygeii  and  some  bgr  peroaudo  of  liyrirogpii,^^^ 
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H 
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H 

H 
H 


H 
H 
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CI  VHO 
lUtb/tk 


H 

0"  &e. 
HO 


Gas.  ofMetbjl.         Atcohot.  Add. 

"When  eflr!>onmalcMi  r  partial  s^tttiration  of  itsd^  aspolyntorrnc  ebnnents  occasionally 
do,  and  as  carbon  of  all  polyatoiuic  elements  is  especially  ii^ibla  to  do,  there  riiiult 
complex  carl>on-groupB  requiring  very  various  aiiiomiii*  of  hydrogen  for  their  saturation. 
Will  n  t!i.  rarl  on  hiw  adhered  to  itself  with  the  least  possible  expenditure  of  sahinitiiig 
powen  and  when  the  eom]^ex  carbon-group  so  resulting  is  fully  8atunU4?d  with  hydro- 
gen, tbere  result  cartalo  hydncMboM  wfaieh  ferm  »  veiy  well  dianeCenMd  tumltj — 
tiR-  in:irsh-j::is  farmly.  Th>-  riiarsli-gri.ers  -bomologncs  of  raarsh-gns — arc  ch^imctorised 
by  their  grt»at  ucutiolity,  and  present  a  oniformity  o£  chamber  which  is  most  remarl&- 
mble.  X  JL  W. 

MABMrs  nav  warn  AmsMo.  8aeAMBiiD(iMa). 

MAJLTZTsrsZTS.  A  varietv  of  common  salt  from  Stassfiirth,  containing  10  pts. 
chloride  of  sodium  to  1  pi.  salj^aU  of  magneainm.  (K»rtte8,  J.  pr.  Ghem.  juzvL 
127.) 

WMAMTXVm,  The  oebibednl  ftxna  of  natiTe  imh  oadda;  Ibtmd  <m      Vvy  da 

Dome;  at  Trainoiif  ;  in  Monnjc  Counfy.  N.  w  York;  in  Pern:  and  in  Em/II.  The 
crystals  are  regular  oclahedrons,  often  tiattened,  and  haying  the  octalHiirul  faces 
ttn'sted  pandlef  to  the  edgei.  Gleavugo  indiltinet  Haidnei*  m  0.  Specific  gravity 
-  4-S2,  Br  i/il;  i-65,  Pny  de  Dome ;  3-80,  Pert  (Bn  i  t ha  ii |.t);  o-n.l.  Monroe(Hu nt). 
Lu8tro  subraetallic.  Colour  iron-black,  sometimes  with  a  broiuw  t^"'"fh  Btvnk 
bruwD,  or  purphsh-browu.    Fracture  conch<iS)dal.   Kot  magnetia 

A  ounphor  or  itearonlfne  oristing  in  all  paste  of  cit- 

thyme  (7VK<'r/M/rt  Maruni).  Tt  U  extractt'd  by  distilling  (he  dry  herb  with  water,  and 
repeatedly  oj^batinp:  thp  distillate  over  freso  quantities  of  the  green  herb.  It  is  a 
white,  cryatalline,  traiiispan  ut,  bfitdit  mnun,  ooansting  of  flna  lamina^  boinrier  than 
wat*  r,  having  an  nnplmsMit  odour  wd  aromalie  taite^  (Bl«7,  V*  Tranunid.  % 

an<1  "^7.) 


A  sulphate  of  ammonium,  (IirH*)'S0'.2H-O,  occurring  about 
Tokaooes ;  it  ««a  diioovoKed  by  MHs<»gni  in  tba  flBSorcs  tite  Imm  at  Etna,  Vesuvius, 
and  the  Lipari  Isles.  It  som<'tini«-s forms  trimetric  crystals  In  which  a:  bie  0*781 : 
1  :  1129.    Angle  ocP  ;  ooP  =  107*^  40';  oP  :  f  oo  =  122®  OIe!i%'ap».  perfect 

parallel  to  osPoo  ;  imperfect  parallel  to  oP.  Usually  in  nu  ily  crusts  mid  stalac- 
titic  forms.  Hardness  — ■  8*95.  ^^pcdfic  gravity  =  1-72  to  173.  LustK  when  CS70- 
talH«e*i  %-itrixnts.  Colonr  yellowigh-gtej  to  laoion«7eUoir.  Q^modnoent.  TasCeB  |NUk> 
gent  and  biiter.    (Dana,  iL  379.) 

XASOm.  fyB}H3^,  (Oatttb.  Ann.  Cb.  Pharm.  xM  124.)— A  resinous  substanoa 
obtained  from  a  material  used  in  Mexico  for  chewing.  This  latter  substance,  wbidi  it 
said  to  be  derived  from  a  tree  called  Dschiltc,  growinp  abnndantly  in  Mexico,  forms 
erudu  porous  lumps  having  a  dull  aspect,  but  presenting  a  bright  sur£ice  when  cut ;  it 
softens  between  tne  fingers,  luis  little  or  no  taste  when  chewed,  but  a  o^mr 
lil<e  that  of  rotton  eh-  i"j<  .  To  cxtrnct  tlie  mnsopin,  the  dri.  J  juice  if  comminuted  and 
exhausted  by  buiUug  with  water ;  and  tlir  BoSt  rupy  residue  is  diga»ted  witii  abtiolut« 
aleoboi,  which  on  cooling  deposits  niosopin  in  crystalline  flocks,  a  furtlier  quantity 
f:epamtini:^  on  additioa  of  water.  The  portion  of  tbe  jdoo  i»*«nhtiy^^  doohol  eoi  ' 
of  caoutchouc. 

Masopin  is  a  mow- white,  light,  pulveraknt  tubofaim^  wbidi  beoomefl  adbenw 

passed  betwe.  n  the  fingf  rs,  has  neither  smell  nor  t^uste,  is  insoluble  in  water,  but 
easily  soluble  in  alcohol  and  in  ether,  and  crystallises  from  the  ethai^eal  sokuion  ia 
-dlnt»  iHky  naedkaor  frequently  in  talks  c^T  naall  friniB.  Tbe  c^yatah  bm^  at  lSt9, 
antttiag  an  ^pCMafak  odmr,  and  tba  netted  maas  aolidifiea  «tt  pooling  to  m  ^imjt 
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brittle,  j^BowmSb^tmof,  b«viiv  •  «oiNlidl(hl  fticfevMb iod  udting  agna  at  69^ iie 

70° 

Ifaw^nn  yields  by  difftilliition  a  bmm  Tiaeid  oily  ma.'^.'^,  hatitig  an  add  reaction. 
If  the  add  be  removed  by  dig^on  vith  ammoniacal  water,  and  the  remainder  then 
rectified  over  slaked  lime,  a  light-yeHow  mobile  oil  is  obtained,  havinp  in  niTf^i -I'^ly 
odoiu-  of  ^iiigf-r,  and  containing  88*02  per  cent,  carbon,  and  11-49  h^drotrru.  llu  ac;d 
vfaich  nnitea  with  the  ammonia  separates,  on  addition  of  hydrochloric  acid,  in  nacroou^ 
cr)'stals  Kkr-  b(.)raciL-  aeitl :  it  may  he  further  purified  hj  preeipttatton  from  solution  in 
potash.  It  fonn;^  a  dais^liiig>wluto  sHvur-imlt,  which  buruu  with  an  odour  of  cinnamoUi 
and  eontains  45*49  per  cent,  silver  oxide. 

Masopin  dissolves  gradually  in  nitric  acid,  nnd  the  solution  leaves  on  evaporation  a 
Tiacid  mass  like  melted  suflar,  which  is  soluble  in  water,  ammonia,  and  potash,  and 
vlian  aooiUiiad  with  the  latNiv  Amu  ^ogy  yellow  precipitatea  wifhiDaat  netdlio  adtc 

MaiBinBT.  ftotoodda  of  lead  ]mpand  vlthoot  11^^  See  Ijud,  Oztom  or 

<p.  549). 

MASSOT-OASEPHOK  AlVD  OZZi.  Massoy-bark,  obtained  from  New  Guinea, 
and  said  to  be  the  baxkof  Laurus  Ihirinnn  tu,  or  of  Ciunamomum  Kiamis  (Nees),  con- 
taiaa  camphor  or  vtearoptene,  and  two  volatile  oils.  The  camphor  is  bearier  tban 
water.soluble in  ali-^h,  1,  ether,  and  acetic  a  "  l  ar  d  coloured  yellow  by  nitric  acid.  The 
heaviwof  the  two  oiL»  sinks  in  water,  becomes  pasty  at  10°,  has  a  nusgent  taste,  and  is 
edhnmd  deep  red  by  nitrie  aeid.  The  Ugbfter  <»U  ia  mere  Tolatile,  naa  a  ilwngHtodonf 
like  that  of  sa-s-nafi-as,  is  li(j;1iter  than  -^ater,  dlssolvoa  easily  in  alcohol,  ether,  and  acetio 
acid,  and  ia  coloured  cheny-red  bjr  nitric  acid.  The  two  oils  and  the  camphor  are 
dudbad  tan  tiM  baik  bj  oiatillbtioii  vHh  water.  (Bonmatra,  X.  Pbarm.  xv.  204.) 

VUJMMWOOT»  OSft  OV.  (Waekenroder,  Br.  Arab.  xzanrS.  941. — ffirsel, 

J.  pr.  Chom.  xlvi.  202.)  The  rt)ot  of  masterwort  {Lnpi  ratoria  O^trutJiuinC)  contains  u 
volatile  oil,  which  may  be  extracted  by  distiUing  the  comminuted  root  with  water. 
Ptet  of  it  floats  on  the  watexy  diatiUate ;  Ae  rest  may  be  obtained  by  agitation  with 
ether  and  evaporation,  and  the  whole  nurified  by  rectiBoation  with  a  small  quantity  of 
water  and  dei^jdiation  orar  ehloEide  oi  cahanm.  The  jrield  of  oil  ia  from.  0*79  to  0*78 
p«r  cent. 

This  oil  is  transparent  and  colourless  (Hirzcl),  pale  yiH^  (WackaBroder\ 
mobile  (the  portion  wliich  distils  between  200°  and  220*^  is  morp  viscid).  Tt  \yfxSa 
b^ween  170*^  and  220^ ;  luis  an  aromatic  odour  (somewhat  empyreumiitic,  between 
200^  and  220°  according  to  Hirsel);  penetrating  (Waekasroder);  its  taste  ia 
strongly  heating  (Hirzel);  camphorous  Hke  that  cf  pof|||f-oil  (Wackajixoderyi 
It  bums  with  a  bright  tuli^nous  flme. 

The  portion  vhieh  distus  between  170^  and  180*  fwntiunH,  aeeording  to  Hioel, 
85'57  per  cent.  carLon,  11  4^3  hydn:)gen,  and  2  98  oxygen  ;  that  which  distils  between 
aOQo  and  220''  contains  81*43  carbon,  11-32  hydrogen,  and  7*25  oojgen.  The  oil  a^ 
pearato  be  a  niztnre  of  sefcnl  hydrates  of  a  hydroeaibon  laomeno  with  <al  of  taipatt* 
-  tfoe,  corrre.^ponding  with  the  formula  4C"'n"'.n-0  and  3C'«H'«.2H*0.  (Hirzel.) 

It  absorbs  chlorine,  with  rise  of  temperature  and  evolution  of  hydrochloric  aad  gas, 
being  thereby  converted  into  a  yeDoir  Tiscid  oil,  which  sinks  in  water,  has  a  pectuiar 
odour,  and  a  biting  taste.  It  is  decomposed  in  like  manner  by  brotnine,  with  OTOlntion 
of  hydrobromicJicid.  T?y  distillatioTi  with  pho.yjh'yric  of^Jn/ffriih-  it  yields  a  transparent 
colourless  oil,  which  has  an  odour  of  robumary  and  aii  arouiatic  Lasle,  and  ia  isomerio 
irith  oil  of  tur^H  ntine.  This  latter  oil  absorbs  bydrodilorie  acid  gns,  assuming  a 
reddish-yellow  colour,  and  forming,  after  complete  saturation,  rectification  with  watpr, 
and  dehydration  with  chloride  of  calcium,  an  oil  which  has  an  agreeable  odour,  an 
afomatic  taste,  and  a  composition  (74*88  G,  lO'M  H,  18-28  CI)  agreeing  with  tho 
Ibnanla  8G>*H<* HCL  (Hirsel.) 

MLA.STZC.  A  resin  t.^  t  .'nod  b}'  incisions  in  the  Imrlv  of  the  pfem  and  !)ranehes  of 
J^istacia  LenUscus,  a  tree  growing  in  the  islands  of  the  Grecian  Archipelago,  especially 
hi  Chios.  It  lonna  amall  xmuia  traaaparent  grains,  having  a  ikint  agreeable  odoor, 
which  beeome.s  very  distinct  wbin  the  resin  is  thrown  on  n^d-hot  coal;^.  It  softens 
when  masticated,  and  is  said  to  strength  the  gums.  It  is  also  used  in  fumigations,  aad 
In  the  eompoaltiteof  vamisbai.  Specific  gravity  —  1-074.  Acoordirg  to  Schrdtter, 
Its  composition  is  C^H^O'. 

Aqueotts  alcohol  dissolves  the  greater  part  of  the  resin,  leaving  masticin  un> 
dissolved.  The  more  soluble  portion,  which,  according  to  Johnston,  has  the  composi- 
tion C^j?*0*,  is  precipitated  from  its  solution  by  chlorine  as  a  viscid  mass.  When 
heated  for  K>me  tune  to  145°  in  tlie  dry  state,  it  v<  "?iid  to  be  resolved  into  tWD  odlMt 
^5\n8,  one  couUiiuiug  a  larger,  the  otht;r  a  SDiuiicr  proportion  of  oxygen. 

JKASSIO  CMMWy.  A  Unldliig  cooMiit  eompcaed  of  finely  gromd  ootitie 
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limestonA  mix«d  with  Mn<\  an  J  litha^  nd  Wftfti  isto  •  1oom|j  OOlifliMd  ptilft  wilfc 

]inf!r-rd-nil.    fJ^fc  Ckmknts,  i.  h'.'O.) 

MASTICZir,  C^//*'  C^,  acourding  to  Johnstoo.— The  constiturat  of  mastic  miA 
«U«h  ii  the  ImsI  nliibb  In  akohol,  amovntitig  to  A  —  i  of  tb«  wliokk   It  i*  iHi^ 

fioft  at  ordinrirv  tfriiper.itnrr-«,  Ittit  by  prcilonL'ed  (ining  and  fii.«ioTi  becomes  tllllf* 
paront,  yelluwish,  and  friable,  and  is  Biud  to  hr  (hen  mote  soluble  in  alwhol. 

MATZCZV.  A  bitter  substance  of  uukuowu  composition  obtained  from  live  louves 
of  the  viMtiM{Piper  axpeHfolium),  a  plant  growing  in  Peru.    Tli    1  r    ,  which  have 

«rtrnrn''y  arotnati  ^  and  sUghtly  aistrinecnt  taste,  are  n'>t«'d  in  P.tu  for  their  medicinal 
properties,  and  especially  for  their  styptic  power.  Whea  boilod  ^\  itli  wuttr,  they  yield 
*  aomgwhat  Mnnderable  quantity  of  a  heavy  volatile  oil,  wliili>  the  maticin  diasolm 
in  the  water,  toij;rthrr  with  soveral  olhor  snbstanofs,  from  which  it  may  bo  partly  frcod 
\rj  pcedpi^ation  with  acetate  of  lead.  The  maticin  then  remains  dissolved  in  the 
VBtor,  aM  na^tNi  olrtaoiMd,  bjr  vmpmAam.  to  a  syrup,  solnlioB  In  akoliol,  aad 
ration  of  tb.'  idcoliob'c  sulutioii.  at  a  y*"*! low- brown  extractive  matter,  having  a  qm- 
a^reeable  odotu:  aad  extremelj  bitter  taste.  It  is  aoluble  in  alcohol  aitd  in  wmtciv  in- 
•ohible  in  ether.  The  aqneou  eolation  ii  not  predpiteted  W  platude  dilorid^  b«( 
forms  a  yellow  precipitate  with  potash,  end  irith  "■W***"'*^  (Hoage%  ShaL  Mi^  [S] 
XXV.  204;  Mem.  Chrm.  Soc.  i.  123.) 

XAVSCOt  0£b  or.  To  obtain  this  oil,  the  leaves  of  i^(p«r  a»per\fUium  are  die* 
tilled  with  weter,  end  the  oil  vhidielowly  i<inlei  tothehottom  of  tbm  milky  distillafto 

is  colb  cti'd.  Ptdt^  green,  thicklsh  ;  has  a  stronir  and  persiistout  odour,  and  »  pe  rsistent 
campboroas  taste.    By  keqjing^  it  beoomet  thicker  and  nltimately  ccyBtalline ;  by 
nitnc  acid,  it  is  coloured  amber-yellofr  and  wwniied,   ft  diiaolfie  in  oil  of 
fsnoing  a  (»nni  no-coloured  liquid  which  becomte  milky  on  add^^  of  initer.   It  dis- 
solr^.^  readily  in  aloolbul  and  ether,  not  in  aqoeooa  potaahor  ■"'■Mn^  (Hod§e% 

loc.  CtL) 

MAVMOKm  Oxyehlorideoflea^I^^'O.ltmndatMadadcinMi^^ 

<p.  3,3, V). 

BCATBICASZil  CaAMOMIXiXiA.  Wiltl  chn „.>uu,U.  T!  .  flowers  of  this 
plant  distilled  with  water,  yield  a  vulatile  oil  of  a  dark  blue  coluur,  auU  nearly  opaqae, 
with  a  strong  odour  of  chamomtle,  and  an  aromatic  bnrnin^  taste.    Itiiflnid  at  12^, 

hut  (hiok'iis  when  co^l  1  V  l  i-.vO^'   (Gme!in\<:  Hondh'tiik,  xir.  f?n.'.) 

MATRICARIA.  PARTHSWZVM.  F<'t<fr/>ff. —This  plant,  while  intheflowt>r^ 
ing  6t4il€,  yitids  by  distillation  with  water  a  greenish  oil,  which  begins  to  pass  over 
between  165°  and  the  largest  portion,  howevi  r.  disi  illing  V<  tw.  .  n  JO.V"  ;uid220®. 

The  oil  consists  of  a  hydri>carboti  confaininy:  aljout  KG  percent.  carl«»u  and  11  hvdrofi^pn, 
a  camphor  having  the  same  couipohition  as  tluit  of  the  lauracta,  but  po«se!6?<ing  Ubvo- 
lOtatoiy  power  (see  Camphoi,  i.  729),  and  an  oxygenated  oil  contaiiiirig  more  oxygen 
thnn  camphor.  (Pci^^aitrnei  aadChantard,  J.  Fharm.  ziiL  26L— Chantard, 
(Jompt.  reud.  xxxvii.  166.; 

MiMIsm*  filfo.  tnth  LABSADOfsn  (p.  460). 

BKATWAB  »— nr«  Calaba  or  Galba  of  the  Antilles  (Le  wy,  AmL  C9l  Fhya.  ^3} 

X.  380).  A  ^  sin  pxtnrtrd  by  incision  frriu  Calophtflhan  Othilxi,  J;n:-q.,  .1  tree  grownng 
on  the  plains  of  iruiu  Martino  and  of  the  Oronoco.  It  possesaes  the  usual  external  cha- 
taet«te  of  rauia,  but  when  pimfi«d  W  aulotion  in  akohol,  it  oTstalliflHiin  emoll  txans* 
parent  pri.-ms,  and  i.s  t.TifaiiH-<l  by  kI-iw  crystallisation  in  vrry  beautiful  erv*tals  of  a  •  • 
fine  yellow  colour.  According  to  Provostaye^  they  are  monoclinic.  exhibiting  the  com- 
Mnation  a»P.  ooPoo  .[oDpoej.oP.'fF .  F«d  .[P»].  Angles»Pt[opp«oT— ll»*5 
cr.P  :  or  =  lOlo  7' ;  oP  :  [F«  ]  .  143«  Ifi' :  odP  :  [Poo  ]  =  about  98-  45' :  ooPoo 
:  Poo  »  139''  35' ;  c»P«  :  o^P  -  l^^.  Batio  of  az«a«  ibxcm  i-76» ;  1 ;  1M7. 
Angle  of  axee  h  and  0  «  78^  48*. 

Maynas  reeia  has  &e  c^oraetera  of  an  add,  dissolving  readily,  tvan  lit  aonnoB 
tempemtures,  in  pf)taftb,  Roda,  .ind  ammonm.  It  is  insoluble  in  water,  very  soluble  in 
alcohol,  ftker,  and  oUs  h<A\i  fixed  and  volatile.  Specific  gravity  —  1*12.  It  melta  at 
idbont  lOd*^  t<^  a  transparent  glass,  and  when  once  melte<b  remains  liquid  ftr  n long 
tim*»,  nof  ?;oIiib lying  till  coob  d  to  about  90°.  By  dry  disttUnfion  w  yu'lds  empyreu- 
matte  oik,  uud  kuves  a  carbonaceous  residue.  It  contains,  accordijQg  to  the  mMn 
of  Lowy's  analyses.  67*52  per  cent,  carbon  and  7'30  hydrogen,  wheMe  Levy  AedneHT 
the  formula  C"IT»»0'  (cale.  67  2  0,  7  2  IT,  and  256  O). 

The  resin  dissolves  in  cold  acetic  actd^  also  in  tm^uHcoeid,  forming  a  solution  of  a 
ine  led  oohMUv  ftou  irliidi  it  la  pieeipitated  By  mttr  in  iti  original  eiadib  It  it 
f?tTnncrh'  nrtr-d  upon  by  funiinc:  nifric  arid,  yielding  a  nou-crj'.ifalli^able  nitro-acid. 
With  ordinaiy  nitnc  acid  it  forms  a  voLitile  ncid  exhibiting  the  characters  of  butyrte 
leidi  the  aoUmi  yiiid%  I7  aOMHttntiou,  crye^  of  «uEb  adydy  aa  well  as  a  liquid 
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acid,  the  nature  of  which  has  not  been  determined.   The  resin  heated  with  a  mixtnre 

of  acid  chrontoif  of  putaa^ium  and  .^ulyJiuric  acid,  gives  oflf  pnrVionic  anhydride  and 
formic  aoitl.    (Jhluniif  aiu!  hrominfAi'X  wpon  it,  but  withont  yielding  deJinite products. 

tmnAJiOVSr  batfs.ok.    Gmfiola  officinaiU  (ii.  942). 

MEADOW-SWEET.    See  Sllu.T^^A. 

MfiCfiUbOZC  ^GXS.  A  crystalline  acid  produced,  together  with  a  chlorinated 
resin,  by  th6  action  of  chkvine  od  inm}nin.  It  contains  4872  |>er  ci^nL  MlbgM,  irVi 
hyilrotr^Ti,  no  clili)rinp :   rrTSf;tIiis«-s  in  fine  prisnutie  WMUm;  W  tffhiMt  fa  pfffMh, 

Spiirin(?!y  Milubli-  in  coKf,  easily  iu  builiiig  water. 

MTCcoxirAMZC  ACZX>.    See  Mbcoxic  acid,  Aj4ides  of. 

BCBGOWIO  AGIO.  C'lI'O'  «^  g?'|o«.    MokmHnin.  (^umsSure.—TidB  acid, 

which  is  ono  of  the  cocHtituc nts  of  opium,  was  diacorered  bySerturncr  in  1806 
(Oilb.  Ann.  Iv.  72  ;  Irii.  1S3  ;  Ixiv.  05),  but  the  more  exact  investigation  of  it  has  t>eea 
Bade  chiefly  by  Robiqu.  t  (Ann.  Ch.  Ph7t.T.  361;  li  296;  M  426),  ind  LUMg 
(Ann.  Ch.  rh.irm.  vii.  ;}7  ;  xxvi.  113,  147). 

The  betst  method  of  preparing  it  is  that  of  Bubiquet,  moditied  by  Gregory 
(Ann.  Ch.  Phann.  zxif.  43).  Opium  is  ezluuNted  wiih  water  mi  88^ ;  the  extvMt  u 
npiifralised  with  coarsely  pound* a  marl'Io,  evaporated  to  a  synip,  and  mixed  with  a  con- 
centrHttrd  boiution  of  chluri  Je  of  caldum,  whereby  the  meconate  of  calcium  is  more  com- 
pletely separated  in  pmportion  w  the  Uqnida  are  moie  eomtntinted ;  and  llie  {mei- 
pitate  ir?  washed  witli  wat.  r  and  jire.«!srd.  [The  raother-liqtinr  8»  rv(>ti  for  the  prepflration 
of  morphine.]— 1  pt.  of  the  nreciDitated  meconate  of  eakiam  is  now  suspenaed  ia  a 
nrixinre  of  S^yts.  commercial  faydrodilorie  add  and  26  pia.  boiKng  water;  the  mhrtore 
ia  kept  at  a  temperature  short  of  100°,  and  frequently  shaken,  till  the  whole  is  disM^jlved; 
and  the  acid  meconate  of  calcium  which  separates  on  cooling  is  rollei  t.il  on  lin»  n,  waslied 
with  a  suiiiU  (juantity  of  water,  and  redissolved,  after  pressure,  in  a  mi-xture  of  3  pta.  ctf 
hjdllMUoricnt'id,  and  '20  ptst.  of  hot  water,  avoiding  ebullition.  The  liquid  then  yields,  on 
eM'slinp,  crystals  of  meeonio  aeid  nearly  free  from  Time,  while  the  mother-liquor,  in  con- 
S€uu«ucc  of  the  excess  of  hydrrjchloric  acid,  contaiiiH  scarcely  any  uie4M>uio  acid.  The 
staUooloun^d  crystals,  after  t>eiog  washed  aiid  pressed,  are  dissolved  in  16  pts.  of  hot 
water;  theliqnid  i.h  strained  tliront^h  linen;  and  the  fIJtpnto  is  mixed  with  two-thirds  of 
the  original  quantity  of  hydrochloric  acid ;  on  cooUng  it  yields  crystals  of  meconic  acid, 
ft««  from  lime,  but  atiQ  eo1om«4  Theee  OTatali  are  snspended  in  eoM  water,  nenba^ 
Used  with  carbonate  of  po(a>'-iirm.  and  heated  to  100°  with  ^radnrd  addition  of  water  in 
quantity  just  sujQ&dent  to  dissolve  them ;  the  solutiont  which  solidifies  on  coolins,  is  wdi 
pr»ieed(the  Hqnid  vhieh  rvai  off  ytdde  inpnrp  neeeoie  add  when  treated  wiu  eseeea 
of  iiydrochloric  acid);  the  expressed  m  i.'^.';.  which  is  not  yet  quite  white,  is  redissolved 
in  the  smallest  possible  quantity  of  boiling  water ;  the  solid  mass  obtained  on  cooling 
is  a^in  pressed  ;  and  this  treatment  is  repeated  till  a  pure  white  product  is  obtained. 
Laitl7,  this  pure  meconate  of  potassium  is  diasohred  in  16  to  20  pts.  of  hot  wate^ ;  the 
acid  meconate  of  potassium  which  fsepamtos  on  coo!inj»  is  mixed  on  linen  with  a  small 
quantity  of  cold  wuter,  presb4.'d,  and  redissolved  iu  l(j  pts.  of  hot  water  ,  tliu  solution  is 
mixed  with  2  or  6  |ite.  of  bydrochlorie  aeid ;  and  the  eryatals  of  pure  meconic  acid 
which  form  on  coolinpr  are  waslied  with  mid  -water,  and  recrystallised  from  solution  in 
the  smallest  possible  quantity  of  boiling  water.  The  mother-liquor  expressed  from 
the  potas8inm<«alt  still  yields  a  quantity  of  impnre  meconic  acid  vhen  treated  with 
hydix>-chlonc  acid.  Paper-filters  [{Tobaldy  OQ  aMOttnt  the  iion  eOUluned  IB  thon] 
cannot  be  used  in  aiw  part  of  the  nrocess. 

How  (Ann.  Ch.  Fharm.  hcmi].  360)  heats  the  erade  add  free  from  Hme  with 

fwi.'o  its  weight  of  water,  till  the  wliole  dis';olves  on  addition  of  ammonia.  Tlic 
solution  on  coolins  solidifies  in  a  crystalline  mass,  which  may  be  freed  by  pressure  from 
the  blark  motber-liquur,  and  recrystallised  two  ortime  timet  from  tbeemadeet  |MMtIbla 
^nantily  of  boiling  water.  From  the  solution  in  hot  water,  the  meconic  ucid  separates, 
on  addition  of  exeeRs  of  hydrochluHc  acid,  in  colourless  lamina^  niueh  am  washed  viUi 
cold  water,  and  ouce  recrystallised  from  boiling  water. 

The  aqueous  extract  of  opium  misht  also  be  treated  in  the  first  instance  with  ammonia 
to  precipitate  the  morphine,  and  the  meconic  acid  aftenvards  proeipitnted  by  chloride 
of  calcium ;  but  ammonia  always  precipitates  a  <%rtuiu  quantity  of  meconic  acid  from 
tiieaqfiieoittaohitioiiiBtheliamfiifacudmH^  henee  tha  proecw  ia  attended  with 
loss. 

Meconic  add  crystallises  in  micaceous  scales  or  small  rhombie  prisms,  containing 
6  at  iraCer  <C^M)'.tB"0),  whidi  it  givea  off  at  100*,  leaving  a  white,  opaoue, 
effloresced  masfi.  It  "onr  taste,  and  reddeM  Utnva  ittOD^.  It  itiwolfta  read^jr 
in  water  and  aicohol,  lets  easily  in  ciAer, 
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Heoonic  acid  it  mdlved,  ttiidar  vwioM  drawHrtUM^  wto  omlxMiie  vdiydrid*  «Bd 

fiofflifiiiy  acid! 

C'H^O*   »   C0«  +  CH«0», 

^trroulc  Comentc 
ttri>t.  acid. 

tbe  latter  freqaentlj  undergoing  further  transformaticm : — 1.  Wliendry  meeonic  ndd 
il  AmM  to  ADOQl  li^t  ottbome  ulijdride  it  grren  off  ud  eooMuie  add  ranaiM 

Leliind  ;  iit  hi'^luT  temporatnrvs,  the  comeiiic  acid  is  further  resolved,  p.irtiv  into  car- 
bonic a&hjdride  aod  igrvonieooiuc  add,  C*il*0*,  partlj  into  vatar,  aeetio  acid,  onj^- 
TCiunatie  oil,  and  chanoaL— t.  Vfhm  naeonie  add  ia  lioiKd  vttk  weOtf,  or  -wMt 
hydrochloric  acid,  a  Lrown  colouring  matter  being  also  produced  in  the  former  cus*-. — 
3.  By  the  action  of  chlorin'-  ot  hromtu,  in  presence  of  water,  the  products  being  carbonic 
ouli^  dride  and  chloro-  or  bi\>mo-comenic  acid. — i.  By  boiling  with  excess  of  ammonia, 
the  comenic  acid  being  then  conTcrted  into  eomanamie  aod. — B.  By  heating  with 
iodide  o/ei&jfi,  whenhj  earfaonie  anhjrdada  ia  gjrcn  cB^  aai  ^hyirCommiA  aoid 
produced. 

Meeonic  acid  ia  easily  ozidiaad  hy  nitrie  acid,  yielding  a  large  quantity  of  oz&lie 
acid. — By  boiling  with  stroTig  caustic  potash  also,  it  yields  oxalic  acid,  tofjcthf^r  with 
carbonic  anhydride  and  a  brown  substance. — By  chloride  or  bromide  of  iodine,  it  i« 
eoATratad  into  iodonaeom,  0*H*I*0*.  [?  impure  iodofonn ;  aee  p.  812.] 

Thf  nqTnx)U«  solution  of  meeonic  arid  is  coloured  deep  red  hy  ferrio  cUondBg  tlM 
colour  nut  being  destroypd  by  boiling,  or  by  the  action  of  dihtte  acids. 

Mecouatt-ti. — iVIec-ouic  acid  is  tribasi^  and  fotiaa  three  series  of  salts: 

AcW. 

f  *   ■  I  .  KoniMl  or 

8»onoBiet«liia>  diroemlue.  trimeUllic 

cwmy  ons^ssHy  ovMHy. 

The  dimetalUo  maeonatea  aze  seutral  to  Tegetabk  ooloiui. 

Jiff  count  nt  of  Ammontu  m. — Tlie  tri-amfnonic  »alt  is  unknown.  The  di-ammonie 
salt,  C^H^(NH*)H)*,  cryatallises  in  slender  needles.  On  passing  chlorine  through  its 
solution,  the  niono-ommonic  talt,  CH^NH'jOMI'O,  separates  in  granular  cryetttk, 
wsnSan^  aoluble  in  aold  watar. 

Meconatcs  of  Barium. — ^The  dibarfHc  talt  ia  sparing^  soluble  in  water. 

Chloride  of  barium  forms,  with  solutions  of  the  alkaline  ni*"-"i>;iit«'>s,  white  flakcH  soluble 
in  acetic  acid.  Aqutous  meomic  acid  forms  with  btu-yU-vvaier  a  bulky  yellow  pre* 
fltpttate,  piobaUy«ioiudatiiigoCMaiyl»0  mmmaU. 

MeconaUBof  Cahium,-^7hibmono<xdcie  tali,  C'H»CaOMI*0,  is  precipitated  lof 
chloride  of  calcium  from  aqueous  meeonic  acid,  and  from  tlio  solutions  of  acid,  and  even 
of  neutral  meconates. — The  dic<dcic  salt,  C'HHJaH)'Jl''0,  is  obtained  as  a  yellow  gela- 
tinoQfl  precipitate,  on  adding  ohlotida  of  cakinm  to  tibo  adntioo  of  a  meeonate 
saturated  with  ammonia. 

Meeonates  of  Copper. — The  monocnpric  salt  is  detained  as  a  yellowish -green  ' 
precipit&te  on  adding  meeonic  acid  to  a  solution  uf  eupric  acetate.    By  dry  di^tillatiofi 
It  yialda  *  lazge  (quantity  of  pyromecoido  add.    Xeoonate  of  poteasiiiai  tenia  an 
omerald-green  precipitate  with  cupric  acetate. 

Meconates  of  Iron. — a.  The  ferrous  salt  is  rer^  soluble,  ooloudoaa^  tozna  Md  oa 
exposure  to  the  air,  and  more  quickly  when  mixed  with  nitric  acid. 

|B.  Ferric  sail.  Soluble  meconalea  addad  to  ferric  salts  produce,  Ibr  the  most  part^ 
ft  deep  blood- red  liquid,  without  precipitation,  even  when  thesolutir  i^s  iireeoneentrated; 
but  when  neuU'al  ferric  sulphate  is  imited  with  mccuuate  of  amn,  r.inm,  a  cinnabar- 
ooloared  pnlverulent  precipitate  is  formed  after  a  while,  which  i  h  hilI  ,  >olul)Ie  in 
cold  water  and  in  :i'  hoi,  easily  in  boih'ng  water  and  in  diliite  aoidij.  On  mixing  its  * 
aqueous  solution  with  pota«h,  ferric  oxide  is  precipitated,  ammonia  is  giren  oS,  and  the 
ftd  cokw  disappean ;  if  hydrochloric  acid  ba  tocn  added,  anffieiettt  to  satnnte  IIn 
alkali,  the  red  colour  reappeara,  but  is  again  destroyed  by  excess  of  acid.  Tlie  red  pre- 
cipitate^ ifpreriously  dried  in  the  air  at  ordinal]^  temperatures,  uJ¥ler|goe8  no  alteration 
at  100^.  Bten  h  oujse  ibnnd  in  ftre  samplee  of  it»  dned  at  100^,  firain  80*4  to  31*1  psr 
cent,  carbon,  2*1  to  2*6  hydrogjen,  3-4  to  3  5  nitn.g.  n,  and  22  6  to  24  3  ferric  oxide. 
On  mixing  solutiona  of  jneoonic  acid  and  f(  rric  chloride  in  anhydrous  ether,  red-brown 
flodn  rmj  aohiUa  in  eold  water  ave  precipitated,  fltanhonaa  ftmnd  in  tluee  prepa- 
rations (at  lorp)  from  85*S  to  36'9  per  cent  carbon,  1*7  to  1*9  k^fdMcoi,  and  M*t  to 
31'2  ferric  oxide. 

Meeonates  of  Lead. -The  neutral  «a/^,  C'HPb'O'. H«0,  is  produced  bypredpi- 
tating  neutral  acetate  of  lead  with  niaeome  iwid»  cf«B  IB  caECSMi  it  iaam  ^utft 
floeki^  iaaolvblie  ovan  ia  hoiUng  watar. 
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Baaie  mUs^  eontainmg  from  68  4  to  78*4  per  cent,  lead-oxide,  are  obtained  bj  pre< 
flipitaljiig  iMMie  aeetata  of  lead  widi  aftaliBe  meoooatoa. 

if agnesium -sal 1 8.— The  dimagnrtie  tali  is  sparin^r,  fhe  tnononiagDesio  aalt 
^asilj  snltiblr-  in  water :  the  latter  o^italUflee  in  traii^arait,  flattened  iieedAeit 

having  an  acid  aud  bitter  ta«te. 

M»eonates  of  M$reurjf, — ^Botlt  the  mercoioas  and  mezcuric  salt  are  pale  yellow 
floeeolant  (vedpitatei^  inaoliibb  in  water,  aolnUe  in  alttie  add. 

Meconatei  0/  FoiM9iuwk—lh»  ariiaaiU  an  aqrvtaUlMUt^  tfa*  mmM  aalif 

uucrj-stalHsable. 

Meconat  es  oj  Silver. — Aqueous  mpoonioacid  forms  with  nitrate  of  .silver  a  white 
yiW-l|Mliili  i  of  the  di-argentic  salt,  which,  by  prolonged  botliii|  with  water^ 

13  converted  in^o  the  tri-argnitic  salt,  CHAg^O*.  The  Inttpr  is  also  rormed,  ns  !\ 
jellow  precipitate,  on  mixing  a  solution  ot*  meconio  acid,  exactly*  satnrated  with  ammo- 
Bk<thadi^iM<»iaaalt)  withnitmtaqf  ailwK. 

Mteonates  of  Sodium. — The  motm»dic  mM  Ibnna  Iiafd  grains,  but  dig^ti^ 

soluble  in  wiitcr.-  The  di$odic  Mlt,  obtained  by  dipwting  mecoTiatc  (jf  burinm  with 
aquoou»  Hulplinte  of  aodium,  crystallises  in  slender  iieedltts,  soluble  iu  5  pt».  of  water, 
and  containing  a  large  quantity  of  water  «f  ojatalliiBtioiL   The  Mtodio  salt  ia  taj^ 

tallisable,  very  soluble  in  watrr,  and  >'fnor<»«eenf. 

Mteonatet  of  Tin, — The  *t<mnou*  »alt  is  a  white  precipitate,  very  soluble  in 
ttCiai  of  ^b»  ataaoooa  aohitioii.  The  ttmmie  aoft  ia  alao  a  white  precipitut  sparingly 
folabla  in  aeetic,  easily  in  nitric  add. 

Mecnnnt  of  >'''/rtum.— Sparii^  BolaUaia  wmter;  7ttj:faim<«ah% 
no  precipitate  wiih  lueoonic  acid. 

mCMMrao  MMfMBtMMxnmm  W.  ^act&agoneliijrl'-inaeoiiiaaeldaiiddietbyl- 
nieconic  acid  with  antmonia,  How  has  obtained  twO addlb  whidl  IMy  be  tegjuded,  9» 
mooo-ummonlc  nieconate  nUum  wateti  viz.: 

Meconamic  acid     .      ♦      .      .  CTH^NO*    -    (rH«(NH')0»    -  HH) 

Veithar  of  thaae  acida  haa,  however,  been  obtained  in  the  crystalUne  ftm,  and  thefr 

formula^  are  somewhat  doubtful.  To  the  fnrrn'-r  ITuw  a.'<Kigiird  the  somewliat  impro* 
bable  formula  G^H*'N'0*'i  the  fonnula  abuvtr  given  waa  proposed  by  (xerhardt. 
{T^M,  iL  180.) 

mcOWZC  aTKBBS.  Meconic  acid,  being  tnbasic,  should  form  three  atban 
containing  ethyl  or  other  aleohol-zadielea.   OaHf  the  two  add  ethyl>nwoQXiat«a  wt% 

however,  at  present  known. 

Ethyl -MECONIC  acid,  C'H*(C*H')0',  is  obtained  by  passing  dry  hydr<K:hlorie 
aeid  gas  through  a  solution  of  meconic  ucid  in  ab'^olute  alcohol,  till  llio  hriuid  emits 
ftnnea.  It  then,  if  left  at  rest,  deposits  tlie  ethyUted  acid  in  ueedle-simped  crystals, 
which  may  be  purified  by  recryataluntion  from  hot  water. 

The  add  forms  small  needles  very  solulih'  in  boiling  water,  solul>le  in  ether  and  iu 
alcohol  of  ocdinanr  atrength,  lesa  idttble  in  absolute  ^cohoL  The  ciyatala  are  anhy- 
drona,  melt  at  166^,  and  aoUime  in  l«91ihnt  ifioatha. 

Ethvl-meconic  acid  is  dibasic,  fornung  two  scries  of  Wiy  stable  .salts,  viz.  neutral 
salts,  C'HM«(C'inO',  and  acid  salts,  cmM(C»H»)0».  They  ciyataUiae  zeadily. 
(How,  Attn.  Cb.  Fhann.  IxaadiL  MO.) 

DiBTHYi,-KBOOinc  ACID,  C'H'(CH*)'0',  is  contained  iu  the  mother-liquor  from 
which  ethyl-meconic  acid  has  sepiirated,  and  may  be  obtained  by  evjipomf ing  thi^* 
liquid  till  it  gives  off  acid  vapours.  The  residue  is  a  thick  oil  whieh  oolidiiieti  uu 
flooling,  and  may  bi^  ]Hirified  bj  teeijatullisation. 

It  forms  flattened  colourless  prisms,  melting  »t  al-ouf  110°;  it  melts  in  boiling  wafer 
before  dissolving,  and  dissolves  very  easUy  in  aicuiiuL  Ita  aqueous  solution  has  a 
otrong  acid  reaotion,  daoompooaa  caxbuiateo,  and  sapidly  eoagolataa  allminin.  It 
eolours  ferric  salts  red. 

The  add  ia  monobasic,  the  fonnula  of  its  salts  being  CaiM(C»H»)'0'.  Tho 
mmmomiMm-^i  eryatalliaea  in  yaOow  needlM,  and  is  very  soluble  in  cold  water.  It 

is  mnpt  ea.'iily  prepared  by  pa.'i.^ing  gaseous  ammonia  into  an  alcnholii-  solution  of 
the  add.  Tho  barium-salt  ia  a  yellow  semi-gelatinous  precipitate,  insoluble  iu  boiling 
vatw,  Irat  Tfltyaolable  in  txetm  of  diloclde  of  barium.  The  sironUum'  and  oaMtutt- 
.-^a!ti<  rcf^eniltlft  the  harium-salt.  The  inaqiusinin-.^'i^f  in  acrysfallinr  precipitate.  The 
ooppeT'Salt  is  areen  and  geUtinoos.  3^he  kud-salt  is  a  yeUowisb>wbite  predpitate* 
The  atfwr  mlt  le  yellow,  gelatinona,  inaohible  in  boiling  water.   (How,  toe,  eit) 

MECUMUi.  Opianyl.  C'*H'*0*.  — A  neutral  subntance  t'xi>'ting  in  opimn.  Itwaa 
first  observed  by  Dublanc  (Ann.  Ch.  Pliys.  {'!]  xlix.  17);  afterwards  prepared  in 
the  pure  state,  and  examined  by  Couerbe(f/W.  xlix.  11 ;  b  337;  lix^  148). 
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It  is  laodacod  from  uarootui^  togotbar  with  teropiammou^  cotanune^  opuoic  acid, 
and  hemipinie  add,  by  the  wtiiak  ct  -warm  dilnto  mtrie  add  (Aadaraon^  Ed.  PUL 

Txans.  XX.  347  ;  xxi.  204),  and  fVom  opianic  acid  by  the  action  of  oaxistie  alkalis,  or  of 
nascent  hydrogen,  evolved  either  by  the  action  of  sodiurn-arnalgnm  on  water,  or  of  ziaa 
on  dilute  sulphoric  acid.    (Matthiossen  and  Foster,  Cbcm.  Soo.  J.  xru  349.) 
AffltfftH  of  ^BtiTw : 

Opiuile  mM.  llMdiilo.     HMtfilide  wM. 

A.  AflCioA  of  BMWBt  hydrogen  : 

opuuiic  acid.  Meronln. 

ArpMVfjiiii.       ^^MW  Ojrfiiiw.— 1 ,  ^mIt  cot  Smyrna  opHmi  is  ashtiBrtod  iffA 

cold  water;  tlic  fillrnfr-  Is  cvaiKinitcd  to  8"  "Hm.,  invl  the  iiinr])hinc  and  n!ir(»ofint»  mtV" 
precipitated  by  dilute  ammonia.  The  filtrate  eraporated  to  a  syrup,  and  then  left  for 
several  wee)s»  in  a  cool  place,  deposits  bfown  crystals,  wWch  nraat  oe  prpswd  and  then 
driad  at  auntie  hmt  The  Irown  crvstalline  niaHs  ci)nTains  inwjouin,  meMniat**,  and 
other  Rtibstances.  It  h  f»xhi\n»t.Mi  witli  boiling  alcohol  of  34^,  and  the  fxtntctsai© 
conceuLoted  to  one-Uiird  by  di-stiiliiig  off  the  uleohol ;  the  liquid  then  un  coolinff 
deposits  crystal%  vliieh  are  purified  by  recrrstaUisation  from  boiling  water,  with  addi> 
tion  nf  aniiiKil  charrn;i!.  fh.  n  from  hot  ttlier.  The  nif^t!i<  r-liquor  from  whi<*h  the 
cryslHk  have  separated,  ylvUh  uii  additiuuul  i|uaatity  of  meoonin  by  couceutration. 
(Couerbe.)  I 

2.  Tlie  aqni'Otis  pTtrnrt  of  ojiiuni  is  precipitated  by  phi  or!  de  of  r.delinn  ;  prf-cipi-  ! 
tated  meconate  of  calcium  is  filter^ ;  the  filtrate  evam)rated  to  the  czTstallising  pointy 
sad  aepantod  flram  the depoiited  bydraeUorateof  marpllifia;  aad  the  duk  niothsi4iqaav 
is  diluted  with  water,  filtrTf-d  from  fli<- floAs  which  separatf,  and  treat^'d  with  aiDmonia, 
which  pradpitatea  narcotiue,  thebaiue,  and  a  lai]ge  quantity  of  resin.  The  fiiti  it'  is 
inned  tritii  aeetate  of  lead;  the  ezeeea  of  lead  ia  remoyed  from  the  illtered  liquid  by 
dilute  sulphuric  acid;  and  the  filtrate  is  iicutrali-^'d  with  ammonia,  and  ovaiHtr.t.  d  to 
the  crystallising  point  at  a  moderate  heat^  whereupon  narceine  separate  s  <ait,  and  tbea 
sal-ammoniac  by  further  eoDOeatration.  The  mother-liquor  ia  repeatedly  dige  sted  with 

voL  ether  at  26°,  and  the  ether  ia  distilled  oti  from  the  extracU,  a  brown  syrup  then 
remainin]!^.  On  troatin^  this  syrup  with  diln^  liydnvliloric  acid,  papaverine  dissolv*^ 
and  mecouiu  rcmaius  iu  the  form  of  a  d  u  k  grty  cryHtMiliiie  powder,  which,  to  fr*>eit 
froMieein,  and  purify  it  completely,  must  l>e  several  timea  oyrtalhaed  frOM  boiUag 
water,  with  addrtion  of  animal  charcoal.    (Anderson.)  | 

d.  From  yarcotim. — Narcotine  is  heated  iu  the  water-bath  to  49'^  with  2  8  pts.  of 
nltrie  acid  of  specific  gravity  1*4,  and  8  pts.  water,  wfaerra pen  it  melts  into  a  yellowish 
mass,  dissolves  slowly  without  t-volution  of  fra<:.  if  constantly  stirred,  an*!  tlien 
gradaallj  depoetta  erratailine  teropiammone.  The  liquid  is  filtered  through  asbestos  ; 
the  ffltrata  aatniated  witii  potaah-loy ;  the  eohitfon  ^again  filtend  from  precipitated  I 
cotarnine,  and  concentrated  fo  a  small  Lidk;  crystaillised  nitre  is  removed,  and  the 
iBother>liaiKir  freed  from  oarbooate  of  jpotaasium  bjr  preeipitatiua  with  alcohol ;  the 
aleobolMdwtilledoff;  and  die  cooled  waidiietMatadwith  hTdrodUorieaad,  whidi  pra- 
eijjitates  npiiiuic  acid,  hemi|'Inii'  acid,  and  meconin.  If  this  precipitate  be  dissolved  in 
a^  large  quantity  of  boiling  water,  meconin  crvstallises  out  on  cooling  (mixed  with  a 
little  opianic  acid,  if  the  quantity  of  water  added  was  insufficient),  and  may  be  purified 
bjr  recrystalliaation  from  water  or  alcohol.    (A  n deraon.) 

r.  From  Optnnie  adil.  I.  TJy  tlie  action  of  stmnc'  ean«tic  p^fa.^Ji.  ThU  mode  of 
prepar  ition  is  denoribed  under  HEiurixiC  AciO  (p.  1  I '2").  2.  By  the  uctiou  of  nascmt 
ngdrmftn.  Sodium-amalgam  j>i  warmed  for  several  hours  in  an  aoueous  solution  of 
opiutiio  at'^id  ;  and  the  meconin  i«  precipitated  from  the  solution  1)y  nydroolilorie  acid. 
The  formation  of  the  mecouiu  in  this  case  ia  not  due  to  the  action  of  the  caustic  soda 
fbrmed  from  the  aodium-amalgam :  tat  it  takes  place  'm  a  dilute  solution,  and  at  m 
temprraturr-  vrry  much  below  that  at  whirh  npianic  acid  is  deoomjKise*!  under  the 
intiuence  of  alkuli ;  the  quantity  of  meconin  formed  is  also  considerably  greater  thai^ 
thai  whidb  is  produced  onder  the  latter  etfcmiifltaiMee,  6  grms.  opianio  Mid  deoon* 
posed  by  ^.•^Iil^[l-slmalplm  having  yielded  3"65  grm?.  of  pure  mec.  inin,  whereas, 
according  to  tiie  tir^t  of  the  two  equations  above  given,  it  should,  when  decompoaed  faj 
alkalis,  yield  only  2  3  grms.  meeonfii.  M6i«oTm>,opianiaaddi0  8imilarly  conrmted  into 
mecouiu  by  the  action  of  zinc  and  dilute  sulphuric  acid.  (Matthiesscn  and  Foster.) 

i*raD^T^/Vj»,— Meconin  crystallises  in  hexagonal  prisms  with  dihedral  summits.  It 
is  perfectly  coIourle;ii» ;  has  no  .•<mell ;  and  appears  tasteless  at  first,  but  oxliibits  a  vei^ 
aerid  taste  as  it  dissolves  in  the  mouth. 

It  melts  at  90°  (Couerhe) ;  between  98°  and  99*'  (M.  and  F.)  to  a  colourless  liquid, 
iriiidi  retains  its  fluidity  till  cooled  to  76*.  At  a  higher  temperature,  it  >K>il«  and  distils 
without  alteration,  M^icD^piag  to  «  fiitty  mass  on  co4>ling. 

A  hydrate  ot  meconin  waiK  once  obtained  by  Anderaon,  in  decompoaing  meooofn 
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with  nitric  acid :  it  wwembled  the  anl^drous  oompound,  but  wu  lightar,  and  did  nol 

melt  below  96°. 

Meconiu  dissolves  In  866*7  pts.  of  cold,  and  18-6  pts  of  boiling  vairr ;  in  alcohol 
and  eth>r  it  ii  ^till  more  soluM*'.  It  is  dissolved  by  the  fixrd  alkalig,  but  is  nmrlv 
insoluble  iu  ammonia.  When  heuted  to  luO°  with  aqueous  ammonia,  it  yields  a  sulu- 
tion  whieh  may  be  eraporated  orer  snlphurie  acid  at  ordinary  IwnMntaiin,  Imt  ftom 
which  meconin  it  procipitatod  on  addition  of  wntcr  (^1:1 1 1  h  i  fis  o  n  and  Fostr-r),— Iti 
aqoeous  solution  precipitates  basic  acetate  of  lead,  but  nolthe  neutrul  acetate. 

XMOoia  disaolvtM  wMmqI  altantiott  MM$  m^ftmrtB  mM,  fenning  a  eolwirkai 
ifohit ion  which  becomes  dark  pjcon  when  evaporated:  if  alcoliol  V>p  then  added,  fh<> 
liquid  acquirea  a  rose  colour ;  bat  as  the  alcohol  evaporates,  Uie  ereen  tint  returns. 
Ibe  green  aolvtieii  dapoaito  Imnni  flodn  vImb  inbed  with  Witk 
ttrOHff  tulphuric  acid,  mfenniii  forms  a  colourless  solution  which  beconi»»9  purple  when 
haatod,  and  brown  on  addition  of  water,  depositing  at  the  same  time  a  brown  precipi« 
tala^  viiidi  dfaaohw  ivijOi  voaa  eoloor  in  alkalia.  iHMe  acid,  either  dilnte  or  concen- 
trated, converts  meconin  into  nitromeconia,  with  evolution  of  red  vapours.  Witii 
peroxide  of  lead  and  dilute  sulphuric  acid,  it  giT«0  off  fartmiif  anl^dnde^  andionM  n 
amorphous  srabstance  which  remains  dissolved 

With  chlorine,  meconin  ftOBS  chloromecoain  (Asderaon).  According  to  Coucrbe^ 
chlorine  acts  but  slightly  on  meconin  at  common  tcmpenitures,  but  is  rapidly  absorbed 
b^  meltiug  mecouin,  forming  a  red  and  then  a  dark  brown  mass,  which  melts  at  a 
logher  temperatore  than  meoonin,  and  forma  on  aooKaf  a  crystalline  maaa  containing 
mechloic  acid  ( p.  859),  meconin-resin,  and  25*.')  per  cent,  chlorine.  Meconin  is  not 
altered  by  iodine,  but  when  treated  with  chloride  ^  wdine,  it  tonne  iodomaoonia.  With 
hrotmne'WUer,  it  Ibrma  bmnoaMaanito. 

Mcefviin  dissolves  without  ;ilt<  r:i1  ion  in  o oh]  hydrorhloric  Acid ;  but  when  heated 
with  thno  times  its  weight  of  strong  hydrochloric  acid  to  100'^  in  a  sealed  tabe,  it  ii 
daeomposed,  with  ibnnati<m  an  add  containing  C*H*0\  and  sepantiMi  of  duorida 
rfmethyl,  which  quickly  volatilises  when  the  tube  is  opened:  C'*H'*0*  +  HCl  = 
CFH*0*  Cii'Cl  (Matthiesen  and  Foster,  unpublished  experiments).  A  similar 
deoompoeition  is  produced  by  htfdriodic  acid.  From  these  results  Matthiessen  and 
Foster  conrluil  rl  .it  meconin  is  a  methylated  eomponnd ;  and  although  the  propor- 
tion of  methyic  ontained  in  it  has  not  been  expenmentally  determined,  tin  y  infer, 
from  the  analogy  of  other  derivalives  of  narcotine  {q.  v.)  that  its  ratimiiil  t  rmula  is 


O* ;  that  is  to  say,  that  it  is  the  dimethylatcd  derivative  of  a  compound, 


(C"H^Oy"'j^^  B0»  Tvfc  Mrt»d,  wfaiahaugrbeaaUad  BovM«lmM»aia 

BromomeoonlB.  C'*n*BrO*.— When  bromine  water  is  trmdually  added  to  aqueous 
meconin,  crystals  of  bromomaeonin  aapaxate  oat^  and  xuaj  be  purified  by  reciystalliaa- 
liMi  fnm  boiling  aloohei  It  Ibraia  eoworteaa  aeedlea,  vnidi  mdft  at  167*t  mm  bdisva 

in  other  respects  like  ehloromeconin.    It  dissr/lve.s  spariiiL'ly  in  HMllM*,  SMM  radQjf  ift 
tUoohol  axi(\  fthrr.    {Anderson,  Ann.  Ch.  Pharm.  xcviii.  48.) 

Ohloromeconin.  C'lPClO*.  Wlien  chlorine-gas  is  passed  into  a  cold  saturated 
aqueooa  aelntion  of  meconin,  an  abundant  crap  of  cryatala  qnickly  separates,  consisting 
of  ehloromeconin.  which  may  be  purified  by  recr\-st.illi8ation  from  alcohoL  It  is  like- 
wise produced  when  dry  chlorine-gas  is  passed  over  melted  meoonin.  It  crystallises 
in  oOMrieaa  needke,  whieh  mdt  at  176o,  and  anUioM  nndeoomposed  at  M^bar  tam- 
peratures.  It  dissolves  sparingly  in  cold,  somewhat  mnr.>  freely  in  V>oilinp  vY'^  r;  is 
alkalis  to  about  the  same  amoont  aa  in  water,  and  without  decompoeitioii.  It  is  soluble  . 
in  alcohol  and  in  ttkm 

It  dissolves  in  cold  siclphun'c  acid,  assumes  a  greeniph-bluc  cnlonr  when  heated 
thavawith,  and  on  sabeeauent  addiUoa  of  water,  depoaita  brown  flocks  which  diaaolve 
with  rid  eolmir  la  aftnua.  It  diiiolfw  with  rtd  eokor  in  niiHe  aeUt  and  it  deoom* 
poaed  whaB  hMted  therewith.    (Anderson,  Ann.  Ch.  Pharm.  xcviiL  47.) 

Zodomeeonln.  C'H'IO*.-  -When  chloride  of  iodine  is  added  to  aqueous  meeonin, 
and  the  mixture  left  to  itself  for  several  days  iu  a  warm  place,  lon^  crystals  funu  in  it, 
oontaminated  hy  ftm  iodine^  Tbay  ne  pnrHled  by  recryatalliaBtun  tnm  boQIiBf 
■loohol. 

.  lodomeoonin  forms  colourless  needles,  which  melt  at  112°  to  a  eolouxless  liquid, 
ft  ia  neailj  inaohible  in  waier,  more  adnbla  n  dboM  and  elker.    U  melta  at  n 

temperature  above  100°  to  a  brown  liquiil,  which  decomposes  at  a  ptronger  heat  with 
volatilisation  of  iodine.  It  disaolvea  in  sulphurio  acid,  forming  a  dark-coloured  liquid 
when  heated ;  atnd  ia  deeonpoaed  by  nHrie  add,  with  separation  of  iodine.  (Ander> 
ion.  A"'.  '-'//.) 

HitrwoaeoMila.   C'H'NO*  »  C"H*(i^O>)0*.~Meconin  diew^lvea  abundantly  in 
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cold  oottoeotrated  nitric  acid,  the  solution  off  red  fumes  when  iieated.  Ou 

wwntM,  whien 

nod  r.'orv«t;illi«iiinn  from  boilinjr  aIc<.iiioI, 


dUttting  with  wal«r,  Imlky  crytttia  ttwntM,  whid  may  h$  obtained  pnm'lijwMlmig 


Kitromccoain  fomw-  wlate  ueedlcs  and  Dmms,  mcltiiig  at  160'^  to  a  txaat^amst 
Uqoid,  wliicli  aoiicliflw  In      ei7«t«]liii«  nim  en  cooling.    It  if  ncvlnl,  ^Smairm 

spAringly  in  cold.  st->nutwhat  more  fndy  iu  bailing  u  ufi  r ;  it  is  insoIuMu  in  hydroekiorie 
acid,  but  diwolvea  in  coid  strong  nitric  acid,  separatiog  in  flocks  when  the  nolution  is 
diluted.  lo  oold  tmmmia  and  poiwth^  it  is  not  mora  soluble  than  in  water.  It  is  not 
pt«ctpitated  by  m^^alUc  salts,   it  disadres  in  boiling  ahoh  I  and  ttAer, 

Hentod  in  small  qnantitifs  on  platinnm-foil,  it  roTatilis^  s  almost  withont  dwompo- 
sitiuu, -leaviiig  ouJ}' a.  ssmaJl  quautily  of  charcoal;  but,  if  hoati'd  in  ii  fi^-^t-tuW,  it 
dMompgwt  aoddenlj,  and  leaves  a  large  quantity  of  porous  char>>o;tL  ]'x)tl«>d  with 
ammmtia  or  putmh,  it  fornix,  without  (li-conifinsition,  »  jr^lov  Mltlltioa  vilieh.  does  aot 
deposit  anything  on  cooling  or  on  addition  of  adds. 

MfWlWfc  A  mhslMkM  oajurriug  la  ttw  inteatinal  canal  of  tiia  intai^  and 
voidfd  sixui  A^i  T  1)irfl) :  it  ti^iistht?*,  in  fact,  of  th»-  bile  of  flic  fo'ttis,  wliieh  is  gradually 
Dourvd  into  the  inteatinos,  and  baa  thace  uodeigone  a  certain  amount  of  alteration, 
ife  it  a  ^taliy  nibBtaaes,  of  a  daHc  Imytm-Tellim  eoloor,  and  the  oonaasteooe  of  honer. 
Hi  odovr  is  for  the  most  part  faint,  and  only  occasionally  unpleasant ;  taste  BunrkssOy 
and  slightly  sweet.  It  stainn  linen  permanently  yellow.  In  water  it  swells  up  to  a 
bulky  mass,  in  which  the  microscope  shows  epitholium-cells,  small  rouud  bodies, 
probably  consisting  of  decolorised  blood-corpuscles,  and  a  considecabb  number  of 
rhombic  tablet s  of  eholesterin.  According  tu  Siin<jn,  drli  d  nu  i  oninm  mTif.iiiis  16  pts. 
cholcsterin,  10-4  extractive  matter  and  lii!* -n  niii,  3  i  eu^nih,  Q  picraiutl,  4  biliverdin, 
26  oeIk»  maetts,  and  perhaps  albvroin  ( «  96-4).  The  diolasterin  is  extracted  by  ether, 
th<^  oxtmrtivo  matter  and  bil<*-resin  by  alcohol.  Aqnmns  nlo'ihol  takc<»  up  xhc  o:i.v,-tn 
together  with  piciomel;  the  biUrerdin  augr  be  dissolved  out  by  alcohol  acidulated  witli 
•a^plnme  aeid. 

Aooording  to  John  T);ivv,  mecorii^im  cont;i'ns  72T  pt«.  of  water,  mtif'us  imd 
epithelium- cells,  7  0  chulesterin  and  maigarin,  and  3*0  olrin  and  biUaiy  oohmiintf 
Batten 

When  burnt,  it  1«  avop  an  ash  (insisting  t-lilcfly  of  ferric  oxide  and  magnesia,  with 
tnuKs  of  calcic  phosphate  and  sodic  chloride.  According  to  Payen,  it  contain!  eomauaa 
laH,  alkaline  carbonate  and  eakie  phosphate.   (Handv.  d.  Chem.  v.  14d.) 

msiOACUl  BATTITA.  Luctm. — The  rompositiun  of  the  aah  of  llusplant^  na 
detfTTiiined  by  Way  and  Ogston,  is  given  unil-r  I'oporb  (ii.  680"). 

MOUkSCUrUR,  OHi  OV*  Thi«  oil,  obtained  by  expresaion  from  the  seeds  of 
Jttfvpka  Cunn^  it  whita,  aeantlesa.  hat  a  deoaity  tS  0*01  at  19°;  and  toiidttta  to  a 
buftt  iy  mass  at  —  8^.  It  is  nfi  i  ';  in^olubl*'  in  alcohol,  li.ts  a  sweet  taste,  and  alters  but 
Tt>r^  littlo  on  expoijuro  to  the  air.  It  is  not  easily  Siiponified  by  potash,  but  soda 
easily  converts  it  into  a  hard  white  soap,  eontaiaing  oleic  and  isoeetic  acids.  Kitrie 
acid  converts  the  oil  into  sttberio  acid :  pemitric  oxide  does  not  solidify  it  rfrmfiitdjr. 
When  lieated  with  ammonin,  in  a  fl^ialed  tube,  it  is  convertf^l  into  isocetamide. 

msJISITB.  Calcio-uranic  sulphate,  occurring  near  Adrianopla.  ^6«e  Svz.- 
natit.) 

BKESTTX.X.XC  ACXD.  C^'TT«0'.  A  fatty  acid  produced,  together  with  oleic  and 
palmitic  acida,  by  the  8^)onification  of  beef-marrow.  It  forms  10  p»  cent,  of  the 
add  nDstnrefhna  oblainea.  If elting  point  72  5^.  (£y  I  e  r 1 Arch.  Phant.  [2]  err.  lao.) 

wacamxJM,  A  ntme  i^pBtd  by  Bnaooaot  to  cdlnlota  oMaiaed  ftnn  tka  pift 

or  mrdnlht  of  certain  plants. 

ttMMMMOBJhJngm  {8e4i^oaai:  &om  it«  apparent  lightness  and  whitish  colour.) 
A  hydnted  titteato  ofvuignennm.  SiM^.tSXP.tEPO,  or  Mg'Si'0«.2H«0,  oeeni  i  mg  in 

stnxtified  earthy  or  alluvial  deposit?  >m  the  plains  of  Rskihi-sher,  in  A*ia  Minor;  nlso 
in  Greece,  at  itrubschitz  in  Moravia,  and  in  Mcmocco.  It  is  compact^  smooth  to  the 
touch,  and  of  fine  earthy  texture.  Haidnetv  «•  S  toS'5 ;  impretoble  bjthA  nail  It  in 
<>}.,i.|iio  and  white,  sometimes  with  a  greyish,  yellowish,  or  reddish  tin^  When 
heated  in  a  tube,  it  gives  ofif  water,  blackens,  and  emitn  n  burnt  smelL  Before  the 
blowpipe  on  charcoal  it  bums  white,  and  melts  on  the  thinuest  ed£K>8.  It  di8aul\ea 
TCadfly  in  borax  to  a  transparent  ^909,  and  exhibits  a  lilac  Ooioor  wiu  eohtlt^tohrtiflM. 
Hvtlror-'hloric  acid  disfolves  it,  with  «?epfirat:on  of  sih'f*n. 

Anttl \,  is  byLvchnell  (,Kunul.  V>ten»k.  Acani.  Furhandlingnr,  1826,  p.  175); 
2.  Bj  Danonr  (Ann.  Oh.  Fhyt.  [S]  tiL  910): 

MO*      UifiO     IPO  Fe'O'  Ai>()> 


1.  Aab Minor    60-87     27  80    11-29       0-09     *  -  l(»0  03 

X  Moroeeo   .   M'OO    38-00   10*36   l  iO   1-20   l-Ol   0-52  OM  «  98-98 
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Tho  formula  abore  given  requires  60-9  silica,  261  mn^esm.  iiiul  12  0  \r.itor.  In 
these  analyses,  the  mineral  was  first  dritd  ovor  «ulphuric  aeiJ  tu  expel  liygroKCOpto 
mtm  (of  which,  being  porous,  it  cont;iin.s  a  coni^iderublc  quantity),  and  the  eooibiiied 
water  waa  then  driven  off  by  heat.  The  mineral  im  off*  n  mix*  .1  with  nir>n»  or  loss 
carbonate  of  magnesium*  by  the  dccomposltioti  ul'  wliidi  it  appears  to  bare  been 
pradveed.  (J.    Smith,  SiIL  Am.  J.  [2]  vii  296.) 

aCBZUBB.    The  German  name  fur  the  hei^  cr  of  t&BlMr  filed  op  far  faVH^ 

ing  into  charcoal.    (See  Carbon,  i.  760.) 

BKBZir.  A  L'xly  obtained  by  Reinsoh  from  Afhamnvfa  Mettm.  T!io  roof,  after 
exhaustion  with  hut  water,  in  treated  wiiii  aleoUoi  of  70  per  cent,;  the  alcohol  ia 
jnnowd  by  distillation,  and  rabmqnent  spontaneous  efTHNMtioii ;  and  tb«  raidne  m 
digested  with  >  tlu  r,  wliii-h  oxtrnrtn  the  mnTn.  On  evaporating  thr-  i  thrr,  thi^  mrVn 
remains  as  a  thick,  yellow,  inodorous,  combustible  oil,  Imving  a  burning  taste,  and  not 
ynlbHSUi  wlthcnt  deeomporitian.  {BkaidwSrterbitek.) 

BCBOASXOaCZTfl*  A  Tlriety  of  chlorobromide  of  silver  from  Cl^3»,  eryatsllised 

in  eubea  and  octahedrons  containing  Ag*BrH!?l\  or  4AgCLfiAgBr.  (See  &Lfn.) 

BKSZOHXTBa  A  calcio-aluminic  silicate  from  ^^ommn,  Tphere  it  ocmrs  in  small 
dimetric  crystals,  in  geodes,  usually  in  limoi^tone  blocks.  Itjitio  of  the  principal  to  the 
■eeondaiT  ezM  -  1 :  0-439.  Angle  P :  P  in  the  terminal  «dg«e  —  IStf^  11';  In  the 
lfit<"'ral  t-agi  .s  =  6^5"  10' ;  those  angh'S  are  nf^arly  tho  same  as  those  of  scapolifr-  (q.  r,). 
Observed  combination  opPco  .  ooP.P  .  ooP3  .  Pw  .  3P3  .  oP  •Sometimes hemiht^iral 
in  the  planes  8PS,  the  altenete  ones  being  wanting.  Cleavage  parallel  to  ooPoo  and 
ooP,  rif !i IT  perfect,  T'lit  of^i-n  interrupted. 

Ilasdness  •>  5*5  to  6.  iSpecitlc  gravity  i-  2'5  to  2  74.  Lustre  vitrootis.  Culonriess  to 
vhileL  Trasiparent  to  tmosliicent ;  often  eradked  withhL  Befine  the  Mowpipe  it 
melts  to  a  colourless  glass ;  forms  also  a  clear  u'las.?  with  soda.  Aoconling  to  v.  Rath, 
the  mineral  when  pure,  dissolves  completely  in  moderately  stronff  hydrochloric  acid ; 
but  on  heating  or  eva^rating  the  solntion,  the  silica  separates  in  tn©  pulverulent  form. 
According  to  L.  OmeUn  and  Kobell,  it  gelatinises  with  hydrochloric  acid. 

Analy$es:  (i.  L.  Omelin  (Schw.  J.  xxv.  36;  xxxv.  345). — b.  Stromeyer  (Untrr- 
ruchungtn,  p.  37S). — c  Wolff  (Z?«  compositione  EckcrHergitit,  'SeapolUhi  ct  Mgoniiu. 
JMMMbv  BcBoUidt  184S>.--<2L  Bft  th  (Pogg.  Ann.  baudL  288). 

HO*  Fc«0»      Fe«0      Ca=0     Mg^O     SaHi*  K^O. 

«.  48-80  82-85  .   .  1-07  20-64  .   .  2*57  ,    .  .    .  - 100-93 

b.  40  53  32-73  .   ♦  0*18  24-24  .   .  1-81  .    .  =  o:»-49 

r.  1-2  07  81-71  .    .  .    .  22-43  .    .  0  45  0  31  0  31  -  97  28 

d.  42  6o  30-89  0'4l  .    .  21-41  0  33  1-25  0  93  019  =  97  96 

«miisoB 


These  unalyse-i  lead  to  the  formuki  3e2Ca'O.SiO«)  +  2(2Al«0».3SiO^),  or  Ca'^Al'*«i'0*, 
which,  substituting  al » §  Al,  may  be  redoeed  to  an  OfthoaiKeate,  B1S0*.  (O  an •»  iL  200. 

— Rammela^'  -  f  -  yfi  't-ndcheinie,  p.  714.) 

MEXJicoirxTi:.    y.itive  mgM  osids^  ISrond  at  Copper  Harbour*  Kevenaw 

I'ouii,  Lake  iiupcriur  (ii,  C8). 

MB&Anr.  This  name  is  given  by  Bisioto  the  black  substance tdiidi  is  deposited, 
together  with  the  carbonati.'s  of  calcium  and  magnesium,  when  the  dried  residiia  of  tho 
so-called  ink  of  euttlr-fish  is  stirred  up  with  wat^r.  It  is  contained  in  a  peculiar 
bladder  which  the  animals  eject  on  the  approach  of  their  enemies,  to  rentier  the  wat*x 
opaque.  It  may  bo  obtained  pure  i  y  boihsg  the  above-nientioned  residue  with  water, 
tnt  n  with  iilcohol,  ]:Lslly  with  liydroi^liloric  acid,  and  wushinpr  ^itli  water  containing 
a  little  earhonate  of  umiuouiuui.  li  is  insoluble  iu  vvut<'r,  aU'ohol,  and  ether,  but 
xematns  sn-^pend*  d  in  water  for  a  lon^  time.  It  dissolves  in  strong  nitric  and  Hulphuno 
an'ds,  not  in  hydrnchloric  or  acefif  and.  Stmne  cnnsflc  pot;i.sh  dissolves  it,  fL>nuing  ft 
dark  brown  liquid,  which  is  precipitnted  by  sulphuric  and  hydrochloric  acids.  It  i« 
not  disnlTcd  by  dEAUne  earbonates.  These  amnetm  are  Tcxy  simflar  to  thoaa  of 
the  Uadt  p^ment  of  the  eye.   (Handw.  d.  Chem.  T.  180.) 

MBXJLSaVOA  JUVeOMOmMV.    The  tMS  wUdi  jiftds  oiyepat-oil 

(i.  710.) 

VLSJsAX.  CN^'H"  or  C'N«H«?  (Liebig,  Ann.  Ch.  Phurm.  x.  10;  liii.  240.— 
Knapp,  ihid.  xxi.  242.— V61ekel,  Pogg.  Ann.  Ixi.  367;  btiii.  90.— G.  rh.  i.  4(U.  >— 
A  rnmpnnnd  ol>tain<'d  a  rrsiduo  when  sulphocyanate of  ammo'ii'im  is  heated.  This 
salt  decomposes  at  a  temperature  a  littlo  above  tho  boiling-point  ot  water,  first  giving 

Vol.  m.  8  K 
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off  ammonia,  then  sulphide  of  carbon  in  considerable  quantity,  and  iulphide  of 
ammonium,  and  leaves  a  midite  which  Licbig  calls  emd»iiiuam.  On  boiling  this  pro- 
duct wit  li  mod- rately  strong  pota«h-lpy,  till  the  prt'ar<  r  pwt  is  dissolvfHl,  and  learing 
tho  tUtered  liquid  to  cool,  mrdam  i*?  cfepo^iitod  in  tin-  t'nrm  of  a  whit<>  granular  f-owder. 
Instead  of  suluhocjauiito  of  amnv  iuuiu,  Licbig  tiuds  it  preffnble  to  heat  a  mixture  of 
equlptfli  MU-ammoniae  and  sulpliocynnate  ct  pot^tssmm,  stirring  eonttfitifly  till  no 
more  vapours  of  sulphocyanate  of  ammonium  are  evolved,  and  fs  il-Jimmoniac  In  trin-  to 
8ublime.  The  maw  ia  then  eiiiauoU-d  with  cold  watur,  and  the  rei^idne  ia  dried  and 
gently  ignited. 

Vi"'  (•'kt'l  prepawv  mrlam  \>y  hoatliip  fiii!j>hocyfinntp  rif  nvnmf^nuiui  in  n  rrfnrf,  exhaust- 
ing the  lemduo  with  cold  water,  and  then  with  boiling  water.  The  first  deecx^ons 
dc|)orit  ft  ImD^  matter;  Out  l«rt»  on  eoolin^  yield  mclam  in  tiw  ftrm  of  a  iriuto 

powd'  r. 

Melani  is  a  white  granular  powder  insoluble  in  cold  water,  also  in  alcohol  and  ia 
•Uwr.   It  yields  by  analyaiB  U»  IblUnriBg  munlNf* : 

Llebig.  Volckcl. 

Carbon  .      .  28*37 

Hvdngfln  3*94  .  4*77 

KiteogBA  »  M*57  .      «  g5*SS 

10000  100-00 

LioT'i^  dcdu.N  ,s  from  hh  own  analysis tlio  formul:i  C'-N'TP  (<'alf.  oO  dl^  (.'arlM-jn  and  3'8 
hydrogni);  acoonling  to  uhtch,  mclam  may  b*'  rt-p.ird'd  as  h  exryan  o  po  n  tam  ide. 


oyarog*  n 


-j^,  I  N\  or  as  ii  compound  of  2  at.triry  an  i  mid  o  with  Sat.  iimmoni  a  =  2Cy^N.3H'N. 

Q«rluu:dl;i  on  the  other  haacLprefera  the  &nnuk  (TN'H*,  which  agrees  better  with 
Yoldcj^B  analysis  (cdo.  88*97  eailMii,  4*70  Itydrogcn,  and  M'67£  and  wpreaanla 

melam  as isomcarie  or  polymetio  witiimelamine  or ejftnuzo-tTiftmidc,  ^ajH*. 

By  prolonged  boiling  with  caustic  alkaliit,  melam  is  ooirVCTfed  into  mehimine,  which 
separates  on  evaporation  or  as  the  liquid  eooh.  The  mother-liquor  contains  ammeline, 
which  may  be  precipitated  by  acids,  together  with  nmmolide ;  and  thr  latt'-r.  l-y  the 
eontinued  action  of  the  alkali,  is  iJumuU>ly  resolved  into  ammonia  and  cyauuric  acid. 
TbeM  diaqgM  maj  be  vepceaented  bjtho  fidtoiriiig  «g[iiatiaiii: 

(1,  «.)      .      .      (W'H«    +  WO   -   2C>N»H»0  ♦  HH» 

Melam.  AinmH(n<«.  | 

4        or  (1,  b.)      .      .      CN'H*     +    H«0    -     C*2i'RK)    +  2sR*  \ 

Melun.  Ammeline.  i 

(1)  .      .      .     C»N»H»0  -I-   H*0   •     C^'*H*0«  +  KH"  ! 

Ammeline  AmtaeiUie.  I 

(1.)  .    .  4-  BH>  -   cnsPBH)^  4-  vb* 


Jt  0«r1iatdt^8  ftxmrala  of  m«Iam  be  admitted,  the  ibrmatica  of  melamiDe  is  a  ease  of 

ru"r(->  polymeric  tmnsformation :  according  to  Lirbig's  formula,  on  tbi'  otbt-r  hand,  tbo 
mclanune  is  produced  by  assumption  of  ftmrnonia  elin^itiftt^  jjx  the  £armation  of  the 
other  gndneti  ftbofe  mentioiiea : 

Melam  is  resolved  by  ilga<  into  ammonia  and  mcllone  or  hydromellone  (perhaps  thus: 
CnP*B^  -  OTfl^.  Wben  boiled  witb  dilate  hydrochlmic  or  sulphuric  add, 

or  when  treat)  d  with  nitrioacid,  it  yields  ammeline ;  with  concentrated  Milp^unc  aeid, 
the  same,  together  with  amnielide.  By  boiling  with  strong  nitric  acid,  it  is  eonvi  rt^l  ii:to 
cyanuric  acid ;  and  by  fusion  with  hydrate  of  potaasium,  it  forms  qranate  of  pot4Uit»ium. 
Accordlni<;  to  V6l«lMlt  melam  ahaovbe  bjdioefakiie  eeid  gae^  ftgcmiiw  tiie  flampoMid 

mskJ^ATnn^E.    C'N*!!*.— S^-n.  with  Cvajcuiiamipf.  (ii.  287). 

MSXiilMPTRXN'  nr  MBXh&MP'mXTB.    Syn.  with  DricrxK  (ii.  348). 

M BIi A  W  ASf  HAli Y.    A  kind  of  bitamiuous  coal  fuuiid  iu  Nova  Scotia. 

WnntAWyMMMSL  A  blackiKh-gn:  c^n  phospluito  of  iron  from  Babcnstein,  contain- 
ing in  100  pt.s  38'9  per  cent,  ferric  and  3*87  fenona  oxide,  besides 

and  9  to  10  per  cent,  water.    (Fuchs,  J.  pr.  Chem.  xvii.  171.) 

ATEZiil.WCI'XaATrcl!.    Native  sulphide  of  silver.    (.See  .""^ilvkk.) 

raT2>RiT&  A  mineral  found  in  the  grejwacko  formed  fh>m  decom* 
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posed  bfualt  in  the  SchmeUsoithal,  near  Honnef  on  the  RbaiM,  It  w  depotitcd  ia  th* 
rock  in  nmorphnng  timlnlnr  partiVli  s,  of  ronchnidal  fracture  ;  opriqnp.  \ritn  vHrHt-Mafk, 
sometimes  browuish-blaek  culuur,  uiid  Llackish'browa  streak  ;  biuall  iumjjs  adhere  to 
the  tongue ;  it  does  not  ttH  to  pieoM  in  water.  Spedllo  gBKfky  m  I'fltSO*  Buuaela^ 
httg  found  in  it  : 

8tO>        Al«0>       F««0*      F«*0       )faH>      UgK>      CM  H*0 
41-48      1873      8*86      7-88  6-88      1-67      80-71  -  100^; 

whence  the  formula  3M*0.2M*0*.6SiO».12H*0,  showiog  that  the  mineral  is  rekted  in 
eoopontion  to  paUgonite.  (Erantii  Jahreob.  1889,  p.  708.) 

MSbMXC  JLCXD,  ^>oH*0'.   (Firia,  Ann.  Ch.  Phyo.  [2]  Ixix.  281.)— A  hloA 

substance  produced,  together  withactfatn  of  potassium,  by  the  oxidation  of  s;ilicyh'fIo 
of  potassium.  This  componnd,  when  t'xpo«ed  in  a  slightly  moist  state  tu  the  air, 
becora<  s  oovored  with  spots,  which  arc  giwea  at  first,  but  ultiflMtdy  become  quite 
M:t 'k.  Tliis  oliiuijijo  does  not  take  plufc  in  nn  Rfmosphf-ro  fr«»o  from  oxypen  ;  but  if  tlie 
t  xpt  riim-iit  he  made  und^r  a  bell-jar  filled  with  oxygen,  the  whole  of  that  gas  is 
gni(]i[;illy  absorbed,  and  HO  oUur  «•  is  evolved. 
11m  lesetMM  aiy  be  zopraisatod  lij  thA  fiiilto^ 

2CH»K0«  +  <)•  +  8H*0   -    C"»n«0»  +  2CH«K0» 
Ssn^Udeof  Metaole        Acetate  of 

wnlintsM  add*  aotsMlaB. 

Wheal  the  tnaurfbrntation  Is  oompletc^  a  eaibotne«oii8 

water  eictrfirts  noi  tat*'  of  potassium,  while  melunic  acid  n  niains  tirvli^-olv-  il  in  (ho  form 
of  a  powder  resembling  Lvmp-black.  It  is  tasteless^  insoluble  in  water,  very  aolubU 
in  aloohol,  ether,  tuid  «1nlin#  liquids,  and  precipitated  from  the  hitter  by  acids.  It 
decomp<)-i<  s  aikaliiit^  rarl'onatrs. 

Melaoic  acid  gires  by  analysis  66-2($  and  56*56  per  cent  carbon,  and  4*01  hydr^gea: 
fhe  itonaU  C**H*0*  reqoires  59*69  carbon,  3-84  hydrogen,  and  38  47  oxygen. 

A  black  substanoe  baTing  nes^  the  same  oompoatioii  is  obtained  I7  the  aetioa  ^ 
alkalis  on  quinonc. 

Mdanate  of  ammonium  is  obttkiut<d  by  digesting  melunic  add  with  ammonia. 
Mdanate  of  eUver  is  a  bhu^  preoipitate  flontaiuing  87*27  per  eenL  carbon,  1*88 

bvd- ■'.-•^  rtn.l  lS-00  hilver. 

M EIiA ui^LnffE.    See  Axii.ixR,  I>EiiivATi\T.s  of,  under  FsBlXLAiiDins. 

MZIbiinrZir.    Tho  bluck  pif,nn<  ut  uf  the  i-yd  (ii.  Gl.*)). 

MSXiAlirZTBt    A  black  calcio-ferric  g&ruvt  (ii.  112),  found  chiefly  near  Albauo 
and  Fiasoati,  in  tlie  neigbbonciiood  of  Borne, 

BKBUurooABsmiBa,  C>«H>'IPO^-^  enbstsiies  pvobnb^  ftnned  hf  the 

deetnrijiositioii  of  mclanoximidf  (g.  t».). 

anuuajroCBJElfa  A  doubtful  pcodu^  formed,  accordinff  to  Brandos  and 
Leber (Afch.  Hiam.  XT.  859),  together  vith  aefanl  otliers,  by  the  aelion  of  anunooia 
and  eUofine  vpom  qninine  (}.«.). 

irmtt  fi  wacTOorri:.  A  bssle  efannate  of  kad,  FbK>.4PbG>0^  iMmd  at 

TJi  rfsof  in  tho  Ural  (i,  9;U). 

nK£liik2)70GAiiit2G  ACXH*   Syn.  with  Metagaluc  Acid. 

mUAVOUTB.  A  mineral  baring  ^he  a^ct  of  chlorite,  from  Milk  Bow 
Qoioy,  near  Cbarlestown,  Massachusetts.    It  is  black  and  opaqne,  with  a  striated 

surface,  and  somewhat  columnar  structure.  Strrak  dark  olive-green.  Hardness  —  2. 
Specific  gravity  =»  2  C9.  According  to  H,  Wurtz,  it  eontaius  30'86  per  cent,  silica, 
3  02  alumina,  20  25  ferric  osxde,  21  07  ferrous  oxide,  1-62  soda,  and  8-94  water,  irith 
12-77  earl  onato  of  calcium  =  100%33.  This  composition,  deducting  th<^  caIHc  car- 
bonate, may  be  represented  by  the  funuuk  2(M*O..HiO*)Jd*0*,aiO»+  3H=0;  but  the 
minerai  is  perhaps  not  of  oonstant  composition  (Dana,  ii  888),  Bammelsberg 
{^Minerolchcmie,  p.  639)  obscrv'fs  that  it  is  near  llisingeritc. 

MS&AVOZZBIXOB.  C'*H"N*0^— A  pr.>i(ict  of  the  deeoupoiitioii  of  <|hio- 

melanihne.    (See  MsxAKiLDfB,  under  Phrxtlamines.) 

im^AVTSBXTB.  Native  ferrous  sulj^imte.   (See  Solpbatbs.) 

mBbAVmunrao  MSOI*  See  Cf  Ainnunio  Aorae  (H  887). 

Hfff«-^*—  V         The  name  ^ven  by  Von  Buch  to  a  porp^yritio  rack,  consisting 

of  a  black  or  blackish-grey  mntnx  of  labrador  and  augito;  in  which  am  inil  f.Med 
oysUia  of  the  same  minerals,  and  sometimes,  as  accessory  constitu^ts,  uuiaxiiU  mica, 
iMmbkadib  and  inm  imiteab  It  aoBstimce  has  tlie  nbnslaM  of  ataMmdHtaBe^  nitb 
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tp!it*Tif:il  and  filniond-flhapod  no(lul«  sof  fal-^tpar,  zooli!-^*-  il'o.  Melftpli^TP  ocmrs  in 
tke  Aij^  tspeciallv  in  the  Fam^  vallej,  and  neax  KiauiteD,  ia  tine  Tvtol ;  also  in  the 
Lo««r  BUm^  on  ttie  Fidit^l^birgo :  at  VMnmSuodib,  In  111*  Thfinnger  WaU;  aad 
ttl  BofasMlitlld,  in  flovtll  Korway. 

MB&AflSZO  ACID.  A  Llack  acid,  pfodaced,  together  with  ghieie  acM  (ii.  848). 
by  heiUiqg  gluooie  with  caustic  alkalis.  When  glucose  ia  melted  at  100^,  and  a  hot, 
Mtnrated  MMdoB  of  iMOTta  Is  viAfA,  a  rery  violeot  aetioQ  talm  plaoe,  givingr  riwf>  in 

til*-  fif^t  in-tanoc  to  the  lorniatlnn  of  ^jluclt'  ariJ  ;  Tmt  if  the  raixtuni  In-  c-xp-^se !  far 
some  time  to  a  high  temperature,  it  becomes  continually  darker  in  colour,  in  conse- 
of  the  fermatioii  of  meliiame  mad.  On  dindrini^the  nnSvo  in  miff  and 
orecipitatiii^  l-y  liyilroi'hlorii-  ncul,  nu  lassic  acid  is  deposit^  in  black  flocTcs  in.tolti^  If 
inwutpr,  Imt  soluble  in  alcohol  It  contniuH,  according  toPeligot^a  anaiysb,  61*9 
to  61  (I  jx  r  cwjt.  carbon,  and  6*8  to  6*4  hydrogen.  Tba  feranila  CI'*H'*0',  requiring 
61-9  carbon,  4*3  hydrogen,  and  33'8  oxygen,  agrees  with  these  results  so  &r  as  the 
carbon  ia  o(momiod»  but  the  amoont  of  l^drqgen  Ibond  fay  eaqponmant  ia  too  kigo 
for  itk 

munnk  CnP*.   Furmfin  of  W».  (Ettling.  Ann.  Ch.  Tluffn.  n.  VS2. — 

Lewy,  Ann.  Ch.  Phys.  [3]  v.  395. — Brodic,  Ann.  Cli.  Ph  imi.  Ixxi.  15(5 ) — A  sub- 
stance homologous  with  ethylene,  &c.,  protlueotl  b?  the  dry  distillation  of  hydrate  of 
myricyl  and  of  myricin.  It  may  be  prepared  by  subjecting  T»*y»8'-wax  to  dry  distillation, 
treating  thejaodnet  with  jwtafli,  to  saponify  the  fatty  arid  farmed  attlie  same  time; 
decanting  the  8o«p  fmm  thn  mixtiiri^  of  mclene  and  oily  hydrocarbon :  and  disfHHiit; 
this  mixture,  which  th«  n  givi  .-,  o%  ilvsU  the  oily  hydrocarbons,  and,  kstly,  the  mt  leue, 
iriion  the  heat  is  considerably  increased.  The  product  ia  porifled  bj  pramm  and  t«- 
rrrstallisatipji  from  iHiiliiip'  othrr.  It  h  p^nerally  necf^snry,  howercr,  1>cfnrp  crr«!tal- 
lising  it,  to  rectify  it  over  caustic  potash,  in  order  to  r>  tuove  a  smiUi  quantity  uf  an 
oxygenated  ant^tance  with  which  it  ia  atiU  OOBtuninated. 

Mi'loiif  iTj'Stnllises  in  perfectly  white  narmrn^i  pralos  inodorrms  nnd  t:i.«t4 lt^s«,  of 
specitic  gravity  0-89.  It  melto  at  62'=  (Brodic^  at  33-6"(EttlingXat  47-8'^  (Lewy), 
and  aolidifiea  in  awajcynuMO  on  eeciini^.  Boila  between  97^tnA  SSO^.  Ta|xmiw 
di  n!5:t-y.  Tiv  thivo  cxprnTnont?,  In-tw-v-n  lO'O  and  tlv  dcti-miinntifins  woro,  hovr- 

ever,  rendered  inaccurate  by  partial  decomposition.  It  is  in»olnb]c  in  water  and  in 
cold  aleobol,  bat  diaaolTee  in  ooilingaloohol,  and  easily  bi  etlier,  and  in  oib  both  fixed 
and  volutil. . 

Helene  ia  not  attacked  by  potash  or  soda,  even  at  the  boiling  heat.  Sulphuric  and 
does  not  attack  it  at  ordinary  temperatoeo ;  but  on  applying  heat,  part  of  the  meleue 
is  carbonised,  while  the  rest  sublimes.  It  ia  bat  slightly  attacked  by  boiling  nitric  add. 
Chlorine  attacks  it,  producing,  nnder  oeiiau drooniatajioea,  a  body  oontatiung  a  oonai* 

demble  amount  of  cliloriue. 

Belated  to  melene  are  the  serentl  niiri.^ral  tallows,  ^stiBgniehod  WMjtdUdUt, koHite, 

htil'^h        •.■■  ■'•'ti\  kryJite,  osokcritc,  schetrcrite,  ^c. 

aCB&BVB,  smbFSZSB  OF.  Tliis  name  was  applied  by  Yolckel  to  a  sulphu- 
retted residne  obtained,  together  with  othen  (called  iwpectively  *////)AfV/^  o/  alpkntr, 
Monihms,  stutkemy  &c),  by  the  action  of  h«at  on  p^solphocyanic  acid.  These  residues 
are  yellow  nr  brown  pnwdf»rs  mrvin?  in  composition  nernrdtnsr  to  the  deffreo  of  bent 
applied,  and  are  probably  mere  mixtures.    (See  Gmelin  s  Handlniok,  ix.  304.) 

MBBmr,  This  name  is  given  by  W.  Stein  (J.  pr.  Chem,  Izzxr.  351)  to  the 
substance  produced,  together  with  glucose^  by  the  action  of  acids  on  rutin.  Tliis  sub- 
st«nce,  according  to  most  authorities,  is  identical  with  quercctin,  CH'H)'*;  lut, 
according  to  Stein,  it  differs  from  quercetin,  and  has  the  composition  C*H'*0*.  It 
forms  yeUov  erystals  which  act  on  polaiiMd  and  lednea  potaamHnqprie  tartratOL 
(^T-T^'KCFTiN  (uid  "Rutin.) 

MEIilW.    See  Rutix. 

asuiiXNOPHAJTB.  A  mineral  from  the  ziroon*sjenite  of  Norway,  nearly  related 
to  It  neophane.  The  crystals  are  optically  uniaxialt  bnt  it  baa  not  been  determined 
whether  tlipy  are  dimetric  or  hexHtr''»nal.  Tt  also  oecTir^  Tn3ssiv(\  ■nitli  a  scaly  and 
somtilimes  foliated  structure*;  cleavablo  in  one  direction.  liarduc^  yptiitic 
gravity  aSH).  Lustre  vitreous.  Coli)ur,  sul|Attr*,  cstron',  or  honey-yellow.  Not 
phosplioresoent  Brittle.  It  contains,  a-  cordinp;  tn  tm  .ipproximatr-  analysis  \<y  Richter, 
44*8  percent,  silica,  2*2  glucina,  12  4  alumina,  1*4  manganic  oxide,  1*1  ferric  Qxid«^ 
81*ft  rane.  0*2  magnama»  8*6  8oda»  3*8  flnorine^  and  0*8  niekel-oadde^  aiioottia,  emo 

Oxide,  and  yt'!-'  1. 

liaEX.EZXXOSB.  C»«H"0".— A  kind  of  sugar  discovered  in  the  mannn  of  T^risn- 
9<m  (p.  822)  by  Bonastre,  and  further  investigated  by  Berthelot  (Aon.  Ch.  Phys. 
{8j  It.  282).  The  Mctnel  of  tlua  anbteca  pnpand  with  boOiiv  alegbot  dopoaiu 


Digitized  by  Google 


M1SU.IL0X-CAMPH0B— M£LUUm 


869 


na&iliDse  after  iMtug  evapontod  to  »  syrup,  and  left  to  itand  Ibr  wvcnl  veeln; 

product  may  Tx*  purified  l>y  rccrystalli-^ an u  from  boiling  rdcohol. 

Mdezitose  &aum  reiy  ^auili,  stiort,  iuird,  aliining  ojraUiK  mwnMiiMC  those  of  caii»* 
•agar  vndflr  tho  auenacope,  white  and  muly  irhen  seen  in  naai;  It  tmowacaa  readily 

when  ex£H<st"<l  to  the  hit,  and  givt  s  oflf  4  per  cent,  of  wivtfr  wh<  n  heated;  meltH  below 
140°  without  further  alteration,  and  bolidiHos  to  a  gUsa  on  cooling.  It  is  about  m 
vwaet  aa  glnoooe.   Dwrtro-rotatoiy ;  for  the  trandtion-tint,  [a]  -  94  1°  for  C»«H"0»*. 

It  dissolves  reaUily  in  water,  and  is  precipitated  by  an  ammuHidcuLiotution  of  neufyral 
acetaU  of  lead.  It  ut  nearly  insoluble  in  (  olil,  sli^'htly  ^  jluble  in  boiling  o/coAo^  ^^ta 
insoluble  in  ether.    Absolute  alcohol  prciipitatis  iL  frum  the  aqueous  solution. 

Molezitose  deoompoaes  at  ubottt  3(H>^.  It  is  carbonised  by  oQla  atzong  sulphuric  acid, 
quickly  turns  brown  with  lulling  h>/r!ro'  hlurir  act  J,  ami  ^ormA  oxalic  acid  with  nitric 
acid.  By  an  hour's  l)oilin;j;  wiili  dtiutti  t>idjjhuric  acid,  ii  is  converted  into  glucose.  In 
oontact  with  yens!,  it  pa-s,  s  9lo«|j,  or  sometimes  not  at  all,  into  TOuna  tevmtatioo. 
It  is  not  altefod  al  lOU^  bjr  a^«eaiia  9tkaU§,  and  acaroely  bj  jrateMj^-ingtrid  <ar> 
trate. 

munWi        with  CADMnni. 

MBUOSAt  OZZi  or*  A  Tolatile  oil  contained  in  balm  {Melima  <fgieinaU$\ 

most  abundantly  at  the  flowf-rinf*  tim<:',  and  obtained  from  it  bydisfillatiomrith  water. 
It  is  colourless  or  pale-yellow ;  ot  speciHc  ^rarity  Q-85  to  0*82 ;  has  a  peculiar  odour; 
nddena  fitravs  slightly.  Aeewding  to  Biaio  (^IJrugn.  Giom.  xiz.  360),  it  oontaina  a 
camphor  in  f?<>Iutiuji.  If  dissolvi's  in  5  to  G  i»fs.  of  alc'lo!  of  j^p*  cilic  gnirity  0  856. 
It  diaeolves  iodine^  with  gruat  rise  of  tempci-atur*;  and  evolution  oi  vapour,  and  becomea  . 
Tiaeid.  Witb  niirie'  aoi<4  it  tonia  biowu,  gives  off  a  lanze  quantity  of  gaa  when 
heated^  and  beoomes  xesinofiw.  (Zeller,  Stud,  iber  atker,  Odt.,  Lmim,  18M.) 

ITT.f— fyi  AC»  OMflMQ'  -  ^^''^|o.-(Brodi^  AlUL  Ch.  Bmbb. 

Wri-  169.) — A  fatty  acid  obtained  by  treating  bydmta  of  mjngyl  (nefiiaio  aiooliol) 

witli  potash-lime.  It  bears  con-idt  iuble  resemblance  to  cerotic  arid  (i.  83G),  Imt  ni«  Its 
at  a  higher  tem^eimtiura^  via.  at  or  89^.  According  to  Brodie's  analysis,  it  oontaiaa 
79-19  to 79-97  per  eeot  eaxbon,  and  18*00  to  18'68  hy£roeen  (uOc  79  Movboo,  18'27 
hydrog(>n,  and  7  09  oxygen).     The  silver  sidt,  C'li^'AgO',  ia  »  wldtapcaqB^*^  ^* 

taining  1!'  5<i  f  t  10  74  percent,  silver  (calc.  19-30). 

MMUIBBTK*  3jrn»  with  Mbi.ibmc  Alcohoi.,  or  Uysrats  of  Mxhoyl.  {ike 

MlMOXL*) 

WBUVOSat    C'H'KH'.^A  kind  of  sngu*  obbdned  from  the  manna  whidi 

falls  in  opaque  drops  fvoiv  Tarious  species  of  Eiualfptus  growing'  in  Tasmania.  It  was 
first  recognised  as  a  distinct  substauce  by  Johnston  (Mem.  Chem.  i^c.  i.  159), more 
ftiDj  eauradned  bj  Bertbelot  (Ann.  Gh.  Phya.  [8]  zl^  88.~CAt»ne  oryimiqu«. 
Par.  I860,  ii.  260).  It  is  extract*  d  from  the  manna  ly- water,  and  eijltiuliaea  IB 
eaUremely  thin  interlaced  needles,  having  a  slightly  saccharine  taste. 

The  djitali  of  melitoeo  ai«  hjrdrated,  eontaining  C**H»0*\8iH*().  They  give  off 
2  at,  wat<'r  at  100°,  and  become  anhydrous  at  130°.  They  dissolve  in  9  pts.  of  fold 
tpati-r,  very  easily  in  boiling  water,  and  dissolve  alio  in  bmlina  alcohol  more  Ireelj 
than  mannite.  The  alcoholic  solution  yields  small  but  wdl-demoped  eryatala.  lira 
aqueous  solution  tiuna  tlM  plaaa  of  pohiiaatiom  to  the  n^t:  fm  the  tnnatioii^tiiit 

[tt]  -   +  102°. 

Mnlitose  heated  with  dUute  judphuric  acid  is  resdved  into  a  fermentable  sugar 
(probably  daactio-gltteoaaX  aad  noii^lbnneBtabla  evealjii  (ii  401): 

Melitoso  ferments  in  contact  with  ycagt,  but  it  is  resolved,  in  the  first  instance,  into 
gluowe  and  enadyn;  oonaequently,  since  the  latter  ia  nnftomentabbs  tha  qnantities  of 
jilfohol  and  carlonic  unhydiide  ol^ained  from  it  are  only  half  of  those  «diioh  Mould 
be  yielded  by  an  equal  ouantity  of  glucose.  It  doea  not  reduce  an  alkaline  cuvrto 
aolotion,  and  is  not  alttved  by  boiling  with  dilate  o^Aolit  ov  with  aarvte-Mftp.  It  ia 
oxidised  by  nitric  acid,  yielding  A  esitaui  qttuitity  of  Drndc  taof  tofatiur  vith  a 

lar^ye  qnantity  of  ox-ili'-  ueid. 

nXBX.XiAKZC  ILCZO.    Syu.  with  EuCUJtOIC  ACID  (iL  601), 
BX£X*liAir.    8yn.  with  Mei.lonb. 
KSUiXC  ACSD.   Syiu  with  MaixiTic  Aon. 

munum.— AMiiMdMfffe,   aamtniUa».  ZwiHe.-^A  dlicataooeaniiigon 
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Vesuvius  and  at  Capo  ill  Rot.  ,  noar  Rome,  in  dtmetric  eTT^itals,  iu  which  the  prin- 
dpoi  u  to  the  «6coudary  axca  m  0*6432  :  1.  Ubserred  cvmbiimtion  oP .  oo  P . 
0iFco  .  Pod . <bPS.  Axwto  oP :  P«p  •  147^  15';P«o  :  Poo  (over  o»Pa» )  ->  80'; 
Poo :  Poo  (over  terminuT  edge)  =  131°  48'.  Cleavage  basul,  diHtiucf.  ITardBeiii} 
^  5.  Spceifie  grarity  >  2*9  to  3104.  The  crystals  we  brown  or  vcllov,  with  TitKOW 
lustre,  generally  tranHluceiit,  sometiines  opuque.  FraetnrB  fnnohriMri  toi— ffw.  Bf* 
fan  the  blowpipe  it  fuses  with  diftieulty  to  a  yellowitsh  or  blaek  |^(Hi.  OfffM»vitk 
flaxes,  the  reactions  of  iron  and  silica.    GelatiniHca  with  acids. 

Anidifsu. — a.  HumboldtUitet  fronx  Somma,  by  Kobell  (Schw.  J.  Ixiv.  293). — h.  Tho 
Bame  ligr  Dsmonr  (Aan.  Ch.  Pl^  [3]  x.  M).— e«  4,  MkUOiUt  fton  Oive  di  Bovtw 
hf  Danoiir  (too* 


AHO» 

F««0 

ra*o 

Mg»0 

Nn«0 

K<0 

0. 

43-96 

11-20 

•  • 

31-96 

6-10 

4-28 

0-88 

100-20 

& 

40^ 

4<4S 

•  « 

81*81 

4'M 

4*48 

^36 

88-00 

c. 

39-27 

6-42 

10-17 

32-47 

C-44 

1-95 

1-46 

98-18 

d. 

38-34 

8-61 

1002 

3206 

6-71 

212 

1-61 

99-S6 

These  analyses  may  bo  approximately  represented  by  the  formolft  6(2Ca'O.SiO*) 
+  2(A1*0« :  Fe«0»).3SiO»,  which  is  tJiat  of  an  wthoailicatc,  the  calsfamt  being  partly 
M^laccd  by  magnesiom,  eodium,  and  potassium. 

Massive  G^hknitr,  which  contains,  according  to  Kobell  (Kaatn.  Arch.,  iv,  813), 
39  80  per  cent  silica,  12-8l>  alumina,  2*57  ferric  oxide,  37-64  lime,  4*64  magnesia,  0  30 
pofaubt  and  2-00  water,  may  bo  included  in  the  name  general  fonnnla. 

SumerriJ^t',  occurring  on  Vefimus  in  dull  j«Uow  fl^^iUH  luM  the  aof^  oC Una 
species.  (iKsc'loizoHUX.) 

ai£l.X.ZMZB£.   Syn.  with  Melutimide, 

Bf  BXAIVAMXC  JlOZIK  See  Mhllrio  Aan>,  Amidm  ov. 

WBOSUnMt  ift  Bonufitom. — mellitalw  <rf  glmlBiiiiii  (p.  871). 

ACID,  A  MlllW  diF> 

3aEX.XJ[TIC  ilCZS.   C*II-U'- ^'-  '^j'jl  lo'-".    M,n/c  arid.   Mtllityiiurt:  Hunig- 

slansdure,  (Om.  x.  1. — G  erh.  iii.  h2i.)—  I  Lih  uciJ,  vvUieli  wus  discuvered  by  Klaproth 
in  1799,  OCenrs  as  nu-llitato  of  aluminium,  in  honcystont>  or  mellite,  which  is  the  only 
known  soorcc  of  it.  TIj.  re  Lb  a  statement  by  Hiinef<M  (S<I)w.  J.,  xlix.  215),  that  it  may 
be  produced  by  trcHting  amber  with  hot  hydrochloric  aciii;  but  it  has  not  be^ 
eonflimiKL 

To  pr*'i'!»re  it.  powil.-n  tl  Iii.i)<T<;tnno  is  tr^ntcf!  with  solution  of  cai-houafe  of  nnmin- 
aium,  the  liquid  is  l  i  iU  d  till  the  excess  of  the  animoniow-aalt  is  e:u)eUed ;  <^utiiic 
«nnKmm  k  added  to  precipitate  anj  almnina  that  maybaTe  beendiMdnred;  the  liquid 
is  fi](<  rr'i!  iix\>\  <  vapor.it I'd  till  nr\itral  tiu'ilita!f  of  ainnioniiim  en>1;i!liscs  uut  ;  and  this 
aalt  is  purifitd  by  reciystaUisatioa  from  water,  a  sii^  ill  «^uantitpr  of  ammonia  beti^ 
each  time  added,  to  reeonrcft  the  add  salt  prodneed  by  vyapmAwa  of  the  ammonia 
into  the  cn>ful]isable  neutral  salt.  The  purified  ammoniaeul  salt  is  finally  «H>s<.h  od 
in  water ;  the  solution  precipitated  with  acetate  of  kad  ornitrate  of  silver ;  the  washed 
predpitata  deeompoaed  by  sulpliydrio  add  if  it  contains  lead,  or  by  hydrochloric  acid 
if  it  contains  silver;  and  the  liquid  filtered  and  eTuporatiHl,  whereby  thn  mrociM  Oif 
hydrochloric  acid  is  expelled.    (Wuhler,  Ann.  Ch.  Pharm.  xxxvii.  263.) 

The  lead-precipitato  contains  ammonia,  which  is  trjinsferred  to  the  separated  acid. 
EitlMr,  then^for^thaiddnniatbe  ro-precipitated  with  acetate  of  lead ;  tMpceripitnte, 
which  still  c<ui)a;T?««  n  "rnnll  qnnntity  of  ammouiii,  washed  and  again  dcfompo^r*!  with 
sulphydric  iu.iJ;  and  th>  add  thui*  liberated  precipitated  a  third  time  with  liyiirx*ehIoric 
add,  in  order  to  obtain  a  precipitate  free  from  ammonia,  and  thence  to  aepaiate  the  para 
ar'd  by  «<i)lphydric  acid  ;  or  the  aTTimnninm-'^alt  must  be  boil.  d  with  exct^ss  of  Iwiryta- 
waier;  Un'  ri  ^idtiiig  biirium-salt  diH'umpo-siHl  by  digestion  with  dilute  sulphuric  acid; 
the  liquid  filtered  and  evapotated  till  it  crystallise*;  and  the  crystals  freed IklMi 
adhering  f^ulpliurii'  at-id  by  rrpry-l alligation.    (Erdmann  and  Marchand.) 

Toprejpare  colourless  raellitic  acid  from  the  brown  acid  motlmr-liquor  obtaim-d  in  the 
pr^Mxation  of  mellitate  of  ammoninm,  the  colonring  matter  may  be  precipitate<l  by 
chloride  of  barium;  the  millitaf*'  of  liariuin  flirowii  down  fp'UX  tin- filtrate  by  am- 
monia, or  by  boiling  with  acetate  ol' ammonium,  and  converted  into  mellitate  of  anuno^ 
vMm  by  digestion  with  carbonate  of  ammonium ov  tike  hMwa  nMvAei^liqnor  n»y  ha 
precipitateu  by  a  -tri  ne-  solution  of  sul[>!i:(f.  nf  copper,  and  the  crj'stallis*  d  nullitato 
of  copj^  d(>cumpoi»t>d  by  solphydratc  of  ammoniam. — ^In  pedpitating  the  purified 
anuuminm-aalt  by  nttxate  of  nlver,  it  ia  nverasaij  to  drop  tha  Ibtmer  inio  an  ex- 
esaa  of  tha  Utter  iothmiiaa  the  inedpitataviUiwtatnanmM)!!^  (Skhm.) 
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Hellilio  tdd,  tm  oVteioed  by  eTuporation,  It  ft  vliite  powder,  «9diibiti]ig  «tz«djr 

unv  appearance  of  crystalline  f^tnictnro;  as  orvstallio  tl  twm  Hulutioii  in  ;iIl'o- 
hol  by  gpontaaeous  eranuntioo,  it  forms  delicate^  silky  needles,  united  in  8ttllH^'> 

acid,  and  is  pemiiinont  in  the  air.  (WTihl  or.) 

The  aystalliscd  acid  does  not  givo  off  water  at  100*^,  bat  at  a  higher  temperature  it 
Ribliin«8  partly  tnudtered :  the  greater  portion  ie,  howemp,  deeompoeed  with  fl*«pftxslioii 

of  charcoal.  According  to  Erumann  (J.  pr.  Ckem.  lii.  432),  the  sublimit*-  obtained 
by  heatlne  mellitic  acid  consists  of  a  new  acid,  pyromellitic  acid,  0*H0',  which 
melts  in  the  neck  of  the  retort,  and  solidifies  in  a  radiated  crystalline  mass.  Mellitic 
acid,  when  heated  in  the  air,  hurm  tritha  bright  sooty  flam<p,  learing  a  large  quantity 
of  charcoal,  which  aftfr%v;ir<l8  Inirns  completely  away.  H  is  aol  ddoonpofled  by  ^ft^l«"g 
nitric  or  suijfhuric  acid,  but  the*  liitt«r  diaibolveii  it. 

KelHtates^KeOitie  add  is  dibasto^yieldiDgBeiitna  salts,  C'M'O*,  and  a«kl  salta. 

C*H^IO\  Th<'  nK'llitatcs  are  decomposed  by  heat,  yieldinga  lar;;!'  (jtiantify  of  charcoal, 
andamaU  Quantity  of  prodnots  coataiomg  hydrogen.  When  idow^  distilled  with 
Bo^lniKie  aeid,  they  yield  pyraneDHie  aeid,  together  wilih  oarbonie  oddde,  earbmiie 
anhydride,  and,  towards  thr  cni],  sul{>!inrou.-i  anhydride. 

The  mellitates  of  ammonium,  potasi^ium,  and  Hodium  dissolvo  readily  in  WHt^r.  The 
iinc-  and  mangancso^alts  dimorre  more  readUy  in  cold  than  in  hot  water.  Tlic  rest 
are  insolul^  or  qMiini^y  soluble  in  water. 

Melliffifr  r>f  AhoniniuM,  2A\*0\^(y*0\mV0  =  C"(Al<V'0'-.lSTT-0,  or 
C*al*0*.6E''0. — This  compound  occiuv  native  as  vicUite  or  hone-stone,  in  lignite,  at 
Astaa  in  Tlmriiigia,  near  Bilin  in  Bohemia,  and  near  Walehaa  in  Morarui,  both 
crystallised  and  in  massive  nodules.  The  crystals  ar«  dimetric,  i  xliilaf  hii^  the  (Min- 
bination  P  .  qbP  .  oF  .  P,  the  P>fiices  nsoally  predomutatiug.  Length  of  prin* 
dpal  axis  <»  0-7468.  Ang^e  P:  P  (terminal)  -118«  4';  P :  opP  (latenJ)  -98o  28'; 
P:  P  =  1 20^  68'.  Clcavagr  iniporfi.  t,  parall..-!  f.)  P.  Ilanliu-s  =2  to  2-.'3.  ^[le- 
cific  gravity  1-^5  to  I'Qi'Z,  Lustre  re«inouS|  inclining  to  \itreous.  Colour  honev- 
yellow,  sometiroee  reddish  or  bnywnish ;  rarely  white.  Sfreak  white.  Transparent  to 
translucent,  and  with  strong  double  refraction.    Fracture  conchoYdal.  Sectile. 

The  crystals  contain  14*6  per  cent,  alumina  and  44"  1  per  cent  water  of  crystalli- 
sation, which  is  driven  off  at  a  temperature  nesr  tlio  boiling-point  of  sulphunc  add. 
Caustic  alkalis  decompose  them,  setting  the  alumina  free.  Thty  aM  dttsolTed  by 
nitric  acid,  an  l  s<'jximte  from  the  soJutloii  withcut  rhaiitr*'  of  form  or  constitution. 

Native  houtyistuue  contains  u  Hmall  c^uiiulity  of  a  ytilow  rt-aiu,  to  which  it  owes  its 
colour,  and  probably  al«o  its  odour. 

Mdlitat«»  of  potassium,  addt»d  to  a  solution  of  alnm,  forms  a  crjsf.ininc  pn  t  ij.Itnte 
containing  U'd  per  cent,  alonuua  and  48  0  per  cent,  water;  probably  an  acid  salt. 
(Wahler.) 

Mellitatea  of  Ammonium— The  neutral  snlt,  C*(NH')'0«.3H«0,  forms  Urge 
shining  transparent  cxysttds,  having  a  slight  acid  reaction.  They  exhibit  two  forms, 
probably  with  different  amoonta  of  water ;  both  belooging  to  the  trimetric  system,  but 
differing  considerably  in  the  angles. 

The  crystals  a  are  derived  from  an  octahedron  whose  axes  are  to  on<^  anoth.^r  as 
V  3-290  :  V  7  881  :  1.  Observed  combination  oP.  «  P.  «  too  .  I'ix)  .  P  c©.  Angle 
oP  :  P«  ^  151° 8';  oP  :  f  oo  «=160°  24';  ocP  :  »P«144<'I6';  qoP:  8p«  •  122^6*. 
The  faces  ool'oo  are  huifritndinally  stnat-  fl.    No  cleavage  parallel  to  oP. 

The  crystals  /8  are  dt.rivcd  tVom  an  u<  fahedron  wl»o»e  axes  are  to  one  another  us 
-/  2-675  :  ✓  7-923  :  I.  Obst  rvi d  coml-ination  oP  .  P  .  odP  .  <»I»«> .  Angle  oP  :  P 
=  144044';  P:P  -  146^  17  ,  P.-  ooP  =  U&^Wi  oDp:  ooP  .  U8<»41';  ooP: 
oopoo  s  120°  9^'.    Cleaviig«3  parallel  to  oP. 

The  crystals  give  off  241  per  cent  water  (1  at.)  at  100^,  and  at  160^  dacanpositioD 
takes  p!aci>,  with  i  volufion  of  L-ir)>c  qnantiti.  s  of  amOMNlia  aod irateTf  and  IbnttWUHl  of 
paramide  and  euchroatc  ot'  ammo ui urn. 

lUtltatoer  ParwaUr. 

«C«(Wff')*0*    -    C"'H^(NH<)'N«0«  +  2NH»  +  4H«0. 

McIllUlc  of  nminontuiQ.      RuchroAtf  of  ammonium. 
The  acidsaU,  2C*H(NH*)0*.C'H'0'.4H^,i!^  ni  f.iint d  1  y  lecomposing  smmonTO-cupric 
mellitato  with  sulphydrio  acid.    It  cr^'stallises  in  trimetric  prisms,  having  their  lateral 
e%ss  truncated,     Obserfed  oofmbiaation  oP.  o»P.  e»P<e  .  «BF«e,  Ang^  e»P; 

ooP  -  122«. 

Mellitate  of  Barium^  C*Ba'OMi'0,  obtained  by  double  docompoaition,  is  a 
white  gelatUKms  precipitate,  whieh  altar  a  traile  erystalUseainsMles^  or,  if  Aaaolittiona 
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from  which  it  vu  ibnned  were  very  dilute,  in  needlos.  MiaOitie  acid  added  to  chloride 
of  bariom  toma,  afUr  ft  tnr  noMui^  •  jmeipitatft  compoMd  of  nwMo  ihiped 

crystals. 

Meditate  oj  Calcium  i»obtaiue<l  ou  mixing mellitito of  amuioniiuu  with  ohlonde 
of  Cftlchtm,  M  an  amorphous  precipitate,  which  ooon  becomes  crystaliim  .  ^leOitk 
add  added  to  lime-water  tlu-ow-s  do\Mi  white  flocka  soluble  in  hyrlroc-hL^iric  ufid. 

Mellitatt  of  Cob9itt  C«CoH>'.6ilH>,  ocjataUiMf  ttomk  aolution  in  boUing  vater 
in  microscopic  prisms. 

MelHtut—  of  Copp9r.^Th»  nMirta  aaU,  0W0*.ABK>,  is  nrodoeM  at  an 

amorphous  precipitaff,  1>Lvoming  cryMfallino  after  a  while,  on  mixing  rx>ilinfT  solutions 
of  meUitic  acid  and  cupric  acetate.  On  mixing  c<dd  aolotioQa  of  meUitic  add  and 
cnprie  a«<!t«to.  there  ia  depomted  an  aeid  joft,  CH>i*0*.CH:MB[0'.8H^,  wiaA  alao 

Lt  O'iiii'  S  crybtalline.  On  udiliiij,'  a  solution  of  cuprii'  yulpbiitc  to  a  .*<;ilt  of  mi'llitittc  ot 
anunonimu,  a  cryHtalline  precipitate  is  formed  consisting  of  (unmsmuhcupric  m/eUitate, 
CW0«.C*Cu(Nfl*)0«.4H«0,  or  C«Cn»(NH*)0«.4HH), 

Mellitatei  of  7roi».-~The  ferric  salt  ia  a  ereawi-colwiied precipitate,  soluble  usi 
hydrochloric  aciJ.  -F-  rrom  stiffs.  Mcllitate  of  ammoninm  forms  with  fi'rrous sulphate 
a  greeoiBh-wbite  precipitate  which  redissolTCs  when  the  liquid  is  warmed ;  but  on 
tauing  the  tenpentnre  to  »»  faoilinir  pointy  a  bw^  aalt,  FeH).CW(KSH^,  is  pre- 
cipitated in  Tnion>scopic  cnbo-ortahrdrons  of  a  li-mon-yellow  coloiir;  rcry  sparinj^ly 
aolabie  in  water,  easily  tolublo  in  hydrochloric  acid;  aaBuming  an  olire-green  coloar 
whendiy;  and  giving  off  all  their  water  of  oTwrallitn  tion  at  HKP. 

Meilitate  of  Lea^  C*Pb^O*  (at  180°).--Bn]ij  vUte  precipitate,  Hobble  in 
nitnV  add;  obtained  hgr •ddtag  the  add  or  tho  anmoiuntt-MR  to aoetate or aitnto 
of  lead. 

MtUitutt  of  Mag  n  etimm,  COIg'0*.$H*0.— FMIpitated  on  addiiig  otirbonato 
of  magnesium  to  a  hot  aqueous  aolntioa  of  mellitio  aov^  aa  aa  oil  triiidi  aoIfdi<ea  to 

a  crystallinp  muss  on  cooling. 

Meilitate  of  Man^anett.  C'Mn'0*.6il*0. — Obtained  in  like  maxmer.  ■Whito 
powder,  composed  of  miecoecopio  needles;  more  solnfale  in  eoid  than  in  boiKng  vnter, 
which  dissolves  only  ^  of 

Mel  litotes  of  Mrrcnr  t/.—Tho  mrrrnrir  salf,  C'Hi,'-0«.2H-0,  or  C«IIhg"0*.2H*0 
(at  lUO^),  is  obtained  ns  a  white  granular  mass  by  triturating  mercuric  oxide  with 
auillttie  aeid  and  a  small  quantity  of  vater,  or  by  predpitath^  an  alfcalino  melKtiato 
with  mercuric  nitrate. 

The  mercurous  suit,  C*Hbg'0^21I*0  (at  100^),  ia  also  obtained  by  precipitjition,  as 
a  white  ^jrannlar  precipitate,  very  solnble  in  nittie  add,  beooming  auhydxons  at  190^. 

Meilitate  of  Nickel,  C«NiH>*.8H>0.— When  a  hot  soltttion  of  meUitic  acid  w 

saturated  with  carlonato  of  nickel,  a  p-cen  semi-fliud  mass  separates,  wliiih  li.irdcns 
and  becomes  vitreous  in  contact  witii  the  air.  This  salt  is  xwy  slightly  soluble  in 
water,  rwy  freely  in  dilate  hydioehloiw  and  nitarie  adds.  It  gives  off  half  its  water 

(4  at.)  at  100°  and  the  rest  at  300°. 

Mcllitatea  of  Palladium. — Mcllitie  aeid  is  perfectly  neutnili.«;ed  liy  oxide  of 
palladium  ;  but  the  liquid  does  not  yield  auy  crystals,  evtn  when  conctnira.ted  to  a 
symp;  but  on  evaporution  to  dryness,  it  leaves  a  brown  amorphous  residue  of  pathdiom 
fiirl/iiate.  This  salt  dissolves  in  ammonia,  forming  a  colourless  liquid,  which,  on  eva- 
poration, deposits  colourless  rhombic  crytitals,  often  macled  in  twos  and  tlu^ee,  and 
containing  4NH*  C*Pd*0*.2H'0.  Tho  whole  of  the  water  is  ffiren  oflT  at  1 00°,  together 
with  n  small  quantity  of  aninionia.    (Karm rodt,  Ann.  Ch,  Pharm.  Ixxxi.  164.) 

MfiUtute  of  Fallndium  and  I'oimsiuin  crystallises  from  the  auxture  of  the  two  salts 
evaporated  to  a  syrup,  in  nodular  groups  of  indistinct  piiama.  MtttUaU^paUtiiimm 
and  sodif.  ,1  m  stnllibcs  in  maoled  triangidair  pyxamida  eontainiBg  Mpnr  oest.  pall*- 

diura.  (Jvarmrodt.) 

MeiiUates  of  rotassium. — Tho  neutral  ealt,  C*KK)*.3H-0,  firms  efflorescent 
trimetric  ciystals,  isomorphous  with  tlie  neutral  ammonium-salt  a.  Observed  oombi- 
nation  oP  .  .^P  .  oof«  .  Poo  .  Pw.  Angle  ooPxaaP-  lU°i  a»P:fa»  »161^; 
oP  :  P»  =  1GU<» ;  ooP  :  oof «  »  123°  ncwl^. 

Arid  salt,  C'HK()«.2ITO.— A  hot  solution  of  I  at.  of  the  nenttal  salt  and  1  at. 
meUitic  1  J  i. -Ills  tlii.a  »a!t  on  e'lnlinfj  in  large  transparent  right  rhoniboidal  jTlsins, 
often  truncated  on  the  lateral  and  terminal  edges.  It  ia  more  soluble  in  water  than 
the  nentral  salt 

A  rornponnd  of  nritf  mHlftnte  andniiralr  of  pot  a. <<.^  I  inn,  4C'invO*.NKO«.3H*0,  is 
formed  by  treatii^  the  preoHliog  salt  with  nitric  acid,  or  by  mixing  a  conceatmts4 
solntion  of  nentral  potassie  meilitate  with  nhm  add,  as  long  as  aqy  predpitBte  ia 
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funned,  and  lieafing  the  liquid  till  the  preeiiiifate  tlisuppcars,  Ttir  doulilc  salt  then 
erystalliseii  in  8iz-«ided  tximetric  prisms  with  dihedral  rammits,  exlubitiog  the  combi^ 
nation  oe>P  .  odPoo  .  Poo .   It  has  an  acid  taste,  and  is  bnt  slightly  solnblo  in  water. 

Another  acid  mellitate  of  potassium  (perhaps  C*HK(>'.C*K-0*.6H'0)  is  men- 
tioned by  Erdmann  and  Marchand  (J.  pr.  Chem.  xliii.  WJ)  an  hnving  In  t^n  ob- 
tained in  the  form  of  a  crystalline  powder  on  adding  mellitio  acid  to  a  coucenLmted 
ioliition  cf  the  neutral  salt.  Thia  powder  redissolred  itt  wst«r  yielded  large  BMSMOOi 
crystals  containing  20-63  per  cent.  carTjon,  2  74  hydrogen,  mi  l  80-49  jxjtaHh. 

Mellitate»  of  Silver. — The  argentic  eait,  C*Ag*0\ia  obtained  on  adding mellitio 
fieid  or  mellitate  of  ammoninm  to  nitrate  or  acetate  of  sUrer,  aa  a  lAite  crystalUiiey 
fliining.  scaly  {)owdiT,  which  the  microscope  shows  to  consist  of  tninsparcnt,  colourlo^s, 
^uarc  plates,  usually  having  their  uugles  truncated.  When  heated,  it  deflagrates 
slightly,  but  without  «adub!tug  any  eleetrie  exdtement,  aa  the  onihte  doee  tmder 
similar  circuni.'-tance.'?.  Heated  to  100°  in  a  stream  of  liydrog"  n.  It  LlackciiM  and  gives 
off  wat«2r,  and  the  residue  dissolves  in  water,  forming  a  dark- brown,  stronglj^  acid 
liquid,  which  gradually  depcmta  a  ndeeot  of  metalUe  ailTer,  leering  a  sohition  of 
argentic  mellitate  in  mellitic  acid.  The  brown  or  black  residue  obtained  by  heating 
the  azgentio  salt  eridentl^  contains  argcntous  mellitate.  When  argentic  mellitate 
prerioualy  hrated  to  280°  is  heated  with  iodine,  iodide  of  silver  is  formed,  together 
-«rith  a  white  crystalline  sublimate,  strongly  acid,  and  mj  aokible  is  water. 

Pt'tassto-argrntii'  Mdl'dat'',  C'KAgO*,  is  deposited  from  a  mixtnr>'  '>f  'he  (*om]innent 
salts  coutuiuiug  nitric  acid,  in  small,  tniubp.ireiit  rkumbic  prisms,  m  wiiich  Liie  anglo 
a>P  .  P  -  I21»  30  ;  ooP  ;  «|>«  =  119°  11'. 

These  crrstals,  when  heated,  first  give  off  wnter  and  T>ecomp  opaque,  then  swell  up 
with  a  kind  of  explosion,  and  leave  a  residue  of  silver  and  potassic  carbonate. 

MelUiate  of  Sodium,  0*Na*O*  crystallises  with  two  different  propoHfoos  of 
watrr.  A  hot  concentrated  yolutiou  dep>osits  needles  containing  n'2-Sl  per  cent.  (4  at.) 
water,  the  whole  of  which  is  given  off  at  ISO*'.  A  solution  saturated  in  the  cold 
yieldii,  by  spontaneous  evaporation,  large  striated  trictinic  orystals  containing  38-88 
per  cent.  (0  at)  water,  vbieh  they  give  off  at  160°.   (£rd  mann  and  Marchand.) 

Mellitatf  nf  Sfrnntium. — -Wliito  precipitat6^  solobld  in  hjdioehkuie  add, 

obtained  (•%  isdding  meliitic  acid  to  Ktrontia-water. 

BKSX.I.XTZC  ACZX>,  ikMZOSS  OF.  (Wohlcr,  Ann.  Ch.  Phann.  xxxvii*. 
268. — R.  Schwarz,  ibid.  Ixn,  63.) — ^Two  of  thcMc  compounds  aire  obtained  tjiy  the 
dehydnitijii  of  mellitate  of  ammonium,  viz.,  inellit  i  midi^  or  paramidc^  wludi 
has  the  composition  oi  acid  meUitate  of  ammonium  minus  2  at.  water : 

C41(NH«)0*    -    2H'0       -  C*HNO» 
AcKt  roelllUte  MtlhttWiMa, 

oi  amroouium. 

and  euchroic  acid,  which  is  a  mellitamic  acid,  dcrired  ftoin  an  acid  trimellitate  of 
lij  alMtnetion  of  4  atk  iiatw: 

C»»H«(Nn')-0"   -    4H*0      •  C'H'N-O'' 
Add  trimeUiuta  ol  Kudirolc  acid. 


^'  1  N 

Mellitamide  (C'0-)".I1*.N-,  and  mellitamic  acid  are  obtained. 


areordin!!  to  Idffiprioht  and  Sohaihlfir,  by  the  action  of  ammonia  on  Bentxal  mdlitate 

of  ethyL 

Piuamide  and  euduoie  add  aro obtained  }ff  beatiiig  n<  utral  mellitate  of  ammonium 
to  150^-160'^  as  Iiiiig  as  ammonia  continues  to  f«f<ipe,  .md  exhausting  the  residue  with 
water.  Paramide  then  reamins  uudissolved,  and  the  solution  contains  euchroate  of 

Snehioie  acid  haa  a]yea4j  1>een  described  (iL  601). 

Paramide  or  Mellitimidc,    j^>N,  is  awbho  amorphous  powder,  inadbiblo  in 

^ateraudin^cohol,  but  soluble  in  sulphuric  acid,  whence  it  is  precipitated  Inr  water. 
When  heated  with  Water  to  200°  in  a  scaled  tube,  or  boiled  for  some  time  with  water, 
fixed  alkalis,  or  ammonia,  it  is  cnnvrrted  into  and  mr-llitate  of  nmmonium,  Hy  the 
action  ot  alkalis  retilricteU  to  a  shorter  time,  it  id  trauialuriued  iuto  &ucliruic  acid; 

30<HN0*  4-  SH>0   i>  0»H«N*0*  -h  HH*. 
TatiMlte  Euchrole 

•cid. 

An  ammoniacal  aolntioii  of  panimidc^  mixed  with  nitnlo  of  «lTar,  Ibtma  a 
gelatinona  precipitate^  whoio  eompoattaon  (at         a^eea  baat  with  lik»  temnlft 
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C"II'Ag(NH»Ag)N» ;  at  200*'  it  gives  off  amnKinin,  nnd  lluii  contains  a  quantity  of 
silver,  corresponding  nearly  with  the  formula  of  Hi  geuto-puruiuide,  C^AgNO* 

Param  ic  acid — This  Mine  is  given  by  Schwarz  to  a  white  crystalline  preeipitato 
obtained  by  dropjting  an  ammoniacai  solution  of  paramide  into  liydrooli1..ric  :n  i*f.  Tt 
is  sparingly  soluble  in  boiling  water,  and  gives  with  siao  the  reaction  of  cuchrou*  add. 
Its  aiiiinoniacal  solution  is  ooavwted  bj  boiling  with  wMJIt^ftf  «f  MWMwiim-  flfliwifi 
fniiinl  in  it  (.it  17^»  )  \7  '2o  i  ^r  cent.  carKin,  2-lG  hy<ln-*pren,  and  13-78  oltnigaii;  amnlt 
which  iJJiiy  Lu  ai^j.in)xiuiat«  l y  n  yir.  sciiti-Ll  liy  thv  forniul.i  C"H*N*0'. 

KSIAZTXC  AVBTHRros.  C*6'.0.— This  is  probably  the  composition  of  the 
irbtto  ffibstanoe,  innfaible  in  witer  and  in  alkalis,  prodneea  by  heating  chloiide  of 
meUilyl  vitk  XMlHtio  mad,  aad  tnflli&g  tiM  ytoHncfb  with  vatn. 

MBX.Z.rrZC  ETBESS.  FthuJ-nunitk  ariJ,  C'lli  CTT^jO',  is  obtained  by  boiling 
maUitic  acid  for  a  considerable  time  witJx  alcohol  aad  sxiiphuric  acid.  On  saturating 
wltb  htajtM-wrAw,  Uvmg  th*  liquid  to  atand  for  some  days  in  order  that  the  excess  of 
baryta  may  lo  (  ijaiat.  d  as  oarljonate,  then  filf«  nag  to  separate  sulphate,  mellitate, 
and  carbonate  of  barium,  a  solution  of  ethvl-meilitate  of  barinm  i«5  ol  f  .iiiu  wlii>  li, 
when  evaporated  in  a  vacuum  otpt  snlphimc  acid,  leaves  tko  suit  as  uu  auiorpliuus 
gumni^  mass,  very  soluble  in  wattr.  an-l  rotating  an  the  surface  of  water  like  batyxata 
of  barium.  It  is  pirtly  deconii'.  Ki  .l  by  drying  at  100^.  Its  solution  does  not  pro* 
cipu.tl^j  other  metallic  t$alt«.  (Kr<!rnann  and  Marchand,  J.  pr.  Chera.  xliii.  129.) 

HexUral  Mdlitatt  of  Ethyl,  C'(U  lI*)-0*,  is  obtained,  according  to  Limpricht  and 
SehoiMor  {Limprirhfa  J.Jirh.  ,/.  rn/.  Ch^mie,  p.  \{'m\  as  a  viscid  liquid,  by  tbo 
actiou  of  ifxlide  uf  iLbyl  (ui  TiH-llitate  ul"  >iivcr.  Kraut  (Jahresb.  1863,  p.  231}  by  tho 
flame  reaction,  obtained  t]h  n  utral  mclUtatts  of  meth^y  tihyl\&n^  omvl,  ue  twoftmar 
CTTi^nllised.  H.  Mtilh'r  (  ^' /^•7^'V^^■  L<hr^.  d.  org.  Ch-ra.  p.  405)  obtairi.t!  tbc 
ethers  of  mellitic  acid  by  the  action  of  chloride  of  mcllityl  on  tho  corresponding 
aleohola.  The  met  hylic  ether  thus  obtained  was  OTBtalliaed ;      etliylie 'ether  Bqwd. 

Acc'-inlin^  to  Ta'nipricbt  niu!  Scheibler,  inrlliJato  of  cfbyl  Inatcil  with  aqueous 
ammonia  imiuediatelv  produces  a  oystaUino  preciuitatia  of  moUitam^ide, 
(CH)2)''.II*.N*,  and  tbe  fiohtioD,  wb«A  cTapocaliea»  jicUa  aieUitaiiiata  of  am- 


monium,  (C 


OW.  (C*Oy.Ca".--Oblmnad,  together  irilh  liydro- 

chlorie  acid  and  oxy chloride  of  pho>[tliori;s,  hy  m  atlnu'  incllitle  acM  with  pGiitai^liIoriiln 
of  phos|>horu8.  It.  ia  a  cmtaUine  non-volatile  solid,  which  with  wcter  forms  mellitic 
add;  wifli  abokok,  mfllhtie  ethers;  and  with  meilUk  aaM,  nudfitic  anliydride.  (H. 

Mi'ill.  r,  A'('.  cit.) 

aKSZ.X.oi7E.  (LipbiL'.  Ann.  Cli.  Pharm.  x.  4;  xxx.  M*>;  1.  337;  Ivii.  93:  Iviii. 
227;  Ixi.  202. —  L.  timeiin,  ibid.  xv.  2.52. — Volckel,  Pogg.  Ann.  Iviii.  151; 
Ixi.  375.  —  Gerhardt,  Compt.  Chim.  1845,  p.  24,  and  1860,  p.  104;  IVaft*, 
i.  473.— Laurent  and  Gerhardt,  Ann.  Ch.  Phys,  [3]  xix.  85.)  A  snbstnnre 
pcioduccd  by  the  action  of  heat  on  various  cyanogen-compounds ;  r.  g.,  j^ieeudosulpho- 
c^nogen,  meikunine,  melara,  ammeline,  ammelide^  uid  eUorocynnamide.  Liebig 
reprcaente  it  by  the  formula  C'N*  or  C^':  but  acronb'ng  to  tlio  analyst  s  of  V'"  b  k  <•  1, 
and  of  Laurent  and  Gerhardt,  the  substance  thus  produced  coutmns  hydrogen 
(at  least  1'6  per  oent.),  and  may  be  repreaented  hf  the  lomnila  C*M*H*,  ^  3  at  H 
being  replacealilo  by  nutals.  t!  c  rli  a  r  d  t  dc-i^nnft  <\  this  hydratod  oompotind  (Li obi  p;'  s 
crud*  mdioue)  by  the  name  hydromellone  or  hydromellonic  acid,  reserving 
tha  term  melloae  tbt  the  non-hydrogenoas  oompoimd,  vhk^  aoeordfng  to  Liebig, 
is  produoul  l>y  heating  raellonidc  of  mercury. 

Hellono  or  hydromellone,  heated  with  potassium  or  with  iodide,  bromide,  or  sul- 
Idiocy anate  of  potassium,  yields  mcllonide  of  potassium,  which  Liebig  originally 
regarded  as  a  compound  of  potassiaxn  w  ith  mellone,  CN'K  or  C*H*K-' :  Laurent  amd 
Gerhardt,  on  the  other  hand,  assigning  to  hydromellone  tin  f-innuba  C*^»*IP.  snpposed 
that  meUonide  of  j>otassiuni  is  produced  by  the  Bul>siitutiou  of  2  ut.  K  for  IL  making 
the  compoood  C*N*H£*.  Liebif^,  by  later  experiments  (Ann.  Ch.  Pharm.  xcv.  267% 
has  come  to  tho  oonr^lusion  that  his  i.riirinal  fonmibi  of  mellonido  of  potaaaUun  vaa 
incorrect,  and  that  the  true  fcmmia  of  the  neutral  meDouide  is  C"N"jU[*. 

Pmparution  of  ffi/dromeOotu  or  Onuh  MeOoM* — tiebig  prepared  tlitt  eomponnd 

dhiefly  by  heating  dried  p.seudosulphocyanogen  to  low  redness,  or  by  gently  heating  a 
mixtnre  <^  snlphocyanate  of  potassixmi  and  dry  chloride  of  sodium  in  n  stream  of 
ehlorine  gns,  and  dissolving  out  the  elilorides  of  potassium  and  sodium  from  the 
residue  by  water.  According  to  IT.  nn.  ber|&  it  is  best  to  beat  tha  diy  paendoealpho- 
eyaaogeu,  first  in  an  open  por^'flaui  I'asin,  and  riftenvanlB  in  a  cov«'r»H^  porcrlafn 
eradble}  because,  if  it  be  heated  iu  a  retort,  the  sulphur  which  is  given  utrHow  ii  ba«.k 
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apTii'n,  fiTid  «iTTSPS  th<^  mellone  (»filt<>  tr^fetTirr.  Too  mtieli  heat  must  also  lio  avoided, 
as  the  melloiji'  tlx  n  b:ikc«  tx)getlur  iu  himi  lumps.  TUi;  product  tluis  obtaiuetl  bus  a 
Ught-yciOoir  coloitr  with  a  tinge  of  grey ;  a  gniy  or  red-brown  product  may  b»Mf(ttded 
as  n  friilnrp.  As  the  complete  expulsion  of  the  Mili)hur  fr<>ni  tin-  jin't-'  diiip;  pnmpounds 
requires  strong  ignition,  and  a  lai^e  portion  of  tiie  mt-ilone  is  thereby  ducomposed, 
Lrarant  and  Gerhardt  prefer  preparing  it  by  hwitilg  dilotttqriiiiainiiie  nil  it  ceases  to 
give  off  Iiytlnx-'ilonc  iieid  and  sal-ainmoniae  ;  or  ammeline,  as  lonrf  as  it  gives  off 
ammouia  and  water;  or  aouuelide,  as  long  as  ammonia,  cyamc,  and  cyanuric  acids  are 
choired  AiHii  it. 

The  product  oht.iitiod  by  either  of  these  processes  is  a  loose,  li^dit-j'cllow,  stron^ly- 
rtaiaing  powder»  deetitute  of  taste  aad  BuxtiL  The  fioUoviiig  taUe  fahibitg  its  com' 
poiltkw  M  fItAtmilniA  hf  wliultlioa  «ad  by  «MlyiM. 

I  and  Mknlations,  aecordisg  to : 
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Liebig  based  his  formula  on  tlie  conilmHtiou  of  crude  raellouo  uLtain^  firotn  pseudo- 
Bulphocyanogen  with  oxide  of  oopprr.  \viii<>h  yielded  3  vol.  carbonic  anhydride  to  2  Tol. 
nitrogen,  and  on  the  d -iMtni  MKifi.m  of  nii  lldue  by  simple  ignition,  wLi  n  l'V  he  oVt  iiniMi 
1  ToL  oitrogea  gas  to  3  vol.  cyanogen.  Laurent  and  Chertiardt  iguited  their  mcUone 
fat  some  tine  in  a  platinum  crucible  before  analyringit:  a  was  prepandftmn  peeodd- 
FiTlpli'X'v.inngcn,  6  from  ammoliu'',  c  fn-iu  ;iinmi  liae,  aud  d  from  cblorm  y  inamidi^. 
The  crude  melloue^c,/,  g,  analysed  b^  Volckei,  was  obtained  by  variooaly  long  ignitioa 
of  puradoealpboeyanogen  i  r<  ^  ared wth nitrio  add;  A,  with  vnlphocyamitoaf  potasrivm 
and  chlorine  gas  ;  i  and  k,  fi*om  persulphocyanic  acid;  I,  frma  Vdcki  IN  fJi':-!'  ('i.*'.  from 
the  r^due  obtained  by  lieatiog  folpbocgriiiiate  of  ammouiuux) ;  m  and  n,  from  sulpho- 
cyanatA  of  mercoiy. 

It  follows  from  the  preceding  analyses  that  crude  niellono,  if  the  de<?onii»o'^ition  is 
Stopped  at  a  certain  point*  has  a  composition  xepceeanted  by  the  Ibmola  C}$*H.*,  wbkh 

(C"N«V' 

ia  that  of  dieyannramide^  (( )    N\  The  pradnet  whm  taHhm  hatM  atiU 

H»  j 

gives  o^Tmnniutiia  and  becomes  continually  richer  in  carbon.  Whether  it  is  possible, 
(y  ecwrinned  hcnting^  to       the  whole  w  the  hydngentn  the  torn,  of  anunonia,  and 

thus  to  obtain  a  body  baring  the  eompoaltion  of  trieyanvranide  {OS'yV*  (whicfa 

is  Liebig's  original  formula,  r*N',  trip!!  !!,)  is  iir>t  yet  di'-rinrtly  madf  ouf ;  l  ut  i: 
probnU«  that  huch  is  the  ease ;  at  all  events,  the  following  furmukc  show  thatmelanudo 
(cyanoiwnide)  may,  by  loBi  of  atunonia,  be  anoeeerively  eonvKted  iatoaMlnm,  dilTtti- 
uniniid.  ,  ini  ll  iii'b  of  hydMgsD  (acoofdii^  to  liobig^a  sew  ftcmabX  and  nltimaUly 


into  tricyanuramide : 


IkieUin.  Dlcyanuranitde. 

Oicyanur-  Mdlonide  of 

cnsp^  —  SB?  «  cnsi**, 

IkUonMaof  Tr 
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Aocordiofi  to  Liebig,  pnre  melione  or  tricjanummide  may  oho  be  obtained  bj  heaU 
tug  neOoiiias  of  mwury  till  the  ovolred  mtxhin  of  ^mnog«a  and  nitrogen  gMM  is 

three-fourths  aliS  'rbed  by  pofash. 

Ikci/mpcmiunis. — Melione  heated  in  a  closed  veaael  is  ^ilually  but  complet«ljr  re- 
•olred  iaio  a  viztoM  of  1  toL  nitrogen  gas  and  9  toL  cymiogvu  (Li  ebig) : 

SON  -f  9. 

Aeeovdingto  ydlck4»V>t  w  hmty  into  nitropai,  gyanogmi,  nnd  Itj  jwjcy  mie 

•rid: 

CN'II*    -    3CNU  +  3CN  +  N«. 

Wlien  mellone  obtained  from  ammelidc  or  chlcmxTrasamide  is  ignited  in  a  tab«,  it 
diMippeivra  completely,  giving  off  mpOdM  frtikh  smell  of  amm<H»m  and  hydrocyanic 
acid,  and  dep^Pit  flr^t  a  red,  then  a  yellowr,  nnd  lastly  a  ?vd-brown  sul'linuite.  The 
aublimate  gives  (itt'.immonia  whon  trt'atcd  witlipolaj»b,  an  J  precipitates  nitniti.'  of  silver. 
The  gaseous  mixture  evolved  at  the  sam*  tim*  contains  a  gas  (ammonia)  which  is 
sorbed  1  y  li\<l;xK'hlorie  acid,  another  (cyanogfti)  wliich  is  absorbed  by  potash.  :iiid  a 
uon-absorbable  gas  (nitrogen),  the  relative  quantities  of  the  three  being  at  the  U'gin- 
ning of  Uie  esperinuait  «9 :  61 :  40,  and  st  tlw  «nd  mIO  :  80 : 00.  ^[«nnrent  and 
Qerh  ardt.) 

2.  Mell(me  heated  in  dry  chlorine  gaa  forms  a  white  volatile  snbstaoce  having  a 
powerful  odour,  tod  atfadking  the  eyes  Tery  stron^y. — 8.  Mcllone  dianlvM  gradually 

in  I  '-  'Ilini:' //<7r(V  'ic'<A  foiiMiiually  giviiig  off  a  gas  ■w  liich  Contains  very  little  or  no  nitric 
oxide,  and  is  resolved  into  ammonia  and  cjyanyUc  acid  (ii.  294),  wluch  oysiaUistis  in 
loi^nftedles:     

Or, 

C«N»H»  +  6H«0    -  2CWHK)«  +8NH».  (Lanrent  tnd  a«rh«rdt.) 

4.  Mclluue  dissolves  in  strong  »u/phhric  acid,  with  evolution  of  ammonia ;  water  added 
to  the  solution  throws  down  a  white  safaotane*  different  from  mellone. 

5.  Crutlt!  ni<  Hone  hvn\i  d  vrith  potasitium,  or  with  iodi4is,  bromidt.  Of  »tU/^k)tjf«matt 
of  pf>ta.*sii{<u,  is  cuuverUrd  into  mellonide  of  potassium. 

6.  With  a  cold  sc4iition  of  cauMic potash,  it  forms  mellonide  of  potawlnni,  which  at 
th>  iHuliii^'"]!'  .<t  is  cnnverted,  with  erulution  of  iHwmonia  and  foCTMliw  of  nmniftlidoi 
into  cjuiu'  hiratc  ofputassium  (ii.  187): 

2C'i\='K'  +  9H»0    -    3NH»  +  C^»H»0»  +  2t«N^K«0».  (Liebig.) 

Mflluuideof  AwMMlMa.        C})trn<  l>ir  >tp  of 

poussiuia.  putasttum. 

I*  8n  tlio  n«ztwtioltt. 


CNW,  nooording  to  Gcrhnidt ;  0"N*!M*,  ■of»idii^toLieb8g't 

latest  oxperimeuts  (Ann.  Cb.  Pharm.  xcv.  257).  Mellonide  of  potassium  is  obtained, 
as  already  observed,  by  tiiu  action  of  jpotaiffiiium,  or  of  iodide,  bromide  or  sulphocyanatA 
of  potassium,  on  crude  mellone.  This  and  the  corresponding  salts  of  sodium  and  am- 
monhim  are  soluble  in  water ;  the  otbir  mellonides  are  insoluble  or  aparingty  soluble^ 
and  are  obtained  by  precipitation.  The  sodium-  and  ammonium-salts  nro  obtained  hj 
ducumposing  melloaide  of  barium  with  carbonate  of  sodium  or  of  auimuuiuni. 

Mellonii9  of  Ammonium  (erjituSlaaitB  in  needlso  liko  tiie  poturinm-Mdt;  it 

contains  water  of  cry  stallisation. 

Mi-ffomiffr  i\f  Jiariv.m  i<!  obtained  by  tr<  atin{»  th«  folntion  of  the  polassinni-salt 
with  chloride  of  bariimi,  aa  a  white  precipitate  which  di!?st>lve«  iu  a  huge  quantity  of 
boiling  water.  The  saturated  adation  deposits  the  eult  in  transparent,  shortened 
needles  fonhuning        p«r  euit  iratw  of  cgwrnlHntioB,  wiiiGm  it  fgcm  off  at 

Mellonide  of  OaMuMf  obtained  in  Uke  manner,  is  more  soluble  in  b<Hling  iratv 
than  th«  barinni-Mlt»  The  CEyatali  eontain  18*05  por  cent  mtM,  vhidi  tliagr^vo  off 

at  120°. 

The  following  are  obtained  as  precipitates:  mellonide  o/ cadmium, 'white ;  ckromium, 
Uniah-wbito;  oobaUt  peadi-bloaaoni-calonndi  eopptt,  pmo^gNon;  ^eU»  wfaitiali- 

yellow. 

Mi'lmn'tU'  of  Hydrogen.  McUonhydric  or  Hydromeikuic  acid,  CN'^H*.— By 
nixing'  a  warm  sohition  of  mercuric  chloride  with  mellonide  of  potassium,  a  fine-grained^ 
dii.'zliii;^'  wliitt'  prci-ipifatc  of  mfHonide  of  mercury  is  obtaiiU'd,  which,  after  w.isliiiig, 
dib.solv«  h  ill  dilute  hydrocyanic  acid,  even  in  the  cold.  Sulphydric  acid  passed  through 
this  solution  throws  down  all  the  mmxtxj  in  the  ftmof  aolpmde ;  and  aitsr  driring  off 
fh'-  liyihiTyanie  acid  1-y  a  pontic  hrat,  there  remains  an  aqncons  tiolutiun  of  hydnjrnel- 
lonic  acid,  which  has  a  strong  aad  taste  and  reactioji,  mixes  with  alcohol  without 
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turbidity,  fxjx  ls  carhonic  av'ul  from  carbonati'8  with  efrfrvosopnco,  aiul  yi'M''.  wlit  n 
neutroliMHl  with  potiu^h,  cr^shillisedmellomde  of  potassium,  exhibiting  all  tlu*  propcriies 
of  the  original  salt  (Liebig).  L.  Gmelin  prepwed  the  acid  by  decomposing  the  lead 
or  copper  salt  with  sulphydric  acid. 

When  a  sohition  of  hydromellonic  nciJ  is  pvnporatod,  in  vacno  or  in  the  air,  either 
at  ordinary  or  at  higher  temperatures,  it  deposits  white  films  or  flakes,  and  leaves  a 
■OBevlMk  oyitalline  residae,  wllieh  redissolvee  bat  partially  in  cold  water.  The  acid  is 
not,  however,  complctt  ly  dcconi posed  iindtT  these  circum.«itaiif>(  s  ;  Imt  the  portion  soluMe 
iu  water  still  vieldb  a  certain  auantity  of  mellonide  of  potassium  when  saturated  with 
potash  and  mdaed  with  MboL  (LiMg,) 

M>Uonide8  of  Iron.— The  ferric  salt  is  A  daA-JliOow  pmdpltitte;  iStufmraiu 

talt.  a  white  precipitate  with  greenish  n  fl'-x. 

Mellonide  of  Lead  is  a  white  precipitate  which,  after  drying  in  the  air,  pives  off 
14'1  per  cent.  wat<T  when  heated  in  a  bath  of  chloride  of  ealfium.  The  air-dried  salt 
gives,  Hccording  to  L.  GTnelin'H  analysis,  42*45  per  cent,  lead,  agtMli^  neadj  vith  tllO 
fbrmula  20*N"Pb',16H*(),  which  requires  42-58  per  cent 

M«Uonid«  of  Magn*»ium  h  deponted,  after  some  timeb  in  naaH  interlaced 
needles,  from  a  mixture  of  meHonida  of  potaasinm  and  aolphata  of  nagneainni. 

Mellonide  of  Manganese  is  a  white  precipitate. 

Mellonides  of  Mercury. — The  mercuric  salt  is  a  white  precipitate  dfipoaitedon 
cooling  from  a  boiling  mixture  of  the  solutioDs  of  mellonide  uf  ^>otas8ium  and  roerenrie 
chloride  :  if  the  solutions  are  mixed  Ctdd*  tiw  preoiintate  contains  potJissitun.  The  salt 
when  heated  first  gives  off  nitrofjen.  eyanoiren,  and  hydrooynnie  aeid ;  then  nitrogen  and 
cyanogen,  in  the  proportion  of  1  vol.  of  the  former  to  3  voL  of  the  latter.  (Liebig.) 

Ilio  martmrnm  mA;  also  obtained  hf  pradintatioii,  ftnna  thiek  iHiito  llodca. 

Mellonide  of  riatinum  is  a  brownish-yellow  precipitate. 

Mdlonidi  K  of  Potagsiu m.~Thrr>' of  these  snlt^i  have  been  obtained*  tfao 
neutral  salt,  C»N"K»,  and  the  two  acid  salts,  C\N"HK=  and  C"N'»H^K- 

cu  Neutral  vicfhmide  of  poUiMixtm  is  obtained  in  maiqr Mctionii  besides  fhoso  abofo 
nr  iitioned  (p  875),  viz.  by  tlie  action  of  amidated  compounds  of  cyanogen  on  potas- 
sium-salts; by  the  action  uf  sulphoeyanates  on  potassium-salts;  and  by  the  decom- 
pOSitiDP  of  Bulphocranate  of  potassinm  under  particular  circumstances.  When,  for 
example,  crude  melfone  (or  calcim  d  melam,  he.)  is  added  to  fused  snlphocj'anate  of 
potassium,  mellonide  of  potassium  i«t  produced,  with  evolution  of  sulphide  of  carbon, 
not  onlj  flmn  the  mdlone^  Imt  also  fram  flio  elflnents  of  the  solphoeyanate.  Again, 
when  sulphocyanate  of  copper  is  added  to  melting  sulphocyaiiate  of  potassium,  sulpliido 
of  carbon  is  evolved,  and  mellonide  of  potassium  remains  mixed  with  metallic  sulphide. 
IMlonide  of  potaniiim  is  also  Ibrmrd  bjr  heating  sulphur  witii  fewoeyamde  of 
potassium  {e.g.  when  the  mixture  us<  d  fur  prejian'iitr  sulphocyanate  of  potassium  is  tixi 
strongljr  heatedX  its  formation  being  due  to  the  mutual  action  of  the  8ul|>hocjranates  uf 
potassiam  and  iron  ftrmed  in  thelnt  instance.  All  these  modes  of  Ibvmation  of 
mellonide  of  potassium  from  sulphoeyanates  become  intelligible  on  observing  that  a 
sulphocyanate  contains  the  elements  of  sulphide  of  oarboo,  a  metHllic  sulphide^  and  a 
mellonide^  thus; 

13CNSM  -  OWW  +  Oro  -¥  4X», 
telphfNar.  MslfcMlis. 

Preparation  of  Mellonide  rf  PotoMtum. — a.  From  the  Snlphoci/anatc.  The  prepara- 
tion is  considenibly  facilitated  hy  the  presence  of  a  metal  capable  of  taking  up  a 
portion  of  the  solprar  vhieh  is  set  ftee  as  sulphide  of  carbon.  The  fblloinng  pro- 
cesses are  reeoinmended by  Liebig  (Ann.  Ch.  Pharm.  xcv.  257): 

1.  With  Antitnonious  chloride  (butter  of  antimony'). — 7  pts.  of  sulphoi^anatc  of 
potaasinm  are  fused  in  a  wide  and  deep  porcelain  crucible  till  the  whole  runs  quietly 
and  without  jfrothing,  and  3  pts.  of  MOiatly-prepared  butter  of  antimony  then  added 
by  small  portions.  Strong  intumescence  then  takes  ]>l:\eo,  aeeompanied  by  brisk 
evolution  of  sulphide  of  carlion,  which  brealw  out  in  flames,  and  mubt  be  extinguished 
by  covering  the  crucible  with  a  shallow  dish;  and  a  red-brown,  porous  mass  is 
obtained,  whieh  must  1)0  pulverised  and  heated,  with  constant  stimng,  in  an  iron 
crucible,  till  part  uf  the  resulting  sulphide  of  antimony  melts  in  the  softened  pulpy 
maai^  and  collects  at  the  Intttom.  The  mass  is  then  immediately  dissolved  in  boiling 
water ;  the  flltnite  boiled  with  hydratod  oxide  of  lead  as  long  as  the  oxide  turns  black, 
to  remove  sulphide  of  potassium  and  dissolved  sulphide  of  antimony ;  and  the  liquid 
aoain  flttend  and  left  to  cool,  whereupon  it  genenulj  solidilles  to  a  erystaUine  magma 
of  snow-white  mellonide  of  potjvssium.  This  produ  't  i-^  thmwn  (jn  a  filter,  the  liquid 
allowed  to  drain  off,  and  .the  mass,  without  being  washed,  is  wrapped  up  with  the 
filter  In  nnsised  paper,  and  placed  OTor^i^e^  belfiiMn  tvo  bne^ 
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loaded  \rt(!i  \roif:hts.  The  mass,  when  dn-,  is  ofjrain  di'ssnlrcd  in  hnt  wntpr,  nnd 
the  same  pn>c«»s  repealed.  At  the  third  ct^staUicntioo,  the  hot  iilteivd  liquid  m  mixed 
vMi  s  nuall  quantity  of  alcohol,  till  *  tthut  tnuneut  turbidity  makes  its  appearsnee^ 
The  cry8ta!llii«'  m:ip;iiia  uliiili  srftli  s  dnwn  h  ^vn^lird  with  alcohol  nf>.>r  tli.-  inniln  r- 
liqaor  has  drained  ofl^  till  a  drop  of  the  liquid  which  runH  ofi'  uo  longer  reddens 
•emidiloride  of  iroit,  and  thflteftra  no  longer  eantaini  snlphooyanate  of  piitiwitiiin  — 
2.  The  chloriilo  of  anfiirumy  u>rrl  in  this  prorf-^s  niay,  with  equal  norantagc,  bf 
roplac(>d  bj  chioride  qf  bumutL  Thin  oon^und  is  prepared  bj  pflMtog  dikrine  gas 
over  eomm^rdal  bianadi,  Iwated  fai  a  tube  or  bard  f^aes,  wbieb  »  bent  maf  an  in  A  Qp> 
wards  at  one  end,  then  again  downwards,  and  lies  borizontaUy  in  a  combustion  furnace  ; 
the  chloride  of  bismuth,  which  distils  over,  is  purified  firom  the  chlorides  of  other 
metals  by  rectification  in  the  same  apparatus.  Before  being  used,  it  is  again  melted, 
pulverised  while  still  hot  after  acMidification,  and  tho  ]  (Avder  added  to  tho  fused 
Fu?!  Ii<u  v'anide.  The  proportions  used  are  1  pt^  of  L:>inut!i-clilnri(lo  to  2  pts.  wlpho- 
cyauar«i  of  potassium ;  with  a  I  trger  proportion  of  the  furmer  the  mass  wul  not  rnelt^ 

b.  From  Mdam. — 8  pts.  of  sulphooanat'  of  potaaaiani  are  ftaaed  villi  4  pt8.  of 
melam,  preTiouslj  sh'trlifly  iirnitiHl,  ami  adihd  m  successive  smnll  portion?:.  The 
temperature  must  not  be  ullowiti  to  rise  too  high ;  if  the  gas-bubbles  which  rise  from 
the  melt^  mass  do  not  bum  with  a  bine  flame  (sulphide  of  carbon),  but  until  a  led 
ri>!oiir,  indi  'af hicr  tfn^  forrnntton  of  cynnogen,  the  heat  must  be  raoderafi^l. 

Pure  melloiiide  of  potassium  forms  soft,  white,  very  slender  interlaced  needles, 
baring  a  siUcy  lustre,  aod  aeareelj  distingtriahaUe  in  appeanuioe  ftom  aii]|)hat»  of 
quinii)' .  — 1  pt>  of  the  salt  dis^olvt  s  in  37*4  pts.  of  water  at  ordinnrr  temperatures,  and 
in  a  much  smaller  qiiantity  of  hot  water:  it  ia  inaolabLe  in  alcohol ;  crystallises  with 
difficulty,  eren  fto«D  a  folntion  aaiunUwd  while  wurm,  but  verv  easily  on  addlHon  of 
alcohol.  Its  solubility  in  cold  watrr  in  frr<^atly  (liiiiinished  by  the  presence  of  other 
salts,  A  ^arni  paturated  solution,  which  would  stand  for  days  after  cooling  witliout 
crystallising,  instantly  deposits  crystals  on  additifHi  of  a  few  drops  of  solution  of 
tmpha<7anat<<  of  potassium. — The  aquoous  solution  tastes  as  bittee  tt  iMlplM**  of 
qrJnin^.  In  Jos.  s  of  a  dram.  th<»  <:ilt  fxhtTiit^  no  decided  action  on  mnn  or  other 
auiiiials,  none  at  least  which  would  diatiuguibh  it  from  other  bitter  sul>taijces.  The 
crystals  heated  to  200^  give  off  l9riM  per  cent  (5  at.)  water. 

Tiio  cnmposit  iou  of  the  anhydzoM  «iid  OTStaUised  ialtfl^  as  detenniiied  bj  lAMg,  w 
given  in  thu  following  table 

JhUtp^out,  LieMg.  Crytt^Uiited.  Licbfg. 


0».      •      .   1080  26-50..  26- 12 

W       .       .    182  0  44-65.  .44-38 

K».      -.       .    117-6  28;^R5.  .28-72 

4()7-C  100  00  00-22 


C"N"K«      .   407-«   81 -tl 
5H»0  .       .     90^   18-09.  .iS'Ot 

0*^>^^30  497*6  100*00 


The  dried  salt  bnmt  in  a  stream  of  oxygen  yielded  only  0*06  per  cent  wata :  now.  if 
It  eontained  1  at  bTdrogen  to  2  at.  potaanvD,  aoooaediiig  to  teliaidf  •  lfamnla» 

CII'ITK',  it  f^honld  have  yirhh-d  210  perMttI;  mter;  it  luj  tiMidim  ba  eolidvdad 
that  the  salt  does  not  contain  hydrogen. 
Nentnd  akeUonide  of  potaasinm,  boiled  with  hydrodilorie  acid,  yieldanKMUBMoiae^ 

chloride  of  potassium,  and  cyamirlc  arid  Boih  d  with  iiifrlf  acid,  it  yields  cyanylic 
acid.  By  oontizined  boiling  with  potash,  it  gives  off  ammonia,  and  yields,  first  am- 
mdide  and  cjamehmc  acid,  then  BMlainiiie  add,  uid  finally  eyannrie  acid  (p.  876). 

b.  Sohtble  Add  salt,  (7N'*HK.'.3H'0. — Obtained  by  mixing  a  warm  saturated 
solution  of  the  neutral  salt  with  an  equal  volume  of  strong  acet'p  acid.  It  crj-stallises 
from  thin  mixture  in  obliquo  rhombic  laminse,  which  effloresce  iu  a  warm  atmosphere. 
When  l>oiled  with  water,  it  is  resolved  into  the  neutral  salt  a,  and  the  inaohiblo 
add  salt  b.  The  crvstaJs,  after  dryinp;  in  tlic  air,  give  off  13  03  p«^r  cent,  wntrr  (3  at. 
■«  12-73  per  cent).  The  salt,  dried  at  MO**,  gave  by  analysis  28-76  per  cent 
oarixm,  0*43  hydrogen,  and  2118  potaesium  ;  the  formula  CN^HE'  rvqairmg  SOUS 
carbon,  49-28  nitrofren,  0-27  hydrogen,  and  21-22  potaf'.'sium.    (Liobi  jj.) 

c.  Intolubte  Add  salt.  Clr'H'K. — Thia  siilt  separates  in  the  form  of  a  white,  challgr 
precipitate,  on  pouring  a  moderately  dilute  solution  of  neutral  me.llonide  of  potasaiun 
into'-varm  dilntf  hydrochloric  acid.  It  i.«inHolubl(  in  cold  and  sparingly  .'soluble  in  iKMlinp 
water;  the  solution  has  a  strong  add  reaction;  easily  soluble  in  a  solution  of  acetate 
of  potaarinsi.  It  gar*  1^  analyaiv  81*97  par  cent  eatbon,  076  hydrogen,  sod  Il-9% 
potasviiiTu;  the  fornuda MqnixSiig 82*81  per ottiteavboii, 64*90 nxtKij^ 

and  1 1  -84  potassium.  _ 

Mellonide  of  Sitter,  CW'Ag*,  is  obtained  as  a  white  precipitate  by  mixing  a 
buHIntr  sulution  of  neutral  nit  lldnide  of  pofa.'?.'<iiini  with  nitrate  of  silver.  It  contain^ 
according  to  the  moan  of  l4ebig'0  analyses^  17*48  per  ooat  oatboo,29'64  nitzogen, 
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and  62*48  s\]xpt{  m99'60),  tbeformoU  reqnirii^  17'M  caibon,  29'6i]iiawem  and 62*77 

•iiver  (-  100). 

Lanirant  ana  Oeriiaxdt  ftmd  in  this  salt  17*01  to  17 '8  per  cent,  carbon,  62*2  tflvMr, 

and  0-4  to  0*5  hydrogen;  wlien^'n  they  deduced  fhp  f^nuuli  C^XTTAfr*  rofjtunng 
17*3  C,  62*0  As,  and  0*2  H.  licbig,  howerer,  by  bumiag  the  salt  in  a  stream 
oxygen,  obtetneCva  two  eacparfmenti  only  0-4  and  O'S  p«r  cent  water ;  whereas,  aee<ndnig 
to  the  latter  formula,  tlv  qu:iiitify  of  \rat.  r  ^I^)u1.l  It.  2  1 7  per  cent,  or  about  six 
timea  as  ^peat  as  that  aotualljr  obtaioed.  Hence  it  may  bo  iufenwd  that  the  salt  doea 
not  eontain  hydrogen, 

Mellonids  of  Bodium,  obfauiod  by  decomposing  the  bariam»aalt  with  earbonata 
of  saduim,  crfsUiDiaea  in  i^te  aiUcjr  needleai  modemtd.y  aolable  In  water,  inaolaUa 

in  alcohol. 

Metlonid9  of  Strontium  is  more  adnbla  ia  watar  tilian  melloiiida  <^  Itarivm; 
Its  E^olutiuu,  satiuafead  at  the  boiliiig  hoal^  aniUdiflas^  op  eooliaft  to  a  nagnia  con^oaed 

of  neodi^. 

Mellonide  of  Zino  ia  a  white  precipitate. 

WTBliOTrMll  nil  AtL  emetic  princ^e aontainwl,  aoaoidiiig  to TcmaiawM^  ia 

«ha  MOk  of  tha  meloii  {OummSt  JTsfoX  ^  Cwnwis  (ii.  172). 

MEZOPSXTB.  A  Tollo^sh-  or  p7rf»nii5h-white  lithomai^  from  Nrndeclc  m 
Bohi'mia.    Ifardn^^s  ==  2  to  3.    Specific  gravity  =  2'5  to  2'6.  (Bxeilhaupt) 

MSV^CCajrZTZL   Titanifer oua  iron.    (See  Ttfaxatbs). 


See  NAFHTHTUUHDfB,  DkBIVATIVES  07. 


MxrrrBXPrrB.  An  osyeUorida  ol  lead,  WCLH},  taid  on  tiia  Mendip  Hills  in 

Si>n!'  -'-'  '-'-':ir.'  (y.  556). 

IttXSNS&HXiriTi:.  A  sulphide  of  lead  and  antimony,  4Pb'S,Sb'S*  occurrin|r, 
with  Bouhuigwite  and  Jamesonito,  at  Bottinoin  Tuscany,  f^oneniUy  in  compact  fibrous 
forms,  but  »omftimo<i  in  disfinot  fritnf  trsc  crystals,  f  xhiViting  tlio  faces  y.T'y:  and 
ceP;  clearuble  pturalkl  to  ooPoo  and  oP  (Q.  Sella,  Jahrcsb.  18G2,  p.  712).  Jiitrdn^ 
m  2'5.  Very  lustrous.  Contains,  according  to  Bfdii's  analysis  (SiUL  Am.  J.  [2]  xir. 
C0\  17  52  per  Qcnt.  vnlplinr,  12*38  anlimoBy*  laad,  8*o4  eoppei^  and  0*3i  ivoD 
(-99-8a).  

mVQSnL  A  mineml  containing  zireonia,  fierrie  oxide,  and  titanic  acid,  occur- 
ling  is  granite-Teins  in  the  Ilroen  Mountaius.  It  forms  short  triiactric  prisms,  often 
tonninated  by  four-sided  pyramids,  a:  b  :  o  =  0-8285  :  1  :  0  SG69.  Angle  <xP  :  ooP 
-lOflo  28' :  oP  :  ?oo  =  133<>  42'.  No  distinct  deavago.  llanlueas-S  to  5-6.  Specific 
gravity «-  5*48.  The  crystals  are  iron-blad^  with  submetallie  IttStre,  subritreous  on 
the  fractured  purf.ioo.  Strtvik  ohest nut-brown.  Fr.ictur**  nnovr-n.  TnfusiiJc  Infiire 
the  blowpipe,  but  bt  oomes  Tnaguetic.    Greenish-yellow  clear  glass  with  phosphorus- 

salt  ia  the  outer  flame ;  yellowish-red  in  the  inaaiv  daepeaad  bj  adding  tin.  J^iga> 
Bcse  reaction  with  carbonate  of  sodium. 

This  mineral  is  called  ilmenite  by  Brooke ;  and  the  name  mengite  is  a^tUed  bj 
Aat  miaeialo(siattomonasite. 

SBBRUtTS*  A  brown  cpaQiia  wialj!  of  opal,  use un lug  ia  oompact  laaifiiini 

inn«-^''«,  occasionally  Blatv. 

assaarZfiVBRBac  ACZB.    a  doubtful  acid,  said  by  Ik^ullay  to  exist  in  the 

seeds  of  McnisDerBtum  Chccidm,  and  to  be  obtaiined  by  evaporation  of  the  aleoholio 
mother-liquor  nom  which  pierutoxine  has  oryst-^IIised  out.  It  is  deaevibed  as  crystal- 
line, tasU  k^?,  sprtrinfrly  solriMf^  in  water,  capnblf  of  n  tl  lf-nin:];  litmus,  and  forming 
cxystallisablo  suits  with  alkalis.  Neither  Casaseca  nor  I'cllutier  was  able  to  obtain 
tins  add  in  the  mannev  doseiibod  liyBonllay. 

XSVZSFBSncnrE.    An  alkuliVul  discovered  by  Pollotier  and  Couorbc* 

f.Ann.  Ch.  Vhyn.  [2]  liv.  17R)  in  the  seeds  of  MenUftfmum  CocdUuSf  n  wliieh  itia 
aiccompauied  by  pamnit<ui»peruiiu&  aud  picrotoxine. 
To  extract  the  menispermine,  the  alcoholiB  esfeeaot  of  the  seeds  If  Unt  treated  with 

cold  wati^r,  thei)  pxhausterl  Mifh  hot  acidulated  water;  the  brown  solution  i«?  pre- 
cipitated by  an  alkali ;  and  the  precipitate  is  exhausted  with  vary  weak  acttic  acid, 
waidi  kmves  a  brown-black  mass  undissolTcd.  Or  the  seods  may  be  made  up  into  a 
hrnp.  nnd  exliauvlrd  with  alcohol  of  spooific.  cravity  f)-So3  ;  tlie  alcohol  diMifledoff; 
the  rc'siJuo  buikd  with  water;  and  the  liquid  fiitertd  at  the  boiling  heat;  it  then,  on 
eooUng,  deposits  crystals  of  picrotoxine,  especially  if  a  small  quantity  of  acid  haa 
ha  n  a  i  led.  The  p  u  t  insoluble  in  boiling  water  is  then  treated  with  acidulated  water, 
and  precipitated  by  an  aikaU ;  a  granolur  ^reeipitote  is  th^by  formed,  from  which 
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alcohol  iixtracts  a  poculiur  yelL'W  Mil »stiince ;  ami  the  residue  is  fuiiillj-  (liss<:)lvi  d  in 
ether,  which  deponta  meniapi  rm i ii<-  in  tiu*  crystalline  form.  The  ether  leaves 
nudissolvoil  !i  vi?5«''0Tls  ?;iih«!t:mrf,  may  \>c  rlissolved  in  al'solutc  nlcJ^lnil  ;  and  tbe 

solution,  evaporat»-d  hI        uitimiiiely  fields  or^'StaU  of  paruutenisperminci. 

M»ni8p«rmi  ne  crystaUiaea  in  prisms  tfomlnated  by  pynimidal  fitraa.  Jk  ia  wbitc^ 
melts  nt  120*',  and  (L  ^'Ptii s  ut  a  bi^:li'^r  t>'Tnpemtnr<-.  Ir  A<„-s  not  appear  to  ho 
yommons.  It  in  insoluble  in  water^  Imt  soluble  in  aicoM  and  f  ilt^-r,  whieb  deposit  it 
ui  tlia  oyalalUne  atata.  It  oontaijw  (mean  cf  fear  aaalrBes)  71-80  per  tmt  eatbom, 
801  hv  Iro^M  ii.  R 'i7  nltrogeD,  sad  10*63  €«7gen;  wheneaFalUCiar  and Oonatbadadace 
the  formula  C  *H'''liO'. 

Hiviapenaina  dkaolw  eamly  tn  dflnte  cddt.  Hot  atrong  nUrie  add  courerta  it 
into  oxalic  acid,  and  a  yellow  resinoxin  substai.. . . 

Sulphate  of  mcHuperviine  cr)-8taUises  in  prismatie  neadk«,  containing  16  per  cent, 
water  and  6  87  per  <»ut.  tiulphiiric  anhydride.  It  xndta  at  1&5°,  and  at  a  higher 
tempaistuv  radMM  llightly  and  gives  off  ^ilphydric  acid. 

Paramenisperminc  has  the  same  composition  as  menispermine.  It  melts  at  'I'tO'^, 
and  volatilises  in  white  vapours,  which  condense  like  snow  on  cold  bodies.  It  is  in- 
soluble in  water,  sparingly  soluble  in  ethrr,  eaf^iiy  dolublo  in  boiling  alcohol.  It 
di&'^'ilvp'^^  r-}--'^  I'l  dilute  aciJj>.  1>uf  without  neutralising  them  or  forminu  rlrfiriif.-  salt?. 

SKBWTHBJra.  C"II*".  (Walter,  Ann.  Ckrharm.  zxxiL  288.~Oppenheim, 
<%eni.  Soc;  J.  XT.  89.)— A  hydrocarbon  prodneed  by  tha  aedott  of  phosphorie  aahy* 
<lrit!e  (Walter),  or  chloride  of  zinc  (O  j.]..  n  li  o  i  ni),  on  menthol  or  p.  [.{urniini  inimphor, 
C'*II^.  It  is  also  found  among  the  products  of  the  decompo»>ttion  of  chloride  of 
mantfayl  bv  ethylata 4^  sodium  (Oppenheim).  To  prepare  it,  mentfaol  k  ndted 
in  a  tubulated  retort,  and  phosphoric  anhydri  li   i>        <l  I  v  portions  till  it 

18  in  slight  excess.  The  idhm)  is  then  distilled,  and  the  pruduct  ia  roctifiad  by  diatil- 
Lit  ion  over  fresh  portiona  of  phosphoric  anhydride. 

Menthene  is  a  transp. n  ni.  wry  mobile  liquid,  hanng  an  agreeable  odour  and 
cooling  tufrt<\    T>oiling-point  ^^pecific  gravity  =  0*851  at  21 VajHnu-d*  ii>irT, 

oba.  -»  4*93  to  -l 'JO  ;  calc.  **  4  <S.  It  is  imjoluble  in  wutt-r;  forms  a  turbid  mLkture 
with  a  small  quantity  of  alcoM  <a  (ther,  a  clear  mixture  with  a  hirger  quanttty;  dia- 
aolres  with  moderate  facility  in  vnod-.^jrint,  very  easily  in  oil  of  t^' rpi ndnf. 

3Ienthene  is  scarcely,  if  ;it  all,  iiltackc'<l  by  pf'tassinm  ;  cold  Mulphuric  acid  has  no 
action  npon  it  :  ultimately  conv-'i-ts  it  into  an  oily  a(Md,  aolnblft  mtcr 

and  in  alcnlml ;  w  ith  chlorine  and  br&mine  it  foniis  Mibstituf  io!i-]ir<«hicts. 

Jironmnenthcne.  C'll'^Br.— Bromine  acts  very  violently  on  menthene,  disengaging 
torrrota  of  hydrobromic  add,  and  foraung  a  Hmnbev  of  rery  unstable  aobatitimon- 
pni'luct.'*.  T!_v  aiMin^  2nt.  bromine  drop  by  drop  to  1  at.  montbt-iu^,  monobronioinriifht  TM' 
appears  tu  be  formed,  the  product  treated  with  potash  yiekUng  the  hydzocarbon 
G*^>«  (Oppenbaim): 

CWBr  4  KHO   >•  KBr  +  ffO  +  O'H". 

Vcnfachhinmioiili'  itr,  C'TT'Tl',  is  proJuoi  tl  by  tho  action  of  clilorinc  on  mt'nflir;ne. 
Dxy  ohlorina  attacks  menthene  with  great  viuUncfl^  hydrochlAnc  acid  being  evolve^ 
liquid  aaaumtng  flrat  a  grean,  tbctt  a  ydknr  ookw,  nd  baing  nhinately  convert<>d 
into  pentachlorouifutlu  ni'.  wliicli  is  a  yellow  syrupy  liquid  heavier  than  water.  It 
dissolves  at  ordinary  tcmpcr»tureB  in  alcohol  ana  wood-spirit,  mote  aaai^  in  Mtktr  and 
cil  of  t'trprntine.   Strong  sulphuric  acid  colours  it  deep  red. 

MBIffXHOX..    C'»n»0  «  jO.    MmthyUi' nh-ohoL    Ut^Jratr  of  Mmthjfl. 

Camphor  or  Sttaroptcne  of  Pmpermint-oil.  (L.  G m  el  i  n,  Handbiich^  Anfl.  3,  ii  408. — 
Dnmaa,  Am.  Ch.  Pharm.  vi.  252.— Blanchet  and  Sail,  ^btd,  tL  Wftlter, 
Hid  xxxii.  Kane,  Phil.  Mag,  xvi.  418.-  Laurent,  Vwx.  ncHMit.  xiv.  5tl.- 

Uppenheim,  (Jhem.  Soa  J.  xv.) — The  eaaential  oil  of  peppermint,  when  kept  tfx  a 
loi^  time,  or  eodad  to  Tray  low  tnnperatorM,  depoaita  tfiia  aubataneA  ia  nyrtala, 
Anu  ri«-an  poppt  nnint-oil  yields  this  (b»[Hisit  at  tf'Tn|t<'r:i1nr<'i*  in'ar  0°.  Thi.s  Camphor 
is  now  imported  in  large  quantities  from  Japan,  in  small,  white,  fragrant,  primiatic 
eiyatala,  reaembling  sulphate  of  magnesium,  whidi  aalt  ia  in  hiA  nacd  tm  adidterating 
tne  Japanese  camphor,  aomctimea  to  the  amount  of  10  to  20  per  cent. 

The  camphor  from  American  oil  of  pepprrmint  melts  at  36'6°  (OmelinV,  at  25° 
(Bnmas);  27°  (^Blanchet  and  .S ell);  ai^  (^Walter);  the  Japanese  camphor  melta 
nt  36",  and  volatilises  without  (U* imposition  at  210**  (Oppenheim).  Vapour-dan* 
sity,  obfl.  -  5  08  J  cale.  —  6-41.  It  la  liBvo-iotatoiy«  [«]  «  —  69'6<'  [  ?  Ibr  tba  tna- 
sition  tint.] 

It  is  bnt  alightl^aohible  in  water,  but  imparte  to  that  liquid  a  strong  smell  and  taKta. 

It  i«  vrry  soluble  m  nfrnhnf,  ,fh,r,  ni^phide  of  carbon,  and  dh,  both  fl.\t'.l  and  Vi)litile  ; 
uuioluble  ia  a<^ueous  aikaits.    From  an  alcoholic  soda-solution,  it  cxystallises  in  long 


Digitized  by  Google 


lUfiNTHYL— MENYANTHIN.  881 

B««dlM,  It  is  diaiolTsd  bj^  »  current  of  sulphurotu  anijfdride,  or  kgdroMoric  add  gas, 
Irafc  tile  Mid  vmmm  off  on  evsponUton,  iM^ing  th«  menthol  iiiMlt«r«d.  Oonoratntod 

acids,  eep^'cIaUy  niirir.  fitl^hnriv,  /ti/dr<>chl<>ric,  /ormic,acetic,nn<l  ''ufi/rir  mi'it,  dis»ol\ti 
it  freely ;  ftnd  from  theee  aolutiona  it  is  precipitated  by  water  and  by  alkalis,  as  an  oil, 
which  aoon  aolidiflca,  and  than  exhibitfl  the  original  pmperHesof  the  ouaphor. 

Heated  with  strong  hydrochloric  to  100°  for  u  coiisid'  HiMe  time,  it  is  transformod 
into  chloride  of  menthyl,  G"H"CL  Xheaama  oompouod  ia  SDcmed  faj  the  Action 
<it  pmtadUoritU  ofphosphcrut : 

C»«H»0  +  PCI*    -    PCPO  +  HCl.C"H»»Ci 

WjiQk  Miii  and  Biwaritft  of  pkatphtmts,  it  yield*  iotida  aaid  tmittida  of  in«itbyl ; 

kjfdriodie  (icid  also  not«  upon  it  at  200'^.  forming  i<jMlIJo  of  ni'-nthyl. 

Hratf^d  with  ooncon*r*itt(l  acetic  acid  in  !V  Bea!o<I  tii'<*',  it  is  converted  into  acetate 

of  menthyl,  Q^jpo^^*  WiUi6tN(ync  acidix  format  in  lilra  mannar^  bntyrata  of 

■ieiithjl,^j^g,Q|0. 

These  reactions  show  that  peppermintK»mphor  is  an  alcohol  containing  the  radida 
C*H'*  (menthyl);  it  is  homologous  with  allylic  alcohol*  C*H*0,  and  isologoos  with 
campholic  alcohol  or  camphol,  C'lfO  (i.e.  dirora  fnm  tha  latter  by  2  at.  H) :  hence 
the  names  menthylic  or  mentholio  alcohol,  and  menthol  applied  to  it 

Si.di'um  acts  very  energetically  on  menthol,  with  evolution  of  hydrogen  and  for- 
luutiou  uf  a  substitution- product,  which  is  a  white,  vitreous,  transparent  mas;*,  becoming 
brown  on  exposure  to  th'  :iir,  insoluble  in  water,  but  soluble  in  ab8<^liito  alcohol  iad 
irnliilc  of  ethyl.  The  latter  body  acts  on  the  sodium  compound;  but  tho  art  ion  is  com- 
plicati  d,  and  does  not  appear  to  give  rise  to  the  formation  of  a  compound  eths  r,  aa  with 
most  sodium-alcohols. 

Mentli  .1  ia  dalqrdnked  liy  j^ko$pkorie  €mijfdHd»  or  dUorid$  ^  &im,  jrialdiiig  ^ 

menthene.  ^     >  t 

C*V*.  TIm  ndkita  of  menthylic  alcohol,  &c 
^  Mentkyl^  CH'ol  '  V^'V^  by  heating  menthol  with  strong  acetic  acid 

to  124^ is  a  analed  tube  fbr  tm  <p  twdre  hours,  then  washing  with  carbonate  of  sodium, 

and  drying  ovi  r  cliloridc  of  calcium,  is  a  light  oil  which  Iwils  without  decomposition 

between  222°  and  224*^.  it  is  highly  refractive,  and  Isevo-rotatory  ;  [a]  =       111^.  Ititi 

not  decomposed  by  water,  or  bv  cold  solutions  of  the  alkalis,  or  by  baryta,  but  when  , 

heated  to  120°,  with  an  alcoholic  solution  of  soda,  it  is  completd^  XMNlvod  into  aodie  J^j/ 

acetate  and  menthol    (Oppenheim,  Chem.  Soc  J.  xv.  26.) 

C'*H" )  * ' 

BuifrnU  ttf  Mmtkyly  (MQTQfO,  is  prepared  by  heating  menthol  with  bntyrio  ^ 

acid,  in  ft  scaled  tube,  to  200^  fi>r  thirty  hmtrs :  thw  di«itinmg  and  rollecfing  tho  ''■ " 
portion  which  passes  over  betweoii  230'^  and  210^^.  lioLatory  power  [aj  =>  'J 
nearly.  ' 

Chloride  of  Mcnth/J,  C'«n"Cl.  Obtained  by  treating  nit  nthol  w  ith  pentacldoride  of  ' 
phoephoms  (Walter),  or  wltb  couCfiiLrated  hydrudiloric  acid  for  u  week,  at  100°,  or 
for  tweoty-nor  honrs  at  120°  (Oppenhei  m).  It  is  a  very  pale  yellow  Uqi^  li^^htar 
than  water,  heavier  than  alr«jhol.  and  having  an  odour  like  that  of  mace;  boils  at 
about  204°,  decomposing  and  turning  browu  ut  the  8anu-  time.  It  is  slightly  soluble 
in  water,  more  soluble  in  sIooImI*  it  it  mpidly  decomf^ised  by  potassium,  Irat  stnogf 
alcoholic  jv>tnsh  haf<  no  action  upon  it,  even  at  tho  boiling  heat.  (TValter,)! 

Bromide  and  lodtde  of  Mt  nfhf/l  ar«  obtained  by  the  uctiuu  of  bromide  and  iodide  of 
phoephoms  on  menthol ;  th(»  latter  also  by  tlie  action  of  strong  hydriodie  eeid.  Botfi 
eompounds  are  dccomjosed  by  distillation.  (Oppenheim.) 

aUH  V AVTBXV.  C*'1I**0".— A  bittex  auhstanoe  discovered  byBrandes  in 
lNidKbean(Af(i}i^<Mfj|«t  itifi>UiM%  ami  ftirtli«r  enmined  by  Kro mayor  (Zeitachr. 

Anal.  Chem.  i.  15;  Jahn  sb.  1861,  747).  It  may  bo  prepared  by  a  proeees  nmilar  to 
that  deaehbed  for  the  extraction  of  marrubiin  (p.  864).  It  is  thus  obtained  aa  a  nearly 
eolonrleaa  resinous  maas,  which,  after  drying  over  sulphuric  acid,  is  amorphous,  friable 
permanent  in  the  air,  neutral,  and  has  an  intense  and  purely  bitter  taste.  It  beo^^ 
to  M^fcen  heUrten  60°  and  66'^,  becomes  quite  fluid  at  116°,  and  solidifies  on  cooling 
to  a  baxd  ydlowidi  trannparent  mass.  At  higher  temperatures  it  gives  off  Hmt 
aromatic,  then  pungent  vapours,  smelling  like  oil  of  mustard.  It  dissolves  spafingly 
in  cold  ttaier,  easily  in  hot  water  and  in  alcohol,  but  ia  inaolable  in  ether ;  alJtalie 
dissolve  it  apparently  with<nit  alteration.  It  dissolvee  with  vaxioiis  shades  of  culour 
in  strong  tulphurous,  nitric,  and  ht/droehloric  acide.  The  aqueous  solution  is  nut 
precipitated  by  metatiie  t>aU»,  hot  lunn  with  gaiiotmmo  add  a  predpttate  having  the 
Vol.  m.  •  S  L 
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oompsition  C**H**0**  —  C**H"0".2(?HH)''.  Menyanthin  is  isomeric  with  pini- 
picnn,  wUdi  it  alio  roaembles  in  many  of  itn  propertiM.  (Kroinaj«r.) 

Thp  nnmf  mf^njanthin  lia.s  al.'^o  l>t •  n  iij  pliol  to  a  neutral  aa^yUMeoWflHbitMM 
coDtainod  in  buckbcan ;  prubablj  iilentical  with  inuJio  (p.  277). 

anVTAimiink  Aa  tSfy  body,  obtalnM  by  diatlUmg  nflnyaatiiiB  wWh 
Bulplinrii.'  ai'iil.    The  residue  in  the  retort  cniitiuii-^  frrini  ntaVjIc  sii;^':ir.    If  in  Ip^avv, 
colourless^  axnelis  lUu  bat«r  ftlnumd  <nl;  luu  a  iaiat  acid  reactios,  and  leducen  aa 
KimiMwiaodl  rflyeriolntioa.  (KromajM.) 

^^|a  (Seeth«smilAIeoiial-ndidci^«^.,BTMi^iLM^^ 
IBHMMunBHMk  ClompoMiaifef»aJby  thtwhatitrtioaaliat^ 

in  the  nifrcaptans. 
AXMOKUUXIX.. 

■■  ■■IHiaiaTtf  I    The  Mih  of  MeremitdHa  permmU  (tii6  bflA  togal]i«r  with  tbe 

fhiit)  has  been  analysod  by  X.  R.  Ifler  (Jahrosb.  18G0,  p.  643).  The  air-ll^^^d 
pUats  yielded  84*4  per  cent  dry  reaidueat  100^.  The  ash  amovuHed  to  ll'd  per  oeak, 
of  th«  ui^ed  pIaD^  and  18*09  per  eeiit.  of  tli«  plmt  dnod  At  10(P.  X(  oonHnud 

2714  per  emt.  C0«  918  CI,  0  98  S0»  0  S4  RIO'  2  7H^O»  0'27  Fe«0»  ZVm  CW), 
6-59  Mg=0,  11-35  K-O,  6-84  Na'O,  with  a  trace  of  coppor  (low  0-50). 

BOnunntXirS.  This  term  was  applied  by  the  alchemists  to  aU  volatile  substance : 
thus  quicksilver  was  called  Mcreuntia  emmimUi  tlttOhicA,  MtmnriMi  tyfaitltii.  At 

prrs(  nt  it  is  applied  only  to  quicksilver. 

Mereuriui  dulcii.    Syn.  with  calomel  (p.  893). 

MtrcuriuM  eimer«n»  Blackii,  blackish-grey  marourial  precipitate^  u  a  wiatutm 
of  mercurous  carbonate  with  MfTcuritts  solubilU  JSilAiMaMPiiN^  obtiaaed  I9  ffOO^itMiqg 

mercurotis  nttrat'^  with  carbonate  of  ammonium. 

Mercurius  cinereu*  Motcati^  the  Mcrcuriiu  soiudiiis  ot  the  Swedes,  consists 
of  bladk  mefoutoiM  «ad^  obtained  by  dooompoiiiig  ealonwl  with  ooMtia  potarii  «r 

Boda. 

Mercurius  cintretts  Suunderi.  An  almoat  obsolete  piiarmucentical  pr^^ara- 
tioD  eoBUiBtntg  of  chloride  of  juofcmnaaaiHiointim  (Hbg'H'N)Cl,  obtained  b^daoom- 
posiiig  colonii  1  with  ammonia.  (See  Mkbccrt-bastls,  AmuomUiOai..) 

M'  ri  It  r  i  H  .t  pho.iphafffs  Frfch^ii.     An  dlisolito  prrpnmti.in  obtained  hj 
cipitating  a  solution  uf  luercory  in  nitric  acid  with  phosphate  ol  soUioro. 
M»ro«rim9  praeipitafut  aibuB.    Syir&r^^rum  amido-hteUoraium^  Efydrar' 

gt/f  i(>/i  amiili-iii uriati'-uin,  Il'/drarjj/ru/Ji  pracipitatum  album,  Mer'  irr;ti.<  c^'S-.u  fin-.-',  Cu'x 
hjfdrargyri  albot  Lac  mcrouriaU, — White  ^recwiiate.  Of  this  mercurial  preparatioa 
l£en  ars  two  vanetieft,  dtatingdilied  aa  faaibfe  and  Infnaiblcu  The  wmw  eon- 
sista  of  vUcrhL:  of  /in n:itnr,ui/ion)'u'ii,  IlglfNCl  or  rrii-j["IT'^-Cl*.  dLtuiiici!  ly  p]i- 
oapitatug  ammonio^merwuic  chloride  with  potash,  or  by  dropping  a  solutioa  of 
tterenrie  diloride  into  a  solution  of  aal-ammoniae  mixed  with  ammonia^  aa  lon^  as 
the  precip;tiif»;  first  fornicil  is  rcdissolvtil  ;  the  latter,  of  chloride  of  'Jii,irrr>'r' 
ammonium  Hg^li^KCS,  or  l£hg''H\N[Cl,  obtained  by  adding  ammonia  to  mercarie 
chloride. 

Alercurivs  p raei pi iatu»  ruber,    Oxydum  hr/drargyrimm.   Mercoric  oxide 

obtaiut'd  either  by  oxiJising  mprctiry  in  contact  with  the  air  at  the  boiling  heat,  or  by 
heating  it  with  niuric  acid.  The  product  obtained  by  the  first  of  these  methods  is  also 
tii^B^Mgnmiua  frmipUttim  per  M  (aee  p>  907). 

Mi  rcvri  H  fi  sohihilis  Jfti  h /n  n,  a  nnt.  TJi/'h-nrriijrvni  oTydtditf  am  nigrum. 
Nitrm  ttmmonicu*  cum  oxydo  h^drargjfrico,  Basic  nitrate  of  mwcnrosammonia.  See 

6€U9,  A  torn  of  MMfWie  anlpliide,  obtained  by  tfilwalinif 

to^j'  fhf  r  pts.  melted  flowers  of  tmlphor,  6  pta  mercury,  nnd  1  fits.  .sal-ammoni.nc.pulTer- 
ising  the  cooled  mass,  subliming  it  in  a  flask,  r^oving  the  upper  white  deposit,  oonsial- 
ing  of  sal'^mnoDxae,  aad  iMmbiiniing  tlie  lower,  bemer  enuxaato  three  tiaee.  The 

upper p«rt  of  thp  siiMiiu.ile,  fhnc  f  Vitnirifd,  •a'?ti.il5y  I'rrirt  and  yellow;  thr-  low-  r  he-ivy 
and  Tiolet.  The  latter,  after  it  has  been  fixLely  pounded  and  alcohot  bUrot  upon  it, 
omutitTLtaa  Mtnmriut  vMateu*. 

Mfrcuriu*  Him.  Powder  of  Algaxoth  (oxyddoride  of  nnliino^yy  i  SS7). 
M«rcMTiu»  vivuM.  MetaOie  mareniy. 
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E.  C*H»UgN.  A  base,  the  iodide  of 
-which  is  obtaiued,  according  to  Sonnenschein,  together  with 

bj  tlio  action  of  iodiflc  of  ctnyl  on  white  precipitate  (ii.  635). 


Sjnonymes  :  QirtcJcsilver,  Hydrargyrum,  Argmtuni  vivum^ . 
tntnu.    8yml>ols  and  Atomic  Weighta:       =.  100;  Hhg"or«g"-  200. 

This  metal  has  been  known  from  the  earhest  times;  cinnabar  was  tiKcd  us  a  pigment 
by  the  andeatf;  oooonTB  ■nhKmifa  wm  Imown  to  the  Ambiaiuik  and  eftlonud  to  tha 

ulchemists. 

Heitnuy  is  often  found  native,  in  gLobnlen  disseminated  through  its  ores ;  ii  •H  rnrs 
also  combined  with  sUver  and  with  gold,  in  the  form  of  amalgams ;  also  m  iodi,!.'  and 
chloride,  and  very  rarely  as  selcnide;  but  the  most  abundant  ore  is  the  8ulphi<lo,  or 
einnabar,  from  imdi  nearly  all  the  roerenzy  of  commerce  is  obtained.  Its  must  in^ 
portant  mmi^^  nrf  thoso  of  Mria  in  Illyria,  and  of  Almaden  in  Spain.  At  Almaden 
ii  is  luuud  in  vtiu.s.  often  nearly  fifty  f«'et  thick,  traversing  micaceous  schists  of  the 
oUsr  tnoaition  poriud ;  in  lUljrin  it  is  dissemimtad  in  beds  of  grit,  bituminous  schist, 
or  compact  limestone  of  more  recent  date.  It  occurs  nUo  in  the  Bavarian  Palatinate, 
at  Homowitz  in  Bohemia,  at  Bchcranitz  in  ihnig.iry,  and  a  few  other  localities  in 
Europe  ;  on  the  Ural  and  Altai  mountains  :  in  China  abundantly,  and  in  Japan;  at 
San  Onofre,  in  Mexico ;  abundantly  at  Huanca  Velica,  in  Southern  Peru  ;  in  the 
evince  of  Coquimbo,  Chile ;  and  forms  extensive  mines  at  New  Almaden  in 


Preparation. — By  distillingmercnrial  ores  with  lime,  smithy-scales,  or  simply  in  contact 
with  the  air,  so  as  to  remove  the  sulphur  by  formutiou  of  sulphide  of  calcium,  sulpliide 
of  iwa, or aalphiunua anhydride ;  partly  also  to  remove  chlorine.  In  the  Bavarian  Fala- 
tinittc,  a  mixture  of  ore  and  lime  is  heated  to  rtnlness  in  long  caf-t-inm  bottlcp.  plac(^ 
in  nearly  horizontal  rows,  one  above  the  other  in  a  long  furnace,  and  provided  with 
reeeiTeTfi.  At  Honsowiti^  in  Bohemia,  a  mixture  of  ore  and  amithy-aMlee  is  plaeeA 
in  iron  dishes,  which  are  attached  one  alx)vo  tlir  r  th,.r  by  the  centres  of  their  bases  to 
a  vertical  iron  axis,  and  covered  over  with  an  iron  receiver,  closed  at  top,  and  dipping 
into  water  at  bottcnn.  The  unper  part  of  the  reodTtr  is  snrvoonded  Djr  tlia  fvnaee, 
and  imports  its  heat  to  the  dishes,  from  which  the  memin'  rif;rs  in  vapour,  and  collects 
in  the  water  contained  in  the  taroogfa.  Thia  process  is  called  IketiUaUo  ptr  detoentum. 
At  Idria,  in  niyria,  the  qdeliflflBf^n«^  ooaraely  teoken  trp^  la  Wd  vpon  a  petlbrated 
stone  :iri  h.  in  a  tum-t-shapcd  furnace,  and  after  the  apertures  by  which  it  is  introduced 
have  been  stopped,  heated  to  redness  by  flames  made  to  play  against  the  under  imrfaoe 
Of  the  areh.  /The  ao^ibnr  ia  bunt  I17  the  ilr,  i»MA  ia  aomttted  tfanin|^  ehanaek 
eonstructed  for  the  purpose;  and  mixture  of  raeiaiBidi  vapour,  stilpnurous ad^ 
and  smoke  from  the  ftirnace^  ia  made  to  pass  throuffh  a  boriaontid  cfaann^  constneted 
in  tile  upper  part  flf  tiie  ftirnaee,  then  up  and  dofwn  through  seren  eonoaMlnff  cnaatMnL 
and  finally  through  a  ttirr-  t -shaped  forge  into  the  nir.  In  the  course  of  this  long 
transit,  the  mercuxj  eondenses  in  the  chambers^  the  floor  of  which,  being  inclined  to 
one  aide^  anaUea  it  to  nn  ont ;  it  ib  then  eolleeted,  and  strained  thranf^  eoanw  doth. 
AainilarpiDt^- --^  is  followed  at  Almaden,  in  Ppain.  exci  (-finj:  that  the  vapour**,  instead 
of  passing  through  condensiiu  chambers,  are  made  to  traverse  a  series  of  tubes  made 
up  of  cylinders,  eaDed  Ahuut»  (i.  149),  open  at  both  ends,  and  ftttinf^ona  into  tiia 
other.  Thefef  ar»  laid  upon  a  surface,  calli d  {\\c  AhiJiI-fnith,  fir-^t  descending  a  little, 
and  then  ascending,  and  finally  open  into  t  he  chimney.  [Fur  details  and  figures  of  all 
these  fbnns  of  apparatus,  and  «  an  improved  process  suggeste^l  by  nr.  Ure  Ihr 
performing  the  distillation  in  iron  retorts,  see  Urc  s  Dictionary  of  Art4,  &c.,  iii.  58], 
Mercnry  is  sent  into  the  market,  sometimes  in  leathern  bags,  sometimes  in  wrought- 
iron  bottles,  which  are  afterwards  used  in  chemical  laboratories  for  the  preparation  of 
potassium. 

Purification  from  foreign  metals. — 1.  The  mercuiy  is  distilled  either  alone,  or, 
better,  under  a  thick  layer  of  iron  filings,  in  glass,  earthen,  or  other  retorts.  A  portion 
of  the  fbnign  metals  is  very  apt  to  }>iis8  over  with  the  mercury,  cither  in  the  mnn  of 
vapour  or  l»y  ppirting  during  the  diulUtion.  The  latter  of  these  accidents  is  prevented 
by  the  coating  of  iron-filings.  2.  By  distilling  the  mercury  with  one-tenth  of  its 
Weight  of  einnabar,  the  sniphav  of  ivhicfa  retains  the  foreign  metals.  (Dirfnrl) 

3.  By  boiling  the  impure  mercnry  for  some  hours  with  ^  of  its  weight  of  mercurous 
nitrate  dissolved  in  water,  or  witli  a  small  quantity  of  very  dilute  nitric  acid,  or  bjr 
digesting  it  with  either  of  the»*»  liquids  in  the  cold,  the  mercury  b<'ing  placed  in  a 
shallow  dish,  po  i!*<  to  rrposp  11  hir^'o  surface,  and  frequently  agitated;  or  by  agitating 
the  mercury  for  8omi<  days  with  sulphuric  acid — which  must  be  stronger,  as  the  mer- 
euiy  is  more  impure— till  the  acid  no  longer  become  turbid,  or  fakes  up  any  foreign 
Fubstance  (Branchi,  Kf^  rt.  Pharm.  vi.  77). — 4.  Ulex  (Ann.  Ch.  Phaitn.  Ix.  210) 
agitates  two  pounds  of  mercurj'  with  half  un  ounce  of  solution  of  ferric  chloride. 
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haTing  «  qpiwillci  mxitj  of  1*48.  The  mercuiy  U  therabj  reduced  to  a  state  of  verj 
€iie diTfaioo,  aadtlM aetioB  on  the  fcreign  metdi  ia  aeeelemfeed by  tho fbrmation  of 

chloride  of  mf-rcury,  which  collects  between  the  dropn.  It  is  Hufficicnt  to  agitate 
the  mercurv  with  the  iron  nolutioa  iior  ten  minutes,  and  then  wash  it  with  water.  The 
mercury,  after  drying,  is  easily  reunited  by  the  application  of  a  gentle  heat-^.  A  small 
qnantity  of  mercury  may  be  speedily  purified  by  plaeing  it  in  a  bottle  with  a  little  finely 
powdered  loaf-sugar,  the  mercury  not  occupying  more  than  one-fourth  of  the  capacity 
of  the  bottle ;  the  bottle  is  then  closed  ana  briskly  agitated  for  a  few  minutes,  after 
which  the  ntoppcr  is  withdrawn,  and  fresh  air  blown  into  the  bottle  vitll  a  pair  of 
bellows,  and  the-  agitation  is  repeated;  this  is  done  three  or  four  timen.  and  the 
mercury  is  then  poured  into  a  cone  of  smooth  writing  paper,  having  a  pin-hole  at  its 
apex.  The  metal  then  runs  tlirough,  leaving  the  [xtunded  sug:ir  mixed  with  tlM 
oxides  of  the  forei;rn  mefuls,  and  a  considerable  quantity  of  finely  divui*-*!  mercury. 

Pure  mercury  sliouKl  Irave  no  residue  when  dissolved  in  nitric  acid,  »  viij>orati'd  and 
ignited;  or  when  fusinl  \viih  sulplmr  and  sublimed  in  a  gla?;^  flai^k.  Wiien  niadsto 
mn  down  a  irt  iitly-inflined  surface,  it  should  retain  its  round  form,  and  fwt  draq  a 
tail ;  and  wiicu  agitated  iu  a  bottle  with  dry  air,  it  should  not  yield  any  black  powder. 

Prop>  rtUt. — Mercury  frt  i-zea,  according  to  Hutchins,  at  —  89'44**,  undergoing  con- 
siderable contraction,  and  forming  a  t!'  -  white,  ductile  mass,  crystallised  in  O'.-tahedrona 
and  needles,  capable  of  being  cut  with  a  knife,  and  exhibiting  a  gmnular  fracture.  At 
ordinary  tensperaturof",  it  forms  a  very  cohen^nt  but  very  mobile  liquid,  which  adherea 
but  slightly  to  glass,  and  has  a  density  of  n-.5on2  (Karsten),  in-oSSG  at  4°  and 
13-636  at 26°  (Kupffer),  13-668  (Cavl  ndish  and  Brissou),  13  o7o  ^Fahrenheit), 
IS'eiS  at  10<^  (Biddle),  18-696  at  4°  (Kopp),  13-SUG  (Regnault).  For  its  specifie 
Iwat  see  IIrat  (p.  30);  rate  of  expan'<ion  fp|>.  54-57) ;  latent  heat  of  fusion  (p,  77). 

Mercury  remains  unaltered  when  agitated  far  any  length  of  time  with  oxygen  gas, 
OOnmon  air,  hydrogen,  nitrogen,  nitrous  oxide,  nitric  oxide,  carbonio  acid  gas,  or 
alcohol ;  but  any  foreign  metals  that  may  be  mixe*!  with  it  become  oxidis^nl  by 

£*tation  in  air  or  oj^gen  gas,  producing  a  grey  pulverulent  mixture  of  the  oxides  o£ 
I  farrign  ndda  ana  finely  diridad  natallie  wteartr.  On  the  other  hand,  by  agita,- 
tion  with  water,  ether,  or  oil  of  turpentine,  or  b)'  trituration  with  sidphur,  sulphide 
of  antimony,  sogart  grease,  &c.,  even  in  vacuo,  mercury  is  convextad  into  a  grey  powder, 
JBtkiops  p0f  M,  eonnstuig  of  tmall  globules  of  the  metal,  which  aia  aspaMtaa  bj  in- 
teqvjsition  of  foreign  matter,  but  run  together  again  on  its  removal :  this  is  called 
the  Js^ietiiiciioH  or  Ikadeni$uf  qf  Mercurv.  In  well  prepared  grey  mercurial  ointment, 
flia  matwny  fcnaa  naariy  nmlbtm  f^MwIwi  h«^iag  *  dinmctsr  bstwatn  and  of 
a  line,  and  not  distinguishable  by  tlic  naked  eye  (Ehrenbcrg,  Fogg.  xxiv.  40).  The 
deadening  of  mercury  was  formerly  attributed  to  oxidation.  Acoordiog  to  Baren- 
aprnng  (J.  pr.  ChML  L  91),  aome^  at  leaal;  of  Aa  maeory  in  grey  mercmial  ointmnit 
is  in  the  state  of  blade  oxide  (the  quantity  being  greater,  the  older  the  ointment),  and 
this  oxide^  after  tiia  &t  iuia  been  extracted  by  ether,  maj  be  disMlred  out  by  water 
slightly  addidated  -witii  ndphnrie  aaid. 

Mercury  boils,  according  to  Crichton,  nt  346";  according  to  Dalton,  at 
849*^;  according  to  Heinrich*  at  Sfie*';  according  to  Dulong  and  Petit»  at  360*', 
and  is  thareby  coorarted  into  a  edonnaaa  Tapoms.  Yaponr  rises,  bowrrer,  fnm. 
mercury,  even  between  +  15-5°  and  27°  (but  not  at  —  6-7°).  both  in  vacuo  and 
in  i^Mces  filled  with  air,  as  shown  by  the  silTering  of  g(Ud-lea4  kept  for  two  montha 
in  a  Teasel  over  mercury  (Faraday,  Aeeordfog  to  Kanten  (Fogg.  Ann. 
Ixxi.  246),  mercury  at  temperatures  below  0°,  givM  oflf  sufficient  vapour  to  bring 
out  the  image  on  a  baguerreotype  plate  held  orer  iL  Bram  e  (Instit.  1849, 403)  findia 
that  sulphur  in  the  rery  finely  diTided  utricular  eendition  {utrieiOm  it  9n^)  in 
vUflh  it  k  first  precipitated  from  the  state  of  vapour,  is  a  mucn  more  delicate  test  for 
the  presence  of  mercurial  vapour  than  gold-laal  By  means  of  this  test,  he  finds  that 
at  12^  the  vap<.)ur  of  mercury  rises  to  a  height  of  more  than  a  metre — ^that  even  at  8**, 
H  anpinia  to  have  no  limited  atmosphere — that  it  rises,  at  ordinary  temperatures,  from 
am^gams  and  mercurial  ointment — that  in  presence  of  air  and  sulphur-vapour,  it 
diffuses,  according  to  the  Kame  law  as  other  gases — but  that  in  presence  of  air  and 
iodine-'vapov^  of  the  vapour  of  iodide  of  mercury  thereby  produ(^,  the  law  of 
diffusion  appears  to  b.e  different.  (For  the  tanaioa  of  aMceuy'Tapoar  at  difinant 
teinperatures,  see  1Ii-.at,  p.  94.) 

Ine  density  of  mereury-vajwjur,  referred  to  air  as  unity,  is  6  7  (Binaav,  CVMipt. 
rend.  xlix.  799).  The  theoretical  deu-^ity  is  100  referred  t.i  hvdrosren,  or  6-933 
fefarred  to  air,  as  uuily,  the  molecule  of  the  vapour  containing  2  at.  ilg  (  =  100)  or 
1  «t  Hhg  (  -  200). 

Acfxtrdi!!!:  to  Wiggers  (Fogg.  Ann.  440\  mercurj-  is  sliphtly  soluble  in  boilincf 
VHiUr.  When  twenty  ounces  of  water  are  poured  upon  two  ounces  of  mercury,  and 
boilid  down  to  tn  onneaa,  tiia  daeanted  Ifiivid  ibm  bo  partifwhr  fsadkm  vitt 
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■do^jdrfe  add  or  stannuns  chloride  ;  but  on  mixing  it  with  t^n  drops  of  nitric  acid, 
ana  eraporating,  the  residue  exhibits  a  slight  brown  tint  when  treate'l  with  sulnhydric 
acid.  Anthon  also  (J.  pr.  Chem.  xv.  163)  found  that  water  boiled  with  mercury  for 
flftaefi  hours,  and  then  decanted,  was  capable  of  silrerii^^  gold-leaf ;  and  after  evapo- 
ration with  nitric  acid,  gave  tho  clKiriU'tt  risric  rt  a^  tions  with  anlphydric  acid  and 
•tannoufl  chloride.  Paton  anU  i'  avrut  {J.  Chim.  med.  xiv.  306),  in  repeating  the 
experiment  of  Wiggcrs  with  distilled  water  and  with  river-water,  did  not  discover 
mfrrnrv  in  tli--  Wiitor  iif^er  evnpnmtion  with  nitric  :i  -id:  Oirardin  alao  (J.  Chim.  mid. 
is,  283)  fuuiid  no  mon-ury  in  waU  r  which  had  bceu  boik'd  with  that  metal ;  he  did 
not;  hofivever.  mix  it  with  nitric  acid  before  evaporation.  When  mtw is  pound  Vfon. 
ffifTPnTy,  b<jil<'d  tl'iwn  to  one-half,  defwnted,  th^-n  h  ft  to  ^*tand  for  several  days,  again 
decanted,  and  thrown  upon  a  thick  paper  filter,  .small  qnauLities  of  mercury,  eiifflcient 
to  Mtwr  gold-leaf,  remain  on  the  filtMp;  hut  the  filtna> ,  when  nixed  with  nitric  add 
and  evaporated,  show)^  no  trace  of  mercury.  Perhaps  the  quantity  n^iA  in  the  ex- 
periment wa^  too  .small ;  but,  at  all  events,  the  experiment  Bhow»  thai  the  mere 
ttwauatatiou  a  1 'i  t.  1  by  Wiggera  is  not  sufficient  to  sepunte  the  water  front  tliB 
incrcurT  nicolianioally  mixed  with  it;  to  vl^-oide  the  question  comply toly,  <  xperiineilti 
•hoold  be  made  with  large  quantities  of  wattr.    (L.  Gmelin,  Uandbook,  vi.  4.) 

^jfineekhrio  add,  even  when  hot  and  concentr.ited,  has  no  Mtkm 
Nitric  ticiJ  t-lowly  dissolves  it  in  the  cold  ;  and,  if  the  acid  is  in  oxcePS,  convert.'^  it  into 
ceHtzal  mercorous  nitrate.  When  nitric  acid  it>  buil«'d  with  excess  of  mercury,  the 
metal  w  eonverted  into  basic  roercaroiui  nitnte,  which  ervstaUiM*  «■  oooHng.  If,  oa 
the  othi  r  liand,  the  nitric  acid  is  in  excPSf*.  the  whole  of  the  mercury  is  converted  into 
mercuric  nitrate ;  mercury  heated  with  excess  of  nitrmnuruittc  acid,  yields  mercuric 
eUofid*  and  nitnto.  Mereory  w  ecarccly  attacked  1^  dilate  nUpkmie  mM,  Imt  when 
heated  with  the  concentrated  ftoid,  it  is  convort(d  inttj  .M)!id  nicrcurie  eulphate,  with 
evoliitimi  of  ettlphorooa  anhydride.  If  the  solphtmc  acid  is  small  in  qu&nUtjr,  and  the 
hMt  if  not  xiiM  quto  to  ua  boiling  pofaitk  mflMorav  1^  ClitHm 
g9»  janed       gently  heated  m«teury,  converts  it  itito  raercnrie  ehloiida 

Mercury  forms  two  seriea  of  compounds,  viz^  the  mercurous  compounds,  in  which 
it  is  hemi-atumic  or  monatomic,  and  the  mercuric  componnda,  in  which  it  ia  mono- 
ordi^oaMe,  awwidiiig  aa  tho  laalto  Qg  laigtt  •tonne  waigjrt  of  tbattotaliaadoftcd 

fhk*T"^  • 


Maiiiuiie  qpda 
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218 
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200 
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There  are  also  several  compounds  into  which  mercuir  enters  aa  a  base  or  ndtde 
belonging  to  the  typea  amnom*  aad  anunoninm,  e.g.  hnnnido  of 


llt'jN'lir;  dilorideof  teliainaBeniamipmiMim,HgWCa  tnmnmaia»,Bg^lf  It  known 

IP  ) 

in  the  free  state. 

amOUWi  A&laOTB  or  AMJLI4IASI8  OF.   Meroorj  it  capable  of  uniting 

with  mo<t  other  metals,  fonnlnp:  compotinds  callid  anialj^ams,  some  of  wliioh  aro 
lionid.  while  others  are  »olid.  The  soiid  umaJgauiii  appear  to  be  fur  iho  must  part  of 
deAnlte  ehenieal  constitution;  wUlethe  liquid  amalgams  may  be  regarded  in  many 
installers  as  si-Uitions  of  d.  finiti-  compnnnds  in  excessof  mercury,  inasmuch  as  wli-  n  they 
Mepruflsed  between  chamois  leatlier,  mt  i  cury  containing  but  a  small  quauiity  of  Llic  other 
metal  pamrir  tfaioaffh,  while  a  solid  amal^im,  fn^iu^iUy  of  definite  atomic  constitution* 
remains  behind.  Fsf  n  in  tlu:  solid  amaiuani-,  liuwpvrr.  fli<-  ;iffiinf.v  l,y  wliich  the  two 
Metals  axe  heki  together  is  but  feeble ;  for  J  o  u  U  hua  shown  thul  umuy  of  Uiose  which 
contain  equal  mnobesa  of  atooaa  of  tfadr  component  metals  nay  bo  partly  decomposed 
by  sulotLfinu'  lle  in  fo  \rry  strong  pr.-'^nrc,  pnrt  of  the  mercury  beiiiir  tlu  n  f-r.-cd  ont, 
and  an.  amw'g'^™  cont'i'n'»g  a  la^er  portion  of  the  other  metals  remitiuiug  bi  hind.  In 
moat  inetaneea  alao  the  ibnnatlon  of  amalgams  ia  attended  with  little  or  no  contracti<m 
of  volume:  In  the  ca<e  of  silnr  and  copper,  however,  the  contraction  is  conoid,  lable— 
and  with  tin,  lead,  and  a  few  others,  it  is  perceptible.  The  union  of  mercury  with 
potaasiinn  and  aomn  ia  attended  with  considerable  ev<dotion  of  heat, 
The  int  thods  of  oonilvininff  iri er.-nr}'  with  (>tlier  metals  .-xre: 

k  Bringiog  the  merctiry  into  direct  contact  with  the  other  metal,  either  in  the  solid 
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state  or  finely  (livi^I«-tl  tlu'  action  Bometimflt  teldiig  phua  it  otdiny  Un^mtnm, 

wmetimi^  requihu^  ikv  iib^ibtanee  of  beat 

2.  The  intvodnetion  of  meUillic  mercury  into  th*  lohitioc  of  a  salt  of  the  other  mcu], 
part  of  tho  mr-reurv  thon  pasfling  into  the  soluHon  and  pmMpituting  tho  other  metal, 
which  iheu  uuil«^i»  with  the  rest  of  tho  mercury,  lu  miuQ  caae^  the  jMr^ipitatioB  may 
be  more  easily  cflbeted  hy  means  of  an  amalgam  of  a  highly  electro-positiTe  metal, 
Bodiumfor  i-\;iin;>!i\  A  Fr(liam-sdt  it  tiksaliaaB«]»«id  UiactbarMiBtelk  p 
on  the  nuTcury  and  unites  with  it 

8.  The  introd action  of  vrnzioas  metals  into  solutions  of  niawwy  itHl^  eopper  for  < 
example.  In  tho  ca^o  of  silrer,  go\^,  or  plafimini,  wliich  ilo  not  aurctlr  precipitate 
marcury  £rom  its  solutions,  the  action  must  be  assisted  by  inim(irt»iug  a  piece  oS 
tiao  or  iron  into  the  sdntioo,  and  bringing  it  ia  oootoet  with  the  other  metal,  so  to 
form  :i  \  If  ale  -i^  :i'  :  thus  a  drop  of  Hututiou  of  mpTctirtc  chlorido  hiiil  on  a  pirn-  of 
sold  will  not  amalgamate  it ;  but  if  an  iron  wire  or  a  ke^  be  placed  in  contact  with 
uio  wetted  sdrfiuw  of  tho  gtdd,  ft  trliite  spot  of  amslgam  is  uunediitsilj  imned  si  ilio 
point  of  cont  u^t. 

i.  Bj  facing  the  metal  to  be  amalganiated  in  contact  with  metosxj  and  with  a 
dibits  MM,  •  wltaie  cinmH  being  also  ftsBsd  in  this  csss.  Urns  vhm  •  mac  piste 
is  wetted  with  dilute  ilpfciriff  sod,  and nwieary  pooMd  vpm it,  ik»  sins  is  Usmsdi- 
ateljr  astslgamatfld. 

Befocsl  SBudgasM  arevsedinthsBiiSi  Tin  sms^ani  fa  xMsd  fer  'sflfswag*  miawis ; 

am:ilji;-.iniH  of  ^o]d  nnj  J-ilviT  ii»  the  procfs'^^f"-  cf  iTilrling  aud  silvering  Ly  heut;  ciidniium- 
amnlgatiut,  oopper-amalgams,  and  an  amalgam  of  tin,  gold,  and  ailver,  aze  used  £ac 
stopping  teeth ;  ta  smiJfeam  of  sine  and  tin,  ocNnstinca  wbk  additkii  of  tnaaiiit^  fa 
used  fur  coating  tin  jobbers  of  t  ltvtrioal  machine.-*. 

J  h(  m  i  ii  i  I' m .  am  n       m  f  -K\:\n('r  (Ann.  ('li.  I'hnrm.  x.  301)  fi;md  that  potas- 
sium-umaig^un  i:iid  on  li,  lu!U|'  of  aluni,  decumposed  it,  the  mercury  taking  op  a  con- 
sidontble  quantity  of  aluminitini.    H  ittgsr  (J«  pv.  Ohfllll.  i  S05)was  not  able  to 
ol'tiini  an  amaV^ini  of  ahiniitiiuiu  in  this  mnnnrr ;  iflid  tatmUng  tO  SSTills^ 
aluminium  is  nut  susceptible  ol  amalgamation.  * 

Aooordhig  to  Osilletet  (Compt  rend.  dir.  1300%  ifatrainhnn  (dw  iron  snd 
platinum)  may  be  superficially  amal^zaniut'  d  by  coiitaL-t  with  iimmonium,  or  sodiura- 
amaJgam  and  water;  also  when  it  is  immersed  in  acidulated  watar  in  oo&tsct  with  ^ 
metsme  mncxaf  fciiBing  tlie  ucgatire  pola  of  n  voltaic  battaij. 

^flSfsofilitm'aasa/^aiN.  fisa  L  IM. 

Ant  i  rr,  <« ;? ;/  -  a  ,n  a  Irjmr,  is  paid  to  be  fbrmed  by  (ritnrating  3  pts.  of  hf»atrd  nuTtniry 
ia  contact  with  1  part  of  fused  antimooT ;  or  by  trituratizig  2  pt5.  of  uutimony  in  a 
mortar  wi^  %  nam  qoantity  of  hydroduorio  ada»  and  oaosally  droppine  in  f  pt  of 
tiKTi-ury.  It  is  sofV,  and  i<  d>-coiri]»o-od  by  ooufelMt tHu  air  OT ivaCtt,  tno satiBMaj 
separating  in  tiie  form  of  a  black  |X)wder. 

Arscnic-amal^ajA. — Beremann  states  that  a  compound  couLuiuiug  o  pts.  mer- 
einy  to  1  pt  aissaie  fa  poodnflod  bj  hsating  and  triturating  the  two  aictafa  together. 

Til!  rill  ,ii-a  y;i  aJq  a  m  v.vav  Tio  prcparod  Ly  tlic  galvanic  method,  orlicfter,  perhaps,  by 
decoiapo«>ing  a  saturated  solution  of  chloride  of  barium  with  sodium •umalgam.  It  is 
a  soft  pasty  msso^  in  irhidi  a  few  sandy  grains  roa^  ba  ftlt>  It  fa  rapidly  decompoead 
by  water,  and  must  therefore  be  kept  under  rock-oiL 

Bismuth-amalgam. — Mercuiy  amalgamates  hi'^Tntith  even  at  ordinary  toirppra- 
tures;  but  the  amalgam  is  more  quickly  formed  by  ^uuriug  2  pts.  of  hot  inercur}-  into 
1  pt.  of  melted  bismuth.  Tho  amalgam,  which  is  soft  at  first,  gradually  btM-omea 
rrrstallo-granular.  Sodium-nmalfram  in  corituct  with  moi.et  neutral nitrntf  of  M^muth, 
or  immersed  iu  a  solution  of  that  salt,  forms  a  compact  amalgam,  with  ©volutiuQ  of 
hydrogen,  and  sepaiation  of  black  pulremlent  bismntll(B6ttger).  A  small  quantity 
of  bismuth  faeces  awny  but  lifflr  of  the  fluidity  of  m(»rcnn',  find  is  tlior^'fcre  used  for 
adulterating  that  nittul;  aocurUiug  to  Lucas,  howovt^r  (N.  Trommsd.  i.  196),  mercmy 
adulterated  with  only  pt  of  bismuth  forms  a  black  powdwuban  agitatad  in  tha 
air.  1  pt.  of  l  ismufh  iV- -  Ivcd  oven  in  1,200,000  pts.  of  mercnrr  mny  1k»  dpt^x-ted  by 
the  addition  of  potaii^iain-antalgam  aud  water,,  the  bismuth  being  then  raised  by  thio 
galvanic  action  in  the  form  of  a  black  powder,  and  attaohiag  Itaw  to  tlia  aidsa  or  dia 
vessel   (Serullas,  Ann.  Ch.  Phys.  [3]  xxxiv.  102.') 

Cadmium- amalga xa. — Mercury  combiues  readily  with  cadmium,  even  at  ordinaij 
temperatures,  fbrmhig  a  nlyer*whito  gnnnhr  amalgam,  consisting  of  oefahodfal  erfstays; 
hard,  brittle,  hwier  than  nu  reur}-,  and  melting'  at  T.V^.  Wiu  n  (he  men  :  -  ■  - 1- 
pletoly  saturated  with  cadmium,  the  amal^KiiJn  contains  78  26  pts.  mercury  to  21  li 
pts.  cadmium,  agreeing  with  Uia  ibmmla  Hg*Cd  (Stromeyer).  8odfaia-aaM|gaai 
utrodnead  into  a  sofaition  of  eadaifnin  fa  oonTSRtod  into  eadaiiiim-amBlgan.  (Bottgar.) 
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€mMmm''»m€ifmm>F-JhoAu&i  lnj  ib»  mMm  of  a  powerful  voltaie  battery  on 
byrlnit^-  of  cal>Mum  in  contact  with  mctcHj;  dm^  ■iwoidiiif  to  Flwir,     lh»  mctioa  of 

Bodiuni-uinalgam  an  culoiuni-salts. 

Cobalt -a  mal  gain  is  uot  easily  nrepared  bj  the  action  of  sodiam-amalKam  oa 
oobalt-8«lution.s,  inasmndiw  ft  eoonoenujle  quantity  of  cobalt-oxide  is  thereby  pre- 

cipit.it. .!.  l»;tmuur  immprsos  an  nmalgnm  of  5  pts.  mercury,  and  1  pt.  zinc  in  an  acid 
solution  of  cobalt- chloride  supenuitaratcd  with  ammu&ia;  pourti  the  liquid  off  aA«r  a 
few  da  J!!,  and  decomposes  it  with  ftoih  potioiMi  Of  zinc-amalgam  as  loog  as  any  gaa 
i.s  th<Tt  liy  evolvtxl ;  and  lastly,  removes  the  excess  of  zinc  by  dilute  sulphuric  acid. 
The  cobalt- amalgiun  thus  obtained  is  silver- white,  soft  and  dull;  is  attracted  by  the 
magnet  even  when  ii  oontains  sine  (?X  and  htiwBiiMi  oomod  viUi  bkid^  pidmndMit 
oxidised  cobalt  when  eiposod  to  the  air. 

Copper- amalgam  may  be  formed:  1.  By  immersing  a  piaee  of  copper-foil  in  a 
solution  of  nitrate  of  mercury. — 2.  By  triturating  mercury  with  common  salt  and 
Tcnlljjrls. — 8.  Ey  '  .-itiirafin^  2  pts.  of  mercury,  2|  of  Terdigris,  and  1  of  OOBUnon  salt 
with  a  small  quantity  of  heated  vinegar,  which  must  be  renewed  as  it  evaporates,  and 
purifying  the  amalgam  by  washing. — 4.  By  mixing  1  pt.  of  finely -divided  copper — ob- 
tunadbj  reducing  the  oxide  with  hydrogen,  or  by  precipitation  from  the  sulphate  bj  sine 
or  iron — with  a  few  drops  of  mercurous  nitnite.and  then  triturating  with  3  pts.  of  mercury, 
a  light  red  amalgam  is  formed  (Berzeiius). — b.  Mercury  placed  in  contact  with  the 
Mil^tive  pole  of  a  voltaic  bottOT;  and  covered  with  solution  of  cupric  sulpliate  i  nto  which 
the  positive  wire  dips.  b<-comos  perlVctly  saturated  witlj  copper  (  < I  ro  vc,  Phil.  ^lajL'.  [3] 
XT.  83).  According  to  Juule  ^Cheiu.  Guz.  IbOO,  p.  lioU the  amalgam  thus  obtained  haa 
the  eonpoeition  CoHg;  sad  the  same  definite  compound  is  obtained  by  dissolTing 
copj>er  in  mercury,  and  removing  the  excess  of  the  latter  V)y  strong  pressure  (Chem. 
Gaz.  18o0,  p.  339).  \Vh<  ii,  liowcver,  the  pressure  is  verj-  btrong,  or  is  continued  for  a 
loDg  time,  ihc  resulting  amalgam  contains  mon  than  1  at.  Cu  to  1  at.  Hg(Jonlo» 
Chem.  Soc.  J.  xvi.  382).— G.  Copp«"r  aTTialjrnm  may  al-^o  be  formed  by  treating  a  solu- 
tion of  cupric  sulphate  with  sodium-amalgam  (^Kiauer),  or  iuae-aDialgHm  (JJamour). 
Sodiura-amalgiim  immersed  in  a  mixtttve  of  cnprio  sulphate  and  sal-ammonise  ibnas  ft 
reddish  or  goid<'U-yellow  amaltjam  of  eopper  and  ammonium,  which  H<.>on  decomposes. 
— 7*  A  copper-amalgam  used  by  tiu^  Tansian  deutists  for  stopping  teeth  is  prepazwl  bj 
tritimting  nMMttrons  sulphate  (obtained  by  heating  together  10  grms.  of  mereory  and 
lOgrms.  of  strting  sulphuric  acid)  and  finely-divided  copper  (obtained  by  precipiiatin<;  a 
solution  of  23*6  grms.  cupric  sulphate  in  lU  or  12  times  its  weight  of  water,  with  metailifl 
\nia).  The  materials  are  tritnr^ed  together  nnder  hot  water  for  20  or  30  nuavteo ;  the 
Wftter  then  p>oured  off,  and  the  trituration  repeated  with  fn'sh  qnant  if  ies  of  water  as  long 
as  the  water  exhibits  any  blue  colour.  The  amakam  is  then  dried,  again  triturated,  then 
weU  kneaded,  nad  Ibnned  iirto  smell  eokesbiHiieh  beeome  qvite  hara  in  S6  to  48  honrs. 
The  amalgam  thus  produced  contains  3  pts.  copper  to  7  pts.  mercury'.  An  ea.sier  ni  - le  of 
preparing  it  is  to  moisten  the  precipitated  copper  with  solution  of  mercurous  nitrate, 
tiien  poor  hot  wster  upon  it,  mid  incotpotite  ue  required  quantity  of  mercury  by  tii> 
turation ;  the  uftii^  waidi  is  bntUe  ■!  flm^  gadnslij  softeoi  nadw  ths  presume  of  the 
peetla 

TWs  amalgam,  wWeii  beeones  qnite  hoid  by  keeping,  is  distingdshed  by  the  pro- 
perty of  f!'  r)in„'  and  acquiring  the  consistence  and  ••lasticity  of  day  by  continned 
poanding  or  iuieadin^  and  reooTerins  its  hard  crystalline  character  when  left  to  itielf 
fn  ft  few  hours;  it  nu^  then  be  pmterised,  esmbiti  a  grsndo-efysCalline  ftsctnre, 
and  is  hard  enough  to  engrave  upon  tin.  Wh<  n  heated  it  swells  up,  and  small 
globules  of  mnrcuy  show  themselves  on  its  surface^  sinking  into  the  mass  sgain 
on  cooling.  On  tritomting  the  wanned  hmips  in  ft  movtftp,  tiie  smft^am  is  sgain 
obCftined  in  the  form  of  a  highly  plastic  almost  unctuous  niass.  Its  density  is  the  same 
in  the  soft  as  in  the  hard  state,  so  that  it  does  not  expand  or  oontinct  in  haidening,  and 
tbndbre  fills  cavities  air-tight  when  herd,  into  whioi  it  hta  been  pseaied  in  the  soft 
state.  It  is  on  account  of  this  property  that  the  amalgam  is  used  for  stopping  teeth  ; 
but  the  copper  which  it  contains  I'enders  it  decidedly  objectionable  for  that  ^)urposei. 
It  may,  however,  be  advantageously  used  for  sealing  bottles,  glass  tnbes,  &&,  in  cases 
where  otlmr  plaltic  substances,  cork,  dse.,  cuinot  be  used. 

Iridiuvi'amalgam  i^  obt  tined  as  a  <:enii-fluid  mass  by  deOOOpoeing  ft  eODMII* 
trated  aolution  of  sodio-iridic  chloride  with  sodium-anoalgam. 

GoM*«M«lj|ram.— See  Gou>,  Axgan  ov  (IL  927)b 

Iron-amalg am. — Mercury  and  iron  do  mot  mnte  zeadily.   A  vieoid  amalgam  is, 

howev'nv  iilitained  by  ijnTnt  rsiTi^  sodium-amalgnm  containing  1  per  cent,  fkxlium  in  a 
dear  saturated  solution  ul  ferrous  bulplmle.  in  small  ulobules  it  is  attracted  by  the 
m»ipt^  and  wfan  do^y  heated  on  ft  iwtib-g^Mi^  eouiliitt  the  iknA.  niaitling  of 
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1mwiiigto(B9ttger).   AmdiBg  to  JJkbt  treB-«mdgun  b  fior^ 

of  zinc-Hnialgani  on  ferrous  chlorkle  ;  but  acconling  to  Dfiniotir  it  cannot  be  prodnced 
in  thu  w«y.  Jouio  (Uhem.  Oaz.  1869,  p.  339 ;  Cbem.  Soc.  J.  xvi.  378)  has  obtamed 
ttnalniiif  of  iraii  W tlM  cliwfcrolTsis  of  •  •olntioii  of  fivfoiu  mlplMl^tiie  nogttho 
jxili'  Tlciiig  formed  of  inen.-urv-.  The  full  ini^:  tabta  CThfllito  tot  WWpowtioit  ud 
pbjraical  chafrnflUr  of  th«  oompoonda  thua  produced. 
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Perfectly  idd. 

"Flnid. 

Semi-floid. 

Soft 

Solid :  colour,  greyiah-white. 
Solid :  good  metaflic  lustre. 
S<jliJ:  n^ible. 

J  The  fiuporfltions  mercury  pressed  out  from 
I     the  »omi-f\uiJ  amalgam  b^  baud. 
^  CompressKl  nipidly,  aod  with  »  ionb  of 
1    fifty  toM  oa  ti»  flfun  inafa. 

Ditto. 

Lf ad-amalgam. — See  Lkad.  Allots  of  (p.  53 tV 

Magnesium-amalyam — Magnedum  eombinee  with  morcucy  only  vhen  heated, 
ud  ftvma  ft  nlid  amalgam,  fwm  with  large  quantiriM  of  111*  lattar  (Bnasy). — 

2.  Tho  (imalpini  may  tilso  l>e  olifuined  1)V  eWtrolysis. — 3.  By  cuv^'niinj  ]K>ta«8iam  or 
•odium-amalgam  with  solution  of  sulphate  of  magnesium  (K 1  au  er,  Add.  Ch.  Phana.  x. 
89V— Tha  amalgam  Uma  obtained  oxidiaea  alowfy  in  pore  water,  quickly  ia  aaidilaAad 
water.    (H.  DftTj,) 

Miinrjnnrsf-nmnhTam  is  obtained  by  the  action  of  .sodium -Mmalcnm  on  n  ^ffrong 
Hoiution  of  lUHogiuious  chloride.  It  is  viscid,  with  rough  blackish  surface,  and  whan 
haatad  in  contact  widt  the  air,  gi^  off  mareury,  tamifffaaa^  ia  oenfatted  telo  a  atiff 
prtotc,  and  finally  leaves  brown  manganoso-manganic  oxido. 

Nickel-amafffam  is  obtained  like  cobalt-amalgam.  It  is  solid;  is  attractad  br 
the  magnet ;  decomposes  when  exposed  to  the  air,  the  nidtel  gradually  oxidifdag  tul 
nothing  but  mercury  is  left ;  may  be  mixed  with  a  larger  qoanaty  <st  meaxoj  ;  giTOa 

up  it*5  nielcci  to  hydrf>ehIori('  ••nd  dnufc  .«nlphnrjc  acid. 

Otmiutn- amalgam  Lb  formtid,  according  to  Tennant,  by  decomposing  aqueous 
onue  aeid  wHii  metallic  merooiy;  it  ia  wan  or  leaa  fluid,  aaeoraiBg  to  tha  pcoportaon 
of  iTK-roxiry  contained  in  it. 

Palladium- amaig  amis  formed  by  agitating  the  solution  of  a  palladium-salt  with 
asosMof  merenry.  The  amalgam  oootaming  Pd'Hg  u  a  grey  povdav^Hndi,  aeeoxdiiig 
to  Berzelius,  does  not  giv  e  off  its  mercury  below  a  whit<-  heat, 

Platinum'ama/jia  nu — Platinum  in  the  compact  state  does  not  take  up  mercuzy,  but 
spongy  platinum  unitaa  withH  wimthatwo  am  triturated  togedier,  in  a  warn  mottai', 
or  in  contat't  with  a  small  qnrintify  of  acetii:'  acivl.  The  ani;d<;:im  <jf  jilfitintini  is  easily 
formed  by  immezBiug  sodium-amalgam  contaixung  1  cent  sodium  in  a  concentrated 
aolatikm  of  plalutto  dbkrida ;  aodmm-amalgain  abo  oonvarta  diloropkidiiato  of  am< 
monium  into  platinum-amalgam,  with  cvoluti<jn  of  amnu  nia  and  hydrogen*  Tlia 
amalgam  ia  dlvczy,  and  does  not  give  off  mercury  below  a  brkht  red  heat. 

Joule  (CheoL  Sbe.  7.  zri.  884),  bv  eleotrio  diqpoutioo  of  fifillwiim  on  matcny,  hat 
obtained  amalgams  exhibiting  the  foUowing  composition  and  characters : 


100 
*» 
l» 

15-48 
S1*0 

me 

14-29 
U'OO 

Metallic  lustre  where  rubbed. 

Solid.  Daricgrey. 

Daric  gNj;  no  nefealUo  hiitre. 

An  amalgam  of  12  platinum  to  100  nureaiy  Kaa  ft  tn^t  matalKe  Inatre,  and  \m  aolt 

and  frreasy  to  the  toueh.  Pressed  with  a  forrc  of  12  tons  to  the  square  inch.  It  loaves 
ft  hard  button  of  dartc  grey  amalym  containing  43*2  ^U.  platiavm  to  100  mercury. 
Jook  iaftn  flwni  thaaa  laanlta  ttiat  tiia  iolid  ■walgaw  of  phtfaaaa  oontnjning  taa 
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lug&it  qwntiiy  f  mereury  hat  the  ecwporition  PtHg*.  A  thick  past^  amalgam  of 
pintinnm  maj^  be  obtained  faj  caqponag  mmuij  in  mmm  tiiM  to  tha  aetaon  <tf  platiiiio 

chloride. 

Potaitium-amalffam. — 1.  The  two  metals  unite  even  at  ordimiiy  temperatures, 
the  oombiaution  being  attended  with  great  evolution  of  heat  (H.  Davy).  2.  When 
mercury  is  pluced  in  a  cup  connected  with  the  negative  pole  of  a  voltaic  battery  of  at 
least  20  piiirs,  and  covered  with  a  strong  solution  of  potash  in  which  a  piece  of 
hydrate  of  pi^kssium  is  immersed,  and  into  which  the  positive  wire  dips,  the  mercury 
takes  up  potassium  (Berzelius).  1  pt.  of  potassium  forms  with  30  pts.  of  mercury 
an  umnlgam  which,  after  couliu^,  is  tolerably  hard  and  brittle ;  with  70  pts.  mercury 
it  Iikev\  is.-  forms  an  amalgam  iraich  is  solid  at  ordinary  temper turoH,  but  with  moro 
t!i:ui  70  jtts.  it  fhrms  a  liquid  amalgam  (H.  Davy).  Aceordinp  to  (ray-Lussac  and 
Tli^iiiird,  tlu'  amalgam  is  solid  and  cry  stallino  when  itcontuius  from  70  to  96  pts.  of 
mercury  to  1  pt.  of  potassium,  but  liquid  when  the  proportion  of  mercun'  amounts  to 
HO.  According  to  Bottf^i^r  (J.  pr.  Chem.  i.  303),  thr^  nm'iltT-iTn  is  jHTfcctly  "f^lid 
when  it  contaias  100  pts.  of  mercury  to  1  pt.  of  potassium,  wita  140  m<'rcury,  it  is 
very  hard  ;  with  180  mercury,  ftriable  and  partly  crystallised;  ^ritli  2iK)  mercury, viseid. 
Tho  aniulfrain  crystallises  in  cul-es  (BerzrlitiB  and  Pontin).  The  solid  amalgam 
fuMti  will  n  i^ligbtly  heated.  It  gives  off  ita  mercury  bflow  a  red  heat  (H.  Davy). 
When  expot^  to  ue  air  or  immersed  in  watsr,  it  is  r»:)l?i*d  into  mercury  and  aqiMOiia 
potash,  hydrogen  gas  being  slowly  evolved ;  a  similar  change  is  produced  by  aqneons 
acid^  In  oufltact  with  moist  ammoniacal  salts^  it  is  resolved  into  a  p(^assium-salt  and 
iimTnonitSlBal  amalgtm  It  auilj  givw  op  iti  mcMRuy  to  ban  mi  platiiwnn.  (BL 
Davy.) 

Silver-ama!(^am. — A  native  compound  of  merf'nn-  of  silver,  called  '  amalgam  ' 
by  iniutTalogi.'its,  uud  having  thu  composition  Agllg-  Agiig*,  is  found  crj-stallised  in 
octahedrons,  rhombic  dodecahedrona,  and  other  forms  of  the  n-gular  system,  with 
dodecaliedral  cleavage  iu  tracer  ;  also  massive.  Hardness  =^  3  to  3-6.  Specific  gravity 
—  lO  oto  11.  Culuur  andstmik  silver-white ;  opaque  ;  fracture  conchouial;  brittle, 
and  givt  s  a  ^n^ting  sound  when  cut  with  a  knife.  Klaproth  found isamalgaoi  from 
MoscheilandsV' ri'  in  the  Fal.itinate,  30  per  rent,  silver  and  61  mereury,  afn*eeing 
with  the  fbrtniil.t  A^IIg*.  Heyer,  on  tin'  (ither  Land,  found  in  amalgam  from  the 
f.\mi>  locality,  only  '25  p«t  oeot.  silver,  agreeing  with  AgHg*;  and  a  spadnMB  fton 
Alleniont  in  Dauphine,  analysed  by  Cordier,  exhibited  uearly  the  same  c<^mpnsition, 
Tis.  27  ^  p<'r  cent,  silver.  Amalgam  also  occurs  at  Bosenau  in  Hungary,  tiaia  in 
Sweden,  Almaden  in  Spain,  and  in  Chil&  A  natiTa  •ilyar'aiiialgpin  calkid  ArfUtrUt, 
f>"'-nrring  in  crr«^tak  at  Arqncros  Chile,  eontain^,  aeeordhlg  tO  DoDMJj^ia^  IS'KparwuU 
Sliver,  aud  86  6  mercury,  giving  the  formula  AgHg*. 

Hercury  is  tak^  up  b^  ralver  alow^  at  ordinary  temperatures^  hat  quickly  when  ^e 
metal,  in  the  form  of  athin  lamina,  orinpowd.  r,  i:^  intriklueed  at  a  red  heat  into  ht-ated 
raefcury.  Metallic  mercury  immerstsd  in  a  solutiou  of  silver-uitrate,  precipitates  the 
ailirerinthelbrm  of  a  cry8t«IIittaama)gam,caUedaeilTartfee^  or.<ff4^  The 
HlviT-sohition  ."hindd  be  somewhat  arid,  and  not  too  much  coneentrated.  A  soft; 
eiiver-amalgam  is  ionned  by  the  action  of  sodium-amalgam  on  a  strong  solution  of 
BtlTHNutnte. 

Artificial  silver-amalgam  varies  in  character,  according  to  comjxjsition  atid  tlio 
circumstances  of  its  formation,  being  Bometimes  a  soft,  or  crystalline,  or  granular  mass; 
aoinctiaiee  consisting  of  nmifleatunui  of  prismatic  crystals  plsfiod  end  to  end.  Jonle 
finds  that  the  am.dgam  mont  nrndily  foinn  d  1>y  the  action  of  mercury  on  nitrate  of 
silver  haa,  on  the  average,  tiie  composition  AgH^  When  the  action  is  assisted 
making  the  mercnry  the  negative  pole  of  a  voltaus  anudgtna  ridietr  in  silver 

are  obtained.  The  mean  corapHsiticn  of  the  amalgam,  after  being  subject,  d  to  a 
preeeniaKtf  72  tons  on  the  aqusj-o  inch,  was  43-71  siiTer  to  100  msccuiy.  The  com- 
mnatikm  of  UMxxaj  and  aflw  ia  attended  with  a  eonadeivble  oontanetioa  of  Tolomei, 

Spdium-amalffam.-'-Boi&tan  oombioes  rapidly  with  mereury  at  ordinary  tempera- 
tures, the  combination  b<-ing  aftcnded  with  a  hissing  noise  and  vivid  roinbustion 
(Gay-Lussac  and  Th^nard,  Hcckerchet^  i.  216).  A  piece  of  sodium  forcibly  thrown 
npon  meNQiy,  ia  thrown  ont  of  the  Teasel  with  ezploeion,  in  oomeqnenoe  of  iStub  great 
h(at  produced  (Serullas.  Ann.  Cli.  riiys.  [2"]  xl.  I?2R\  To  form  the  amalgam,  the 
two  metals  should  be  triturated  together  in  a  dry  mortar  fitted  with  a  cover,  and  the 
mixtore  inunened  in  rodk-oH  tm  eoon  as  the  oomhttstion  is  <m»  (Bottger).  Tha 
am:dpam  has  the  eolour  of  m.ercnrv.  Wlu-n  It  contains  f50  jits.  of  mercury  t<»  1  pt.  of 
sodium,  it  is  tolerablpr  hard  tinder  the  file,  which  wears  it  away  in  the  form  of  powder; 
!t  exhibit!  a  eryetaUuM^  laminar  ftaohoa  When  it  containe  40  pta.  of  mercury,  it  ia 
•till  solid,  bnt  softer  than  with  30  pts.  (Lampadius).  An  amalgam  containing  60 
ptib  of  mercury  to  I  pt«  of  sodium  funna  a  «tin  paste  at  21^  (Bottger).   64  pt&  ol 
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mercury  and  1  of  e<o<!inm  fomi  a  compoond  which  fxliinits  a  confused  eiystiillise 

■ferocture  (Oay-Lussao  and  Thi^a«rd).  dO  ptM,  mercury  to  1  sodium;  pwty  «t 

21^  (Buttgtr).    86  mcroary  to  1  Mdnim:  «  warn  eoataining  nuaeRms  aoMin 

granular  crj'Htals  (Gay-Lussac  :ithl  Thenar  T.     100  mercury  to  one  sodium: 

viscid,  und  conHiating  of  a  Mlid  and  a  liquid  portion  (Bottger).    128  mercuty  to 

1  aodinm:  liquid  (Gay-Lvssae  and  Tn^nard).   Sodimn-ftmalgam  exhibits  iho 

same  reactions  as  potassiam-amalgam.    It  likewise  amalgnmates  iron  and  platinum 

(H.  Davy),    It  decomposes  the  salts  of  barium  and  strontium,  and  mnny  heavy 

metallic  salts,  when  a  small  quantity  of  water  is  present,  the  product  being  :i  conij.Hjund  * 

of  mercury  with  tht  heavy  metal  (Bottger,  J.  pr.  Chem.  lii.  283).    It  is  now  much 

used  as  a  reducing  or  hydrogenatin^  agent  for  efieetiag  th»  •abBtkatioa  of  hf^XOgim 

for  chlorine,  bromine,  &c.,  in  organic  compounds. 

Amalgam  of  Potcusium  and  Sodium. — 5  pts.  potassium  and  |  pt.  sodimii  wltod 
together  by  heating  thorn  under  rock-oil,  form  an  alloy  which  h  fluid  THve  memiry  nt 
9°,  but  when  brought  in  contact  with  100  pts.  of  mtircury,  unites  therewith  into  a 
voty  sojid  num.  (n  6  It  yer.) 

Stri)nti^im~nmnlfjnm. — Prcpnrod  lilco  that  of  barium,  nrhlch  it  rf-semblos,  but 
decomposes  more  quickly  under  a  mixture  of  the  solutionfl  of  cliloiide  of  strontium  and 
ddofliMaf«*la«iii,M  vdl  wiindairvitff.  VbMi  eipoted  tothaftvlbr  oii^ovteB 
Lours,  it  is  eOttVMted  into  earbonat*  of  Itrontium,  with  Mpantioii  of  mercury. 

Tellurium-am alff am, — MBveny  Sid  txUnziuB  «M  nid  to  wito dixaotiQFt  ftnv 

ing  a  tin-eolourod  aiuaigam. 

Thallium- amalg am.  ^Tbii  two  mctab  imito  leadily,  forming  a  cryalalKiM 

amalgam.  (Crookes.) 

Tin-amalgam. — Mercury  and  tin  unite  quickly,  even  at  ordinary  temperatures, 
still  more  qutdily  on  pouring  mercury  into  melted  tin.  A  piece  of  tin,  the  lower  end 
of  which  ifl  imoMned  ^  four  we^  in  maetsaj,  m  pOMttited  through  and  through 
by  the  mercury,  and  exhibits  cn»>'k<' :  its  lower  end  be<YtTnP!i  ntteouat^d  by  solution  of 
the  metal,  and  the  immersed  part  ii  found  to  be  covered  with  six-sided  tables,  some 
of  which  float  about  in  the  mercury.  If  •  aquar«  bar  of  tin,  whether  cast  in  a  square 
f  irm,  or  hammered  or  filed  square  from  ft  ronnd  bar.  bo  kept  for  a  f<  w  days  under 
mercury,  it  splits  in  directions  mnceeding  from  the  Literal  edges  to  the  opposite  ^ 
diagonals,  thmfaj  dindiiig  ittelf  ilrto  four  triangular  prisms,  easily  separated  by  • 
tnifi' ;  at  the  same  time,  a  fnur-fided  pyramid  is  formed  at  each  end  of  the  "square  bar. 
li  tlic  piece  of  tiu  Las  any  < 4li«r  form,  cra  -ks  ;vre  produced  in  other  directioaa 
(Danielle  J.  of  Hoy.  Iii^t.  i.  I).  Sodium-amalgam  immersed  in  a  coneeatntad aoli^ 
tinn  i  f  <«taDnou8  chloride,  yields  a  viscid  amalgam  of  tin.    (Botf  per.) 

Tin-amalsAm  has  a  tin-white  colour;  and  if  the  memiry  is  not  iix  too  great  excesi^ 
is  brittle,  grainilar,  and  acofirdin;;  to  Daidionton,  eiTstallises  in  culms. 

Snllg  and  SnHg*  do  not  fuse  till  li- ated  above  KHi^.    (  Regnault») 

Su'Hg'has  at  26<^  a  gp<.cific  gravity  of  8  8218;  SnHg,  9-3185;  SnHg»,  10-3447; 
SiiHg*,  11-3816.  1  vol.  of  tin  with  1  vol.  of  meMwyfiMVM  an  tSkxj'WD^  specific 
pTTiriry  at  27"  is  10  4729 ;  1  vol.  tin  with  2  vol.  mercury,  11-4646;  and  1  vol.  tin  with 
3  vol.  mercury,  12*0257.  In  roost  cases,  thereforsi,  eopdensation  takes  plaioe;  in  tho 
atngle  instance  of  1  voL  tin  to  2  vol.  mercury,  howwov  OOncUiMitioB  is  (waieel^ 
perceptible.    (Kupffer,  Ann.  Ch.  Pbys.  [21  xl.  29f?.) 

The  eompound  obtained  by  fusing  4  pts.  of  tin  with  1  pt.  of  mercury,  yields,  if  pul- 
Teriaed  after  oooling,  a  Idnd  (rf  mosftio  nhcr,  iviiiflh,  idwn  nbbed  on  u>e  polishing- 
stone,  aeqaina  the  malaUie  katfa.  Iha  §Um4t^  of  nuftoB  ia  likMriaa  an  junalgm 
of  tin. 

Jomla  obtaxnad  bcadtiftil  crystaOnw  aaaalgana      making  mercury  negadve  in  • 

Bflution  of  >-fannou.s  chloride.  The  aniu]i,'am  containing  lOi)  merciu-y  to  ol  pt3.  tin, 
had  a  specific  gravity  of  10*518 ;  that  containing  100  mercuiy  to  44*1  tin,  a  specific 
gravity  of  lO'M:  hnee  the  combination  is  attended  with  aontnution  dP  Toifniaa. 
The  amalgam  of  tin  is  decomposed  by  pressure,  the  mercury  K  fJ  after  long-conlinad 
high  preaMiztt  having  a  volume  Uttle  more  than  one-eighth  of  the  entire  mass. 

An  "i^g»*"  of  wt  and  bkmniik  ia  obtained  bj  melting  together  2  pts.  of  tin,  2  pts. 
of  bismuth,  and  1  j'f,  of  mercury. 

An  amalgam  of  2  pts.  tin  and  1  pt.  cadmittm  ia  need  for  stopping  teeth.  The  two 
metals  are  melted  in  an  iron  ladle,  slightly  wanned ;  mercnry  ia  added ;  the  whole 
is  poured  into  an  iron  mortar,  and  rubbed  with  a  wooden  pestle,  till  it  acquires  a  soft 
butt/ery  consistence;  and  the  excess  of  mercury  is  squeezed  out  through  leather.  The 
residue  is  almost  granular,  but  becomea  aoft  and  j^astic^when  kneaded  by  the  hand. 

An  amalgam  of  tin  and  bad  nwj  he  ftnned  17  iatzodnoiBg  an  al%  of  the  two 
metals  into  mercury. 

AuLilgduis  containing  titif  lead  and  bismuth  are  described  under  Lbad  (p.  637).  An 
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MwnJg»iw  of  8  pts.  Insnnitli,  5  lead,  8  thi,  and  7  ot  8  laezcury  is  xeeaBaundid  lij 

Brame  for  wmtini;  tlu-  rubbers  of  eli  ctricjtl  raiichi'nfs. 

An  amaigatu  of  tin,silnr  and  gold  u  also  used  as  a  cement  for  the  teeth.  It  is 
pr<  pared  by  melting  togc^t'.er  1  pt.  gold  and  S  pte.  dver,  adding  2  pta.  till  to  tile 
melted  mass,  l  ulveruuig  tlw  leaoltiag  alloy,  aod  kDeading  it  toigetfaar  with  aa  aqoal 

weight  of  mcrL  tirv. 

Zino-amalgam. — When  zinc-filings  are  tiitantcd  with  mercniy,  at  oidinaiy 
tempagataiaa,  eombiMlion  takes  pla<»  slowly ;  tt  a  higher  ten  pawlugsi,  still  BonMvliat 

unil.  r  the  boiliriT;  pjint  of  mprrury,  tho  mt  tals  combine  easily,  and  .still  mon'i  rcatlily 
vhen  mercuxy  is  mixed  with  melted  zinc  A  bar  of  zinc,  immersed  to  half  its  length 
in  memuy  tor  tim  days,  beeomaa  pointed  at  bottom,  and  aofmd,  especially  on  tha 
upper  parf  of  the  iniiucrsed  end,  with  six-sidrd  tables  of  th(>  anialpiin  (Daniell). 
When  zinc  is  placed  in  contact  with  mercuzj  and  a  dilute  acid,  a  galvanic  action  is  set 
«p  (ii  420),  and  the  abe  beeomes  eorered  with  marcary,  whidi  then  pwietHrtea  nto 
th.:-  interior,  and  converts  tho  wholt-  f  tin-  nx'tal  into  an  amalgam.  As  soon  as  the 
zinc  is  completely  covered  with  metcur|r,  the  evolution  of  hydrogen  ceases ;  but  it 
begins  again  im  rainging  tha  amalgam  m  eoaitaot  with  iron,  copper,  or  platinum,  to 
which  metals  tlie  mercury  is  then  ti-ansferrcd  (Doboreiuer).  Sodium-amalpim 
inuneised  in  a  eon<»Dtxated  solution  of  sulphate  of  zinc^  &rms  a  Tiacid  amalgam  of 
aioe.  (BJttger.) 

The  amalgam  is  usually  {prepared  by  cooling  melted  zinc  to  as  low  a  temperature  as 
it  will  bear  without  solidifying,  and  then  pouring  in  the  mercury  in  a  fine  stream, 
keeping  the  liquid  constantly  fltinad.  If  this  pieoaiition  be  neglected,  pert  of  the 
mercury  is  converted  into  vapour,  somotimes  thraifiBg  the  ttdUad  Bfltal  abont^ 

8  pta.  ziuc  to  1  pt,  mercury :  very  brittle. 

1  pt.  ziuc  and  4  or  5  mercury  form  an  amalgam  sometimes  used  for  coating  the 
rubbers  of  electric  muchinos  ;  it  is  brittle  and  pnlverulent. 

1  pt.  zinc  to  C  pts.  mercury  :  tin-whito,  granular,  brittle;  melts  at  the  boiling  point 
of  uLive-oil,  but  dues  not  give  off  mercury  till  raised  to  a  higher  t«mperaturti.  At  a 
dull  nd  baatt  it  decrepitates  strongly ;  at  a  stronger  red  heat^  it  buna  with  great 
brilliancy.  It  is  pfrrnanent  in  dry  air.  Cold  dilute  nitric  acid  docomposef  it  re;idily, 
and  leaves  tlie  im  i<  ury  unaltered  till  all  the  zinc  is  dissolved.  Dilute  stdphiiric  and 
hydrochloric  aeid  act  on  it  but  slowly.  Ammonia  and  sal-ammoniac  also  dtasolve  out 
the  ;:i:ie  Tory  filovrly,  and  form  waf<  i'.  Zinc-anialprnm  immcrspd  in  the  holutlcn  <if  a 
iieuiral  salt  of  chromium,  uranium,  mangainiie,  ur  ii-uu,  m*st*A^  tkrowa  down  the  oxide  ; 
but  from  neaixal  aohiftions  of  eobakt>  nickel,  and  ooppei^  it  precipitates  tho  metal, 
which  then  combinoo  with  tha  maEoazy.  (J}amoiir»  Am,  Min.  £8J  xr.  41 ;  also 
J.  nr.  Chem.  xvii.  31d.^ 

¥ttm  an  amalgam  nehor  io  tamcemj,  ai>«dad  lamuMs  containing  2  pts.  &nc  and  5 
mercnrv.  separate  ont  on  coolin;:^.    The  portion  whifh  remains  litjuid  is  a  n^lution  of 
zinc  in  exce«^s  <if  mercury.    1  pt.  of  zinc  dissolved  in  8,000  pts.  of  mercury  may  be 
detached  hy  the  bhtck  po^pdartriudh^nrnaoatliaMizlhMwliaii^ 
in  contact  with  the  air. 

Zinc-anialgam  immersed  in  cau.stic  potash  liberates  pure  hydrogen.  When  zinc- 
amalgam  is  immersed  in  aquecuis  ferrous  chloride,  and  a  crystal  of  a  nitxatais  placed 
upoT)  it,  11  M.iek  .spot  is  gradually  formed  on  the  surface  of  the  amalgam,  consisting 
of  reduced  iron,  whiek  is  immediately  taken  np  bj  the  merouy.  The  presence 
a  nitrata  ia  caocntial  to  the  production  of  this  aflaet;  ehkaates  awl  other  aalta  do  uvt 
produce  it.    fRunge.  Poijg.  Ann.  Lx.  479.) 

^  Joule,  by  the  elecu-oiytic  method,  has  obtained  amaJgains  of  zinc  having  the  following 
aompaaiticii  and  propertica: 
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Prepared  from  hot  sulphate  of  ziuc 

The  specific  gravity  of  tha  Unt  of  thaaa  fimfllgrmff  indioatas  a  oertiln  eoBtnetion  of 

volume.    Pressure  appears  to  deoom^ioaa  i1^  BierenXjbahlga^sUad  tOl  tha  ■analfl^ 

consists  of  about  1  at,  Hg  to  8  at.  Zn. 
Amalgams  of  Mil  and  tine  an  vaed  toe  ooatbg  tha  nbbcn  of  daetrical  madiinaa. 

Kienmayer  recommends  as  the  best  proportion  :  1  pt.  zinc,  1  pt.  tin,  andSptSi  BMXVlU'JIi 

Si!iL"  r  r"*nrnrrKndH  2  pt«.  /.inc,  1  pt.  tin,  and  3^  to  6  pt^.  mercttlj. 

waatmmYt  am  timovxab  or.  See  page  m 
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M  mcrcuroti.'^-  Jiinl  ><>ircuri,\ 

a,    Bf ercurous  Bromide.     Hg-'Br  or  HiigDr  Tliis  ooiapou.nd  19   f<;rmt>d : 

1.  Bjr  BubliminK  an  inttmate  mixtVTC  of  1  at  mercury  and  1  at.  mercorio  liromidi 
(Lowitr). — 2.  By  pniMpitiifiii^:^  Tnercorous  nitrate  witli  aqawns  bromule  of  fotas- 
eiuiu  (B  alar  J).  Wben  prt.p4ired  by  the  tirist  process,  it  lorms  a  tibroua  mai>a 
(Lowig) ;  long  noodlM  which  are  yt>liow  while  hot,  but  become  whitish  on  cooling 
(0.  Henry,  J.  Pbarm.  xr.  56).  By  (2) :  -whitp  jKjwder  (Jlalard);  yellowish-white 
flakea  (0.  Henry).  Specitic  gmvily  7*307  (Karsten).  It  is  ta^tt-loss  uud  in- 
odoroui ;  fusible,  and  volatUiseti  undeoomposod  at  a  low  red  heat. 

Whpn  heated  wit!i  pk  -spkorus,  it  is  resolved  into  bromide  of  phosphorus  and  phof»- 
pliide  of  merciiry  (Lo  w  ig).  Treated  with  cold  atjueous  ammonia,  and  then  washed 
with  wafcer  containing  ammonia,  it  leavM  a  grey  powder,  which  contains  aJelmlM  cf 
m^^renrr,  and  when  heaJed,  preg  off  ammonia,  and  yields  a  sublimate  of  mercury, 
mercurous  bromide,  and  me  re  uric  broiaide  (liammelsberp).  With  caustic  pofasA,  it 
yields  mercurous  oxide  and  brumide  of  potassium.  When  boiled  with  aqueous  bromitU 
or  cJdvrilr  I'f  tiiiDu-'iiiinn,  it  yields  a  solution  of  mercuric  bromide,  with  a  residue  of 
met^lie  mercury  (Lowig).  It  is  not  perceptibly  aolnble  in  cold  carbtmuit,  cklurid*, 
or  tuccinate  of  amiHonimm,  the  mum  Bqudat  when  hot,  dissdva  H  with  toleralde 
fticility,  leaving,  liuwcrer,  a  grfy-pulvenilpnt  residue  [metallic  mercury] ;  it  h  not 
perceptibly  soluble  in  ntl^haie  or  nitrate  qf  ammonium,  even  at  the  boiling  heat* 
iWittflUin.) 

$,  Miinni>tn  Bromide.  HgBr  or  Hhg  'Br*. — 1.  Mercury  vxutM  with  bromine  at 

ordinarj' temprmtures,  fomiini;'  thi'?  mmpound.  the  combination  being  attended  v.ith. 
evolution  of  huit^  but  not  of  lif^lit  (Balard). — 2.  The  aame  compound  is  formed  by 
agitating  mercury  with  water,  adding;  bromine  as  long  as  its  colour  is  destrojadt  then 
boiling  filtering',  and  leavincr  the  holutiun  to  crystallise. — 3.  By  dissolving  mercuric 
oxide  in  hot  aqueous  livdrubiomic  ucid,  uud  leaving  tJie  solution  to  d^stallise. — 4.  By 
•nbliming  meiearie  mlphate  with  bromide  of  potassium  (Ld  wig)L  ^e  ■BbfinMito 
confainy  al.so  mrrctiroTi?  bromide  (0.  Henry).  — 5.  By  mixiiipj  nquwus  mpr^'uric 
nitrate  witlx  bromide  of  potassium,  evaporating  as  long  as  bromide  of  mercury 
crpUXJiam  and  paritying  fhe  piodiiot  hy  solution  in  alcoboL  The  motbar-]iqiiia 
evaporated  to  dr('Tir<:s  lenres  a  residue,  firbm  wfaioh  boiliag  *V«nl>rti  nim  tKtti^^  n 
amall  quantity  of  ihe  eompound.  (Lowig.) 

Merctme  bromide  crystallises  from  the  aqueous  solution  ia  aoll^  silvery  lamins;  from 
the  alcoholic  solution  in  wliite  needles  (Lowig)  According  to  Handl  (Jalinsb. 
IS59,  p.  2261  the  crystals  are  rhombic  prisms,  ooP  .  oP,  deavable  parallel  to  oP, 
and  haling  the  angles  crP  :  ooP  =  68^  24'  and  111"  26'.  They  are  isomorpbow 
with  sTiblimed  mcrcnric  elilc-ride.  The  prodm-t  obtained  by  (6)  has,  aft<  r  drying;  at  a 
Strong  heat,  a  specific  gravity  of  6*9202  (Karsten).  Mercuric  bromide  melts  and 
anUiaie*  when  nested.  It  dionheB  ia  94  pts.  water  at  9^  (LasBaigne)  and  in 
4  pts.  of  boiling  water,  the  greater  part  separating  a.'*  the  liquids  cool.  The  aqilMnifl 
solution  reddens  litmus.   It  dissolves  very  easily  in  alcohoLBtHl  more  in  ether. 

With  phvsifliorvt  it  ftamm  Iwonide  m  phosphoniaL  Heated  with  mvlimtmp  or 
ar.<"n/r,  it  gives  up  its  bromine.  Tt.s  aqueous  folution  exposi  d  to  i^un-f'i/^tf,  or  placed 
in  contact  with  mercury  or  copper,  or  nuxed  with  cuprous  bronUdc  dissolved  in  hydro- 
hvomie  acid,  depoaito  bMNnide.  With  a  nnall  qaanlity  of  fd^pAjiKirw  oeH 

it  yirlds  a  wliltr,  and  with  a  larger  quantify  a  black  preoiplf.ite  (IT.  Hose). 
Witii  ammonia  it  forms  a  white^  with  fixed  alkalis  a  yellow  precipitate  (Lowigi 
JSRypodUorifo  of  aoOum  added  to  the  solnllon  tlurows  down  nemnfe  oo^rdilome 
(Rammelyberf:),  and  liyprn-Idor.ins  acid  cnverfs  riierrurie  bromide  into  mereuric 
chloride  and  bromate,  the  action  being  attended  with  evolution  of  chlorine  and  fasomine 
(Balard).  Healed  witk  niirio  or  tulpkurie  acid,  it  givea  off  vapoar  cf  litoiiun* 
(Balard) ;  but  afloonliag  tp  H.  Bote  (Analyt.  CheBi«)  it  ia  net  ileeoanpoaed  by 

Sulpiiuric  a.'id. 

Double  Salts  of  Mercuric  Bromide. — Mercuric  bromide  unites  with  the 
more  basic  metalUo  biomidee,  forming  easQy  aohiUedouUe  salts  (called  Bonadoril( 
bromohydrargy'rutes),  ln.^In;r  tlu  reby  its  power  of  reddening  BtOUIi.  Thoee  ado.* 
tuning  the  bacomides  of  the  alkali-metals  are  ciystallisable. 

AmmomUim^L--liittcamt  hnnnide  diasolTca  abundantly  in  aqneonB  Iromide  of 
ammonium.  Alkaline  curboaiatfla added  to  the  ffi?lntKHn  tbrov  down  bioiQidaof  dimos 
curununouiam.  ^Lowig.) 

The  harium-^t  ciyataUiaes  in  highly  Ittsbmns  prisms,  whldi  deHqneaea  !n  oMist 

air.  (Bonsdorff.) 

Calcium-salt. — A  solution  of  bromide  of  <^lr'Mni  saturaied  with  mexcom  bromide 
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yields  by  spontancoos  <  vaporutioni,  nt  first  totmliodrons  iinJ  ocbiht^droii'<.  vrTncli  liave 
ft  vtroog  luiitMi  an  pemuu  out  in  the  air,  wd  »re  decompoBed  by  a  snudl  ^uantitj  of 
«ftter,  but  ditiolTv  «>mul<  t.  ly  whm  htiM  tnd mitaUiie  Mfc  agiin  on  «ooliiig.  If 
the  eraporatiou  be  camal  iurth«r,  |anmi  CT  imaoIm  m  ohtoiaejl,  irfajdi  ddiqy<tea 
even  in  dry  air.  (Bonsdorff.) 

TUc  iron-mlt  \f  fecrio  or  ftnottt]  fcraif  yi^owlih  very  deliquMeent  prisma. 
(BoQsdorff.) 

Magmsium-aalU. — A  solution  of  mcreurio  bromide  and  hzomide  of  mngnesinm 
jlcsldi,  by  e\-aporntion  over  oQ  of  Ttiriol,  fiist  liRMd  thiA  M^i^f     the  air 

and  probiii.lv  containing  MgHjg^Bi*f|  than  Tsiy  dsKqiMoent  eijtlidt  ^x*"***"^!^ 

MgHgEr".  (Bonsdorffc) 

The  mnnganratsalt  crystalliMS  in  Hg^t  red  very  hygroscopic  prisms. 

PoUt$tthtm^lts. — A  solution  of  the  snlt  KHg*Bp»  or  KBr.2HgBr  m  obtained  by 
Rntnrnting  a  cold  moderately  concentrated  solution  of  bromide  of  potassium  with 
mercuric  bromide,  iu  anhydrous  yellow  octahedrons  (Lowig).  in  flat  rhombic  prisms 
ptfmaoent  in  the  air  and  contatning  I  at.  water.  The  crystals  melt  when  heated, 
and  \'uA'\  a  j-nblimate  of  mercuric  bromide  (Lowig).  A  solution  of  equal  part<«  of  this 
salt  unJ  bnjmide  of  potassium  yields  the  salt  K'HgBr"  (?)  in  prisms  which  are 
permanent  in  the  air.  (Bonsdorff.) 

The  sodium-talt  cryataUiaes  partlj  ia  DeedlMi  pactfy  in  jrhombio  prianu^  and  deli- 
qnesces  in  moist  air. 

Sirontium  »ahs. — «.  SrITgBr-  or  Srllr.Hij;Br  forms  crystals  soluble  in  water  in  all 
proportions. — 3.  S:-TT;z'15r*  or  Sr]5r.2ll;;l^r.  A  ir-.-Uifion  -  f  1  at.  bromidf  of  strontium 
in  twice  its  weight  of  water,  takes  up  al  t>0'^,  3  at>  luercuric  brumide,  and  the  solution  on 

cooling  d^oaita  I  at  aMsanna  taonida  and  than  yialda  aniall  ccyalala  of  tha  aalt  & 

^OWlg.) 

Tha  sinc-sait  crystaUisea  in  prisms  and  tables  deliquescent  in  moist  air. 
(Boa«do7f£) 

Martnurona  Oliloride.  Hg'CI  or  HhgCL — HemicUoritU^  Dkhloride,  8uhcMori<U, 
PntMlUtHdg,  StAmmtaigof  mtremy  ;  Qahmd  t  mUnawra  QyteiadlbmHeydtd,  twrsw^ 

ff(r  SuMifiuit,  Vt  raih'sf'g  Qxer/csUh  r,  K(t!owi! ;  Cht"r,  huH  h>/iJrar(fi/ri,  Ilii'drnrfii^nnn, 
muriatieum  mite,  Mercurim  duicit^  s.  kcUoimianicus,  a.  loticita,  Draco  mittgeUu^  i^Qj^'" 
mUigala,  s.  al&o,  8.  MriMit,  a.  MtnmH,  Banaeta  mmmiHaii$^  a.  mMw,  a.  mretOU; 
ProtochJorure  de  mrrcure.  , 

This  «>mpcmnd  k  found  natire,  as  hom-qnicknl ver,  in  dimetrio  czjatda  wihihiting  tha 
combination  P .  obPoo  ,  lilt**  fleurc  227  (ii.  186),  aim  with  osP  ,  P»  and  aP.  Lngth 
of  principal  axis  —  1*744;  P:P  in  tli-  tcrraiual  f<}^f'»  ^  9S°  7';  in  the  lateral 
edges  —  135^  66*.    It  ooeurs  also  in  crystalline  coats  and  gnuittlar.  Haidncss  «  1  to 

2.  Specific  gravity  =  6  482.  It  has  a  dirty  wliita  eotoor  and  adaoiaatias  lustre, 
yellow  when  scratched;  translucent  in  thin  splinters.  Sectili-.  Fracture  conchoi'daL 
It  is  found,  with  cinnabar,  at  Moschcllandsbeig  in  ^  Palatinate^  ako  at  tha  quok. 
silrer  mines  of  Idria  and  Almaden.  and  at  Honwwitrin  Bohemia. 

Mawuroua  chloride  is  produced:  1.  By  the  direct  combination  of  merctu^  md 
chlorine,  slotrly  at  ordinary  temperatures,  more  qnickly  at  the  boiling  boat  of  mercuiy, 
the  combination  being  Uit^u  attended  with  a  yellowish  red  flame,  and  mercuric  chloride 
belni;  likewise  formed. — %.  Bf  heatinff  mercuric  chloride  with  raalaUia  mercury. 

3.  By  the  action  of  .milphnrons  and  ana  other  rrdneing  agents  on  mercuric  chloride. 

4.  By  agitating  mercury  with  a  M>lution  of  furriu  chloride,  the  action  being  acoeleiiited 
"bj  tba  pNsence  of  free  l^drodilono  acid.— 6.  By  the  action  of  hydrochloric  add  on 
aier<vironfi  oxnlc,  or  by  prceipitatintr  a  mercurous  salt  with  a  RolubU>  chloride. 

Prtparaiion. — Mercnrons  chloride  in  the  pnlmtdent  form,  called  calomel,  is  ex- 
tauir^  naed  in  medicine.   It  may  be  prepared  either  in  the  d^  or  in  tlia  wet  waj. 

«.  Jn  the  dry  tcay. — 1.  By  triturating  4  ptfl.  (I  at.)  of  m*  n  uric  chloride-  \\hh  .1  pta. 
(1  at.)  of  mercury,  thd  mixture  being  moistened  with  water  or  alcohol,  aud  the  tnta- 
latiaB  continued  till  the  mensury  nas  loet  its  fiaidity— then  gradually  heating  tha 
mixture  in  a  glass  flask  or  retort  till  it  sublimes.  A  htr^"'  port  u  of  the  mercuric  chloride 
is  converted  into  calomel  during  the  trituration.  Trautwein  heats  the  deadened  mix- 
ture, gently  at  first,  for  a  few  l^aw,  and  polTeriaea  it  osoe  moira  belbre  sublimation. 
2.  By  mbmi^iigaaiiilbMtomixfeiiMofeqndpaMaafaMM^ 
aalt: 

Hhg^SO*  +  2NaCl  ^  Na*SO'  +  2HhgCI. 

Plnti  clip  (Ann.  Chim.  Ixvi.  108)  triturates  R  j-t'-.  of  mr-rmrr,  IS  of  dry  tnonnbaKic 
merctirio  sulphate,  and  6  pti».  of  wuler,  till  the  fluidity  of  the  metal  is  destroyed,  and 
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heabt  thf  rfSTiUinp  morfurons  sulplnitc  with  an  equal  wc'^'ht  of  cc/mmon  sail,  fill  a 
•ahUmate  is  oUained. — 3.  Bj  daadeoing  2  aL  moraatj  witix  2  aU  '^"^w  salt  and  1 
•t  pcfonde  of  mufmtn^  aad  linlatsaB  tuakmn  to  miUimlkawiUi  S  at  Milflium 
aoia: 

Ehg"  -»-  2NaCl  +  MnrnO'  +  2H«0«  »  2Hliga  +  Na^SO^  +  MnuiBO*  -i-  2H?0. 

4.  By  triturating  mrrcurv  with  coTTimnn  suit,  ferric  snlphat^,  and  a  pttihiI  quantity  of 
water,  till  the  m«tui  has  loot  its  flaidtty,  and  subjecting  the  mijitiire  to  subiimation. 
(Sehftffh&utl,  Aan.  Gh.  Fhun. xliiL  26).  The  bane  feme  snlpbute,  <rflen  wMirnng 

as  «  wustc  product,  may  be  mn.dc  available  for  this  proc<'ss ;  a  .sm.iU  quanlity  of  f>  rric 
chloride  may  sublime  together  with  the  calomel  (ijchaffhautij.  The  reaction  is 
IvobaUj: 

W(JBO^y  *  eNtiOl  4-  Hlig>  m  SCKtfBO*)  +  mOf  4  SHligCL 

The  calomel  sot  fr>  o  In  tlie  f  >nn  of  vapour  by  cither  of  thest-  processes  (1 — 4),  is 
either  allowed  to  collect  in  the  form  of  a  dense,  flbrous  sublimate,  and  the  product 
carefully  pulverised ;  or  the  calomel  vapour  is  cooled  nmift  Sttch  etrcumstanci-s  that  it 
solidifies  in  the  form  of  a  soft  powJer  instead  of  a  solid  cake.  This  object  is  attained, 
according  to  J  e  w  c  1  and  O,  H  e  n  ry  ( J.  Pharm.  viiL  64^),  by  causing  the  calomel  raponr 
to  pass  into  a  chamber  into  which  vapour  of  water  is  iugected  on  the  other  side. 
According  to  the  process  now  adopted  in  this  country,  on  the  other  hand.  tl;<  calomel, 
or  the  inprredients  from  which  it  is  prepared,  is  heated  in  a  cast-iron  cylinder  2|  feet 
long  and  1  foot  wide,  one  end  of  which  is  pronded  with  an  opening  serving  to  introduce 
and  remove  the  ni;\it  rials,  and  closed  during  the  opemtioa,  while  the  other  tui  ter- 
minates in  a  contract«*>l  nook  wliich  f>pen«»  into  the  upper  part  of  a  brick  chamber, 
4  feet  long  and  broad,  tuul  G  f-  et  hiuh.  In  tins  chamber  tli'>  calomel  condenses  in 
the  form  of  a  soft  powder.  As  the  ir(  n  of  the  tube  dec  niposoa  m  portion  of  th« 
calomel,  a  small  qu.iiifity  of  luerrunV  eliliTiib  is  .ndded  to  the  mixture  (Calvert, 
J.  rhann.  13]  iii.  121).  Suulicirau  [.h  I'liaviu.  xxix.  602)  adopts  the  samepnxTSs, 
oespliiig  tMt  he  heats  the  materials  in  an  earthen  retort.,  and  uses  a  large  earthen 
vessel  as  a condeii>.iM^  chamber.  The  pnlvenilenf  ca1r>tiii  l  obtained  by  <  itlir  r  of  these 
processes  is  washed  with  a  laq;e  quantity  of  warm  water,  or  a  small  quantity  of 
warm  alcohol,  to  fr«d  it  from  foe  ooiiMiTe  aablimato  with  which  it  is  nmially  eon- 
tamiuatud. 

Jm  tkt  wet  UM^. — L  By  pceoipitaiLng  a  warn  dilute  solution  of  mcrctirous  nitrato 
witii  ecMCM  of  oamnKm  salt  or  wA-mmmume,  vad  washing  the  precipitate  thoroughly 

with  colli  water.  Tin-  calomel  olitaimil  by-  ti.is  process,  first  proposed  by  c  lie  «•, 
is  in  the  form  of  a  remarkably  fine  powder,  and  has  oonseqaently  somewhat  more 
aetiw  itt«diefn«l  propcrtiM  tlmii  the  ordiiiaiy  preparalioB.  Its  man  eneigetie  action 

m.ay  perhaps  be  partly  due  to  an  admixture  ot*  basic  Biercnrous  nitrate,  or  nit ti' in  ic 
oxido,  whiab^  accordii^  to  Bachner,  i)lialho^  and  others,  are  sometimes  found  in  it. 
This  adniactare,  howftVM*,  doea  sot  ooeurif  aoltttioo  of  tnafcoroua  idtrtte  be  largely 
diluted,  and,  if  necr.n.'^ar}',  filtered,  b<  fore  being  mixed  with  the  soluble  chloride,  and 
if  the  common  salt  or  sal-ominouiac  be  addad  in  rseeai^  and  the  liqnid  heated  for 
oome  time  in  contact  with  the  pr^pitete.  To  the  same  «nd,  Sefatrom,  Gei^er, 
and  Trautwein  (Repert.  Pharm.  xi.  72;  xii.  165)  recommend  that  a  little  nitric 
acid  be  added  to  the  mercurous  solution  before  mixiag;  and  Chcnevix  advises  the 
addition  of  hydrochloric  acid  t^Ms  solution  of  eoKunoa  salt.  In  that  ease,  however, 
the  liquid  must  not  be  heated  so  much,  as,  otherwise,  part  of  tlie  calomel  u  ill  Ix»  r«- 
dissolved  in  the  form  of  mercuric  chloride.  According  to  D  u m  a  s,  t  ho  calomel  obtained 
by  the  use  of  common  salt  always  contains  more  or  less  of  that  substance,  and  cannot 
be  freed  from  it  by  washing ;  the  preeen^  of  the  salt  renders  the  calomel  thug  pr^and 
more  soluble  than  that  obtained  by  sublimation;  but  Mialhe  (J.  Phara.  xxii. 
686)  found  only  traces  of  common  salt,  and  no  difference  in  the  solubility.— 2.  Sul- 
phurous acid  gus,  evolved  by  heating  sulphuric  acid  with  charcoal,  is  paiiinfl  into  A 
ehlondft  aatsxated  at  60<^.  The  reactum  is  »•  IbOovii : 

SHhgOP  4>  80*  4-  iBH)  "  SHbgCH  4-  9HCI  4-  BRBO* 

The  filtered  liquid  still  contains  a  oerf ain  qmintity  of  undea>mpo8cd  mercurie  cMondpy 
and,  therefore,  stUl  gives  a  precipitate  of  calomel  when  heated  with  sulphurous  acid 
to  the  boiling  point  (Wohler,  Ann.  Ch.  Pharm.  xc.  124).  According  to  Sartoriua 
{ihid.  xcvi.  326),  the  decomposition  is  ahnoel  complete  in  the  first  instance,  provided 
the  solufiou  is  s-ijfflciently  dilute  (1  pt.  mercuric  chloride  to  80  water)  and  the  b'quid 
saturated  with  tiulphurons  acid  is  heated  for  some  time  to  70^  or  80°.  Calculation 
TConina  «  product  of  84  per  cent  ;  experiment  pave  84*6  per  cent. 

iinpuriius  and  AduUn-atione. — 1.  Mer&uric  cklorid'  T.  !d  water  or  alcohol  agitated 
with  the  powder  for  some  time  and  then  filtered,  wirm  brown  on  the  additkm  of 
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Bulphydn'c  nc-Id.  &c.  2.  Basic  incrcurous  or  mrrcuric  nttratrf^:  Bed  fumes  eTolred 
on  iieatu^  the  nibgtaaoe  in  a  flask  ox  tube  till  it  sublua«».  3.  MOaiUe  mercwy :  Grey 
colcnr;  (iriobidM  ofmmtiy  disMnrilils'nikdeptlieinieRNeopa.   4.  Potmdad  JImt'y  ic/Mzr 

mill  similar  imjitiritiiM  ri'iiuuii  I'rliiiul  on  HuMimatiun.     ').  Ginii  am!  i^tli'T  organic 

substances :  Emjpjxeuinatio  odour  on  the  application  of  heat;  solubiiit^y  in  watev  or 
aleobol,  fte. 

Properties. — Sublimed  calunu  l  frvstnllisoH  in  dimctric  fonns  like  the  native  mineral, 
but  tlie  prisma  are  geneially  united  in  tlbroua  masses.  Spedfio  gravity  of  the  artificial 
product,  6-9920  (Karaten);  7*140  (P.  Boullay).    Vuom^bBsity,  according  to 

10tscfaex!ieh'k  obsezration,         by  calculation,  8  25  \  x  0  0693). 

It  is  dirty  white,  translucent,  and  ha^  a  very  high  retmctive  and  dibpersive  power :  it 
acquires  a  transient  yeOoir  colour  when  heated  in  the  atato  of  powder.  Preii[<iraf<-(1 
e'llomel  is  ii  wliitc,  heavy  powder,  with  a  ting(>  of  Icmon-yelloTr.  CaloTucl  voIatiliBcs 
b<  low  a  red  heat,  without  previous  fiiaion.  According  to  Faraday,  it  docs  aut  vulatillBO 
at  .  irdiiiary  temperatorei.  IX  it  tasteless  and  inodorous,  and  may  be  regarded  as  quite 
iiisolubli'  in  -water ;  for,  according  to  Pfaff,  a  pprcej)iible  precipitate  is  produced  in 
a  solutiou  of  mercnrous  nitrate  bv  hydrochloric  acid  diluted  with  260,0 iK>  pt«.  of  watvr. 

Jkeompomtions. — 1.  Calomal  becomes  dark  gr«y  on  ezpoeose  to  light. — 2.  Heated 
in  a  current  of  pho.^phorii.^-r(7pm(r,  it  yields  pJiospbito  of  mornirr  and  tric-lil(.>ri<l.>  of 
phosphorus  (II.  Davpr).  3.  When  heated  with  a  bmaU  quautity  of  sidjthur,  it  yields 
cinBabar  and  mcrcnno  ohlocido;  with  a  larger  quantity  of  sulphinv  ^  pcodoeli  an 
fiuuiabas  and  nf  anlBhiir: 

2mgci  +  s  =  Hhgci'  +  Hhgfli      /'^  i':^^/^ 

■ad  HbgCl  *  9  ^  Hhg|3    +  SO.  V  ^^'^^'^^yc 

4.  When  immersed  in  cold  aqoeona  lulphuroiu  acid,  it  turns  grey,  and  mi^£|^^H 
liquid  at  the  1>oilin(7  heat  it  becnmf«'  ^r-yish-black,  from  loss  of  chlorine.  iT!  Ilits  " 
greyish-black  powder,  no  metaliie  mercury  ean  bo  discovered  with  the  \em ;  but  wh<»n 
heated,  it  is  resolvxl  into  calomel  and  metallic  m<  roury;  it  ia  foobably,  therefore,  a 
mibclilorltlc  (A.  Vogc  l). — 5.  Calorarl  ^^rrn  tip  its  chloriiM'  tomnry  t;?--/  //-,  both  in  the 
dry  uud  iu  the  wet  vvay.  On  lioiling  it  with  copper  and  uatt-r,  a  gnvu  solution  is 
quickly  formed,  and  the  copper  heeomes  covered  with  a  black  fUm,  mm  which  hydro- 
chloric scid  extracts  cupric  oxide,  l^  arinpr  a  residue  of  metallic  nipn'iiry  (A.  Vr,£r(  1, 
J.  pr.  Chem.  viii.  107). — 6.  By  aqueous  stannous  chhiri(lf,  it  is  Jiu  i.  J  to  the  metallic 
state,  after  some  time  at  ordinary  temperatures,  but  quickly  on  boiling  (A.  Vogel^ 
Kn.etn.  Art'h.  xxiii.  7S)-  Wfrli  frt'srrfpMtlr  [miix  r,!?  Kir.ins)  nr  j"  /  (  rsulphide  of  aw 
tiiiwitif,  it  is  gradually  converle-d  into  bhick  sulphide  of  mercury  and  trichloride  of 
antimony.— Okdoael  triturated  with  iodine  and  irater,  yields  meieirao  chloride 
whicli  rIi«<'o1vp<^.  nnd  Tuercuric  iodi  lf,  of  ^vln'ch  the  water  tako  iq>  a  nian  poitioiL 
(Planche  and  iSoubeiran,  J.  Phiirni.  xii.  Ool.) 

2HhgCl  +  I«  -  HhgCl''  +  HhgP. 

a,  Calomdd^^ed  in  aqueous  solutions  of  tho  iodides  qf  the  alkali-meials^  magnesium 
Mine,  OP  inm,  jielda  dark  green  mmmom  iodide,  and  an  aqneoiu  metallio  chloride. 

The  nierourous  iodide  thus  produced  remains  unehaiii-ed  for  a  long  time  in  the  dark ; 
Iral  when  exposed  to  light,  it  first  becomes  jcUow,  and  then  red  from  loss  of  mercury — 
fiam  Into  a  o1aek«1jroini  liquid — gives  off  memnry  and  mercuric  iodide — and  leaves  a 
white  residue  of  met«jlMe  ehloride,  together  with  the  exccfis  of  metallic  iodide 
emnlq^cd  (Labour^  J.  Pharm.  iv.  329),  10.  Hot  nitric  ocirf  dissolves  calomel,  with 
•Touhition  of  nitric  oxide  gas,  forming  a  aohrtion  of  mercuric  (Monde  and  mercuric 
iiltnts* 

6Fhg€l  +  4HN0*  =  SHhgQl*  +  fflhgNO*  +  2H*0  +  NO. 

Cf<ld  sulphuric  acid  iieltluT  dissolves  nor  deortmpoisrs  ealoni.  1,  ovoti  a{>cr  a  long  time  ; 
but  hot  sulphuric  acid  disaolves  it  (the  liquid  solidify  iug  lu  a  while  saline  ma.<»s  on 
ooolingX  giving  off  sulphnroas<anhydrido,  yielding  a  sublimate  of  mercuric  chloride,  and 
leamnganaiaiieol  SMmriedilondomizadwi^  (A.  Vogai) 


SHIgOl  -I-  SBW  -  HhgOP  4  migBO*  -i-  80*  4  2H*0. 

11.  Calomel  imnn-rsed  in  aqueous  htfdri'ic>iii;uc  arid  yields  metuUic  mercury  and  a 
iiqnid  which  contains  cyanide  of  memuy  and  hydrochloric  acid  f^^eheele,  Opuse.  ii. 
196).   PMof  1li«ealomd,liow«Ter,  nmalMnndeooiiipoa^  1- ast.  nndi^solvod, 

even  ulii  11  an  f  xcr^s  <  f  hydrocyanic  aeid  is  pr-  .  nt;  the  undissolved  portion  is  not 
metallic  mercuty,  but  a  black  powder  which,  when  heated,  gives  off  calomel  vapour, 
together  ^th  a  nnall  foantity  of  ponBaaeiit  gas,  and  leaves  a  carbonaceous  powder 
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(Sonbeiran,  J.  Pharm.  tt.  523).  Tho  decompoaitionbyhyf^iwratiic  acid  must  then* 
fure  be  more  coinpUc^i.itd  tliaii  Lhat  which  wo  old  be 

2HhgCl  +  2HCy    -    Hhg  +  HhgCy*  +  2HC1.  • 

and  dpflonres  farther  examination ;  to  the  medical  practitioner,  it  is  important  to  know 
that  the  mild  tubstance  odom^l  im  eoimtttd  bjf  liydr  cvanic  aci  l  into  a  comfKiuiul 
whirh  nrft?  so  violently  as  cyanide  of  m^ronrr. — 12.  C.iloni"  !  hi  atcd  with  dqf  ^jeed 
(Uiaiis,  yit^idb  ujercuiy,  oxygen  gas,  aud  a  chlotide  of  the  ulkoli-nif  UJ : 

8HhgCl  +  2KH0  -  %KCL  +  Hhg«     +  B*0  ^  0, 

Br  aqwum  fitrd  afkaNt  it  is  ooDTerted  into  VbnA  wwwimm  oxidfl,  »  ddoride  of  IImi 

alkali-ni'  tal  r<'nialiiiijg  in  eolation.  Calnnu-I  likt^wUf  blackens  when  immersed  in  aquoous 
jntoionia,  not,  however,  by  conrmion  into  mercurous  oxide,  but  iuto  chloride  oi  mer- 
:nm>sammoniiim  (NH'Hhg)CI.  The  supernatant  amtmniaeal  Hqnid  eontniifl  ft  nrnll 
quantity  of  mercury  in  solution.  Carbonate  of  ammonium  colours  calomel  grey  nnd 
quickly  dissolves  it,  with  tho  exception  of  a  small  grey  residue  of  metallic  mercury. 
Carbonate  of  magnesium  exerta  no  action  in  the  cola,  even  in  the  presence  of  water ; 
1)ut  at  tiio  boiUaglwal^euboilietlil^rdiidf'  is  evolved, mevemyseiiarated,  and  asolution 
f  imii  d,  contiijninsf  mrrroric  ox?<l*»  m  eotiibinution  with  magne''iri  (Ti  n  oh  nor,  Repert 
Pharm.  iii.  '61 ;  iv.  2by  i.  Am(nliiig  to  A.  Vogel,  Jan.  (Kep«Tt.  rharm.  [3]  i.  34% 
mIoomI  heatAid  with  watvr  and  earbonatt  of  calcium  {pem/fgaes'mm)  ia  converted  iuto 
TnerptirouR  (and  ni.  rcuric  ?)  uxidf  and  mct«lHe  Tnereurv.  n<irl»iiic  anliydridc  })oing 
evolved  and  chloride  of  oalcium  formed.  The  carbonates  of  ktrium  aud  strontium 
*  «et  in  ft  similar  manni  r,  but  not  ao  strongly.  When  «ilomel  is  boiled  with  pounded 
'^(PipxvTit,  f'!iIorid.'  of  cMU'ium  and  mennirio  sulphate  are  formed;  a  flniilar  effect  is 
*"  produced  by  boiling  with  sulphate  of  svdium. — 13.  By  aqueous  vapour  aud  boiling 
vmttr,  mlomel  is  partly  ooimtted  into  metallie  merniry,  or  into  a  grey  compound  of 
o:il(>nn  l  with  ox(  ess  of  mercury  and  .'^ohiMe  mercuric  chlwide.— 14.  Boiling  hydro- 
chloric acid  quickly  couTerts  calomel  into  mercuric  chloride  and  metallie  mecvuzy. 
On  tikft  other  hand,  whrn  mter  oontaiiuDg  hydrodilorie  ftcUi  fa  lioiled  in  aa  opn 

>     ve^s<  1  wllh        lael,  the  c^AmhuA  itt  iwwnjli^aljAiww^AJ         meBCTPedllnrilln  witUNlt 

'    separation  of  inercuiy. 

Chloride  of  poteMium,  eUeride  of  sodium^  and  eepeflliilly  dUoHdt  <tf  MMNonteMi, 
conv'Tl  (  alom.  l  into  nierenrie  chloride,  and  unite  with  tho  hitter  furnunj;  doulde  saltrt. 
Beooo  calomel  should  never  be  prescribed  for  ioterDul  use  in  conjunction  with  either 
of  alkiluie  chkmdes,  especially  sal-ammoniac.  [For  fbrthcv  deCaHa  Mlatuig  to 
this  andotiiw  reactions  of  oakaMl,  SM  Gmdm's  Samlh>ok,  ri.  4S-^3.) 

X)owp'n'rtds  of  M'  Tcnraus  Chloride.— a.  With  J mom m.  100  pt 8.  of  dry 
caloRiel  absorb  7*38  pt«.  ammonia-gais  Ibnaii^  tho  compound  NH'HhgCL  The  com* 
ponad  is  hUA^  Init  gives  off  ammonift  on  exposm  to  tlie  sic;  aod  Isftrai  wliito 
inerimrijU'i  chloride  (n.  Rose").    ?!ec  MTmcrnT-ra.siES.  Ammoxtacai.. 

fi.  With  Chloride  of  Sulphur.  2HhffCLSCK— i*roduced  by  intimat el v  triturating 
27  ptL  m«rairte  eUonde  ana  6  pts.  wamied  and  dried  flowwi  of  stdphtir,  and  gently 
lieatiMg  the  Tui.xture  In  a  ^^orcelain  dish  covered  with  a  i:las.'<  funnel :  it  then  cllluresccs 
in  slender  cryfttals.  These  must  be  tftkon  oat  a£ter  cooling  and  the  operation  rep»«ted 
aa  long  as  any  efHomwanoe  ia  prodvoed.  Tho  eompoiiiid  wxf  also  be  prepared  hj 
niixinK  calomel  and  dichlorido  of  sulphur  to  a  stiff  paste  in  aretort,  and  cently  heating 
the  mixture  after  it  huis  stood  for  twenty*four  hrmrs.  The  excess  of  sulphur-chlorido 
tiiMl  disttla  orer  first ;  afterwards  the  ma^s  gradually  melts  and  aoqturaa  a  red  eoiour  \ 
and  finally  the  suit  sublimes  in  right  rectunmilur  ^ri.-^ins  with  rikombic  acumina- 
tion :  thejjr  are  yellowish  white  when  cold,  and  ftra  instant^  deeoppoaed  bj  vator. 
(Capitaine,  J.  Pharm.  xxv.  525  and  56G.) 

y.  With  TUUinotut  omdr.— This  compound  is  pvodnced  in  the  form  of  ft  loown 
powder  on  mixin^r  Tnen^nrons  nitrite  with  ptatinic  chloridfti  On  hfifttil^g  ity mfflrnWHWIt 
chloride  aulilimes,  and  uLttinuus  oxidt-  n-iuHiub  behind. 

8.  With  Stannous  CUoride.  2HhgCl.SnCl'.— Prepared liyintimnudy  mixinj^  1  pt  of 
finely  pulveri>ied  tin-anialp-ain  {?>  pT«.  ti«  to  1  pt.  merrary^  with  24  pts.  calomel, 
filling  a  retort  u>  abuut  uue-fuurth  with  the  mixture,  and  expu»iug  it  to  a  heat  graduaUj 
xinng  to  250°.  The  mass  when  cold  is  poIfMBed  and  heated  in  ft  flask  to  MMP. 
whereupon  thf  douhle  chloride  ifublimes  in  very  small  white  arborescent  prTStnl.«»,  and 
metallic  merctiry  remains.  The  crystals  are  deoompoeed  by  water.  (Capitaine,  J. 
Tliarm.  xxr.  540.) 

t.  With  Stilphttric  ftnln/rJridc. — Crtloinel  nbsorbf?  the  vajx^ur  of  sulphniieaabydlfidc^ 
forming  a  white  translucent  mass.    (H.  Koso,  Fogg.  Ann.  xliv.  325.) 

BKoreurlo  Cbloride.  HgCl  or  llhgCl*. — ProtochJoride,  Bichloride,  Sfuriate  of 
Mercury,  Corrosive  Sublimate;  attsender  QiutehtQlmr-suhlimat,  AetstiAUmat,  SuMim^tti 
DtviocUorure  de  Mcrcure,  ^UtUmicomt^ ;  Merettrhusublimotut  mrfO^mu,  Hfpirut^ 
gyrum  eorrotitiutn  album. 
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Tliifl  eompoTUid  iipvodoMd:'— 1.  By  bnmuig  monary  in  exoMiOf  cLIoriue  gM. — 

2.  By  dif.solving  mercury  in  ox^jxa  tc^Ih  oontaininf;;  excess  of  hydrochloric  aeh\,  evapo- 
ratiog,  dlwtylving  the  residue  in  boiling  water,  aud  leaving  llie  s>alt  to  cryiit^llise  by 
cooling. — 3.  By  diseolring  mercuric  oodde  in  hydrochloric  acid,  and  in  genenl  liy 
double  dpcompopifion  of  morr-uric  oxi<le  or  a  mercuric  salt  with  mefallic  (.-Lloritlt  F. 

It  IB  prepared  on  the  laige  scale  by  decomposing  meccuric  Bulpha.te  with  chloride 
offodimii.  AniirtiBHite  muctaie  of  equal  part0  <>f  oomsnon  salt  aad  meroorie  mljihate 
(pn  pared  by  boiling  I  ptd.  nu  rctiry  with  5  pts.  strung  sulphuric  acid,  till  the  mixture 
is  reduced  to  a  dry  saline  mass)  is  exposed  to  a  gradnally  increasing  hani^  ia  a  gbuM 
fladt  haring  a  long  wide  nock,  or  better  in  %  Damw-nedced  vetort;  mfavarie  ehkridft 
thon  suhliiHes  on  the  cohl  part  of  the  vci?^*  !,  wliilo  sulphate  of  .sodium  remains  behind. 
On  account  of  the  extremely  poisonous  nature  of  the  xapours,  the  process  must  be 
perfomed  under  a  chimney  having  a  good  draught.  The  mercforie  snlpliate  ftequently 
contains  a  small  quantity  of  mercurous  sulphate,  which  is  ocmrerted  by  tlift  diloride  of 
sodiuin  into  ealomel :  to  prevent  this  contamination,  a  small  quantity  of  peroxide  of 
manganese  is  added  to  the  mixture ;  or  10  pts.  mercury.  3  common  salt,  3  peroxide  of 
manganese,  11  sulphnxift  add  and  S  vatrn^  an  tritnwtad  togetlMi;,  and  the  mirtiif  ia 
then  heated  as  above : 

Hhg  +  2N»a  +  MrnnO'  +  2H«S0«  -  HhgCl*  +  Na«SO«  +  MmuSO*  +  aH'O. 

Another  very  p:ood  method  is  to  mix  a  boiling  conoentiateJ  solution  of  merenronsi 
nitrate  with  coueeutriite<l  h y>lrochlorie  acid  as  long  as  a  precipitate  is  formed,  and  boil 
the  latter  with  a  quantity  hydnx^doiie  add  equal  to  that  which  was  lued  fbr  the 
peeeq^tatMik  The  reaction  is : 

HhgNO*  +  2HC1    -    HhgQ*  +  H»0  +  N0». 

The  F'lluticjn  on  cooliuiz  dep«.»slt8  the  mercuric  ehloridt-  iu  Teiiutiful  erystftls. 

Mercuric  chloride  crystallises  in  two  forms,  both  belonging  to  the  trimetric  system. 
The  qprstals  which  separate  flom  the  alfloholie  aohition  eshihit  the  eombniatioik 

ocP  .  Per,  .  oP  .  r.  Ratio  of  axes  a  :  b  :  c  =  07254  :  1 :  1  0686.  Ai.-le  xP ;  P 
in  the  macrodiagonal  principal  section  71°  66';  Poo  :  f  co  in  the  basal  principal 
aaoHoB  »  98^  W. — For  the  crystals  obtained  sablmAtion,  a  t  b  te  ^  0*9847  : 1 : 
0-3396.    Angle  ocP  :  a  P.  in  the  maenKlia;:<mal  jtrinripal  section  =■86''  8':  '>:f'2 

wj^2  -  60^  a' ;  f  00  :  f «  in  the  basal  principal  section  •  87^  30';  2l*oo  :  2jt'ao  in 
the  flame '68^  29*.  The  etyatda  eodiibit  these  fiaeee  together  with  They 
are  \\1iit. .  .md  exhiLit  various  d.  ^reos  of  tninslucencj'  up  to  complete  transparency. 
Specitic  gravity        64032  (Karsttn);  5-420  (Boullay).    Vapoor-densitjr  V'B 

<Mitecherlich):bycalcuktion,9  48(-  ^  *  ^'  ^'^  x  0  0693). 

2 

Mercuric  chloride  melts  nf  20.5^,  boils  at  295°,  and  volatilises  souiowliat  more  easily 
than  calomel,  even  at  ordinary  temperatures.  It  has  a  disagreoubie  metallic  taste 
and  is  a  rery  poweiM  aend  poiaoo.  It  diatolvca  in  «iia^»  alcohol  and  Uker, 
According  to  r<jg^iale,  TOO  pts.  infter  tt  diflhnnt  tmpeMfcOMi  diaadve  tho f»Uowiqg 

quantities  of  raescuric  chloride. 


T«npe- 

Qoutitv  of  salt 

QtMntitTofaalt 
dittoiTed. 

nuore. 

4lu<>lv<'<t. 

ratnrr. 

0°  . 

• 

• 

673 

60O  . 

13-86 

10 

• 

• 

6*57 

70 

l7-«9 

30  . 

« 

• 

7-31) 

80 

24-32 

80 

• 

* 

8-43 

90 

37  05 

40 

• 

• 

9-62 

100 

68  96 

M  . 

a 

• 

11*34 

In  o/eoAe/  the  aalt  la  wndi  mote  aofaiUe,  xeqniring  onl^  3|  pta.  at  ordiniuy  tempera- 

fares,  and  1,',  ).t«.  .it  the  Vioilinp:  point  <A  al.  .  hoi ;  and  it  \9.  almost  equally  soluble  in 
tthcr.  Hence  when  an  aqueous  suluiiou  of  mercuric  chloride  is  shaken  u;p  with  ether, 
the  ethn*  cxtzaeta  the  greater  part  of  it.  Matenrio  ddonde  Tiilfltiliaea  in  aomewhai 
considerable  qoaati^  with  the  n^m^  when  itf  aleohdiio  or  ethoeal  aohition  ia 
boiled. 

Merenrle  ehbride  dissolm  in  oondderable  quantity  in  bmliog  concentrated  hudro' 
chloric  acid,  and  the  solution  solidifies  on  cooling  to  a  crj-gtalline  mass  having  a 
mother-of'pearl  lustre^  which,  however,  beeomes  flnid  again  at  the  heat  of  the  band. 
Thla  niUMi  consists,  aoeoidisg  to  Boullay,  of  an  acid  mercuric  or  hf/dronercuric  chloride 
ZHhi^Cl-.ITCl.  When  cxrx)sed  to  the  air,  it  cfBoresces,  give:!  off  the  excess  of  acid,  and 
leaves  the  neutral  chloride.  Mercuric  chloride  likewise  disiKilves  with  great  facility  in 
m'iric  acid,  and  crystallises  from  th<»  solution  by  cooling  or  evaporation.  Sulphuric 
add  haa  no  actvm  upon  it. 

Tou  UI  3  M 
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Xllligr  MOttll^  TUb  arsenic,  antimony,  bumutK  I^od,  in>n,  nickel,  and  eepptr, 

dfleonpose  mercuric  chloride  in  the  dry  vrny.  withdrawing  thf  lialf  or  the  whoh>  of  ir-^ 
eblorine,  and  separating  oalorai;!  or  metallic  mercury,  which  iutti-r  furma  un  amalgam 
with  the  exce«8  of  the  other  metal.  Ar§mi0  fSoams  trieUoride  of  arsenic  and  a  bravB 
sublinuito.  An  intimate  mixture  of  3  pt«.  anfimofif/  and  1  pt.  corrosiTfi  sublimate, 
well  pr<'sse<i  into  a  glairs,  bocoraes  hot  and  liquid  in  the  course  of  half  an  hour,  and  on 
the  application  of  heat,  yields  trichloride  of  antimonj  tad  metallic  mercurf.  Tin 
heated  with  nierciirii'  clilorido  yields  a  distillate  of  stannic  chloride,  and  a  prey  resi- 
due oontuiniug  calomel  and  staonona  chloride.  Many  metals  also  reduce  merenzy 
fnm  the  aqMoas  or  aloobolie  wlvtioii  of  ths  cblonaa.  Moat  metala  tfnoir  domi 

enl'inn  l  tonrpfher  with  the  mercurj' ;  hut  zinc,  caJ/ziif  ii,  and  iron  precipitate  nothing 
but  niercnuy,  zinc  beinff  therebj  couTerted  into  a  semi-fluid  ^w»*lflpT°,  and  cadmium 
Ibtming  an  amalgam  inudi  oiTitellisea  in  beiMttMl  neecllM.  For  ntt  o^mk  rsaerioaa 
of  mcrcaiiB  flhloride  in  solution,  see  p.  900. 

Compounds  of  M»-rcitric  Chi oridf.  u.  With  Ammonia. — When  mermric 
chloride  is  gently  heatetl  in  a  stream  of  amnioniacal  gfui,  the  latter  is  absorbed,  and  the 
oompoond  fuses  by  t  ho  heat  evolved  in  tiie  combination.  The  product  was  found  by  Hose 
to  contain  llliLrCr*. NH\  This  compound  boils  at  59*1°,  and  may  be  distill<'<l  without 
loss  of  ammonia;  it  is  decomposed  by  water. — (See  Mbucuby-uasbs,  Amhohiacav)* 

$.  Witii  other  0UlDr£lii;>--]Iereime  ddoride  nnitet  wiHh  many  other  metsUie  eUorideik 
forming  crystallisablo  doobls  salts.  They  are  prepared,  for  the  most  part,  T>y  mixing 
the  aqueous  solutions  of  tho  two  salts  in  the  required  proportions,  and  oystallising 
by  spontaneous  erapomtioB. 

Amvumiumsalts. — On©  of  these  double  salts  has  long  been  known  as  sal  alembrotk. 
It  crjstallises  in  llattcned  rhombic  prisms,  2NH*ClJlhgClMI -O,  and  is  isomorphous 
with  the  corresponding  potassium-salt.  When  exposed  to  dry  air,  it  gives  oflF  its  water 
vi^umt  change  of  form.  Kane  has  also  obtained  NH^Cl.HligCl",  and  the  same  triA 
J  at.  water.  2(NH<Cl.HhgCP).H*0,  the  first  in  a  rhomboidal  form,  and  the  peeonr! 
in  long  silky  needles. — Acconling  to  J.  Jlolraes  (Chcra.  News,  T.  361)  a  solution  of 
25  pts.  men-uric  eldoride  and  1  pt.  sal-ammoniac  in  hydrochloric  toid  dC|KWitS  OTStala 
of  the  salt  SNU'Cl.OHhi^^rr- :  and  on  mixing  this  Poliif  ion  with  a  very  lar?;''  r«xeess  of 
hydrochloric  acid,  or  by  dissolving  in  that  acid  a  mixture  of  3  pts.  mercuric  clilorido 
and  1  pt.  sal-ammoniac,  the  salt  2NH«C1.3Hhtr(  r-.4H*()  is  obtained. 

The  chlorides  of  fhtrium  nnAstrontittm  form  well-crvstallised  compounds  with  mercuric 
chloride,  viz.  BbaCl^HhgCl».4H«0,  and  SsrCl«.2HhflUl«.2H'0.  Chloride  of  calcium  com- 
binet  in  twopropordoatiritil  mercuric  chloride,  when  tlie  latter  is  dissolved  to  satnm* 
tion  in  chlonde  of  ralcinm,  tetrahedral  crystals  separate  from  the  solution,  which  are 
tolerably  persistent  in  the  air,  and  contain  CcaCl'.5IIhgCl*.8H'0.  After  the  depoaition 
of  tiieee  crystals,  the  liquid  3rields,  when  eraporated  by  a  gentle  heat,  a  aeoond  crop 
of  large  prismatic  crystals,  (.'cnCl*.2HhnrCl"  niT-O,  whieh  are  x^'vy  d*  liquescent. 

The  chlorides  of  cob<U4  and  copper  also  form  ciystuUisable  double  salts ;  chloride  of 
lead  does  not  appear  to  Ibnn  a  double  aalt  with  mercnno  dilonde. 

The  iron-salt,  Ff.'CRHhg€l».4n^0.  and  th.-  manganese-salt,  MninCI' nh[rCP.4H»0, 
are  isomorphous  and  crvstallise  in  rhombic  prisms.  An  excess  of  mercuric  chkrido 
dissolves  in  the  latter  salt,  and  crystallises  on  cooling  in  latge  rfaombte  crystals. 

Chloride  of  inagnrsium  fonns  two  double  salts,  with  mercuric  chloride^  Tin. 
MmgCl».3HhgCl.HH),  andMmgCl*.HhgCl«.6H'0,  both  deliquescent.  Chloride  o/nieJM 
gives  two  compounds,  one  of  which  crystallises  in  tetrahedrons,  like  the  calcium- 
salt 

Pnfa.t.tiu)77-mlts. — When  an  aqueous  solstifln  of  potassium- chloride  is  saturated  at 
30°  with  ]>ulv«'rist'd  mercuric  ehloride,  the  liquid  decautwl,  a  quantity  of  potassium- 
chloride  ad  l(  d  <'tiual  to  that  already  present,  and  the  solution  1.  ft  to  evaporate,  the 
salt  2KCl.HhgCl-.IP0  is  deposited  in  lar^'c  rhombic  prisms.  If  the  solution  saturated 
at  30°  be  left  to  evaporate  without  further  addition  of  chloride  of  pota.ssium,  another 
salt  K0LHhgCl'.H*O  is  obtained  in  d<  licato  asbettosdike  crjrstals;  and  lastly,  a  solu- 
tion nf  potassium-ehloridf  hf  .itedto  60°  and  .".iturated  with  mercuric  chloride,  solidifies 
on  cooling  to  a  mass  of  slender  needles  ha\'iuK  the  com^sition  KCL2HhgCI-.2HK). 

Hie  jo«tem<«a/<  Vra01.HhgOR2HK)  oystaliaea  in  aix-mded  prions. 

The  cinC'snlt  has  not  been  analys'  d.  An  aqueons  solution  of  zinc-ehloride  contain- 
ing excess  of  mercuric  chloride  deposits  the  latter,  on  evaporation,  in  large  beautiful 
eryaCals,  after  which  a  donbfe  salt  slowly  separates  in  very  deliquescent  plates  ami 
needles.  (Bonsdorff) 

Mereurio  Chloride  with  Acid  ChromaU  qf  Ammonium^ — ^A  solution  of  equal  parts  of 
tlMse  two  salts  yields,  by  cooesntratiott  and  cooling,  large,  shining,  Tose-coloui«d,  six- 
sided  pnams,  of  the  salt  HhgCl».rNH»CerO«.CcrO»].H''0  (Richmond  aud  Abel, 
Ohsm.  Soc.  Qir.  J.  iii.  202).  Tb»  salt  was  discovered  by  Darby  (Mem.  Chem.  Soc  i. 
MX  who  howe^ assigned  to  it  m  different  formula.  According  to  Zepharorieb 
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 Akad.  Ber.  xxxix.  17)  the  crj'stAls  are  monocHnic  and  exhfbit  the  faces  oP . 

odPod.  +iP»  .  -^P*.  [Poo]  .  [iP«]  .  odP.  [<»P2]  .  +P  .  +iP.  Ratio  of  axes 
a:b:c  aO-6087  :  0  6462  :  1.  Angle  of  b  and  e  -84**  8' ;  obP  :  «bP  in  the  dioodi* 
agiinal  principal  secHon  «  T^*  42' ;  oP  :  »P  =  98«  41*;  «P  :  [P»  -IIT*  ;  «P : 
[|Pao  ]  =  135«  38'.    Cleavape  parallel  to  oP  and  -^P«  . 

The  naotber-liquor,  from  wUch  this  salt  has  separated,  jields  by  farther  eraporatiM 
beautifia  nd  iiMdl«  of  tfe  mOI^  Eb^,[ipm^f(kKa^XSa!0^,  (Biekmoad  mnA 
Abol.) 

Mercaric  chloride  also  forms  doable  salt«  with  the  neutral  aad  acid  chromates  of 

pound  in  prodnced,  iMOidiag  to  Wflhler,  on  nlziiigf  tiw  tonlioiM  of  mcraBie  ddorid« 

and  neutral  cupric  acetate,  saturated  af  nrdinar}' temperatures,  and  leavingthe  mixture 
to  iuwlf  for  •ome  time :  it  then  separates  in  radiate  hemispheric  monps  of  crvstals 
htniag  »  tofj  Use  deep  Mm  wAom,  It  is  nearly  insolabk  in  oda  vitsr,  and  is  d^ 
nwimnsnrt  l>y  boiling  water. 

^jKereimc  chloride  ahio  unites  with  sulphide  of  ethyl,  forming  the  compound 
(0^*)*S.HhgCP.  abready  described  (ii.  545) ;  and  with  sulphide  of  methyl^  forming  a 
frfyyfly  oonpoond* 

BCBBCVST,  SSTSCTZOW  AV3>  S8TZMATXOV  OT.  1 .  Reactionf  in 
the  dry  way. — Most  mexcuij  comDoonds  are  decompoeed  by  heat,  and  give  off  me- 
talHe  vMtcoBfy '  1ml  bmksknm  cidonde  ud  Imniidt)  md  mcs^ottrie  cKbrfds  sBd  iddida 

euV)lim<>  nnd*  cDmpns,  d.  All  mercury-eompoundf^,  wht  n  thoroughly  dried,  intimately 
mixed  with  dry  carbonate  qf  sodium,  and  heated  before  the  blowpipe  in  a  tube  closed 
«t  OBS  end,  an  decomposed  and  gifv  ofTnietaDie  mcceuy,  which  oondetweais  the  eold 

partof  the  tube.  Those  mcrcury-^omp.  unida  wbldl  are  Tolatile  without  decomposif  iun, 
the  chlorides  for  example,  maT  escape  deoompoeition  by  carbonate  of  sodium.  In  this 
case  the  mixture  most  be  slighUj  moistened  with  water,  the  water  expelled  hv  gentle 
h)  ntiiii;  oM-r  the  lamp,  aad  remored  with  blotting  paper,  the  tube  being  held  horiion- 
tally  to  prevent  the  water  from  ronning  down  to  the  heated  part.  AVTicn  the  moisture 
is  all  expelled,  the  blow|ape  flame  is  applied  as  before.  This  is  au  easy  and  certain 
Dn  thod  of  detecting  lanaaey*  When  the  quantity  of  merctiry  present  is  rery  small, 
the  sublimate  which  forms  on  thi-  oold  pirt  of  the  tube  may  look,  to  the  unassisted  eye, 
like  arsenic  or  antimony ;  but  exumination  with  a  lens  will  show  that  it  consists  of 
wiaiita  limpid  i^oboIaB. 

a.  Of  Mercurous  salts.  Normal  or  m  titral  mercun-im  salts  are  white  ;  ths  basio 
salts  are  frequentlr  veUow.  Most  of  them  are  soluble  in  water,  redden  litma%  lumi  % 
metallie  taste^  and  do  notaet  ftrf  Tiolently  on  the  adbail  body.  AU  aolriila  wmmt^ 
ous  salts  are  partjally  deeompose^l  by  water,  a  basic  salt  Mlg  ftaaipilalad  and  an  add 
salt  left  in  solntion ;  free  acid  redissolves  the  basic  sah. 

Sulphydrie  add  and  sulphide  of  ammonium  form  with  mercnzons  salts  a  black  ore- 
ei^itate  of  mercurous  solpnide  BhffS,  insoluble  in  sulphide  of  aaHBaaiMi  aid  fai  wria 
acid,  soluble  in  nitro-muriatic  acid  and  in  sulpliide  of  potassium. 

Hydrochloric  acid  and  soluble  chlorides  form,  oven  in  very  dilute  solutions,  a  white 
pnapttate  of  mercuruus  ohloride,  which  is  insoluble  m  dilute  acids,  and  is  blackened  hj 
potasli  or  ammonia.  Hoilinp  nitric  acid  dissolves  it ;  boilinsr  hydnx-hloric  add  decom- 
poses it  into  mercuric  chloride  which  dissolves,  and  nietaiiic  merctuy,  which  remains 
as  a  grey  powder. 

Iodide  of  pf)(a».<iinm  formf*  a  ^enish-yellow  prccipitatoof  MMHMIiaiodada  (ahil|j% 
however,  mixed  with  merctiric  iodide)  soluble  in  excess. 

OytMSds  of  foUt$tbm  ssparateo  mstallie  meromy,  tha  msnnrous^anide  EhgHTy, 
formed  ia  tfaaflnft  iMtaM^  bsn^  MDNad  into  M^nie  cywids^  AkgOy,  aiad  imi^ 

OUT. 

/Iwiwyawfayg  ofpotemtlmm  ftma  s vUla;  INifayuideof  potsMivm,  aMdttURNni 

precipitate. 

Phosphate  of  sodium  and  oxalic  add  ionm  white  precipitates  j  ckromaU  qf  jwtes- 
tium,  and;  ^attfe meid^  % b««ownirii»yeBtow praeipitste. 

Mrrourous  salts  are  reduced  by  m-  tallic  copptr  and  ci'ic.  1  y  i^ftrnnous  chloride,  fer- 
rous sulphate,  sulpMurcut  add,  and  phosphorous  add,  metalUo  mereuiy  being  separated 
aa»grey  powte. 

Allmiuurows  awHi  am  aoimftediirto  mercurio  salts  l^boOiiv  with  mH^mML 
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3.  Of  Mercuric  salts.  Normal  mercuric  salts  (oontaining  2  at.  of  an  acid  radida 
to  1  iit.  Hhg)  are  colourlesa ;  the  basic  salta  are  frequently  ycUow.  They  are  violent 
acrid  poison^  nd  hare  a  disagreeable  mctellie  taste.  The  noSBil  Mils  nddeo  Utmn*. 
Mo«?l  of  them  are  soluble  in  wit.  r.  They  are  partially  decomposed  by  water,  with  se- 
paration of  a  basic  salt  requiring  free  acid  to  dissolve  it^  The  diloride,  however,  di«- 
■btvM  in  iratar  witbont  decomposition ;  hencse  a  solutiou  of  mercuric  dilonde  diffi-rs  in 
somf  of  its  rfartions  from  that  of  the  nitrate  nml  of  other  salts  which  are  partially 
composed  by  water.  From  their  ac^ucous  solutioni*,  the  mercury  is,  for  the  most  part, 
precipitated  in  tha  m«telEe  state  tiw  mum  mbrtMioM  as  teom  mercunnu  aalta ;  but 
the  complete  reduction  of  the  mnrctin'  is-  ofrpn  prcc.Nlcil  \>y  tlio  f'lrrnafi'jn  of  a  in-'i'di- 
roos  adit:  sudd  for  example  is  the  uctiou  of  phot^horom  acid,  suljphurous  acid^  etamtous 
copper  f  ftfti  wftf  hchI  mdWiM  nmcunc  to  marcttrous  chlcmda^  and 
no  f-xet  .«is  of  thi<  ri'aj^i-nt  carrii  s  the  n (ItietioTi  fiirther.  uiilt's-t  the  solution  bo  hratcfl 
nearlj  to  boiling.  Uoid  does  not  by  itself  reduce  mercury  from  ita  salts ;  but  if  a  drop 
of  a  meredrie  solnliQa  lis  fadd  on  a  piece  of  gold,  and  ft  bar  of  tmc,  tin,  or  ivon  bs 
brought  iu  eontant  with  the  moistened  surface,  an  elidab^ytie  SiOtfoil  is  BSt  Hp,  and  tlM 
gdd  Dccomcs  amalgamated  at  the  point  of  contact 

Sidpht/dric  acid  and  alhoHne  tulphides,  addnd  in  excess  to  mercurie  salts,  throv 
down  a  black  precipitate  of  mercuric  sulphide,  soluble  in  strong  nitric  add.  Itt  how- 
cvrr,  the  quantity  of  the  reagent  added  is  not  sufficient  for  complete  decomposition,  a 
white  precipitate  is  formed,  consisting  of  a  «>mpouu(l  of  mercuric  sulphide  with  the 
original  salt,  and  often  coloured  yellow  or  taiowii  bj  aseeas  of  the  sulphide;  this  nao- 
tion  is  (juito  jM-oiiliiir  to  ni'^nairic  salts. 

Hi/drwhUmc  acid  {orma  no  precipitate  in  soltitiuus  of  mercuric  salts. 

AmmimiauAevhonate  of  (tr  nji  nium  form  white  precipitate^  gsnnallj  eonsistiiig 
of  a  mercurammoninm  salt.  The  fixed  (d^nli.'!  \hnj\v  flown  a  yellow  precipitate  of 
mercuric  oxide  (not  hydrated),  insoluble  in  exeeas.  If,  however,  the  solutiou  contains  » 
laige  quantity  of  »«•  add,  no  paedpifeato  ia  fMrnad,  or  vify  «  digfat  one  after  a 

considerable  time. 

Carbonate  of  potassium  or  sodium  thruws  down  rod-brown  mercuric  carbonate ; 
but  if  any  ammoniacal  salt  is  present  in  the  sohrtioD,  the  fixed  alkalia  and  thdr 
CarhoiKitrs  throw  (Iomti  the  whiti-  prfvipitalo  above  rnontiuix*!.    Achf  airKonatr  of 
potassium  or  sodium  also  gives  a  brown-red  precipitate  with  mercuric  nitrate  or  sulphate; 
but  witfi  the  ddaride^  it  fimns  a  white  precipitate  whidi  alteavavds  tnina  wd.  Ilia 

eart>''nafi-s  of  fmrinui,  strontiinn,  and  calciuiii  pr»>rip5fate  merouzia  Oodda  from  the 
solutions  of  the  Hulnhatc  and  iuLrat«^  but  not  £k>u  the  chloride. 

Fkasphau  of  sodhm  tinxnra  down  «4iita  naMoric  phosphate  ham  the  sulpht^  and 
nitrate,  hot  ool  fnm  the  dilfldda.   Oknmate  qf  feUttium  ftnna  «  jallbwiah-xvd 

precipitate. 

Cifanide.  of  potassium  givea  with  mercuric  nitrate  a  white  precipitate  solnble  in 
excess :  it  does  not  precipitate  the  chloride. 

Fn-rnnjttvifh  if  jtotassium  forms,  in  solutions  not  too  (liltite,  a  whito  precipitate 
which  gradually  turns  blue,  prussian  blue  being  finmed,  while  the  tiltrttte  contains 
cyanide  of  mneoTj.  Ferricyanide  of  poUmthm  ffinm  a  white  pia^pitata  with  tha 
ii'frat>\  Tin  precipitate  with  the  chloride. 

Tiitct  art-  of  t/aUs  forma  au  otange-ydlow  precipitate  with  aU  mercuric  solutiouti  except 
thf  chloride. 

Ji'didi'  of  potassium  ]irodticef<  n  5>(*nr1et  precipitate  of  meiumJa  iodidfl^  afthiHft  in 
excess  eitbar  of  the  mercuric  t>aU  or  of  iodide  of  potassium. 

3.     u  a  II  t  i !  a  i  i  v  e  Es  t  i  m  a  t  i  o  n. 

Mefvuiy  ia  ijienerally  estimated  in  the  metallic  state;  sometimes,  however,  as 
nemirie  svlphida  flhgS, 

or  asm ercnrons  chloride  HbgCl*  To  sepamte  it  fhnn 

its  roinpounas  in  the  metallic  state,  it  may  he  distill,  il  with  quicklime  in  :i  fnl)o 
of  hard  glass  sealed  at  one  end.  Into  this  tube  is  introduced,  firat  a  layer  of  carbo- 
nate of  ealchim,  about  an  ineh  long ;  then  the  nixtnreof  theanbetanoe  with  qoieUine ; 
lastly  a  layer  of  quicklime  about  two  inches  long,  and  a  phig  of  aMhe»tos  tokerpthe  lime 
in  its  place.  The  open  end  of  the  tube  is  next  drawn  out  into  a  nam>w  neck,  and  bent  at 
an  obtuse  angle.  The  tube  is  hud  in  a  combustion-furnace,  the  same  as  that  whicfi  is 
need  te  organic  analysis,  the  nedt  being  toned  downwards  and  made  to  (kisx  into  a 
nam>w-Tnr<nthcd  1  ottle  containing  water,  so  ns  to  tf'nvnimte  just  al>ove  th*>  sj»rf.u*e  of 
th«  walvr.  The  tu!*e  is  then  gradually  heateil  bv  l  iyina:  pieces  of  red-hot  charcoal 
lOund  it,  beginning  at  the  part  near  the  neck  roiitaiiiint^  the  pure  quicklime.  This 
ptjrtion  harinp- hr'iUL'li;  ;i  full  r.'d  h.'af.  tlir  li'-nf  c.ir.-fnlly  <''-xtcndf'd  t^wartls 
the  niiddi*'  ]^'^^^,  1<>  dfcmnpij.so  the  eonipouud  and  vt>hitilii»c  thf  iiiercurv  :  any  portion 
of  til-'  cniiipnuud  that  may  volatilise  undecomposcd  will  be  dec<mipoeed  in  {xissing  ov*r 
the  lednhot  huBM  at  the  end.  Lastfy,  the  baek  paii  of  the  tube  containing  the  earfaon- 
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at©  i»  heated,  to  to  evolve  carbouic  anhydride  and  sworp  ont  all  the  mercury 
vapour  contained  in  the  ttibe.  Tho  qnantity  cf  cnrbonic  anhydride  thns  evolved  may 
bo  increased  by  mixinfr  thr-  car!»on:it«»  of  oalciom  with  acid  carbotiate  of  Mxliuni.  'I'he 
mercury  condenses  under  iLa  water  in  the  bottle,  which  must  be  kept  cold.  Tho  watt  r 
if  poured  off  as  compU-tely  as  possible ;  th<-  mercury  transferred  to  »  WM^wd  {Mcealaiu 
crutnV>le;  f]ie  giYator  part  of  the  watrr  \vlii<.-h  still  lulhon  s  to  it  removed  by  means  of 
bioUinK-paper ;  tho  drying  compli-ted  over  sulphuric  a<.:id ;  and  tha  mtjuury  fiuaiJy 

liercury  may  also  bo  pn>cipitatod  from  its  solutions  in  the  metallic  state  by  siannovs 
chloritU  or  by  phosphorous  acid  at  temperatures  above  60° ;  the  solution  then  decanted ; 
the  meKfoy  mhod  inth  viter,  and  cui«d  m  Hi*  auuuMr  j«tt  dcooitwd. 

If  thf  niiToun'  is  niixod  with  a  considerable  quantity  of  orpriine  iiiatt<  r,  as  in  cases 
of  mercurial  poisoning  the  ai^nic  matter  may  be  dekroved  by  tre^taient  with  iiitro- 
mimatieadd  inadisiulatory  apparatus  (i.  365),  aad  flw  hqvid  nfegectod  to  the  Mlion 
of  a  voltaic  current,  th.-  nt  j.'ative  polo  bein^i;  composed  of  a  plate  of  platinum  or  gold. 
The  meomury  theu  collects  on  this  pUrte^  and  ma^-  be  e^uoated  by  weighing  the  pUte 
iMfbfe  nd  aftsr  Hal  experimnit 

Th<*  ]:>re<'ipitution  of  mercury  in  the  form  of  m  er  curons  chloride  is  best  effected  by 
means  of  hydrochloric  acid  and  formate  of  potasjrium  or  sodium.  If  the  mercury  is 
eontained  in  an  alloy,  the  alloy  must  be  dissolved  in  nitromuriutio  acid ;  if  it  is  con- 
tained in  solution  in  the  form  of  mercuric  nitrate,  hydrochloric  aeid  atist  be  added,  tlia 
solution,  in  cither  case,  nearly  m  utr  ilised  with  potash,  rlie  formate  tin  n  added,  and 
tiie  wliule  exposed  for  some  days  to  a  temperature  between  60  ^  an<l  80°  (at  tlic  bulling 
heat  the  mercury  would  be  reduced  to  tho  metallic  state).  The  m  reurous  chloride  then 
pren'pitatce,  and  mvt  be  ooUe^ed  on  a  veii^ed  ttter,  waebed,  dned  at*  gentle  heat, 
and  weighed. 

According  to  the  latest  experimenta  of  H.  Boao  (Pofiff.  Ann.  CK.  dS9),  the  best  of 

all  methods  of  estimating  mercury  is  to  prr-cipitnto  it  ns  calornel  from  the  soluti<,<n  vi 
mercuric  chloride  by  phosphorous  add,  either  ut  ordinary  temperaturt^  or  at  a  very 
gentle  heat ;  if  the  temperature  riaee  above  60^  metelfio  merettry  ut  precipitated. 

Mercury  is  alfo  frrtpu-ntly  preeliiitated  from  its  solntioiis,  as  a  sul})n5de,  hj  std- 
phjfdrie  •idd.  In  that  case,  if  the  precipitate  conaista  of  the  pure  prutos\d{ihide,  HhgS, 
as  vhen  it  m  tinown  down  fttm  a  Kdntion  of  OMK»i»»  anbl&iuile,  the  pr<  <  ipitate  may 
be  simply  eolleeted  on  u  wei;.'lied  filter,  washed,  dried  over  the  water-bath,  weighed, 
and  tho  quantity  of  mercuiy  thence  determmecL  But  if^  aa  is  generally  the  caeey  the 
pMd|ntate  alao  oontaina  free  sulphur,  as  idien  it  ii  thrown  down  ftom  a  eolntion  eon- 
taining  a  ferric  salt  or  a  considerable  excess  of  nitric  acid ;  or  if  it  be  precipitated  in 
conjunction  with  the  sulphides  of  otlicr  metals,  then  the  mercury  must  be  sepanited 
fttira  it  by  distillation  with  lime,  as  above  described.  Or  a^un,  the  mixture  of 
sulphides  may  !  <■  e(jnv«>rted  into  oUaridMt  by  gentle  heating  in  a  atream  of  chlorine 
gR.4,  the  volatile  eldoride  of  mercury  passed  into  witer,  and  the  mmaay  pNdpitated 
£n>m  the  soluLiun  by  j>tauiious  chloride. 

The  quantity  of  mercurous  salt  present  in  a  aphrthi  may  abo  be  determined 
by  precipitation  witli  liydrf>ehlorie  aeid.  Th.f  solution  mttot,  however,  be  tctj  dibitr>, 
and  be  kept  cool,  it  must  also  contain  but  a  ver^-  tjiuiiU  quuutity  vi  free  uitrie  aeid,  as 
a  larger  quantity  woold  convert  the  nerenvous  into  mercuric  chloride.  To  d>  tt  rmine 
the  proportions  of  mercurons  and  ninr>'nirie  salt,  wlieii  tbpy  exist  together  in  solution, 
the  mercuroua  salt  is  first  precipitat«4  with  hydrochloric  acid,  and  the  remaining 
neroury  by  etaanooa  diknide  or  eulphydrie  add. 

Vof'oiu  fn'c  m>thij(l-(.  C.  W.  ITenip<  l  (Ann.  Ch.  Pliarm.  ox.  176)  PBtimatrsTncTcury 
in  the  form  of  mercuxoua  chloride,  by  means  of  a  standard  solution  of  iodine  in  iodide 
oCpotMdnm,  wUdidiaielmitinthejbimof  potaario^nflteniiiiiDdida: 

HI^  4>  SEO     I  -  SKLHhgP  *  ECL 

The  quantity  of  iodine  qsmI  is  estimated  hf  a  graduated  solution  of  hjpolDlphito  cf 
iodium  (i.  2Gl>\  and  tli*'  qn.iTitily  of  mercury  is  thenec  calculated. 

Another  method  giveo  by  Ilempel  (Ann.  Ch.  Pharm.  cvii.  98)  coufetsttt  ina^tatL^ 


til©  roOTCurous  chloride  with  dilute  eulphurie  add  and  permanganate  ofnoiaamm 
it  is  dissolved,  and  estimating  t?ie  quantity  of  petBMUgtnate  naed  far  too  psTpoae  by 
means  of  a  standard  solution  of  oxalic  acid. 
When  fha  lainan'iB  in  eolntioD  •§  a  nienvrio  salt^  it »  precipitated  af  etknul  bgr 
•ol^hate^  or  bj  anj  of  tha  other  inolhods  nbote  g^Ten. 


4.  Separation  ofjftreuiyfrpm  otht r  M*ial9. 

_  ■  may  be  separated  from  all  other  metals,  except  arsenic  and  anttmray,  bjf 
it!:  H\\n('T\ar  volatility.  When  it  exists  in  tho  form  of  an  amalgam,  the  compound  is 
simply  hcAted,  and  the  quantity  of  mercury  determined  by  the  loaa  of  wci^t.   If  it 
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exuto  as  an  oaadtyohloridc  isc,  combined  with  eompoaiids  of  oUur  meUli^  it  maj  be 
tepuMhflHttSBt^  Its  wpmCkinftaalfc* 

alkali  and  earth-motals,  and  from  uranium, mangan(>i<o,  nick(>l,cobalt,iron 
sine,  and  chromium,  may  also  be  effected  by  precipitation  witii  suiphj^ric  acid.  From 
bismuth  and  cadmium  it  may  separated  by  reduction  with  $tannou»  chloride ; 
from  coppar,  bjasixfug  tlie  solution  with  rxeess  ct^jftmidfffpotm^ium,  and  piuwii^ 
sulphydric  acid  tJirougli  xhv  liquid,  vlu-roby  the  mercury  is  precipltatod  as  sulphide, 
while  the  copper  remaiiia  di.ssolvt'd ;  from  loud,  Ly  precipitatiug  that  metal  witli 
9tUipkwio  aeidf  with  addition  of  alcohol  (H.  RoM^  the  sulphuric  add  being  added  in 
-pxeo?*^,  as  otherwise  a  basic  sulphate  of  mercury  maybe  proeipilated  at  tho  ^anie  timp. 
i'roiii  .-irstiiic,  tin  and  an  timony,  merea^  is  separated  by  the  solubility  of  tlio  sul- 
pbidr^  nf  those  metals  in  sulphide  nt tWflmwm 

Field  (Chem.  Soc.  J.  x'n.  32)  separates  racTcur)-  from  antimony,  digesting  the 
prcci{)itated  sulphidas  with  moderately  strong  hydrocklvric  acid,  wiuch  dissolT^  tba 
■nlplude  of  aotnnanj  aad  lesrsf  the  wupbMs  of  acfcury . 

From  silTer.  m.-rciirj,  if  in  tlic  form  of  a  meivuric  Halt,  is  easily  sppamtod  hj 
ht/drocJUorio  acid,  which  prooipttntes  the  silver  aluu^  m  cblaride>.  If  the  mercwy  is  ia 
the  Jbna  of  •  maaamm  fdft,  ma  two  mtlalt  are  precipitated  togetlugr  cMntideii, 
the  sppamtlon  is  then  easily  efTeeted  l>,v  ii»u/i>iniii,  which  dissolves  the  chloride  of 
silver*  and  blackens  the  asercorous  chlorido;  or  they  may  be  separated  by  nitrtmmriatie 
«0K^  in  ih»  edd,  whkli  dkudhve  thu  dbloride  of  msiwiry,  keving  the  Florida  of  dhw 

indlSf^olved. 

When  mercury,  s  ilver,  and  lead  occur  together  iu  a  solution,  it  is  best  to  bring  all 
the  mercury  to  atete  of  mercuric  salt  by  boiling  with  nitric  Mad :  tlie  silver  raaj 
then  be  precipitated  by  kjfdtroMorie,  and  the  lead  by  eid^kuric  add.  Or  the  separation 
•may  bo  oflTootwl  by  ct/anidf  rt  f  jwiassiurtt,  the  solution  being  first  nearly  neutralised  by 
an  alkaline  earlx:)nate,  aud  cyanide  of  potassium  added  in  excess.  The  addition  of 
mtrie  add  throws  down  tht  w.hole  of  the  silver  as  (^anido,  leaving  the  aiercury  in 
Rolntton  cyanide,  and  the  Lead  aa  nitMtsi,  from  which  the  lead  ni^  ba  pnevitAted 
by  uu  alkaline  earbouatf. 

For  the  analysis  of  a  mixtan  of  mavovrio  ozid«»  eianabar,  and  red  lead, 
Wohlrr  recommends  the  followiii'^'  |.rAee«,«  :  Tho  mixture  is  digested  with  nifric  acid, 
which  dibJiulves  the  roercury  U4i  niercunc  oxido,  iUid  rui»olves  Lhu  rfd  load  into  protoxide, 
which  dissolves,  and  dioxido,  which  remains  undissolved  (p.  553),  the  cinnabar  being 
also  left  Tindissolved.  Tlie  lead  is  prvcipitated  from  the  s<^luLiou  by  dilute  ™l|'himc 
acid,  and  then  the  mercury  by  sulphydzic  acid  or  stannous  chloride.  The  residue  is 
tihen  tnated  <m  the  filter  widi  a  niztnn  of  warn  axtiie  md  oxalic  acids,  which  dis- 
aelvesuiit  the  dioxide  oflead,  and  the  residual  eintiabar  is  wa.shid,  dried,  and  weigheil. 

The  separation  of  mercuty  from  gold  in  solution,  may  be  effected  by  precipitating 
Hie  gold  in  the  inf>tanie  state  hj  waitninv  the  solation  with  oatttUo  tuid  (ii  928),  and 
aflerwarvls  ndding  hydrochloric  acid  t<3  redis«oIve  the  oxalate  of  mercury,  prolpitated 
at  the  same  time.  If  the  hydrochloric  acid  were  added  at  an  eadier  stago  of  tha 
proewi^  ifciraald  greatly  zetstrd  the  precipitation  of  the  gold.  Tha  uaieniy  nuMt  of 
aona^ba  in  tha  Mrauia  fltatob 

tf,  Atov^UwHghi  of  U$t9urff. 

The  atomic  weight  of  this  metal  was  f(jr  niany  jsaia  estimated,  according  to  the  es- 

periments  of  Befst rom,  made  in  1812  (Scliw.  J.  xxii.  328\  at  101-2G  for  ITg',  or 
2()2  o2  for  Hhg".  Turnor,  however,  in  IS.'io  (Ann.  Ch.  i'h.uiii.  siii.  14),  by  the 
analysis  of  mercuric  oxide  and  chloride,  obtiiini  d  lower  numbcr^i,  vi/^  from  MO  to 
2U0-3,  and  his  results  have  T)eeii  confirmed  by  the  experiments  of  Erdmann  and 
Marchaud  in  lb44  {ibid,  hi.  21 G).  These  chemists  decompoweil  carefully  prepared 
and  dried  m^ooieoijda  by  ignition  in  a  stream  of  dzy  carbonic  anhydride;  absorbed 
the  liberated  owpon  (part  of  which  would  otherwise  n  conibine  with  the  mercury)  by 
ignited  charcoal  aud  copper;  and  collected  tlie  mercury  which  distilled  over,  the 
eacaping  gaaea  being  flnauy  ftaed  from  meitmry  by  passing  tiuNN^  a  tabs  oenmiaing 
pold-loaf.  In  five  experiments,  in  each  of  which  from  44  to  llfi  j>nns.  mercuric' 
oxide,  UbgQ*,  were  decomposed,  they  found  from  92  594  to  92-$04  par  cent  mer- 
eury;  mean  99*087  per  evL  HSMoihaialiwof  Hhg  is  batvasn  900*06  and  tOO<8S; 
mean  20014.  It  ia  vaoal  to  take  aa  tiia  tna  aftomio  weag^  of  maMoiy,  Hg  «  lOfl^ 
or  Hhg  =  200. 

The  vapour^enrfiy  of  nerenrio  ehlarideb  which,  aeeording  to  tiw  obapwatiops  of 

Mitsdu  rlieh,  is  9-8,  pives  a  condensation  to  1  vol.  for  the  formula  H^Cl,  and  of 
2  vols,  for  HhgCl'  (jp.  897).  This  result  afibrds  an  argument  in  favour  of  the  larger 
i^mic  weight  and  ue  diatomicity  of  mereair  in  the  mercuric  compounds,  and  we  sludl 
presently  see  that  this  view  ii  tethtt  entobontad  hj  tha  auMslitutaaH  of  tke  o^sMiie 
compounds  of  mereaiy. 
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TtTTiRCmRT,  BTBIDS  OF.    Bee  MnOVBT-BADICLES,  OsOAKia 

zofiBcvmT,  i*Xiirosxii»8  ov«  Mmny  tama  two  flnondeii  ootMpMidijig  ia 

compositiuu  with  the  chluridea. 

Wmomnmm  SlnovM*.  HgflF  or  HhgF.  BesMBu  obtaxMd  this  compomcl  at « 

f-uMiinatc,  mixeJ  witli  iiu  rcuruUb  chloride,  by  hoiitiiii};  the  latter  with  flaoridi-  of  Mxliiim. 
It  has  bceu  further  examined  bj  If  iukener  ^Pogs.  Ann.  <se.  142),  who  obuius  it  by 
adding  xeoently  predpttatod  ealomd  to  a  iohUxon  of  nlreF-flnoride  (prepared  by  digest- 
ing silTtr-oarUMiiite  •v.'iih  hydrofluoric  acid);  tlie  wholo  of  the  silver  is  then  pradiiall}- 
pwcipitated,  and  the  liquid  eTaparated  over  the  water>bath,  yields  small  yellow 
ajBtab  of  mercufoug  fluoride.  An  «ai^  mode  of  preiwnftian  is  to  add  ncf  ui  ly 
precipifattd  iiuTfurous  carbonate  to  liydrofluorio  iit-id,  -nhirh  dissolves  it  completi  ly 
at  fii«t,  with  evolution  of  carbonic  anhydride,  but  on  addition  of  a  lai^er  quantity 
deposits  mereurons  fluoride  as  a  heavy,  light  yellow,  crystalline  powder.  From  a  solu- 
tion in  excess  of  hydrofluoric  acid,it  is  deposited  in  indistinct  (apparently  cubic)  crystals. 

Mercurous  fluoride  is  partly  dissolved  by  water,  partly  decompostxl  into  mercarous 
oxide  and  hydrofluoric  acid.  It  is  blackened  even  by  moist  air,  especially  if  oxpoecd 
to  light.  It  is  iUso  decomposed  when  heated  above  260°  in  diy  air,  mprcury  8nblimii]|^ 
and  the  glass  vessel  becoming  corroded.  From  the  solution  of  the  compound  in 
faydiofluonc  add,  potash  throws  down  mercurous  oxide ;  aauiumia,  a  black  precipitate 
oontaiamg  infllun  mercury  and  quickly  turning  gNj,  while  tiM  fllt^«d  uqnid 
contains  mercuric  oxido  and  soon  d.  posits  a  white  m»iJ»«  containinj^  mercurj',  iimmonia, 
and  tluorinc.  i>ry  meixiurous  fluoride  is  decomposed  iu  like  mauucr,  l>y  the  (trulongtni 
action  of  mnooM  ammonia,  into  metallic  merea^aiid  •  mercuric  compound.  Itikwlj- 
absorbs  ammonin  ^"i,  tuiniQg  biiflk  and  bdqg  ooumted  into  fliovide  of  morauoe* 
ammonium  ^Ml  'H  i  i  y:'  )F. 

Mmurous  SilH'Jli'orit/r—Wh^iF^.WO  it  deposited  from  the  solution  of  mer- 
cuniTts  rnrbonate  in  jydroflttosilicic  add,  ia  tnatfunaJt,  oolouieai^  pnnBatie  oijntali. 
(Finkenor.) 

MOTwrto  JnuiaHAm»  "Hf^  <w  HhgT*.   Mereiirie  oodde  added  to  hydioliiiorie 

ncid  is  c-on verted  into  an  orange-yollo-.v  powder,  consisting  of  an  oxyfluorido.  and  bj 
repeatedly  treating  this  compound  with  hydrofluoric  acid,  mercoxic  floondo  is  de- 
posited  as  a  white  etystaOiDe  nisa  eontsiiuBg  flhgF*.3H*0.  The  mbo  pradaet  is 
obtained  by  adding-drv'  mereurlo  oxide  to  a  large  excess  of  aqueotis  hydrofluoric  aoid 

ieontaining  about  60  per  cent.  HF)  (Finkoner,  fom.  Ann.  csx.  62S).  Aooording  to 
^r^my  (Ami.  Gh.  Phys.  [3]  xHii.  S\  nereirie  fluoni^  ia  obtained  m  hng  eolouUesa 
hydrated  n>  eedhs  (fre(|nenl !y,  however,  ronfaminatod  with  hydronhTcuric  fluoride  or 
metcuric  o^fluorida)  bv  alowlj  evaporaliog  a  solutwni  of  mercuric  oxide  in  excess  of 
hydrofltiorie  aeid.   FinKener,  however,  did  not  obtain  efyst^  in  this  manner. 

Uydratod  mcronrle  lluoriile  docoinposes  at  60°,  giving  off* hydrofluoric  acid  toijether 
with  water,  and  leaving  the  oxyfluoride.  It  is  permanent  in  dry  air  at  ordinaij 
temperatures,  but  is  decomposed  by  watf^,  yielding  mercuric  oxyflnoride  and  a 
solution  of  hydrofluoric  acid  containing  a  small  quantity  of  mercuric  oxide.  A 
solution  of  mercuric  fluoride  in  hydrofluoric  acid  mixed  with  a  slight  excess  of 
ammonia,  deposits,  afler  some  time  m  the  cold,  and  immediately  when  h(>ated,  a  white 
gdtttanoos  pieoipitate,  which,  when  washed  and  dried  over  sulphuric  acid,  eonairte  of 
ammonio-mercnric  oxyfluorido  2Nn*.IIhg'F'0.    (Fink en er.) 

Mercuric  Silicojlmride  and  Si/ico-oxj/Jiuoride. — A  solution  of  mercuric  oxide  in 
hjdrofluosilicie  acid  jiddft  by  evaporation  small  pale  vellow  ncr<lles,  which  wore 
rpgnrdcd  by  Berzeliusas  mercnric5ilicoflu()n*dp  ;  but  according  to  Finkencr  they  consist 
of  a  silicu-oxy fluoride  Hhg"Si'*Fl*.Hhg' 0.3H*0.  Thisoomnonnd  is  resolved  by  watu, 
•ven  at  ordinary  tempentarei^  into  n  Mlnhle  and  Mit  and  an  inmlnhto  jaUow  pnl- 
verulent  basic  salt. 

A  solution  of  mtrcuric  oxide  in  hydroflnosilicic  acid,  concentr^^  so  far  that  uxy- 
nlioofluoride  begins  to  senarate,  and  then  kft  to  itself  at  •  tnnpecature  below  15°, 

yiflds  colonrh'ss  rli<jrnbonr'dral  crystals  gronp<-d  like  Ftep«,  pfjbably  consisting  of 
nydratcd  mercuric  silieofluoride  Hhg''Si''F*.GlI-0.    They  are  very  unstable 
and  deliquesce  when  slightly  heated,  but  efiloresce  over  sulphuric  acid.  (Finkener.) 
A  iLnilile  j^alt  of  mercuric  fluoride  with  Jluoridf  of  ammonium  is  peodoesdy  noouidiug 

to  I>er/el!iis.  by  In-ating  merenric  fluoride  with  aqueous  ammonia. 

MBRClTRTf  ZOI>Z]>£S  Ol*.  Mercury  uuucs  with  iodine  in  three  or  four 
proportions,  Ibnning amor enrona and  aerenrio  iodide  analogous  to  the  chlorides 

also  a  rcnroso-mercuric  iodidf.  and  prrhnp?  n  pcriodide.  The  twoelements 
unite  directly,  the  a>mbioation,  whtn  large  quantities  are  employed,  being  attended 
with  oonsidMEahle  riae  of  tflmpemtsie. 

XtXeTOmtnui  Xodlde.  Hgl  or  Hhgl. — This  compound  is  ]»rodu(  ed  l)y  triturating 
200  pts.  mereniy  with  127  j^s.  iodino  or  464  pts.  mercuric  iodide,  with  addition  of  a 


Digitized  by  G( 


904  MERCURY:  lODIDSS. 

little  uicohul,  and  removing  any  mercuric  iudUc  that  may  he  (omiad,  in  Llie  first  ixutaoec^ 
or  remain  unuctod  upon  in  the  second,  by  solution  in  alcohol,  wbidi  Imtcs  the 
mtrcurous  iodide  unlissolvod.  It  may  also  be  obt  ui.  1  by  precipitntiiip;  a  mcrcuromj 
Milt  with  iodide  of  potn-ssium.  Tho  aoet»t«  is  best  adapted  to  the  purpose,  yielding  at 
onee  pin^  mercimnis  iodide.  When  the  nitrate  is  lued,  the  precipitate  is  frequently 
contaminated  with  mercuric  iodide,  eit!i<  r  T  riiH  dir-  orly  fn.rii  iiicivurio  nitr.it.  in  t'u? 
Bolution,  or  by  the  oxidising  action  of  free  nitric  acid  in  tlie  bolution  on  the  precipit^ittid 
nefcnvoiu  i<idide. 

Mi'rcur  vis  i  '.b'de  is  a  ulah-yellow  powder  of  specific  g^H^^ty  7'B6  to  775.  It  in 
very  sparingly  soluble  in  wcUtrt  quite  imiolaUe  in  aitn-hol ;  amnumia  dissolves  it  par- 
tiallv.  leaving  a  grej  neidneu  Mereuroqg  iodide  is  very  unstable,  being  easily 
rpsofvttl,  under  various  cipcumstanccH,  into  metallic  mercury  and  mercuric  or  mercuroflo- 
mercnnc  iodide.  Wben  h^aUd.  it  yields  a  sublimate  of  metallic  n»ercury  and  mercuroso- 
racrouric  iodide.  "When  treated^Ui  H^riodic  acid  or  with  solutions  of  Uxlide  of ^iotassium 
or  other  metallic  iodides,  it  is  reeolvea  into  mercury  and  ni<  i  '  iirlc  iodide,  which  unites 
\rith  r!u  ofh<  r  iodide,  forming  a  soLnble  salt.  Li  the  moiat  ahile  it  is  deeomposed  and 
Llackeued  by  exposure  to  light. 

Mercuions  ioaide  is  used  in  medicine,  and  in  preparing  it  fto  that  purpose  the 
gr.  aft'sf  care  must  be  taken  to  insure  its  perftM^t  fn  ciloni  from  merennV  loHiJt .  wlii.^h 
is  a  violent  poison.  To  test  its  freedom  from  this  admiiture,  W.  Sq  u  i  re  tJahresb.  lt)62, 
p.  217)  heats  it  with  amline,  whemi{K>n,  if  it  contains  mercuric  iodide^the  well  known 
mnjrrnrn  oolour  is  ptodnoed,  iribezeas  if  the  merearons  iodide  is  quite  pore,  no  otAtmr 
tion  takes  place. 

lie>euwino»«unt»iulc  lodtde.  Hhg^'  =  HhgI.HhgP.~!m«{«7ed  by  precipi- 
tating nv-rcuruns  nitr.'itc  with  iodido  of  pot.tssiTuii,  flp  jirtvliilf iitf  not  bfin^  oull.-cted 
till  it  has  acquired  a  reilow  colour.  According  to  UouJIay,  it  is  best  to  mis  the  solu- 
tion of  poturinm-Tom^  with  \  at  fodme,  in  which  case  neivnroao-macarie  iodide  is 

priM-ipIf att'd  at  onrc.  Tlie  cimijionnd  may  ali<o  bo  olit.iim-d  by  triturating  morctiric; 
iodide  with  one-thiid  as  much  merGUi;y  as  it  already  contains  (3£Uiid  +  Hhg  » 
SHhg«I»). 

Mereuroso-merciine  iodide  is  a  yello\T  p-nvd.  r  wliich  when  heated  turns  red,  melts, 
and  maj  be  sublimed  without  alteration.  The  sublimed  cr}'stals  have  a  dark  carmine- 
wd  eotonrwhtle  ha%  but  become  reUow  on  cooling  (I  u  g  1  i  s,  Colin).  The  compound  in 
insoluble  in  water  and  in  alcohol^  the  latter  not  extracting  any  mei*uuric  iodide  from  it. 
It  remains  nualtered  when  kept  in  the  dark;  but  becomes  dark  coloured  on  exposure  to 
light.  H^driodie  acid  and  solutions  of  icdidfs  first  resolve  it  into  mercurous  and  mer- 
cnrie  iodide,  the  latter  uniting  with  the  soluble  iodide,  and  afterw.ir  Is  d*<e<HiifOae  the 
mcrcunnis  iodide  itsdf,  as  above  deeeiibed,  with  sqpanatiofi  of  ntetallie  aereaiy. 
(Bon  Hay.) 

Meroorfe  Iodide.  Hgl  or  Hhg"I-. — This  compomid  may  be  produced  by  tritu- 
rafiiiL'  1  at.  mercury  with  2  af.  i  m!:im'  (200  pf??.  mcrmrjr  to  264  iodine),  moistened 
with  alcohol;  aeeonling  to  Mohr,  huvvwer,  the  combination  of  two  clementti  in  this 
way  is  never  complete,  the  product  always  containing  a  cn^n  portieii  of  free 
iodine  vhich  i-scaj  i  h  dtifiiin;  the  drvlui,'  nvrv  the  waler-lialli,  rd^o  some  rnerenrons 
iodide  which  is  resolved  by  sublimation  into  mercuric  iodide  and  metallic  mercury, 
publanc  ponn  1  kfloemtnme  of  aleohdl  on  100  mmraes  of  meveai^,  and  adds  1S4  RrasL 
iodiuf  in  succcusit.'  portions  of  10  ^rms.  each,  stirring  affr-r  caoh  addition  till  tho 
alcohol  has  become  colourless.  After  the  last  4  grms.  of  iodine  have  been  added,  the 
Uqnid  beoones  permanently  eolonred,  in  consequence  of  the  complete  eonversion  of  the 
mercury  into  mercuric  iodide;  the  product  is  wa^li.'d  with  alcohol.  Mercuric  iodido 
ii^  however,  best  prepared  by  precipitating  mercuric  chbride  with  iodide  of  potasriom* 
or  iodide  of  iran:  ■.  8  pto.  meroorie  ehloride  and  10  pts.  iodide  of  potassium  are  dis- 
solved in  separate  portions  of  water,  the  solutions  mixed  and  the  resulting  precipitate 
collected  and  carefully  washed,  fi,  2  at.  iodine  immersed  in  water  are  eonvertca  into 
ferrous  iodide  by  addition  of  iron-turnings  ;  tlie  restdting  solution  is  immediately  mixed 
with  a  eohition  1  at  mercuric  chloride  ^SfagCl"),  and  the  ptedpitated  mercuric  iodide 
is  quickly  septiraf'd  fi.jm  the  liquid,  to  prprent  it  from  bein^  contandnated  with  the 
basic  fen*ic  chloride  which  is  gradually  d!jDo.>5ited  £iom  the  tvolution. 

Mercuric  iodide  thns  obtained  is  a  powaer  of  a  splendid  scailet  colour,  very  sUghtly 
solubl'-  •'  otrr^  more  snlidde  in  aIcA>fi<'I,  esp<  eJidIy  wlion  luit,  finmrviliai  .v)liiM^  also  in 
ether,  ll  dissulves  easily  in  aqueoati  iodide  of  pvUtiktm/i^  and  crysUdliseiS  from  tho 
■olntieii  in  beautiful  red  quadratic  octahedrons,  also  in  the  oombinations  P  .  oF, 
ooPoD  .  <J'  .  P,  and  ooPoo  ,  oP.  Length  of  principrd  axi.s  1  097.  Anple  P  :  P 
in  the  tennimal  edges  =  96"  24';  in  tho  lateral  edges  141**  0  .  C-ieavage  perfect 
parallel  to  oP.  Specific  gravity  0*2009  (Karsten);  6-8J0  (Bo u  11  ay);  H'91 
(So  h  i  ff).—Tli('  r<  d  iodide  turns  yellow  w':.  ,i  pontly  ated.  nu  l!.^  at  a  IiigVi  r  tempo- 
ruture,  and  subhmes  in  bright  yellow  rhombic  prisms  exhibiting  the  combination 
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o»P .  oP,  waA  hinbi^  the  ngle  abP  :  wF  i«  €6^  KryataOographie,  pp.  160, 

2.')7).  Mercuric  iodiclo  is  tlion-'fore  (^imorpLoti?,  uii'l  exhibits  it  rctl  ciJour  in  one  of  its 
fornw,  a  yellow  colour  in  the  other.  The  red  modification  is  much  more  i^uXAv.  than 
thft  yeUow ;  in  fket  the  yvllow  crystals,  eren  when  left  to  tibeouKilvM  at  ordiDiry  tr>Tnpera- 
turcs,  gradually  nvovcr  their  origic  il  (.(tlMur  and  crYst:illitif  sfnicttir'^,  hriup^  convrtc  d 
into  an  aggre&ato  of  the  red  cijBtaJa;  the  aame  change  tt(k<  s  j  lace  instantly  when  the 
jfftltov  oyitals  ore  prfa>cd,  nibbed,  or  wntdied.  Tbu  y  How  iodide  retauis  its 
colour  longest  whon  it  li.i-;  1*-  on  prt  pan  il  liy  Milrjn'tlng  tlie  pulv(  n>*oiI  iodide  to  a 
modcmteheat.  The  yellow  crystalii  obtained  bv  sublimation  often  turn  red  on  <^H»»g. 
in  conseqnoiee  <tf  the  fHotion  or  agitation  reaiiltiiig  from  the  oontnction  of  the  glass 
vessel,  or  of  the  crystals  themselves  (Mitschorlich).  Mercuric  iodide  precipitated 
from  the  solution  of  the  chloride  by  iodide  of  potassium,  is  likewise  yellow  at  toe  first 
instant  of  precipitation,  but  ouickly  turns  red,  even  while  immersed  in  the  liquid.  In 
tliis  cam  the  course  of  the  alteration  may  be  eui<ily  watched  under  the  microscope — 
yellovr  rhombic  laminsa  being  observed  in  the  first  instance,  which  continually 
diminish  ia  bulk,  becoming  truncat<^^  on  their  edges  and  angles,  and  ultimaUly  dis- 
iippciiring,  ndiile  led  quadratic  octahedrons  appear  in  their  place  (WaringtonV  The 
ffilntif.ns  nf  merniric  iodide  in  alcohol  ether,  aqueous  iodide  of  pofasffhim,  ifcc,  are 
coluuikiiij,  uiul  may  thort  foro  be  supposed  to  contain  the  yellow  modification;  if,  how- 
ever, thf  iodide  separatos  slowly  from  them  in  erjrstals,  thi'se  crystals  are  red  ;  but  if 
tho  '■fpnrrition  t;iki  .<  ]iliio<-  rapidly.  :is  for  example  wh<  n  the  alcoholic  solution  is 
lH»urt  d  iiitu  watiT,  the  iodidt  h  ycUow  at  the  first  iuatiint  of  separation,  but  very  soon 
turns  rcil.  According  to  Keynoso  (CompL  rend,  xxxix.  696),  an  alcoholic  solutkm 
of  tlir  iodide  which  has  been  kept  for  pnmc  tini*^  pvM  immediatfly  ;i  red  prccipitat« 
with  water.  Schiff  (Ann.  Ch.  Phann.  cxi.  371),  on  the  other  hand,  fuuud  that  an 
•leoholic  solution  which  had  been  kept  for  fifteen  months,  still  gave  a  yellow  prpfnpi- 
tat(«  witli  vrator;  ami  th^  vfllnw  crj-ftnls  whii'h  formed  in  it  likewise  r.  tii;iirifd 
unaltered  iu  colour.  Schifi'  ai&o  Uiuk  tliat  the  alcoholic  solution,  when  mixed  with 
water,  first  becomes  quite  milky,  and  after  a  few  hours  df  posits  shining  yellow 
rhombic  plat,  s  with  iin<:los  of  11 1°  30'  and  65^  30^  eod  eshibitug  beaatiftd  ooloined 
spectra  under  the  polarising  microscope, 

jpoioMMfM  triturated  with  mercnric  iodide,  ahebnets  the  iodine  wifli  ineandeeoeneft, 
A  '  iiiiilar  action  is  •  xorftd  by  many  of  the  hravy  metals  on  trituration,  Pithcr  nlone  or 
with  water,  the  resulting  iodide  sometimes  uniting  with  the  iodide  of  mercury  to  ibrm 
a  doaUe  salt ;  eine  and  tin  form  amalgams  with  the  liberated  msrenrv.  [For  the 
brliarionr  of  flu-  individual  nictals,  sn-  f!:.i.-fi-n3  Handbook,  vL  38.]  When  nic-ri-unc 
iodide  is  boiled  witii  ,u^\i^m  j^taeh,  mercuric  oxide  separates^  and  a  yellow  solution  is 
foBBied  oontwning  a  putasKO-meiearie  iodide,  9KL8Hli|^: 

4HhgP  +  2KnO    =    HhgO  +  2KJ.3HhgP  +  H»0, 

which,  on  cooling,  first  deposits  mercuric  oxide,  and  then  greenish-yellow  needlos  of 
KXHhgT*.  Alcoholic  potash  aeti  ia  Ukie  manner  and  more  ea.fily.  Soda,  baryta,  and 
sftrr.ntia  lilccwiso  act  in  a  similar  m;tnn<^r.  pr»>ducing  double  iodides  ;  limr^  ctirhoytaf'^  of 
^imtfimn,  and  carbonate  of  «<Hiiu>M  do  not  decompose  mercuric  iodide  wht;u  boiled  with 
it  in  w^«r;  but  if  aIo(^l  be  snbstituted  for  the  wetter,  deeompositaon  takes  place,  the 
alcohol  nppoMrintr  to  fnTmir  the  action  l>y  its  solven*"  powrr.  Mercuric  iodide  dic«olres 
in  aqueous  hij^ctdorite  of  calcium  when  the  soluiiun  is  heated ;  and  as  it  begins  to 
boil,  deposits  periodate  &t  calcium  in  the  form  of  a  white  jelly,  while  meremic  wktide 
ri  mains  dissolved  (Rammelslx  rg).  Win  u  clJorini'  ifns  is  passed  info  wat.  r  in 
which  mereuxtc  iodide  is  suspended,  a  bright  yellow  solution  is  tbrmed,  coutaimng 
AMamim  dibride  end  tridiloride  ef  iodine,  (F ilhoi)  > 

Double  Malts  of  Mercuric  Iodide. — Mercuric  iodide  unitis  with  the  mote 
positive  metalUc  iodides,  forming  a  f»m» of  dt^nblf-  siiltj<,  Bonsdnrtrs  iodohydrar- 
gyrates,  which  have  been  particulariy  studied  by  Hon  1 1  ay  (Ann.  Oh.  Phys.  |2J  xxxiv. 
846).  'niejare  obtained,  for  the  moet  pari,  by  di.'^solving  mercuric  iodide  in  the 
solution  of  the  positive  iodide,  and  evapoDitiQg  the  sointioo.  Meranie iodide  likewise 
loons  double  salts  with  metallic  chlorides. 

AmnmiUMttttcwio  Mide^  (NH«)*HhgI«  8HK),  or  219H«T.HhgP.8BH>,  sepemtee  in 
yellow  II r,  dies  from  a  hot  solution  of  menr-nric  iodide  in  iodide  of  ammonium,  after 
pure  mercuric  iodide  has  been  previously  deposited.  When  heated,  it  melts  and 
tfaUimeft,  partly  unaltered,  partly  decompoesd.  WfttfT  sepentes  mereurie  iodide  fhnn 
it  (Boullay.) 

Uaryto-mercuHo  Iodide — solution  of  mercuric  iodide  in  aqueous  iodide  of  barium, 
•Iter  \imikg  fteed  fWm  exeesi  of  merenrie  iodHde  by  cooling  end  dihitioii,  deporifes 

yellow  cr)-s:;il,\  snlnMc  in  Mater,  which,  according  to  Houllay.  h;ive  prcl  d  'y  the 
mmp<  sition  liaHgl^  or  Bba''Uhg"l*-  A  hot  saturated  solution  of  mercuric  iodide  in 
iowe  of  barium  deposits)  on  eowii&  a  porfeiom  of  the  memim 
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liquidyields  bv  eraporaticm,  etyntgh  ipptMirtlyaiiinadtig  of  BbtBl^fl!"«>BbiPJH^P. 

The  crystals  (U>corapofl«  wheu  dried  at  a  !udi  tenipcratiin>,  or  wbm  dilMlmd  19  ft  iMgIt 

quantity  of  irator,  mercurio  iodide  Kparating.  (Boallaj.) 

(kdmuMnercwrie  lodith  i»  oliCdiud  bv  tatwttilUt  tadnhmSBa^  vittk  Boiit 
mexcurie  iodide,  and  exhausting  with  wum,   OtjMmtM  hi  motB,  jdlpwull-vUte 

Tery  soluble  laminrc.  fBerthemot) 

Calcio'TtuTcuric  Iodide.  CeaI*.2Hhgt'?— Obtained  like  the  eoTresponding  boriam* 
mU^  and  decomposed  in  a  ><iiniUr  manner  by  water. 

Ferroso-mrrcuric  Iodide.—  The  saturated  solution  of  mercuric  iocUde  in  ferrous  iodide 
yields,  by  cirapomtion  over  sulphuric  acid,  yellow-brown  prisms,  which  quickly  oxidise 
in  contact  with  tlu'  air  (v.  Bonadorff).  A  hot  mturaled  tolotiim  of  the  two  mStm 
■pc]<\H,  after  deposition  of  a  portion  uf  the  merenric  iodide,  brownish-jv-llow-  very 
dcliqu(«cent  ncedle.-i,  which  ari^  deconiposfd  by  water,  aud  dissolved  by  tstrong  acetic 
•icid  ftnd  Vy  alM^oL  (Borthemot.) 

Magiifsif^-m^Tnir'tc  Iodide. — hot  s,ifur,\tf  d  Bolntion  of  mercuric  iodide  in  irxiide  of 
magnesium,  deposits  mercuric  iodidu  on  ooolitig;  and  tho  remaining  liquid  yields 
greenish-yellow,  needle-shaped  erjatnls,  w  hioli  ppjhably  consist  of  ]fn^.2HhgP,  and 
nTv>  resolved  by  trnfrr  into  metearto  iodide^  and  »  aolution  ifftMndj  rmtnintng 
MmgP.Hhgl*.  (Bouilay.) 

Putassio-mercuric  Iodide. — A  concentmted  solution  of  iodidtt  of  potassium  \Am  up, 
nf  f!i.^  bnlllii-  brat,  3  iit.  Illi^r  to  2  af .  KT  ;  and  of  thp  3  at.  mercuric  iodide,  1  at  w 
deposited  on  cooling,  whilf  the  mother-liquor  dipoeita  thecompoaad2(KI.HhgP).3H'0 
in  long  vellow  pisms  The  crystals,  when  heat«d,  first  give  off  waler,  and  then  melt 
to  a  I'f  a  liqntn,  fniin  wbifh  mercuric  iodide  scpnratcg.  Thoy  art'  sohible  in  alo'bol 
and  in  cthei^  but  wuler  decomposes  them,  sc^parating  about  half  the  mercuiie  iodide^ 
and  the  liquid  then  yields  by  evaporation  «  wfinA  mt8B»  wliieh  may  be  regarded  aa 
2KT.TIhfrr''  (BouUayX  Dilute  acivl'^  d.x-umpo^e  thf  cry.stal3,  separating  the  iii«;rcuric 
iodide,  f  otassio-mercuric  iodide  is  likewise  easily  produced  by  boiJiiig  a  eolation  of 
po(Milaa>iodid«  wttfa  nercorie  oodde^ 

^o(Jia-htrrniric  I'di<M — Iodide  of  sodium  n  acf-s  with  mercuric  ioditlo  in  a  piTnilar 
manner  to  iodide  of  potassium.  The  solution,  after  dopositiiu;  1  at.  mercuric  iodid& 
julds  by  evaporation,  a  yellow,  non-crystalltring  rana,  irfaioh  taRW  nd  nhm  nibbea 
Of  flcratolu'd,  from  .s^'pamtion  of  m<'rcunc  io<lidt*. 

StroHtiO'iMrcttrio  Iodide^  pcepared  like  the  carrasponding  bazinm-coinpoand,  ibans 
jeOowidi  needfea 

7Jnco-,iir,curlc  I^dUtt  pMpiMd  bj BoDidoxfl^  fitjilillilfi  Ib  jftBov,  doUqaM- 

cent,  rh-i!*!^'''"  ]'"";'-'Tris, 

Perlodiae  of  Meronry,  Hgl',  or  Hhgl'  ?  is  obtained,  accordios  to  Hant» 
precipitating'  ac^ueoM  mentoie  <«1«ntde  wira  •  aolntiaii  of  |NAuriim>iciaide  previbwdy 

saturated  with  itHlinc  II  fornis  a  luirjil^^-rfd  powder,  which  is  rcsolvt  d  info  nu  rcuric 
iodide  and  free  iodine  bv  heatii^  or  by  eq;x)Bure  to  the  air.  Qmelin  mqiui^  it  as  a 
mixture  of  mercuric  iodiae  with  lodiae. 


r,  ZODOCRIiOSXBS  or.— >I  hjf  I*Cl<.— This  compound  is  produced 
on  dlMOlnng  mefeurie  iodide  in  a  hot  solution  of  eonrosive  sublimate,  and  separates 
on  ewb'nf*  in  whitr,  japgod,  fern-like  laminst-  (Lit  bip:).  Acoordlof;  to  Bouilay.  a  hot 
ftaturated  solution  of  mercuric  iodide  in  corrosive  subiiraate  yields  on  coolinp  i\  yallow 

powder,  SUtgflOl ;  *  leas  Hteatad  iolatioii  yields^  after  the  jdkw  powder,  pale- 
yoMow  crystali^  «bidi,aairc]laathapQ«d«^ioontaDm>ed,  ftomaapas^^ 

iodide. 

l*o:R.CXrBT,  ZODOSlTXtPBTDE  OP,    Sf   MEncuRY,  Suia'UioDiDE  OP  (p.  915). 

ia£RCir&T,  Mlw,c.a;»TZB£  or.  Byu.  withSttlphethylateof  mercuiy.  See 
BfBn,  SotmBBMi  or  (iL  M8)l 

!•  «*»-■»■■>■  or.  B«V,  or  lib^.  Seo  XsiitnavBAiaii^  voder 

JErbcvst- BASES,  Ammoniacaj.  (p.  917). 

MSROmtir,  OlCZSSS  or.  MewiTy  Tinito.«»  ^rith  oxypm  in  two  proportions, 
forming  the  mercuruus  and  mercurio  oxides,  analogous  in  composition  to  the 
eUoriM 

MEerevrom  Oxide.    HgH),  or  Hh^.   Black  OMkk     mmmrf  (aleo  eaUed 

dicxi'Ic  luul  .s  .^x'.rA/'  uf  mcrcuiy).  It  m  produced  by  treating  mercurous  chloride, 
or  tUo  bolution  of  a  mercwNWS  salt^  with  excess  of  oauaUo  alkali.  To  preserve  it  from 
dceuninosition,  it  mtiat  be  mdlfld  and  diM  in  the  daik.  lionovan  suspends  flnoly* 
divided  calomel  in  water,  trcata  it  at  onea  vitli  eaueM  of  potasK  aitf^ka  vaahea  and 
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dries  tho  prodnct.  The  mereurous  oxide  thna  obtained  jields  bat  few  ^bnle.s  vt 
mercury  on  trituration  ;  but  if  too  little  potash  be  «lded  in  the  first  instance,  there  is 
forrrrr-d,  firpording  to  Donovan,  a  merroroTis  oxyehloridp ;  and  on  fiirthf>r  addition  of 
potiuth,  a  mixture  of  mercurous  oxide,  uiomirip  uxidt-  tmd  met  allir  mercury.  According 
to  0«ibonrt  (Ann.  Oh.FliU>.  ^2]  i.  422],  it  is,  imposeible  to  obtain  this  «Kide  pure, 
becaUHe,  during  wiiviliinp.  PVfn  m  tho  dark,  it  is  partly  rosolvod  into  r  mixture  of 
mercuric  oxide  and  metallic  mercury.  The  product  fumed  by  tritunitiiig  memirio 
oxide  widi  ncicury  is  iMceljr  a  mixture. 

3f  r  rmrous  oxide  is  a  brown-black  powder,  destitute  of  tnsto  and  .smdl.  The  syxoifie 
gravity  of  that  obtained  from  calonnel  by  the  a<^ion  of  caustic  putaiih  is  8 
(Ears ten),  10-69  (Herapath).  It » T«*y  unstable^  being  naohed,  evan  <m  exposure 
to  diffused  daylight,  or  by  nlight  trituraticn  in  a  mortar,  into  mercuric  oxide  and 
mr-tailic  mereuij.  At  a  n.d  tuat,  it  is  resolved  iuto  mercury  and  oxygca-gus. 
With  aqsMMM  fkotpkmttu  acid^  it  yields  mercury  and  phosphoric  acid.  Br 
pofnxsivni  and  sodiirtn,  at  about  the  melting  poinf.s  of  thosi-  metal.s,  it  is  dccornpi^st'a, 
with  vivid  iguitiou  aud  slight  detonation,  yielding  metallic  mercury  and  an  alkali. 
It  dftonatea  when  struck  M-ith  phmphortu.  It  is  slowly  decomposed  by  phogphorett^ 
hydroqen  gas  (Grab  am),  ^''l.-n  boiled  witli  aqueous  iiHliJr  •>/  j»'fns-<ii//n,  it  yield, 
■liStailio  mercury  md  potimio-uieffovrie  iodide ;  if  the  meicurous  oxide  is  in  excess 
mnrnou  iodide  is  formed  at  the  «hm  tina  (B«vtlieaiol^  X  Fhani.  sir.  189V  A. 
coneentrtitf'd  solution  of  su!-an,monin':  docmnposes  it  in  a  pimilar  manner,  aminonia 
being  evolved^  and  mercury  bein^  separated,  t<^ether  with  mercuric  chloride  (Pagen- 
fltec1i«r»  Bapevi  Plufm.  ZXTtL  97;  L.  Thompson,  FUL  Mag.  [3]  x.  179).  Chr<- 
b(ynaie  of  oim^fxiitm  HktwiM  ilifffffiMf ncMBOot  «8ida  tato  aMMnie  omda  nd 
BMteUic  mercury. 

Mereuront  aalif.— Mvsnoai  oridt  diwolTM  la  iflidi,  4)mnn|t  ^  tnewuroua 

salt'^,  which  may  also  be  produced  hy  dissolving  mercun',  under  particular  eondifiona, 
in  certain  oxidiMjng  acids^  such  as  nitric  ox  sulpLaao  acid;  also  la  aomo  cases  by  pra- 
eiuiirtfcw. 

iThe  nonoMl  wiwrwiiw  nlfci  bm  ths  conpoMCkn  Bg^^AawSQ^Aa,  Ifaa  i^nibol 

A,  denoting  an  ti-atomic  ai-id  or  chlorous  radicle,  such  as  ^O*.  80*,  &A,«|idBjg(««l(HII) 

hdag  hemt-Alcmuc,  and  Hhg  (=200)  monatomie  \n  tlie^o  salts,  e.g., 

Mexeuooa  nitrate      »       ilg\NU'     or  HhgKO* 
MaronroaasalpbatA    -      Hg«(SO<)-  or  Hhg«(80«r. 

These  salts  may  idsr*  he  regarded  as  com]>ou!ids  of  MWPMOBi  oddo  vith  nhydride^ 
or  add  oxides, tha  nitnUe,  aa  Hhg'O^H)*. 

tnure  are  also  Muno  iMflUUious  sdKa,  irhiehwjhe  r^arded  either  as  compounds  of 
tha  normal  salts  with  mercurous  oxidi-.  or  :is  uxy-salts,  analogous  to  the  ox^chlorides 
&c. ;  or  again  as  formed  on  tho  typo  of  two  or  more  moleooiea  of  water,  in  which  bkm 
than  half  the  hydrogen  is  replaced  by  mercury,  e.g., 

2Hhg^j!lH)»    »    Hhgf0.2iihgN0«    -    Hhg*|'^^^^    -  ^Hh^'j^- 
For  the  pnptrtiM  ftnd  metaoM  of  ucfearow 

lC«roart0  •■Ite*  Hg^  or  HhgO.    Bed  oxide  of  mercury  (also  called  bioxidt  aad 

deutoxkh  of  merCTtry).  Thia  oxide  was  known  to  the  Anibians  in  the  eighth  centtiry. 
Oeber  aud  jilYera'ards  liaimoud  Lull  showed  bow  to  prepnre  it  by  iguiting  mcrcury- 
aitnte ;  and  Bovle,  towardi  tho  end  of  the  seventeenth  osBtnrj,  diaooiNked  VtaX  it  nay 
be  prpfRTpd  by  heating  mercury  in  ronfuct  witli  flu-  air. 

Prepuration. — 1.  By  keeping  mercury  for  u  muiith  or  longer  at  a  boiling  heat  in  a 
flaMk  filled  with  air,  and  having  a  long  loosely-fitting  tube  adapted  to  its  month :  tho 
oxide  thus  ohtained  is  ealh  d  in  pharm.iVy,  yftrcarius  prrrripitufn^  per  K. — 2.  By  ex- 
posing mercuric  or  mercurous  nitrate  lo  u  high  and  ^lidually  increasing  temperature 
ui  a  oraeible,  or,  better*  xa  a  ^a«f  vessel  surroaaded  with  sand,  as  I0119  at  ailnmi 
acid  is  evolved.  To  phto  nitric  ncid.  tlic  nitrate.  moisN  ned  with  water,  mrty  bo 
previfnt^  triturated  with  an  equal  weight  of  roercurj,  till  the  lfa.ter  is  compkU'ly 
deadnMO :  this  preparatiott  is  cailad  Mcrcurittg  pngctpitttine  mber.  Oaia  must  he 
taken  not  to  raise  the  temp-  rature  too  high.  The  oxide  prepared  by  this  proc-ss  on 
the  small  seale  is  a  dull  powder ;  in  commerce,  it  occurs  in  shining  cr^  stallmo  grains. 
Aeeording  to  CN^-lAmaa,  ths  flniall  napolmimd  omtdb  of  metcBMmt  nitrate  yield  the 

f^eeoud  form  of  the  oxide,  hut  the  pulT*Ti^<-d  ^alt  yifdils  tlu-  fir^f  firm.  TI1-'  uioir  j>.M-f>  rf 
ciystalliaatiim  of  the  oxide  pr^jpared  on  the  luge  scale  is  undoubtedly  due  to  the 

alovm  rata  at  vhuOi  tha  haat  lanrmmt.   IT  Bjf  pMspHatiag  r  ^-  -   ' 

mlftiplthoawaMof  potoih,  — drnMhrogthepmnptrta. 
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IntfurUieM  md  AdmUenHotu.'^l.  Siuie  mereuHff  nitrate,  wlunthdMltlittirattNiM 

sufficiently  Ik  ated.  The  oxide  containing  thia  salt  gives  aIT nif  miis  vapoura  when  g.  ntly 
iMatt^  in  a  retort.  It  may  be  purified  in  this  manner,  or  by  boiling  with  potash-iey,  or 
lyinudiii^  with  m^fr, — *.  aUn,  May  be  completely  rmMnH  hyixS&o^watm. 
—3.  M'i\vttn.  Reriiiiins  in  the  form  of  fti'iod  protoxiil  f  k-ad,  when  tlif  niorruric 
oxide  is  strongly  h««ted  in  a  ^aas  tube,  or  in  the  fonu  of  peroxide  of  lead, 
irben  tbe  mereoiio  cnida  is  diMolTad  in  nitoe  •dHl-<-4.  INeA  im^  lUwwtlBi 
T)f'liin<l,  when  the  oxide  ia  iuniit* 4  or  dissolrrd  iaaHziaadd.— 4  Ckmokor*  ScfloaJnib 
when  the  oxide  is  dissolved  in  hydrochloric  acid. 

Propttties. — Pure  mercuric  oxide  is  generally  crystallo-ttranular  and  scaly,  shining 
and  of  rt  bright  brick-red  colour ;  by  puLveriflafiioti  it  ac  quires  an  orange-yellow  ooloiuv 
lighter  as  the  powder  is  finer.  When  prepared  on  the  small  scale,  it  is  a  dnll,  floccu- 
lent,  earthy  mass  or  powder,  of  a  brownish  brick-red  colour.     Wiien  ol  tainod  by 

Sreeipitating  a  mercuric  salt  with  an  alkali,  it  forms  a  light  orange-yelJuw  powder, 
^penfic  pT.ivifyr  ll-OOn  fPol.  Bonllay).  11-074  flTi-rapath),  ll-inoo  (Karston), 
11*29  Ht  4*^  in  vacuo  (Roy or  and  Uuaias),  11136  (Playfair  and  Joule). — When 
hMtod,  it  becomes  vermiUion-rfMl.  and  afterwards  Twlst  black,  but  recovers  its  va^gml 
colour  on  cooling.    It  has  n  rt  pulsh  t-  nu^tallio  fa^to,  and  is  n  violent  acrid  poison. 

The  precipitated  yellow  oxidci  la  mure  readily  dtx:oiuposed  by  heat  and  by  chlorine 
than  the  nd  oxide  obtained  by  the  first  or  second  method.  Tlio difttmee  is  aUribnted 
by  Pelouze  fOompt.  rrnd.  xvi.  v3())  to  tlu'  difTcrenoo  of  aggrepitinn  of  the  two  vari'  tieg, 
the  precipitated  oxide  beiqg  amorphous  and  the  calcined  oxide  crvstallijie ;  but  Gmy- 
LuBsae  {ihid.  xvi  800)  has  shoirn  that  llie  dtiftmioe  is  mainly  one  to  the  more  finely 
di'xnded  j-tatr  of  tlu-  pn  cipitatorl  oxiilo;  chlorino  art**  lf'«s  readily  on  the  calcintHl  oxide, 
because  the  smaller  burface  presented  by  tlie  latter  quickly  becomes  covered  with 
chloride,  wMeh  impeckis  the  fcither  aotkm  of  the  oMorine;  Imt  if  the  two 

varirtit'S  of  tho  oxidr  art'  sul>j«'ct(-'<-I  to  tin'  action  of  cliloriuc  undt-r  water,  which  Ah- 
solves  the  mercuric  chloride  as  fast  as  it  is  fixmed,  no  difference  in  the  rate  of  actioa 
on  the  two  can  be  perceived.    The  yellow  as  well  as  tiie  led  osdde  it  anhydfons. 

Mercuric  oxide  is  not  quite  insoluble  in  water;  according  to  Wallace  (Chem.  Gas. 
1868,  p.  .346)  1  pt.  of  it  dissolves  in  200,000  pts.  of  cold  water  alter  long  stAnding,  and 
in  125,000  pts.  after  boiling  and  cooling  of  the  liquid.  The  solution  has  a  strong 
metallic  taste ;  turns  violet  jvieo  gVMB;  beooDiM  eovcred  on  exposure  to  the  air  with 
shining  films  of  nv  tallic  merciuy ;  is  turned  hmm  by  snlpliydno  neidi  and  nilkj  bj 
ammonia.    (Guibourt,  Donovan.) 

fieeen^pomtionft. — MsnniRe  oxide  gradnally  tana  black  vbea  espoaed  to  sMmtsM; 
being  superficially  dcTOmpopod  into  oxrprnn  nnd  Tnttalllc  mercury,  accordinfr  to 
Guibourt,  or,  according  to  Douovan,  into  oxygen  and  mercurous  oxide.  At  a  m/  tvat^ 
it  volatilises  completf^,  being  resdlnBd  into  Oi^en  gas  and  vapour  of  mercury.  Flsxi 
of  the  mercurijil  vapour  aiiain  takes  up  ox^*p;en,  and  the  oxide  thus  fonnril  cillloct'?  on 
the  surfaoe  of  the  mercury  which  passKs  over,  and  diminishes  its  fluidity.  With 
phoapkoryt^  metevrfe  odde  delOBBtas  under  the  hammer.  Boiled  with  phospboma 
and  wat<T,  it  yields  phosphido  of  niprcnrr  and  aqtir^ons  phosphoric  acid  (Pellet  it-r) ; 
at  ordinary  temperaturcsi,  the  same  mixture  yields  fluid  mercury  and  pboq>honc 
oodde,  no  phosphoric  or  phosphonms  add  dissolving  in  the  wat«r  (sraameamTi  and 
8iq\n'ira).     A  ]iho.sj>]iaf r  is  likewlsr-  formed  at  the  same  time  fGmolinV  A'pKxnis 

Shotphorous  add  forms  morcuiy  and  aqueous  phosphoric  acid  (Braamcamp  and 
iqaeira).  Meranie  osids  mixed  with  ttdpkmr,  sad  heated  in  a  vetovt,  piocbess  a 
tremendous  explosion  (Proust!  Concentrated  stUpknront  acid  boiled  with  this 
oxide,  immediately  converts  it  into  fluid  mexcarv,  with  formation  of  sulphuric  acid. 
At  ordinary  temperatures,  smaller  quantities  of  sulphurous  acid  produce  a  rise  of 
temperatQie  amounting  to  7'6°,  and  form  a  white  powder,  consisting  of  nafOWOlia 
pulphate.  pnrt  of  wh^-h  dissolves  in  the  Itquid.  An  excess  of  sulphnmiis  aeid  turns 
tliis  powder  iU'n  y.  and  rtJu(\'S  it  very  slowly,  but  completely,  to  metallic  mercury.  So 
\m\<i  as  this  change  remains  ine/oofiali^  tlu  liqxiid  still  retains  ittswauyt  but  ii  not 
r«.ndon-d  turbid  by  addition  of  common  salt ;  neverthcUss,  it  gives  n  precipitate  with 
sulphide  of  ammonium,  and  nfiif  long  standing,  or  imin>^iately  on  boiling,  dejxtsits 
metaOie  mercury  in  the  ibim  of  a  grey  powder;  the  precipftatikm  of^the  mercury  is 
ccmplrto.  pro\n(lrd  the  quantify  of  KidftliuroTis  acid  is  not  ton  small  (A.  Xo'^iA^. 
Potassium  or  sodium  LmlMi  to  the  mt^iing  point,  decomposes  mercuric  oxide  with 
Tivid  emnbustton  and  slight  detonation,  yielding  metallic  mercury  and  alkaU.  (Gay- 
Lussac  and  ThZ-nard.)  Zhir  and  t/}>  fdings,  and  pulverised  <mjf/«jr'/jy  lit\atovl  with 
mercuric  oxide,  likewise  occasion  tiety  decomposition.  ■  Solution  of  stannous  chloride 
potnred  upon  memae  oxide  vednees  it  to  the  metallie  stat^.  and  Is  itself  converted  int9 

strmmV  oldoridr,  part  of  wliiidi  is  pr^'cipil  atod  in  tho  form  of  a  basic  salt.  th»'  action  bcin^; 
attended  with  a  rise  of  temperature  amountiiu;  to  60*^  (A.  Voge  1).  Mjfdraitd  ferrous 
oxidt  eon  wits  merauio  into  mara^ovs  psd&i  ao  likmw  do  Unovt  Mlfcs  (Bvf  los^ 
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Schw.  J.  IxT.  115).  Hefttod  solution  of  tugar  redaces  mercaric  to  mejrcurous  oxide 
(A.  Vogel).  CMorine  gat  decomposes  memiric  oxide  at  a  red  heat,  the  product?? 
bciu^^  oxygen  gas  and  mercaric  chloride ;  at  lover  temperatures,  Lypoohlorous  acid 
and  mcrenrie  ddoride  are  forni^   T%i  latUf  wwnwtfmw  MOilnDM  with  the  eseen  of 

oxide,  forming  merrnric  oxy oh li  triple. 

Combinations. — 1.  With  Ammonia.— Thenard's  fulntuialing  mircuiy,  gee  Mbr- 

OVBT-BASKS,  AirMONlACAL,      91S.  ^ 

2.  With  Lim<  — This  rnmpnund  is  oTjt  ilnfd,  according:  to  Bt  rthollot,  by  boiling 
mercaric  oxide  with  lime  and  water,  separating  the  solution  from  the  undisBolred  por- 
tioo,  and  evaporating  the  liquid  to  the  ciTiteluring  point  It  then  eepantee  in  yeUov 

transparent  crystal??. 

3.  Mercuric  Salts. — Th^ salts  are  formed  by  diasolting  mercaric  oxide  in  aoide; 
abo  1^  the  action  ot  eoadiring-  adde  aided  by  heet  on  metnUie  mercury ;  aU»  wiflt 

eyolution  uf  iimmonia,  on  boilinc;  Tannni  nmmoninm-salts  with  iiK-ivuric  oxidf.  Tho 
nonuiil  salts  may  be  rc^««eoted  by  the  formal*  lU^A^,  or  Hhg'A.*,  the  radicle 
Hg  ( »  100)  bdng  noutoalo^  lad  Hhg  diatonic^  xb  thew  nits,  e.g. : 

Haenrioaitzftte      .     .  HgKO*  or  Hb^(NO^  -  ^Q^^Ijo* 

XmikndplMlia    .     .  hS^SOT or Hhg^BO«r  -  ^l^-jo" 

(P^)'lo. 


Hhg»l 

Tho  hiisie  salts  nifty  be  lepreecated  hj  ftrnnnkb  siadkr  to  thoie  of  the  baaia 

curous  salts,  e^. ; 

SHh^OJnO*  -  8Hh^.HhOIfO*)P    .  riiig«|(^^*>' 
8Hbg''0.S0»     -    ZHhg-OJtthg'lSO*)'    -  BVj^^^ 

Normal mmorio  aalts  are,  for  tho  roost  part,  colourless;  the  basic  salts  yelknr: 

they  hare  a  nfit!«:ooua  metallic  tast-',  .iml  are  ^  iMh'nt  acrid  poisons.  They  are  decom- 
posed by  water,  ubpecially  (it  the  buiiitig  liait,  with  ^fparntion,  generally  of  a  basic  salt^ 
oat  aooietimes  of  mercuric  oxide,  as  from  the  nitrate,  the  solution  retaining  m)metirae8 
an  neid  mr^n'-nno  s  ilt,  Homotim*  s  a  fn  c  acid.  Hpnce  H.  Roso  fPop^.  Ann.  evil.  29B), 
regards  mercuric  oxide  as  the  wi-akist  of  ail  l>asic  oxides,  no  other  oxide  being  preci- 
pitated from  the  aolutiouH  of  its  salts  by  water.  In  the  solution  of  mereorio  imloride, 
water  fomi«;  no  prfi-iiiitjitf.  <  ithi^r  of  oxide  dt  hasio  salt,  flic  dxidc  ln-ing  pn'^oipitatt'd 
from  this  Holutiou  only  by  strung  baseit,  sincu  mercury,  like  the  other  noble  meialt*,  has  a 

oxygen.  Convenflj,  mexeorie  oodde  precipitate* 
strong  has.s  from  the  polafifnis  nf  fluir  (hlorides,  but  not  of  their  dxyireii-'-ah-.  Tlioso 
oxides  which,  when  added  to  a  solution  of  mercuric  chloride^  do  nut  form  a  precipitate 
either  of  oxide  oToxydiloride^  ate  thrown  down  l^mereaite  oxide  from  their  odntiona 
in  liyilro'  hlurii'  a^M  ;  whereas  thn-^.  wliich  [  recipif  ato  mercuric  oxide  from  tl»e  solution  of 
the  diloride,  are  uot  thrown  dowu  by  that  oxide  froai  the  •olutiose  of  their  own  chlorides. 
Thna  the  tmkaUite  earti*  are  not  preetpitaled  from  their  aoliitiKttia  in  hydroehlorio  acid 
by  mercuric  oxide.  From  solution  of  mangatwns  chforidr,  the  manganese  is  completely 
precipitated  afler  some  time,  as  mangnnous  oxide  (manganous  suiphate,  on  the  oth<'r 
hand,  ijt  not  decompoeed).  F^m  solution  of  chloridfi  of  had,  mereorie  oxido  throws 
down  oxi<l*  of  lead;  from  chloride  of  zinc,  the  red-brown  oxydhloride  (sulphate  and 
Jicctatc  of  zinc  are  not  decomposed  by  il).  From  the  chloridis  of  nickd  anu  cobnlt  it 
precipitates  the  protoxides  of  those  m*  tal.^,  the  former  completely,  the  hitter  for  tho 
meet  part  (the  snlshatea  are  not  decoiM|tns<  d).  Ytom  ferrous  chloride^  ftnous  oxide 
in  prc.  Ijiifatftl,  thomerctiric  oxide  im!ii<-.iiately  tnniing  black,  but  becoming  red  asrain 
after  a  while;  tin  liquid  contains  mercuric  chloride,  if  the  quantity  of  moreuric  oxido 
pveaent  ia  not  sufficient  to  form  an  oxychloride;  and  tho  insoluble  resiilne  eonstHts 
of  mercnr^ns  rhli>riile  and  a  ferric  oxyelilorule,  pnt  lu.^  <1  l  y  thi-  reaction,  Hhg"0  + 
Ffe"Cl-  llhg'  Ll  +  Ffe'*'OCl.  From  /frrfc  cAio/7<i»,  uif  iciuie  uxido  in  excess  throw» 
down  all  the  iron  as  ferric  oxide,  fnrrnini;  an  inaoluble  mercuric  oxychloride  (ammonio- 
ferric  Milphate  is  not  altcr.sl  l>y  it).  Fr^m  C'jtrir  ch'lxri'h  it  throws  down  all  thi- 
copper  as  cupric  oxide ;  euprtc  i.alphate  is  decomposed  by  it  atler  a  long  time  only,  the 
mercuric  oxid^beii^  conrerted  at  the  same  time  into  •  eolid  lump  of  bario  meMazie 
•nlphate  and  maie  ci^c  sulphate.  (H.  Boae.) 
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3TThg"0.II1ig'Tjr.— This  compound  is  obtained,  according  to  Lowifir,  hy  boilinp;  mercuric 
oxide  aud  bromidd  togetiier  in  irater,  or  by  boiliog  ft  solution  of  the  bromide  with  a 
quastity  of  potash  not  mffldent  to  precipitate  it  completdj.  As  thiis  prepared,  it  ia 
a  yellow  crystalline  po^'der,  ajid  cry.stalli.srs  from  its  aquoous  Bolution  iu  yollow 
needles.  Rammelsbeig  obtained  it,  as  a  diirk- brown  powder,  by  precipitating  mercuric 
bromide  with  carbonate  of  sodium.— ^Mercuric  oxybromide  is  insolvme  in  cold,  some- 
vhat  soluble  in  hot  tcti/rr,  easily  w>luble  in  absolidc  alrnktA  (Lowig),  insolublo  in 
aqupons  alcohol  (Kamniclsborg).  It  is  r^solvtHl  at  a  gentle  heat  into  oigrgen  pra»,  ft 
subliuiuio  of  mercury,  mercuruuii  and  Jiiorvurie  bromide,  and  a  residue  of  mercuric 
odda  (Lowig).  ByboiOtiig  j>otask,  it  is  converted,  according  to  Lowig,  into  pure 
mercuric  oxide;  wlnTeas,  accordinr;;  fo  Ratnm.  Isberg,  it  remniTTJ  nnalterod.  NUrio<UUL 
difieolres  monruric  oxide  from  it,  uud  leaves  the  bromide.  ^Kammeisberg.) 

HBBflWV*  MP*  KwcRBio  flhinride  ubA  nidfl  vnils 

several  i)mp<>rtions,  and  the  cojnpounds  may  be  obtained  in  various  ways:  ns  by  \hc 
action  of  mercuric  oxide  on  a  solution  of  the  chloride  ;  by  incomplete  precipitation  of 
the  latter  solution  with  caustic  alkalis  or  alkaline  carbonates;  ana  finally,  by  the  action 
of  chlorine  on  mercuric  oxide.  According;  to  ^^^^llon,  1  at.  mt  ri uric  chloride  unites  with 
2,  3,  or  4  at.  mercuric  oxido;  but  it  is  difticuit  to  avoid  obUiining  mixturcM  of  these 
several  compounds,  'J'lie  Ui>uul  mode  of  preparing  tliejm  is  to  mix  a  solution  of  mercu- 
ric cidoride  saturated  at  15°,  with  a  solution  of  perfectly  pore  nonopotaasic  oarkinate 
(KHC0*l8>iturafed  at  thf*  faiTip  t^mppffitare.  A  j  reoipifatc  of  pTiPf  oxychloride  is  then 
at  once  obtained;  wher<  as  if  a  noutxal  alkali  a  <■  car  bonattj  b^jused,  the  uxide  ispredpi- 
tate.l.  „ 

a.  Uhg"CK)«  -  Hhg"Cl»  2Hhg"0,  is  obtained  by  niixinf^  !  pt.  of  the  solution  of 
monopotftssic  carbonate  with  6  to  10  pts.  of  tlie  solution  of  mercuric  chloride,  stirring 
tad  imaiediRtd^  cdl<>etiBg  the  precipitate  in  a  filter.  It  is  a  litkk-red  iMm-dTStaUina 
powder  containing:  y*  llovr  morcTiric  oxide,  which  may  be  separated  from  it  by  potash. 
When  1  pt  of  the  solution  of  the  acid  potaastum-oalt  ia  mixed  with  3  or  4  pt^i.  of  the 
mercsorie  saladoii,  the  Uonid  bsfaig  w«n  stimd  and  then  ]eft  to  itself,  a  bright  yellow 
procipifatc  is  first  fornie«1,  whicli  lt  ;  In  JIy  tiirns  rt-d,  especially  on  notation,  .'ifterwards 
ac4uircs  a  tinge  of  purple-red^  and  ultimately  of  violet.  It  has  exactly  the  same  com- 
poeitkm  as  the  txreeedtng.  When  1  pt.  of  th«  potasrio  solation  is  mixed  with  3  pts.  of 
(lie  niereiiric  solution,  and  the  liquid  is  l,>rl.'*kly  stirred  with  a  glass  rod,  I'laek  ^freaks 
b^ppn  to  form  on  the  side  of  the  vessel;  and  it  the  contents  are  poured  out|  and  a  firoah 
tttrtdro  prepared,  and  brif^ly  stirred,  a  ^k  precipitate  is  fttmsd,  the  oolanr  of  whidl 
gradually  passes  into  shining  black.  It  has  the  same  compositicn  as  the  pMaijllig; 
hot  when  treated  with  potasn,  it  yields  red  mercuric  oxide. 

fi.  hVc1'0»  =  H]ipCl-.3Hlig"0.  Obtained  on  niixing  the  solutions  in  equal 
volumes,  aud  kaviug  the  mixture  at  rest  The  iic^uid  then  becomes  tilled  after  a 
while  «itii  shining,  goUflapyaDoir,  oi^slslHaa  seolos,  fam  wfaish  potash  iMpumtes 
jwUmt  iMMoae  oxide. 

7.  Tnit;>ri-0«  -  TTIiLrCI'.lTnig''0.— "WTifn  i  to  C>  pt.s.  of  the  pnta^sic  Kolution  are 
mixed  with  1  pt.  of  the  mmniric  solution,  no  precipitate  is  formed  at  first ;  but,  after  a 
wHle,  esifaome  anhydride  is  girm  <^  and  a  dtowd  crystalline  crust,  having  the  eom- 
pio>ifion  aliovR  given,  forms  on  tlie  surface  of  (hi  liquid.  Tlie  .«^;une  coinp'unid  is 
ffraduaUy  deponted  fruni  all  the  liquids  filtered  from  the  preceding  oxychloridos,  and 
IS  likewise  oMained  by  imperfect  precipitation  <^awann  iolntion  of  nans  one 
Piitasli  separates  (lie  red  oxide  from  it.  All  the  other  oxychlorides  are  ci^itivcKed  info 
this  coinj)ound  when  treats  with  boiling  water,  the  liquid  then  departing,  on  coolin& 
shining  crystalline  scales,  also  consisting  of  the  same  compound,  but  containing  t£a 
vollow  modification  of  the  oxide.  Tlie  same  compotmd  is  obtained,  according  to 
^haulow,  when  chlorine  gas  is  passed  into  water  in  which  merrnrio  oxide  is  bus- 
pendt>d;  the  analysis  of  the  compound  thus  produced  doea  not,  kovrever,  quite  agrea 
with  the  Ibnanla  of  the  totxabasic  chloride.    {Handwirt,  rbuch  der  Chemir,  vi.  772.) 

When  a  rolution  of  mercuric  cliloridi'  is  bolb  d  wit  li  niereiiric  oxide,  or  triturated 
with  it,  and  then  l*^fl  to  itself  for  a  conHiderable  time,  Peveral  oxychlorides  af >pear  to 
be  Ibfmed.  A  solution  of  mercuric  chloride  boiled  with  the  oxide  depOBttl^  OQ  C00liv|t 
n  TniTtnre  of  th<"  several  oxychlorides ;  and  on  decanting  the  liquid,  aa  soon  as  it  hfis 
0(><)b<l  tu  00°,  it  ^iitlds  small  rhombic  crystals  of  Uie  compound  IIhg'Cl*0  or 
2llhgCr-'.IIhg(),  which  may  ba  freed  ftoD  admoced  nicccnnc  chloride  by  shoolvta 
alcolu'b  (Koucher.) 

Accordiug  to  Boucher's  late&t  experiments  (Ann.  Chim.  Phys,  [3]  xxvii.  363; 
JafavMb.  1849,  D.  283X  the  composition  of  the  oxychkoda  ftttmed  by  the  actkm  of 
merrorie  ehloride  on  meseoxio  oxids^  is  dUftnut,  aeeovdSiy  aa  tilie  zed  or  tha  ysUov 


# 
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modification  of  tlio  oxide  h  xm'd  In  if.«  prr'paratlon,  and  likmviho  varies  with  tho  tom- 
pesfttaro  and  the  mtvao  of  the  ttolreot.  JU  high  temperatiirefl,  wliether  the  rod  or 
yelknr  Tnrieljof  th«  odde  b«r  employed,  and  whether  the  ehloride  be  need  ia  the  eteto 

of  aqueous  or  of  iilc(jlinlic  solution,  the  products  fornn  dure  invariably  the  same,  viz.,  a 
black  inaoloble  compound,  IUig^'P.2UhgO,  containing  the  red  ozidc^  aud  a  white, 
iomewhat  aolnUe  niMlsiieey  eettatstingof  2HhgCi*.HhgO.  At  at&mer  tempentaree, 
the  yel'ow  oxi<le  al\vay!<  i>nHliiri\s  tin-  y<'!low'  compound  HIifrCP.SHngO.  The  red 
oxide,  digested  in  the  cold  with  excvsn  of  eorroeiTe  sublimate,  dissolved  either  in  water 
or  in  alcohol,  finrms  black  HbgCl*.2HhgO ;  but  when  the  oadde  is  in  excess,  and  the 
chloride  is  used  in  the  state  of  aqiifoos  solution  and  frequently  renewed,  a  move 
energetic  action  takes  place,  and  the  compound  formed  is  HhgCl'.6HhgO.H'0;  by 
operating  in  a  simiUr  manner,  but  using  a  somewhat  laiser  quantity  of  the  chloride 
eolution  at  first,  the  anhydrous  cotnj^ound  HhgCl*.6HhgO  is  pro«luoc'd.  Finally,  the 
•ature  of  the  product  h  influenced  by  trituration :  for,  by  tritunitinf?  tlio  ri  d  oxid.^  in 
the  cold  with  solution  of  corrosive  sublimate  renewed  at  short  iutirvub,  the  product 
HhgCl*.4HfaeO  k  eMMd. 

All  flif  Tn^Tcuiic  oxychloridps  yield,  when  lu-att  il,  n  Ku1>limato  of  morfn-i)-'  f'hloride, 
or  are  further  decomposed  into  oxygen,  mercuruu«  uud  m«rcuxic  chlorides,  and  a,  residue 
of  BMVQurie  oxtde, 

iy,MVaM»W«r«  8ee  Ctamidh  (IL  9M> 

ozTrziVosnDB  or.       p.  903. 

MSSCtm-r,  OXVOESr-SA&TS  or.  For  the  genera!  clmractors  of  thflM 
salts,  seo  pp.  8!i9.  900  ;  and  for  the  Fpfci.ii  di^criptions,  see  the  several  Acids. 

MSSdrST.  OXT-X02»Z2>S   or.     Basic  mercurio  iodide.    ^hg*PO'  » 
HhgPJiHligO. — This  compound  is  obtained  by  melting  the  oxide  and  iodide  together 
in  the  required  proportions,  or  by  heating  the  iodide  with  dilute  potash-ley.    R  is 
yellowish-brown  powder,  mostly  mixed  wim  excess  of  ozidflw   £For  its  Mactioiie  irifii 
ammonia,  see  Hbbcub¥-ba8S8,  Akmohiacax,  p.  019]. 

■CBBCUAlf  WWUtWOHKHKM  OV.  This  compound  is  ibrmed :  —1.  By  heeting 

flnely-diridpd  raercur}'  with  1]  pt.  phosphonv^?  (Pelletier);  2.  By  dij^rstiug  2  pfn.of 
mercuric  oxide  with  l^^ospharus  and  1  water,  mercuric  phosphate  being  Ibrmed  at 
the  eame  tune  (Felletier);  A.  ^deeimiposinghratedeuoindwithT^powof  tib(»- 
phoni'!  (H.  Davy);  4.  By  boilinp  a^jutous  mrn-uric  chloride  with  j)lio<pfionirt 
(Bouilay);  5.  In  tiie  deeomposition  of  aqueous  mereurous  uitrate  by  phoaphoretted 
hydrogen  gas  (Thomton);  6.  When  phosphoMtted  hydro^n  gas  is  paaaed  over  d^* 
sfightly-heuted  sufeono  ehioridi^  whrnnpan  Hi*  piwaphide  of  miumj  wbliaw. 
(H.  Boae.) 

Phoaplude  of  meorenxj  (1  and  2)  {•  bhult;  maj  he  ent  with  a  knife ;  gives  off,  when 

di^tilli ,!.  fir-t  til.'  plu'Sphnriuj,  and  afiorwards  the  nirrcury ;  and,  when  exposed  to  the 
air,  gnulualljr  loses  its  pboepborua  bv  oxidation.  That  prepared  bj  method  (3)  ia 
brown  (H.  Dary),  brown-red  (Berieliva);  aeeording  to  Davy,  it  remaina  aoud  at 
tli»' l>oilinir  point  of  mt-n  nry.  ;ind  may  be  preserved  unaltered.  That  prepared  by  (6) 
has  th<>  form  of  dark-brown  flakes.  The  prv^Miration  (6)  is  an  orange-yellow  subli- 
note,  which,  when  aomewhat  snddealtf  heated,  ia  xeeolved  into  phosphoras  and  aeieiny. 
(S.  Bo•^  Bqgi^  Am.  niv.  SSfik) 

  §f       

Hhg"P*.3nh<i"CT.3lI'0.—  Formed  Tiy  passing  plio.sphurcttfd  hydrogen -pas  through  an 
a^pMMMB  or  alcoholic  solution  of  mercuric  chloride.  It  is  a  yellow  powder,  which,  when 
ktahd  in  a  retort,  yielda  a  large  qiuintity  of  hydro^kne  aeid-gas,  77*59  per  eeet. 
metallic  mercury,  and  a  rcNidu*-  of  ]ihosplioric  acid.  By  1/oilIng  with  vuii<r,  if  yii  lds 
metallie  mercury  and  a  solution  of  hydrochloric  and  phosphorous  adds  free  from  mer> 
aay.  Ows/Zc  ;N>toaA  deeompoeea  it  in  a  similar  mamier.  Heated  wHh  dihrte 
\  it  eliminates  nitric  oxide^  and  ia  ooBtoited  ittio  M*77 


add,  it  eliminates  nitric  oxide^  and  ia  ooBtoited  lato  M*77  pc»  eant^  of 

(H.  Rose,  Fogg.  Ann.  xl.  76.) 

0.  Hbg¥*Gl"  •  3Hh8<::P.aPQ*.~Obtained  by  direct  combination  of  pentjtfhioride 
ofphoeptawvlthnaMWMidikrida.  Ittoiaeasilv-fo«faleaoadloi^«faidivohtiliM 
at  al  out  200^,  iud  doMttpoao  wheB  nddcttly  hailnL  (BftsdrimoBt,  Oam^  somL 

Iv.  3G1.) 

MEBCITKY,  SEXiEiriXIB  Or.    Mercuric  S'fmuh:,  llh^"iSv,  may  be  produced 
artificially  by  dizeet  ution  of  its  elements  at  a  high  t(>mpentture.  As  thus  prepared,  it 
n  tin-white  mM'J«,  whidi.  wlim  strongly  he.ite<l,  sublinu's  without  prev!<yu>  fusion 
in  gr»y  metallic-shining  lamiuie.    It  obstinately  resists  tJu  action  of  the  greater  num- 
ber of  solvents,  bvt  is  dissolved  by  nitromuriatic  acid,  as  mercuric  selMlita. 

mrid  pfodooea  the  aamo  eaddatkMi,  bot  mij  aftcv  kng>ooDtiaHnd  boiliiig. 
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Bdanidea  of  merciuy  ooctir  at  7jot^  and  at  Tilkerode  in  the  Hus,  and  near 
CburtlML  llMiveompoMmisi«liibiteditt«lMftlIoiijBgt8U0: 

TiUtnorie.        Zorge.  CiautthaL 
Srhnlf,  Marx,  KtI. 

I  Mercury  .  .  7102  71o 
Selenium  .  .  23  01  'lo  o 
MplMr    ,  .  0-70   

«8'M       100*0  99*00 
Tlie  TQkMode  miiMnd  Mmtaias  fllao  a  time  of  copper.  When  it  is  heated  befen  tlw 

11'  I  tlu'  grra(»T  part  volatiliBc-s,  loaviii;.'  11  R-j  jn-r  cent,  of  furoi^ni  m:itf< :r,  iuchulir^ 
lo  66  per  cent,  ferric  oxid^).  The  {>rccedijag  auaivsia  appUes  to  the  volatile  portion. 
It  the  loM  be  leokoBed  as  seleniiiBi,  the  niiienl  bae  twy  acail j  the  eompoatftm 

Hg^e  orIIli''|;So.  Tlu'  anal^'ses  of  the  minemhs  from  Zorge  and  Clausflial  load  nearly 
to  thf>  formula  iilig^Se^,  which  is  that  of  a  mercuroeo-mercucic  s^enide  containing 

mip-'8e.  l]IIig".So.  Ir  is  pngsiM.^  h'  ^xv-ver  that  the?c  Tninerals  may  really  consirt  alao 
of  mercuric  tMjJeniJf  Hlig"Se      i  m  MwAnhav^' a  Miaeralchrmie,  pp.  35,  lolo). 

The  aatife  aeiemideB  of  mere  iry  re  mastnTo  minerals,  with  compact  granulairt^jcture 
c.Tx?  no  clrnvstf^.  Hanlnpes  =  %  o.  Speeific  gravity  =  7'1  to  7'37  (of  the  dawthal 
or<  j.    Lu&ife  metallic.   Streak  shining.    Ck>Iour  steel  to  blackish  iead-grej.  -■ 

ScUnitU  of  JbRwmwy  <mi  Lead  fam»  the  naneial  LdMaekUe,  ooeniriog  at  TiIkeiod« 
(pp.  r).j8.  570). 

ik'lenide  qf  Mercury,  I^ad,  and  Copper, — ^Minerals  having  this  coni^sition  occur 
at  TOkwode  and  at  Zoi^  in  the  Han;  theyaieintinate  mizSne^  in  which  a  white  or 

grey  mineral  crystallised  in  small  oul)f8.  and  a  violet  mineral,  naj  he  dhrtaoglBWhedf 
Two  specimens  analysed  in  Ranunelsberg's  laboratory  gave 

Se.  Pb.  Co.  Hg. 

a.  (SpeoMegtSrity  5  74) .  .  .  «  S8  53  25  36  22  13  13-12  -  99'U 
A.  (     ^       M     4      ....   8419      43-06      17-49        $-61    -  98-84 

imntOmUT,  SSUUnO-SlTLVBXIlII  of.  OnofriU. — A  minrrnl  o.-nirring 
with  other  ores  of  mercuzy  near  San  Onofre  in  Mexico.  It  contains  according  to 
H.  Bose'a  analysis  (Fogg.  Aim.  sdrL        6*49  |ter  eent  edeniimi,  10*80  ralphnr,  and 

81"33  mercury whence  it  appears  to  bo  a  com j>ound,  or  perhaps  an  isomor|  ihous  mixture, 
of  1  at.  HhgSe  and  4  at.  fihgS.  In  its  physical  characters  it  xescmblee  mercurio 
eelenide. 

Bel  Tvio  (Pofrg.  Ann.  xiv.  182)  mention<'d  n.  prey  mineral  fi"om  Calahnis  in  Mexico 
containing  49  per  cent  selenium,  1-5  sulphur,  24  sine,  and  19  mercury ;  also  a  red 
mineral  ucewise  containing  selenium,  mercury,  and  zinc.  Subrnqaentiy  {ihid.  xxxiz. 
526),  he  descriKed  the  latter  as  a  mixture  of  aehnio-mlphide  of  mareniy,  edeidde  of 

c:id'"'vm.  f:<->l' tiir!;^  n'"  ir-ii),  nnd  free  selenium. 

aSBRCVBY*  sirXirBXW  9W%  Mercuiy  £»nns  two  snlphideSt  analogous  to 


M»ft1d«.  Hg4Sor  Hhg>S.  This  is  the  Uaek  precipitate  femed  by 

sulphydric  acid  or  mlphide  of  ammonium  in  solution*^  of  racrcurniis  snlt?.  It  may  bo 
prepared  by  passing  sulphydric  add  gas  through  a  solution  of  mercurous  acetate ;  if  the 
nitzate  is  used,  the  Ubetated  tutrie  add  exerts  an  oxidimng  actioo  on  the  predpitate. 
The  best  mode  of  preparation,  accv>Tding  to  TJerzelins,  is  to  dn-p  a  ililutf>  sohition  of 
mercurous  nitrate  into  a  dilute  bulution  of  Mulphydr  itc  uf  ammonium  or  potassium ;  or 
a  Bohition  of  either  of  theee  Bulphydrates  irny  be  poured  upon  calomel  reontlj  preci- 
pitftted  and  still  moi.-t. 

Mercurous  sulphide  in  the  dry  state  is  a  deep-black  powder ;  it  is  resolved  at  a 
gentle  heat  into  mneuric  snlpfaMe  and  metallie  mecciny,  which  tcphubs  moed  with 
the  Milphidc  in  the  form  of  small  globules.  At  a  stroiieer  hw^  it  jislili  •  snUtmats^ 

first   f  Tiier  illH-  niercnr}-,  afterwards  of  cinnabnr. 

Meronrio  So^plildaa  ilg%  or  Hh^"S.  This  compound  exists  both  amorphous 
and  ojitallised ;  in  the  ftimer  state  it  is  Uadt;  in  the  latter,  it  has  a  ine  f<»d  coloiir 

and  confftitutes  the  well-known  pigment  called  cinnabar  or  vormillion.* 

a.  Amorjpkous  Mercuric  Sulphide, — When  mercuxyand  sulphur  are  triturated 
together  Air  a  kntg  tine  in  the  proportion  100  temmaj  to  10  sulphur,  they  unite  and 

form  bhick  mercuric  sulphide;  the  product  thus  obtained  is  called  in  {hannacy, 
^tkiopi  mintralis. — The  same  compound  is  formed  by  heating  6  pts.  mercury  with  I 
pt.  stilphur  ;  but  the  product  thus  obtaiued  is  of  nithcr  uncertain  composition,  owing  to 
the  volatilisation  of  a  portion  of  the  uulphur;  moreover  it  contains  a  considerable  quan- 
tity of  oinnabar,  wliich  remains  undissolved  r-<n  boiling  with  potash,  whereas  good 
Attkiopi  is  wholly  or  almost  wholly  soluble  in  tliat  liquid.— The  amorphous  sulphide 
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Ut  aUo  prodneed  bT  ptedpitatmg  the  MliitiaB  of  saMNorle  mU  willi  eiMMof  fnl^bop- 
drie  acid  or  a  solable  snlphide ;  07  agitating  mercury  with  pontasulphide  of  anuBOnuim 

or  potassium ;  and  by  exposing  cinnabar  to  a  very  gentle  heat  in  a  close  ves«<ol. 

Amorphous  mercuric  stdphide  ia  a  Telret-black  powder  or  a  ^yi^h-bkck  ma&a 
When  heated  somewhat  stronffly  in  a  close  vesNcI,  it  jielda  a  miblmate  of  cinnabar ; 
"bn^  on  heating  it[in  contact  with  the  air 'the  stilphurbums  and  the  mercury  Tolatilis<»fl  ; 
when  ignited  with  camttc  aikalis  or  alkaline  carb(mairs^  it  gives  off  all  its  mercury  and 
IwvN  a  TCiridne  of  aDnliM  f^ulphido  (liv<«r  of  sulDhur).  It  wHhtmdi  thr  aotioB  of 
most  solvonti',  but  is  (lecompAs<  d,  with  separation  of  sulphur,  by  very  strong  nitric  rrif^ ; 
dilute  nitric  acid  has  scarcely  any  action  upon  it ;  nitromurioHc  acid  diwolree  it  with 
toleniUe  ftkeffily.  Ifc  it  UkawiM  aolvlile  m  aqueous  sulvkide  of  palasslwM*  and  tiM 
solution  solidifies  on  eTaporation  to  a  mn<^s  -f  sh-ndor  colourless  needles  consisting  of 
potaasio-marearic  sulphide,  K.'iihg"S^ifH^O,  which  is  decompoaed  by  water, 
vittk  MpMBtkm  of  Uaik  nMMRt  adpl^ 

fi.  Cryttallidedmereurio  tulphide.  Cinnd6m%  Vermillion.  Cinnabar  ocean 
native,  l>eing  in  fact  the  most  importnnt  ore  of  merniry :  ita  princip;!l  ralitics  havn 
been  already  enumerated  (p.  883).  By  far  the  greater  part  of  the  Tcrniiiiion  oocuiring 
In  eomUMMM  It  Imwerer  prepared  by  sublimatkm  of  tlw  amorphous  sulphida. 

Fur 'uii'.-i-'i-  <7::d  preparation. — 1.  thf  dry  v^aij. — Mercury,  mercuric  oxide,  or 
tiimetcuzic  sulphate,  sublimed  with  suJbhttr,  yields  cinnabar.  When  6  or  6  parta  of 
ntfcmyaM  added  to  I  part  of  iMltmgaid^^ 

atixring,  till  the  sulphur  becomes  thick,  combination  tukea  place  suddenly,  attended 
with  evolution  of  light  and  beat,  and  with  violent  crackling  and  projection  of  the  mn?^. 
The  resulting  compound  exhibits  a  blackish*red  colour,  and  fi^uentl^  a  distinct  red 
■Iseak ;  it  may  be  regarded  as  dimabu'  partly  mixed  with  black  sulphide  of  mercury, 
and  partly  with  uncombined  merrary  ana  t-ulplfir  i?i  a  ^-XwU-  of  minute  division.  Now, 
when  this  crude  product,  afttirbeiijg  funded,  is  niixwl  wiih  a  small  quantity  of  sulphur, 
and  a  glass  tlask  half  filled  with  it  is  loosely  dosed  with  a  ehareou  ato|^per,  sunk  to 
two  tliir  is  of  its  depth  in  sand,  and  exposed  for  some  hours  to  a  red  heat  in  a  bIow- 
drawiiig  wind-furnace,  a  sublimate  of  pure  cinnaW  is  obtained.  The  esoeae  of  sulphur, 
being  more  vt^tils  taao  the  ebnabar,  oaeafioa;  Ihreign  metals  zvania  fai  Aa  tern  of 
8uIphideH  at  the  bottom  of  the  f  n^  k  If  t^r'  Tipper  part  of  tba  teik  boCOBMa  lOO  ]lOt| 
a  portion  of  the  cinnabar  may  be  lost  by  voiatilitiation. 

antfAotf  of  prrparatkm  <K  dmtimUmL'-lfO  poBDda  of  ncNorj  ara  iiadaiilly 
aflded  to  50  pounds  of  melted  sulphur  contained  in  a  cn-st -iron  pot,  tlie  matermk  being 
fltuxed  with  an  iron  ^tula,  but  not  so  rapidly  as  to  give  nse  to  active  combustion 
— ^  nuxtore  is  poacd  out  tipon  an  noa  pll^  and  liiolua  iato  pieces  after  coolii^g — 
and  the  fragmHits  we  put  into  hand-jars  capable  of  holdinff  1^  pounds  of  water.  The 
Kubliming  Tessels  are  eartheru  cylinders  4  feet  high,  glazed  within,  and  closed  at  the 
bottom  ;  they  are  bUuk  to  two-thirds  of  their  depth  in  a  furnace  in  which  their  lower 
post  is  heated  to  sadness.  A  few  hand-jars  full  of  the  mixture  are  thnjwn  into  eadi  dl 
these  subliming  Tersely,  and  the  ci;»ntenl8  left  to  rnu  klf  :infi  bu™  till  the  greater  part 
of  the  excess  of  sulphur  vulatilises,  and  the  iiame  dnniuiBhes.  The  smooth,  level  '. 
opetring  is  then  cofcaad  with  a  thick,  smooth  plate  of  cast-iron ;  tlw  plata  nmoved  as 
f?oon  m  a  «uflRcient  quantity  of  cinnabar  has  collectwl  np<Mi  it  ;  the  cinnabar  which  h:i9 
collected  on  the  upper  part  of  the  vessel  is  pushed  down  again ;  a  firesh  plate  put  on, 
frtt.  fte.  Tlie  ootttoria  of  Hie  eylindsr  iza  stnnd  np  from  tiaw  to  tamo,  and  fresh 

material  is  introduced.  Tlu*  c\m\  nhar,  llitt boinf  dotadisd  froVI  tbo  pbtoi^  iS  glOBDd 
aa  finely  as  possible  with  rain-water. 

M^tmd  of  preparaHom  in  Idritu—JL  nvnbsi*  of  eaiks,  mA  ooatalmng  8  ponn^  «C 
ground  sulphur  and  42  jK)und.s  of  nu  rcurj',  are  nuide  to  turn  upon  their  axes  for  two 
or  three  hours,  till  the  contents  are  converted,  with  slight  evolntion  of  hoat,  into  a 
brown  powder.  100  pounds  of  this  powder  are  then  introduced  into  au  upright  cnst- 
iron  cvhnder,  previously  hes^  in  a  fVimace ;  the  qrUnder  iseovered  with  an  iron  capital, 
keptdown  by  weight*  till  the  crstekHng  of  the  mnna  is  over;  and  the  iron  cspiffd  is  then 
replaced  by  one  of  stone- ware,  having  its  b€!ak  connected  with  a  tube  and  receiver,  and 
the  fire  is  increased.  The  best  cinnabar  collects  in  the  capital,  which  is  aftaniaxdt 
brok  II  in  pieces ;  that  which  condenses  in  the  tube  and  receirer,  if  mixed  with  exeef»s 
of  sulphur,  ia  added  to  the  quantity  introduced  at  the  next  sublimation.  The  cinnabar, 
after  Ming  flnelv  ground  wttli  water,  is  well  boiled  with  ootash-ley.  Mid  waoiied  witii 
boiling  and  with  cold  water.    (Mitscherlich,  Lthrhmn.) 

Clunc*e  method. — 1  part  of  sulphur  and  4  parts  of  mercury  are  suUimed  in  an 
earthen  veeaeb  to  wUtt  an  {ton  oorer,  Itept  eonstaattymout;  is  hrted ;  flie  iba  is  kept 
up  for  f.mr-and-twenty  hours  ;  the  \chh'\  1irol;»'n  up  nf1<  r  cwlliig  ;  the  less  pure  ^ubli- 
mate  separated ;  the  purer  portion  pounded  up ;  the  powder  sifted  into  a  laige  vessel 
illsd  withviitwi  tha  mrtrn^  irlth  tlw  oeam  floatb^  00  it,  is  pmnad  off  alUr  a  while. 
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the  proema  being  twice  repeatadi  md.  laatlj,  ^  todinufflt  at  the  bottom  i«  dmd. 

{N.  hiinh.  J.  of  Sc.  ilZ62.) 

Europoiin  cinnabar,  whether  prepared  in  the  dry  or  in  the  wet  way,  alwsjs  has  • 
tinge  of  yellow .  t!i<  Chineee,  which  is  aix  times  aa  dear,  inclines  to  carmine  colotir, 
although  no  loivign  matter  can  be  detected  in  it,  excepting  a  little  glue,  liy  the  sub- 
KotAtioa  of  common  cinnabar  with  1  per  cent,  at  aulphide  of  antimony,  a  dark  Mci'U 
pTcv  oinnaTinr  is  <.T>fiiiitrHl.  whiVh  Vw^roiiK'S  browHfa  when  i)nlvoris.'rl :  bitt  if  it  be 
tlneiy  ground,  and  I'Kpeattediy  boiled  with  solution  ot  KTer  of  bulpUur,  iheu  ihoroushlT 
WMiied  rad  dtgested  with  hydvcwliloiie  uid,  and  afterwards  washed  and  drie^  il 
becomes  oxMcMy  lil^c  tlio  Chiueso  Tprmillion,  but  of  a  still  finer  coloo^  Ko  Mtiwtiy 
ean  be  detected  in  it.  (Wehrle,  Zettsckr.  pkya.  v.  Wist.  ii.  27.) 

Tbs  yrforipal  poiat  to  bo  attoaded  to  i»      pwparatjbii  ot4mMhu  hf  wtlti&maSSm, 
is  that  no  l»laok  Hiimrplious  sulpliiile  shall  ^»  t  nii\-  1  with  it. 

2.    In  the  wf(  waff. — The  blacsk,  amorphous  sulphide  of  meiciuy  obtained  by  the 
action  of  sulphydm  aeid,  or  of  allDdiBe  tulphydiateo  «ibpenvbhidc«  lai  SMCciny,  ito 
OOddcM,  and  salts,  is  conrerted  by  contact  with  alkalaao  pOIWIIphidM^  don^  tt 
oold,  but  quickly  when  heated,  into  the  red  sulphide. 

Very  fine  cinnabar  may  be  obtained  by  immersing  recently  precipitated  "  vrbito 
|iiOci|atatO**  (pu  916)  in  a  solution  of  sulphydrate  of  ammonium,  or  in  inonosulphide  of 
ammonium  previously  saturated  with  sulphur:  tho  blarlc  colour  wliich  the  precipitato 
first  acquires  pflMses,  at  a  temperature  between  40^  and  50°,  through  rud-browu  into 
tiM  bcattttftil  ooe^  nd  of  Chinese  v< miillio^  tho  ohaage  taking  place  more  quickly  aa 
the  liquid  is  morr  rn^nccntrated.  Tli<;  colour  may  be  rendered  Btill  brighter  by  sunso- 
^oant  digestion  with  potash  at  a  geutle  heat.  (Liebig,  Ann.  Ch.  Pharm.  y.  289;  Vii.  49.) 

Bmsno?  (Pom.  AmL  xv.  593)  carsAiliy  tritur^  100  pts.  of  meroniy  wiA  98fta. 
of  flowf rs  of  sill pTnir,  till  \hf-  whole  is  converted  into  l)lack  nmorphoiis  HulphiJo — a 
process  which  inquires  three  hours  f»r  small  quantities,  and  twvivt^  hours  if  the  quantity 
•mounta  to  •  hm  powida— and  hoate  it  in  a  porcelain  baaiii  or  a  east-iioB  pot>  witii  a 
solution  of  25  pts.  of  potassium-hydrate  in  I'i.'J  to  1^)0  pts.  of  wutor,  kerping  the  tem- 
perature uniformly  at  45°  and  never  letting  it  rise  above  60''.  At  first  the  mixture  is 
eontiiniaUy  stirred  with  tlw  peatle,  afterwMda  lh»  time  to  tima  The  water  which  i 
eTapjnites  is  replaiKid,  ao  aa  sot  to  allow  the  mixture  to  acquire  the  tliickness  of  a 
jelly.  AMii  n  thr  rfddening  has  once  be^n,  which  generally  takos  plaeo  in  about  eight 
sours,  the  In-at  mubt  oot  bo  allowed  to  nse  above  45° ;  and  as  tKA>u  as  tiie  rod  hm  at- 
tained its  greatest  degree  of  brightneMb  UiotshmI  ii  senoved  from  the  fire,  or  else, 
which  i-  1  -  tff-  tho  mixture  is  kopt  for  some  hours  pxpnspd  to  a  pontlor  hint.  It  is 
then  washed,  and  the  mercury  which  remaius  mt  tallic  is  trfiparal«d  by  levigatioo, 
wherrapon  it  yvSAt  from  109  to  110  per  cent«  of  cinnabar,  but  little  infmiMrto  tlio 
finest  native  varl-  ty,  aiirl  far  !jiip«  rinr  to  that  obtaiin  d  l.y  suLliniaiion.  Tli»^  alKvve- 
mentioaed  proportion  of  the  infiredienta  gives  tbe  kugcst  amount  of  cinnabar;  100  pta. 
of  neienry  yield  with  40pta.  iff  atlphiv  aad  40  of  polaaaiiim*liydista,  107  enmabar; 
with  28-3  sulphur  and  51  potassium-hydrntr,  Pl-2;  with  33  to  40  sulphur  and  GO 
potassium-hydrativ  SI '6;  aiM  witJi  90  sulphur  and  60  potaBsinm-fc^dratCb  oi4K  ^7 '3 
einnabar.  (Braniiar.y 

Dfibereiner  (Schw.  J.  Ixi.  380)  gently  heaf'^  nu  n  ury  with  a  solution  of  pentaaulphide 
ct  potassium,  triturating  it  continually,  till  tUe^  mercury  is  converted  into  a  dark  r»  d 
powder,  a  change  which  generally  takes  place  in  about  an  hour  and  a  half;  hu  then 
dfftlM*t»  tha  Kqud  (which  contains  protosulphide  of  potassium,  and  by  digestion  with 
sulphur  Tnny  be  renclorcd  fit  for  another  pr-'paration  of  cinnahar),  and  triturat<'S  the 
#t)wdt-r  with  a  small  quaulity  of  dilute  potabh-U'V  al  40^  or  io^,  uil  it  ucquixta  a  fiery 
red  colour. 

If  the  cinnabar  has  bccomo  brown  from  being  heated  too  long  with  sulphur  and 
potash-ley,  it  may  be  restored  to  the  state  of  the  finest  vermillion  by  the  addition  of 
natir  «»a  tlie  applioation  of  a  moderate  heat.   (Storcb,  Repert.  Phann.  xxxr.  107.) 

Th.  Mart  ius  (Knstn.  .Arch.  x.  -107)  plarrs  thf  iiiirn  ill.  nts  in  Ixiltlos  i  loseil  with  corks 
and  packs  them  into  a  box,  which  is  ^tened  to  the  upjper  beam  of  a  saw* mill.  In  24 
«c  86  hoon.  at  oidinary  temperatiire^  the  moit  beantifid  rimubar  ia  obtained ;  it  ii 
afterwards  washed  and  <lnod.  This  method  not  only  has  the  advaiita^'c  of  dispensing 
witb  the  labour  of  trituration,  but  likewise  {mvents  the  hitherto  unexplained  passage 
of  the  cinnabar  into  the  brown  stale,  which  ia  w  liable  to  take  pkoe  on  the  application 
of  heat. 

Adulterations. — 2?rN;X:</u«/ remains  behind  on  ignition. — Oxide  of  iron,  the  !»amf :  it 
miiy  also  be  dissolved  out  by  hydrochloric  acid. — Bed  /iro<^  remains  behind  on  ignition 
in  the  form  of  a  fu9e<l  protoxide,  and  yielda  chloride  of  lead,  with  evolntion  of  chlorin% 
on  boiling  the  substance  -wnth  hydrochloric  acid  ;  the  ehloridr  thim  fnnncil  may  be 
extracted  l^*  boiling  water. — Dragon's  Blovd  :  Empyremnatic  odour  on  the  application 
of  heat;  gmo  a  vra  colour  to  alcohol. 
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Prnprrtirs. — 'Native  cinnabar  and  many  of  the  artificial  varieties  form  liemrhcdral 
crystals  beloiigiag  to  the  hexagonal  system,  the  primary  farm  beiug  au  acute  rhombo- 
hcdnm,  in  which  the  lengtJi  of  tiw  |iirinoi»]  axis  is  2-20,  and  R  :  R  in  the  terminal 
edges  71^  48'.  The  most  ordinary  cijmbin.ition  is  "R  .  oR,  somewhuL  like  381 
(ii.  224)  ;  also  with  ooE,  the  latter  sometimes  predominating.  Cleavage  parallel  to  ^ 
ooR.  Oiniiiibiir  obtaimd     inUiiiMitioD  mmnei  IJm  ferflu  o€  nbvou  nHMMi.  Bpseifto 

pravity  of  tlie  native  mineral,  8  0  to  81 ;  of  a  clcavablp  variety  from  Neumarktel, 
8*998;  of  the  artificialJy  sublimed  compound,  8*0602  (Karsten),  8*124  (PoL  15  oullav). 
Hardness  of  tbe  maiar^  rasneral  >»  2  to  %'$,   It  m  aeetite  sad  has  »  mibeoiidioiditl 

unevon  fraetvre.  In  the  mass  it  is  eochineal-ooloured,  transparent,  and  has  an  ada> 
mantino  lustre  ;  its  powder  is  scarlet.  It  bwomrs  brownisn  whon  pently  heated.; 
quite  browu  at  250°,  and  black  at  a  higher  temperature ;  but  if  tlie  boat  has  not  been 
wtmag anongh  to  cause  it  to  volatilise,  it  nooran  ita  iliM  Beudet  colour  on  cooling. 

Pur<^  mercuric  .sulphide  contains  8C-2  ppr  cent,  mercury  and  13'2  sulphur;  native 
cinnat^ar  is,  far  the  most  pasit,  nearly  pure,  the  percentage '  of  mercury  varying  £rom 
about  78  to  86  por  cent. 

In  its  chemicjil  rcLitions  cinnabftr,  both  natural  and  artificial,  resembles  the  amor- 
phous sulphide,  excepting  that  it  is  still  less  easily  attacked  fay  solv^ats.  Heated 
with  irm,  tin,  anf^nony,  and  sevenl  other  metela,  it  yidda  m^allie  mttenry  and  §, 
sulphide  of  the  other  metal.  '  '  "c  a^JcaU.s  and  aJJcuVinr  earhonntrs  als^o  HIkt  it-  the 
mercury  at  a  zed  heat,  while  a  mixtuxe  of  metallic  sulphide  and  sulphate  remains 
boltiiid;  thai  with  Hme: 

4HhgS  +  4CcaO    =    Hhg*  +  SCcaS  +  OcaSO*. 

Heated  with  proio^^ide  of  i^ad,  it  gives  off  sulphurons  anhydride  and  mercury,  leaving 
very  puM  AQtailielMd,  and  a  ted  slag,  wlud^  if  cfae  ooiida  of  laid  k  not  m  tmj 
flxaat  cxmml  fumtaiiif  nndaamnMiMd  ainiiahar 

IVrESCUHT,  StrXiPBOBKOMIDB  OP.  ifhg'Br'S-.  Tnis'Br=.2TThgS.  When 
sulp^ydric  acid  gas  is  passed  through  a  solution  of  mercuric  bromide,  a  wlute  precipi- 
tato  M  at  ftnt  fomwd,  consisting  of  this  oomponad,  whidi  is  aflarwaids  traasfenaed  oy 

excess  of  sulphydric  acid  into  black  men  urie  sulphide.  The  sulphobromide  is  also 
uoduced  by  digesting  the  black  sulphide  with  the  aqueous  solution  of  the  bromide. 
It  is  yellowi.sh-white  when  dn* ;  splits  up  into  mercuric  bromide  and  cinnabar  lAeD 
Seated ;  is  blackened  by  idkalta»  iNlt  Ims  quickly  than  the  corresponding  chlorine-com- 
ponnd.  It  is  naither  dsGonposed  nor  diasolved  by  nitric  or  sol^oiie  add  at  the 
boiling  heat. 

to  those  abc^ve  described,  for  the  sulphobromide  which  it  resernbl'  s  in  its  pr*)- 
p^rtiefl  and  in  most  of  its  reactions.  Heated  in  a  oacreiit  of  chlonne  gai^  it  yields 
chloride  of  sulphur  and  uitircuric  chloride.  ' 

the  peeeeffiag  «mpoiuid,  trhkh  it  fesmUea. 

MEltOirAT-BASES,  AMMOIOTACAX.  fC.  G.  Mitscherlich,  Fogg.  Ann. 
ix.  387;  xvi.  41.— Kane,  Ann.  Ch.  Phys.  £2]  Ixxii  215.— Plan tamour,  Ann.  Ch. 
Fluuitt.  xL  lift.— Bammelsb erg,  Fogg.  Ann.  It.  248.>*Millon,  Ann.  Ch.  Fhys.  [9] 

xviii  333. — Hirzel,  Uelte^-  dii'  F.inwirkung  des  QuichaVi' rctyd'i  nvf  (luf  Aii\inonioJc 
unA  die  AmmonlaJ-  pfrhindungcnf  Leipsig,  1852;  0^6*.  Ann.  Cbu  Pharm.  Ixxxiv.  268. 
— Sehmieder,  J.  pr.  Chem.  Isczr.  139;  Jahfteb.  1858,  p.  204.)— By  the  action  of 
ammonia  and  its  salts  on  mercniy-componnds,  a  variety  of  substances  are  formed,  some 
of  which  were  origrnHlly  wgwrdwl  as  compounds  of  ammonia  with  mercury-salts ;  e.g.^ 
omfnanio'mertiuric  chloride  NH'.HhK''Cl' ;  ammoiito-mercuroug  chloride,  NH'Hhg'Cl; 
ammonfihmBnmrie  iodidei,  it^JSb^Pt  &c.  Kaa^  in  accordaaee  with  his  amidogco 
theory,  regarded  these  eompounds  m  containing  amide  of  marcurf/,  NlPHg,  com- 
bined with  other  mercujy-  or  amidogen-componnds.  Hirzel  and  others  have  rwre- 
•anted  them  as  containing  nitridt  ofmermrgtBiE^,  as  a  proximate  constituent.  Ge^ 
hardt  first  suggested  that  they  contain  ammonia-mol. cules,  in  which  the  hydrog*»n 
is  more  or  less  replaced  by  mercury ;  and  this  view  has  been  further  developed,  in 
aeondaaee  with  the  anunonimn-theoiT,  these  eorapounds  being  enpposed  to  coatain 
ammoTiinra-molecule?,  in  which  the  hjdrop^en  is  wholly  or  partly  rr placed  by  mcr- 
ctfry  in  the  proportion  of  100  or  2uO  pts.  morcuiy  to  1  pt.  hydrogen,  according  as  the 
compound  is  fanaad  from  a  meceoija  or  a  vttnpaxaoB  sait,  tlms: 

Mercuramroonium  NH«Hg  or  N^H'Hhg'' 

MetenrosanimonhnB  NIPC^' or  NH>Hhgf 

IMmevewMUiioiilnai  NH*E[^  or  IPH'Hfi^ 

S  IT  9 
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Trimerettmmmomam       .....    NHirg*  or  N'H*riiig* 

Trimercurosammonium     ,  . 

Tetramercunuamoniam  NHg*  or  I^'^^kg* 

Kone  of  thf  mcrcurammoniums  have  been  obtained  in  the  dree  atate;  bat 

cnrnmim^  Bg^  wri^jlflf,  ii  pwdaeed  by  tfaa  — twa  ot  >iiMniiii  pi  oa  d»y 

oride. 


or  ^j^'jlin— The  bromide  of  thia  bas«, 
^|MBr  «^"|ll«Br*  (lik»«cr%*p.99l)  is  pn»diu«d  bj  nultiqg 


m'n\r  at  a  gipntlt'  heat  in  ammonia  gas,  the  salt  then  taking  up  about.  3  4  per  a-uf. 
of  the  gas.  Water  extracts  bromide  of  ammonium  from  the  product,  and  leaves 
a  yellow  powder  whidi  gives  off  ammonia  when  treated  with  aqueous  sulphide  of 

.Wwitwlkh 


jN^Br*.    HhgBr*,  or  Bromide   of  H^drogm  md  JHnurewamimmiuM 

amnionic  pis.  It  is  a  win'te  powder  insoluble  in  water  an  l  in  alcohol,  spnrinijlv 
soluble  iu  ammonia,  and  is  resolved  by  heat  into  nitrogen,  ammonia  gas,  a^uuoui* 
vaponr,  f  ?  hydrogen],  and  A  mUiiiMts  of  miiWute  Iwtfdo. 

■  TT  r  >  HW I  

OhUridt  of  Mereurammonium^^ttUPMffik  ^  ^;|lfCI«v  ^  |iraP,(«>. 

Ftuililewhite  jtr^pitate,  Obtmned  by  precipitating  a  solution  of  a«unonio>m«n!uriccih]a- 
ride  (alrmhroth  gait,  p.  808)  with  potash  (Wo  h  1  e  r),  or  by  dropping  a  solution  of  mercuric 
ohloride  into  a  boiling  solution  of  sal-ammoniac  mixed  with  free  timTtionifi,  ns  long  as  the 
resulting  precipitate  redissolvcs;  it  then  sepamtes*  ou  c\>olingiB  garnet-dodecahedrons 
(M  i  t  sch  *  rli  oh).  At  auntie  heat  it  gives  off  half  itaaflunonia,  leaving  the  eompotind 
KH'  TTlip;"f 'I*,  (\),  which  is  also  formed  by  gentlylieatintr  mfrenric  chloride  in  astream  of 
amiuuiiui  gits,  or  by  distillinfi  mercuric  oxide  with  sal-aiainuum.   (M  itscherlich.) 

/orft(/r.  -NH'.Hgl  -  {{f  JnI  or  | N^P,  (tjV  «ed  mprcurie  iodide  al.^  rl  h  am- 
monia foa  and  forms  this  white  coiapoiisd,  which  however,  when  exposed  to  the  air, 
girea  cffita  aiwinonia  and  it  reeopverted  fate  wd  ammu'te  fadid€>.  (H.  Kosat.) 

T!i''  r'yrnp.:,.iind  NHMThg"''-  f  5'i  i-.-  fiV.tnined  by  drenching  rn.- -onrir  !.-".liib:'  \ri*,h  n.jneous 
aQunonia*  as  a  whit*  cqrstaliine  powder  which  disMdvee  iu  excess  ^  ammonia,  leaving 
%  bfown  powdflp  oofwiating  of  b^p™'^*^'^  iodida  of  tetnunepoonunreoninm ;  on  ovaponl^- 
ing  the  lunmonical  solution,  the  comjwund  is  deposited  in  small  crystals.  It  quielly 
gives  off  its  ammonia  when  exposed  to  the  air,  and  is  likewise  deoom|KMed  Igr  water 
and  by  adds.  (C»illot  and  Corriol;  Rammelsberg.) 

ntmiiffiwi—B^imi  af  l^o"^^!^^*  ^  chloride  of  Oia  bsM 
^  I  N*CP(«or  CXlnm  <■  pbvniftej 


prtecipiiatue  alhue,  is  formed  by  adding  aromoma  to  a  oolvtion  of  ,  

When  first  ]  ro  luced  it  l  iilky  and  milk-white,  but  by  contact  with  hot  water,  or  by 
much  watiliiiig  with  cold  water,  it  turns  yellow  and  is  convertwl  into  liydrated  chlorido 

of  tetramercurammonium,  fihg^N-Cl'.2U^.  It  is  readily  dissolved  by  acids,  and  ia 
especiallv  distinguished  from  oakmel  by  its  behaviour  with  ammonia,  which  does  not 
SMT  vlttte  pnetpitate,  whereas  oalomel  is  blackened  by  IL  Xano  icgsids  this 
compound  m  ait  fthiu'/'ch'rtritffi  qf  mentuyt  HpH^N  Tlp-C! 

Th«^  tetrammouium  baits  (p.  919),  all  of  wiuch  contam  water,  may  be  regarded  as 
awpoonds  of  diMRNuMnaioiiiuiii  sslta  wkth  mftoario  oside,        fbe  «Morid« 


]|hg«NKl*  2H*0  or  Hhg^«N*Cl*  SHb^Ta  Xattkamannrr,  anmoniacal  tripeUim,  Qm 
Mlft  piodnosd  faj^  ths  sotioii  of  witinifiTW  on  Msmucio  snipilMU^  md  dfscnbsd    p>  MO 

as  ft  sa^bats  of  tatrameicnrammoiiiiiiOi  <Btg*N*)flO*,tH^,  wmj bs  wgaidsd ss»biisi» 

cah^  of  dlitMteumttiiimriiiii^  (H^ 

*  TIm  OvMk  kllm  la  tiilsvid  tte  MlowlBc  iwagrnlw  late  laihe  WHS  < 
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A  double  gtdpkate  qf  mmMitm  und  diiMreurammonium  !  ^^-2^' 

is  obtaini'd  by  atlding  mrrcnrii^  ox^/^t*  hy  small  portions  to  a  culd  naturat^d  solu- 
tioa  of  sulphate  of  ammomum,  waiUog  each  time  Sot  the  last  portion  to  dia«olT«, 
tiU  Uw  liqmd  begiiM  to  Aaw  tmlndHy,  ftom  s^MMtfam  of  m  whft(»  batie  eompotoid. 
On  leayinff  thui  eolation  to  evaporate  at  ordinary  temperatures  l  if  vaporated  orer 
the  water>Mth,  it  t^pin  deports  a  white  basic  ooffipoundX  the  double  salt  crjstal- 
Umb  llrma  it  ia  hmU  wlute  needlaa,  or        deflmte  euoiirieM  ilumbie  crjrstals, 

which  gire  off  their  water  at  115^.  The  salt  dissolvoj^  caisily  in  sulphato  or  chloride 
of  ammonium,  also  in  hjrdrochiorie  add,  eith^  dilute  or  ooocentrated,  and  in  n  ry 
dilnto  mlphnnc^ojr  nitrio  wadL  bat  is  inadiible  in  atroog  nitric  add,  and  in  completely 
daetmiposed  by  strong  sulphuric  acid  at  tho  boiling  heat. 

The  double  salt  is  oompletelj  decomposed  by  water,  eren  in  the  cold,  and  converted 

into  a  henvy,  trhit.',  earthy  powder,  consisting  of  tho  ba^ic  salt,  2(Tf*hg'TT''N"-"iSOV3Hlig"0, 
(f),  which  likewise  fieparutet*,  wheu  a,  iiolution  of  sulphate  of  ammoniuni,  batur^ted  with 
niflrcuric  oxide,  is  poored  into  water.  It  membles  the  sulphate  of  tetramercur- 
ammouium  {amtnoniacal  turp*  fh" ,,1)  it  ovp  mentioned.  The  latter  ilsy  product  d  >  }' 
boiliAg  tba  iiuely  triturated  douUe  t»alt  with  water,  oootiaoaUy  renewed  as  ivng  am 
it  tdkes  up  any  sulphurie  add. 

Another  basic  '  inpoundia  obtained  by  dissolving  the  above-dcNrril  r  I  double  saltbi 
oold  dihito  aidpliiinc  acid,  aad  addiqg  the  aolutioo  to  an  exaeM  of  dilute  potaah'^f ; 
annmrnta  is  wn.  given  off,  and  «  wbno  anbataaee  aepantea,  iHiieh,  when  waabed  wiA 

water,  and  dried  at  115°,  has  tho  composition  iLhg-H*^'^S0*.3Hhg"0,  or  (H'lig«N-)SO', 
Hhg''0.2H-0.  O). 

The  solution  of  the  last  descril^cd  compouTsd,  or  of  the  double  salt  in  hy<^r<  chloric 
acid,  poured  into  oold  dilute  potasa-iey,  kept  constantly  in  excess,  forms  a  whito  pre- 
cipitate of  (liW'H^N»)Cll3Hhg"0  <xe  fl£bg*N«)Cl«.Hhg''0,3lH*0,  (jS').  Tins  compound 
diaeolvea  in  boiling  aqueona  dUMtid*  of  aounanium,  giving  dP ammonia,  and  finming  a 

ni  l-  i  hl'  iriilc  of  ammonium  ind  lim  rcurammoniura,  which  however  has  not  yet  been 
obtained  ^ure.  Finally, by  boiling  the  last-memtiioned  ocnnpound  with  strong  potash-icy 
tin  ita  odour  dianges  nom  white  to  jeflow,  anotiMrozyehlodde  ia  obtainod,  unrfng  no 

compodtion  (E('hg*H*N«)CP.4AigO  or  Hfig<N'Cl».2HhB'  0.2H'0,  («'),  and  by  con- 
tinvad  bdUng  twftdiif  mth  fresh  portions  of  potash-h  y,  more  and  mota  dilnrinw  aad 
nitrogen  may  ba  fonored,  till  at  laai  aotm^g  ia  laft  bnt  pnet  mtrame  oiida. 

(Schmieder.) 

Sgl'Ji  or  l^bfflSP^    This  compound  is  formed  by  passing  diy 
iOrcrpMe^jiSrtad  nurasrie  oxide  previously  wall  WMhad  and  daad : 

SHh^jO  +  2NH»  =  Hhg*N"  +  8H«0. 

The  excess  of  oxide  being  removed  by  nitric  acid,  the  trimereuramuie  is  obtained  iu 
tiia  fom  of  a  dark  flea-brown  powder,  which  explodes  by  heat,  ftietion,  paKUanon,  or 
contact  v.'i*h  til  of  vitriol,  almost  as  violently  as  iodide  of  nitrogen.  When  cautiously 
heated  with  kfdrate  of  potassium,  it  is  decomposed  without  detunatioiu  yidding  am- 
Bonia-giis  and  aobBmed  mcaeniy.   It  ia  alM  daoompoaed  by  hydzoduorii^  snlj^mrie 

and  concentrated  nitric  -i/  i.t  yiaMing  m>  maitmmMitlm^mitA  a  ■Haw-nja  mmlk.  (PlantOp 

moui^  Ann.  Ch.  Pharm.  xL  116.) 

"Bf  tho  aetiott  of  vanooi  Mnmimi^.— 1»<  g|  ^  bdUng  boat  on  nuteiiiio  oaado, 
poinds  am  cbtaiood^  whieh  BHjy  bo  f^pidadii  eOB^otto^ 

oviaialtf;tlniowitiiplKNpbito  of  anorin^  11m aatt H(i(«lHliifPO^ 

with  tho  aeatata,  tbo  oonpoond  ^bMP.O*fl*Hb8^.4BrO  (X)  (HirsalX  Tkm  tam^ 
posndaiwydaoboxifudodMiattaof  te^^  918)i 

o»^|»«.   tefao  obIj  knoim  adfe  of  Hila 

Um  ia  HhB  mitnit,  ^|ll*(R(H]P.SH«0.  (p),  vUA  it  piodnead  aa  a  wlnle  pm* 

eipitate  on  nixbg  a  dilute  and  V017  aeld  aohttion  of  mercuric  oitmta  witih  ftij 
dilute  ammonia.    It  might  alao  bo  ngatdad  as  a  basic  nitraU  qf  mtreurammonium, 

^"|N*.(K0«)'.2Hhg"0,  or  acooiding  to  MtacfaflfHoh,  as  a  ba$U  mmumkhmtnte  ^ 

vurcury,  2Nn».3Hhg''O.NKP. 

Tetramercurammonliuii,  Hg*N  or  tfhg'N^.  fly  acting  on  mcrcnnV  oxide 
with  at^ueous  ammonia,  a  brown  compound  is  obtained,  liie  so-called  mercurumin^ 
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irfaieli  maj be  nigarded  as  ahydnitec!  oxideof  tctramereoraiBIIMninm 

It  18  a  strong  base  aud  forms  Jetiiiitf  tialt!*,  from  which  it  is  sf^paraf  cd  Ly  acids,  vrithout 
deoompusition,  at  ordinary  tempi^niturcji.    It  luiiy  ul&o  be  regarded  as  oxide  of  dimer- 

yMTummnniiim  oombined  With,  sietcttric  oxide^  viz.  as  Hfig«H«N«0.2Hhg"0,  and  ite 
Mlt8  wproecnted  hj  warmptmXm^  fcrmtibe^  thst  St  m  oompoondi  of  nwfemiie 

fixide  with  the  chlimdc,  iodide,  acrUitr,  of  dimorciirammoniura,  or  they  may,  be 
formulated  as  compounds  of  mercuric  salts  'with  thmercuramine  (p.  917).  The 
tetnuumonium  salts  axe  aiso  produced  hv  the  water  of  Mnmonium-aalte  cm  mercuric 
exide.  (Hissolp  Iznr.  8M>  nd  in  wut  ttuOiom,  as  will  be  preMiil|y 

compound  obtained  by  trpntin;^  tnctvurie  oxide  with  acetate  of  amiBOiuiuiu  Vim 

dried  at  100^  it  leaves  :i  yr llcwish-Mhiio  pfiwdor. 

The  arsenate  is  a  white  t>alt,  ubtained  by  boiling  mercuiic  oxide  with  araenate  of 


Bromat«.  (lfeg^Bi*Q*.gTO,(i).— Ihie  — Iteepawtee  doiwly flwwa  aai 

Itition  of  niorcnricbroniaff  sll;>hlly  snjxTsaturatrd  with  aminonia,  bromate  of  limmonium 
remaining  in  solution.  When  heated  in  a  glass  tube,  even  in  veiy  small  quantity,  it 
dettmatee  wltii  gteat  tklenee,  metalfie  mereuiy  bebg  leMiMi  about.  (Bammelt- 
berg.) 

C^rhoHate.  (Tf^lg*N«)C0^4HK)(x).~ObtaiIledbypa8riBgcarbonieadagafithr(nl^ 

water,  in  whicti  liydrato  of  tetramprrurammonium  is  suspended,  as  8  pale  yellow 
powder,  which  may  be  washed  with  eold  wattr  without  decomposition  (Mi  11  on). 
£Qrzel,  by  boiling  finely-divided  mttearle  aoiif  with  excess  of  eariKmateof  aaiBoiinaB, 

obtnincd  :i  tsalt  havii;g  thp  snmo  oomposition,  but  wifh  ^  at.  watrr  morf.  It  \ras 
yellowiish-wiiite  whuu  dry,  lui-utid  grey  when  ox^toscHl  to  light,  was  not  decom|K>sed  by 
potash,  but  g&ye  off  all  its  nitrogen  ae  eannonia  when  boiled  with  aqueous  lodiSe  or 

eulpliidti  of  potassium.  By  tr<jatuig  meronrio  oxidu  with  an  excess  of  cold  aquit.us 
carbonate   of  ammonium,   Hirzol   obtained  h   white  pnlTemlent  salt  containing 

(Hhg*N*)CO*.HH>  (v)  i  wheo  expoied  to  light  it  giudUjr  diwawjoafd,  aannai^g  a  gr^ 

eolour. 

Xillon'a  carbonate  of  tetrame rcurammonium  may  be  washed  with  water  without  de- 
composition. "Wlit-n  perfectly  dry,  it  may  hi'  litated  without  ;'.1rpration  to  130®,  but  at 
higher  temperatures  it  gives  off  a  coosideraUo  quajitity  of  water.  At  146^  it  assumes 
a  ttight  browB  tint,  not  however  giviaf  odT any  more  water  at  that  temperatwe;  bat  if 
the  lieat  be  raised  to  180-2l)0°,  more  water  is  given  off  toj^ether  wifh  a  large  qaantity 
of  ammonia ;  the  residue  hxui  a  ducp  yellow  colour  and  contains  a  oousiderabk  quantity 
of  earbonie  add,  but  does  not  efiTervoMM  vitil  aeidlk  This  residue  is  decomposed  by 
flCio^  hydteehlcrie  acidi  vbioh  aliiniMlM  a  gai  fton  it^  vith  deoNpiteticMi* 

CliJ  oride,  rfh  g*l«r*Cl'.2EP0  (•»).— Obtained  by  subjecting  chloride  of  dimercur- 
ammonium  (infusible  white  precipitate)  to  praJooged  waahiqg  with  cold  wata^  or 
better  by  bouing  it  with  water : 

2lihg;H*N^l»    -    Hiig'N^CP  +  2H*NCl; 
alio  hy  treelmg  the  dihnido  of  dinunnuaminoniiim  ni  A  potaeh  ev  aoda,   Jft  ii  • 
heavy  granular,  ydlow  powdoT  vUditiuni  iriilfee  ^gttin  vh«M  iMited  vilh 
aiaa  (Kane.) 


Chromatr.  (Ilhg'X-)Cer()'.2lP0.  (w).  —  A  solution  of  ehromatf*  of  ammonium 
not  act  on  mercuric  oiide  iu  the  cold;  but  convortj^  it  at  tlie  boiling  heat  into  n 
compound  of  cliromate  of  tetramercoiammonium  wiili  3  at.  mercuric  chromate 
(Hhg'"CcrOM,  which  whr»n  boiled  with  a<^neon.s  i(xUdo  or  sulphide  of  potassttim,  gives 
oft'  all  its  nitrogen  in  the  form  of  ammonia,  and  when  drenched  with  ammonia,  is  con-> 
verted  into  a  lemon-ydlow  duMoate  of  tetwrnewmininoniiim  having  the  oompoeltioii 
above  indicated. 

MydfU   ^^|^^|o*  (9).-^Thii  eompoiradii  obtefned  eflhtf  by  txeatrngBw- 

eorie  oxide  with  aqneoM  ammonia,  or  by  heating  a  saH  of  tetramereurammoninm  with 
a  caustic  alkali.  Yellow  mercuric  oxide  obtained  bv  precipitation  is  rapidly  asted 
on  by  ammonia;  the  red  modification  but  slowly;  the  product  of  the  action  of  am- 
monia on  the  latter  retains  the  crystalline  character  of  the  oxide  itself.  By  washing 
the  hydrate  obtained  by  either  process  with  water,  then  jWiiing  it  b^we«0  bflNdom 
pi^,  and  dicing  it  over  oO  of  vitriol  in  a  vanmm,  or  vatpoaing  it  to  a  tentpcni« 
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tafe  of  130« ;  it  if  obtaiiMd  m  a  Inovn  powaev  eomtauung  ^^^?^|  0*.HK),  (•>  Bj 
di^iiig  It  of«r  qaiiUiae  tftder  ^ImUom^  ifc  i«  olitiM 

^H^'  I  (*)•  I  'l^'  product  prepiired  from  the  yellow  oxide  p«ft»  with  iU  water 

muck  more  rradiij  thaa  that  obtained  from  the  red  oxida. 

The  ddk  lifowii  floiBpoQiid  ^^jP^^*  1 0*.H*0  (the  eo-^iUed «tJI|yJrmi»<rciifwii^ 
irindft      sled  he  itepi  ewflAed  m  s  eonpovnd  of  coEUIe  ef  diwramnfliMMisBi  vftk 
memoie  eoode  H(|^<lR>.SHh(f  O,  ov  m  »  hydovatthie  (i  etrntnlniiig 

^^^|o*'  alt^nxl  by  roiitaot  with  the  air.    Th<i  yoUow  moro  highly  hydrntod 

eompoand,  on  the  other  hand,  absorbs  carbonic  add  rapidly  from  the  air  and  turns 
white,  \mn^  converted  into  carbonate  of  tetnuneretunumnonium.    It  is  insohihle  in 

water  and  m  alcohol,  trivi  s  off  ammonia  wheal  boiled  with  votash,  bnt  requires  long 
boiling  to  complete  the  decomposition.  Thp  bmxm  componnn  is  decompost^il  by  famtm 
with  hydrate  of  potassium  into  uitrogcu,  metallic  im>rcury.  and  rueiv'uric  oxidtj. 

E^ymte  of  teteamercurammonium  diMolves  very  easily  in  acii/s,  forming  the  saltsof 
tetrammonium.  It  <>xpels  Hmmonia  v*  rv  readily  from  its  salts  like  lime.  It  dipsolvfs 
very  easily  with  brisk  evoiutiun  uf  ammoiiia  gas,  in  a  hot  solution  of  nitrate  of  a.«- 
nionium,  and  the  eatntion  deposits,  on  cooling,  a  considtjrable  quantity  of  white  crystal.*', 
Wiiich  an-  deroniposcd  '  v  %r;iter,  yielding  a  trre<  nisli-y<  llo\v  p(;\v<lt-r.  It  dissf  *lv<\s  also 
with  eouai  facilitv  in  a  hot  solution  of  sal-ammontac,  with  evolution  of  ammonia,  and 
eepannoB  of  •  wiiite  pumdat  uuokAie  ia  mifcer. 

lodate. — By  digt'.stine;  m.  ivnric  iclnte -with  ammonia,  l\TI!lon  o1>tainM  a  salt  of 
vanable  comjposition  which  deoomposod  at  about  18(P,  with  detonation  and  formatww 
of  UMveene  lodidik 


Iodide,  Iliig*N-P.2IP0.  («).— iins  compound  may  be  formed  in  several  ways. — 
1.  By  heetmg  mowiric  iodiae  with  emoeee  cif  ammenia ;  ^ 

4rfhgP  ♦  tOTf  +  fflPO   «   lfhg'N*IWO  +  «H«N1 

Iodide  of  hydrogen  and  dimereurammonium  is  formed  at  the  same  time  and  dissolves 
liirihehM*llq«id,whibth«  iodideof  totfamereoMiiiaoBhnD  mnasTO  in  the  ftnn  of  a 

brown  powder.  To  obtain  it  pur»\  tlip  liquid  nmst  be  ib  canloil  bofurr-  it  lu-gin**  to  de- 
posit orystak^  aad  the  brown  residne  again  boiled  several  times  with  fresU  ammonia, 
till  the  ilteved  Uqnid  no  lougcr  depoeite  OTitalB  on  oeeiiiigr^i.  Cy  passing  


8.      digeelui^  tibe  cUoride  of  tetrni>HT<*flffWiBiTiwij"**  in  e^eoiu  iodide  of  poteHimn 

(Rammi'lsberp) ;  adding  ammonia  to  a  solution  of  iodidt'  of  mercury  and  poteeeiTOH 
mixed  with  caustic  potaeh.    (Neesler,  Chem.  Gaz.  1856,  pp.  445,  468) : 

4!SDa^E*L*  ^  mSt  ^  6KH0   -  £(hs«K*I*.im  +  UXl  -¥  4H>0. 

Tine  hwt  veaetion  affords  an  eitKffliely  delicate  test  for  ammonia.   A  solution  of  iodide 

of  mercury  md  jv  t:ifM.>im  is  prppnn-d  by  adding  iodide  of  pot.i9?»i'nm  to  a  «o!ufiori  of 
eorrosive  suoiimau-  tiii  n  portion  only  of  the  resulting  red  precipitate  is  rt^sm>ived, 
then  fllfterinib  <>*d  mudag  the  filtn^  with  eawtie  potaah.  The  liquid  thus  obtsiiM^ 
prodnc*^  a  bmwn  prf^cipitatc  with  a  very  small  <j'!Mntify  of  ammonia,  either  free  or  in 
the  form  of  an  ammoniacal  salt.  The  preeipiiat<;  is  soluble  in  excess  of  iodide  of  po- 
taanum.  (Naeeler.) 

Iodide  of  tetraTnereniranimoninm  in  a  powder  of  a  brown  colour  inclining  to  purplo- 
xed.  It^ves  off  a  small  quautitj  of  water  at  128^,  and  if  more  strongly  heated  out  of 
eeotaol  wilh  the  air,  it  nMlts  to  a  dailc  brown  liquid,  and  ia  then  deoonpoeed  with  a 
blue  liglit  and  violent  exj'losinn,  yielding  water,  metallic  mert'ury,  mercuric  iodide, 
ammonia,  and  nitrogen,  without  leaving  any  residue.  Heated  with  aqueous  sulphide 
9f  bariufny  it  gives  elr  aJl  its  mtwigep  in  the  lom  of  ammonia.  In  a  stream  of  hydro- 
chloric  add  ya«,  it  turns  yellow  in  part%  gtroB  off  fumee,  and  at  a  higher  tempo* 
rature  yields  a  sublimate  of  ammonio-mercuric  iodide,  mercuric  chloride,  chloric]^  of 
ammonium,  and  iodide  of  ammonium.  It  dissolves  easily  in  warm  hydrochloric  acid^ 
Ibanning  a  coloniless  Ikoid,  wlikh,  when  eoneentrated.  d^poi>itB  on  eooUng  xed  ocjitale 
of  metenrie  iodide^  ana  jeDow  eryatok  of  memuie  iodochioride. 
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y  it  rate.  Hhg*N^N0*)*.2H'0,  (like  i).— Obteiaed  by  mixing  »  hot  dilute  solntion  of 
mercuric  nitrate  viUi  a  alight  exofM  <rf  ammonia,  as  a  white  granular  powder,  which, 
irikn  hM>te^  tatH  jeUow,  givtc  off  nitrc^en  and  ammonia,  then  nitBOUi  acid,  and  finally 

oxygen  and  mercnry.    It  is  altfr«  d  by  boiling  ;  dii^solves  in  cold  hydrochloric 

acid,  aud  \a  Hcparuted  from  the  solutiou  by  watt-r ;  di^isuiveti  sparingly  and  witlM/ut  de- 
composition in  nitric  and  sulphuric  acids ;  disaolree  also  in  wwaiaiiia,  and  ia  pactiaity 
prec'jpitu!' '1  fr  111  the  solutiou  by  water.  (Souboiran.) 
A  yellow  crj»iallia<i  double  salt  comsibting  of  nitrait  <^ ammonium  andUti^tmeireair' 

aitjrate  of  trimercurammonium  (p.  017)  with  excess  of  ammonia,  and  adding  nitratti  of 
ammonium,  which  dissolves  a  portion  of  the  salt.  As  the  solution  OBOlf  aad  (hiS  aaa* 
monia  eTaporates,  the  double  salt  separates  in  crystalline  plates. 

Oxalate  C-(^H!hg*X')0'.2ll-0,  (t). — Obtained  b^'  digpstiug  mtrcuric  oxakte  with 
wmtm  of  ttmuionia  and  washing  the  product  till  the  hquid  no  longer  exhibits  any  alka- 
line rend  ion  (Millon);  or  by  digesting  mercuric  oxide  in  the  colt',  vi'h  r-«:;i!;itf  of 
ammoniiun  ^Hirzel).   It  is  a  wa  te,  iooee^  amorphous  powder  which  expiudes  when 


(Hhg«N»)) 

Phosjthate.  1  I^'^IJ'O,  (ju).  — Obtainod^by  treating  mercuricjMride  with  a 

boiling  solution  of  f^ri-nmmonic  phosphate.  It  is  a  whitf»  whieh  is  not  decoTnp<»f*^ 
by  potash,  but  gives  oii  uiumonia  when  treated  with  iudido  ur  aulphide  of  potas&ium. 
(Hmal.) 


8vlpkai9.  (Hfig«N«)SO*.aH*0,  (Q.— JwiwtoitfyaliiiyjiiHaai.  Tfais«at^  iHtob. 

tained  Dy  Fonrcruy,  and  gubsequeutly  analysed  by  Knnr,  j  r.  ;>aredby  dissolving  m'T= 
curie  sulphate  in  ammonia  and  precipitating  the  solution  with  watev.  Ammonia  tak«i 
up  a  very  large  quantity  of  menntrie  ralphate,  and  yrhm  a  pnfeeilf  aatantcd  aolaliott  h 
left  to  evapomto  in  the  air  or  over  ti!  '  f  viriii  i,  Us  -urfuce  becomes  covered  witli 
crystaUine  crusts,  cou«iating  of  small,  hard,  highly  lubtrouH  crystals  of  ammoniacal 
4«npethum  (Millon).  TIm  sah  siay  alao  be  oUained,  according  to  UUgren,  hy 
digMtins  basic  mercuric  sulphate  {mintrat  imfdktm)'wiA.  nl^rtt  cf  aHBwaiiim tUl 
the  insoluble  portion  becomes  white. 

Sulphate  of  tetramercuramnionium  is  a  white  hmvy  powder,  yellowish  when  dry, 
vim  Mated  it  tonw  Imnrn  and  is  r^lred  into  water,  nitrogen,  a  small  qaaali^  ef 
ammonia,  and  mercurons  sulphate.  By  '•nlphydric  acid  it  ia  converted  into  mercuric 
sulphide  and  neutral  sulphate  of  ammouiuin.  It  dissolvea  in  h^'drochluric  and  in 
ailrieaeid,  rety  slijg^tly  in  water. 

Some  of  the  basic  salts  already  describedXaa  produced  by  the  rlrrriiij  risition  of  sul- 
phate of  ammonium  and  dimagCttriamoniiHn,  maj  also  be  regarded  m  tetMmerauaoi- 
(s€©  p.  917). 


Mercuroua  Baaaa» 

^  [k^Hm  flUddda  of  tUalMM^mqimd,  it  tie  hUA 

lalMtance  formed  wbm  drj  ealoiiMl  la  asposed  to  the  aotka  «f  aiuuonia-gas.  Ifhm 
(oqpoaed  to  (te  aiiv  it  gmt  off  anuBioda  iod  kftiaa  white 

IHmmvtmmmmonitim.    ^^IP^Tb^  Mride,  (Hli^Hnir)Ca»  h  taned  by 


digesting  eikiMl  In  aqaeooi  aininwiia,  aJ«awwMiiilaa  bdag  temed  altfcai 

2HhgCl  +  2H»N    -    (Hbg«H«N)Cl  +  BmOL 

It  is  gre}'  vrht^-n  qn'v.o  dry,  and  is  not  altert-d  by  boiling  water.  Kane,  whoaaa^Md 
this  compound,  r«^rded  it  as  mcreurous  amido-chiorids,  UhgOLKhgNH*. 

NUrate  ^pimanm'ommtomimL  2(Hhg*H*N)N0"JPD.  inliis,  according  to  Kan  e^  ia 
the  composition  of  the  vrl vet  !  lack  precipitate,  known  as  Hahmnuinns  soluble  mercitry, 
which  ia  prodooed  OS  adding  ammonia  to  a  solution  of  mereurous  nitrate.  Acoocding 
to  O.  G.  Ititaehoylieli,  on  tha  oUiar  hand,  the  predtntate  thus  fooned  haa  Hia  en 
poritioii  8m^JTO".SNB*,  lAieh  ia  that  of  •  aftnia  «r  mumtmnmmmoak 

S(Bk(ifHir)RO*J0D. 
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A  dMNT  tfav  of  tiM  wmpuritiwi  aaA  relation*  of  tho  amnoiilMil 

compounds  is  afTorded  by  the  following  method  of  classification,  euggceted  by  mr. 
G.  C.  Foster,  in  which  the  grt-atur  nurnVxr  of  these  compounds  are  repretjented  as 

iydoramiiMW  (i  W),  that  is,  as  bodies  formed  on  the  mizod  tj^  nBH)  l»  ^  ^ 

Mm  lijilMAlBKua^m,*!^^  Thii liiv of  Am oon^orftioM 

of  the  ununoniacal  mercuric  compounds  is  exhibited  in  the  following  table,  ia 
the  Qn  t'k  letters  placed  under  the  formoln  correspond  tO  tbOM  attMiied  to  tiM 
of  the  compounds  in  tho  prec«diiig  pages  (916-920). 
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922  MERCURY-RADICLES,  ORGANIC. 

MgJtU uaT-lLABXOIJM,  OSOAITXC.  (Fmnklana  [1852],  Ann.  Ch.  Pharm. 
Izzxv.  3«L— Dunhaopt^  Clieai.  Gas.  pp.  263*292.— dtreckejc,  Compt  reod. 

miz.  67.— Bn«ktOB,  Ana.  Oh.  Fbara.  triiL  lOS;  «iac  818 ;  ChMk  8oe^  X x«f.  17.— 

Franktand  anJ  Duppn,  ihid.  xvli.  415.) 

Mereunr  uiutes  with  aicohol-radtck  s  of  the  senea^  OH^',  tis.  mettgri^  flthjJ,  and 
amjl,— olio  vidi  ftUyl  CFH^— fenning  compounds  ^FUob  tt  cnten  n  ^ttiiAw^iiy 
element.  Tho.se  conipounda  maj,  in  fact,  he  reg::inlt  d  a.i  formed  from  inorffanie  mereoric 
compounds,  such  as  the  chloride,  bromide,  &c.,  hy  sttbatitufeio«  ol  M  idflMffli^lHlMff  te 
either  the  half  or  the  whole     the  chlorine,  &&, :  thvt 

Mamite  ehloridt.  Mwifa  ch lorrtiiiiik  Mmaric  echh^ 

When  both  atoms  of  chlorine,  &c.,  are  completely  replaced  by  au  alcohol-radicle,  the 
product  is  an  indif?i  rent  compound  (a  neutral  momiric  i  th«  r)  incapable  .of  uniting 
with  acids  or  acid  elements.  But  when  onlj  half  of  the  ehloririe,  or  other  rMorous 
'  radicle  is  thus  replaced,  there  results  a  saline  compound,  that  is  to  t^ay,  a  substance 
which  easily  undergoes  double  decompositioii,  and  in  wllidi  t}ier>>sidueaiiJtedivith  the 
chlorine  (TThg''CH*  for  ex;itiiple),  jtlays  the  paui:  of  a  monatoTiiic  radicle. 

The  two  kinds  of  compounds  here  considered,  are  m  hxt  related  to  mLercuxr,  in  the 
aame  maniwr  aa  merai^itan  and  etbylie  aolphide  an  nlatad  to  aaj^tti^ — mtteano  athidcL 

for  example,  being  the  ethylie  ether  ol  MMetlfie  cUoNllude,  jllfft  SB  fttlphida  «f  edqrl 

is  the  cilivlic  etln  r  of  mercaptan. 

There  is,  howerrr,  this  difference  between  the  two  classes  of  compounds,  that  in 
mercuric  chlorethide  and  ita  ao&logue%  in  which  only  1  at.  chlorine  &c.  is  replaced  by 
an  alcohol  ladide,  the  MOuunlng  ehloMin  ttom  ia  Most  easily  replaced  try  aaotiMr 

chlorous  radicle,  wht  reas,  in  the  corresponding  Milphnr-comjioimds,  the  remaining 
ImirQgen-atom,  being  baajlottSj  ia  most  eas^y  replaced  by  metals  or  other  bac^looa 
efemeaUu 

If  the  mercury  in  these  compounds  be  regarded  as  monatomic,  those  which  contain 
on1v  mercury  and  an  alcohol-radiclo^ust  be  represented  by  formula'  of  the  type 
iigl  'H'**' ;  and  those  which  contain  iodine,  chlorine,  &c.  as  compoiuul.s  of  these  radicles 
■mtli  mercuric  iodide,  chloride,  dcc.;  EgC'H*,  m&tmnU^l  or  hydrargethyl ;'B^fQ'EPL 
or  HgC-Il*.HgI,  iod  I  dr,oT  Tether  mTruriodidr,  of  mrmfrffJti/f,  &c, ;  hut  the  former  mode 
of  repreti«>nlation  a^brds  a  much  simpler  and  more  satisfoctory  viow.uf  their  relations. 

Formation  of  iMe  MeeMic  Mi  r(  itn/-compounds.-^Thta^  compounds  may  be  obtained 
by  fDur  different  processes: — 1.  By  the  action  of  mercury  on  the  iodide  of  an  alcohol- 
xadide,  under  the  influence  either  of  diSuaed  daylight  or  of  direot  aunahioe ;  oom- 
Iniiatioa  tiieii  Ulies  plaos^  tpd  an  lodtHnuKeorie  ioi&pMuid  ia  |flod&oed(PrftnkUnd, 
fitraekar): 

Hh^  +  0-H*+»I    •  Hh^l^^**'^ 

S.  Bt  fha  acrtiwi  of  mercurie  dUovide  on  a  afait*eoDipo«nd  of  an  aleohol-ftdiela^  Uie 

product  b<  ing  an  organo-mercuric  compound,  containing  either  2  at.  of  the  slcohol- 
radicleir  or  1  ^  alcohol-radicle  and  1  at,  chlorine^  acoMoing  as  one  or  other  of  the 
Magenti  is  in  «anM«  (Buekton) : 

Hhg^Oi*  +  Zra''(OH**»f  «   Hhgn(OH^+»)*  +  Zan'OP, 

a.  By  the  action  of  merenric  chloride  ou  the  oigano-faiaainth  compousds  eontaining 
t  ai.  of  aa  aloohol-aidide;  tkM  bianratho-lXMtfiidc  (i  m)  txaatad  «iUi  wmtm 
ehlocida  jidda  binatho-^chkiHiChida  and  nMmnio  ahlotathida  (Dftukaiipt): 

4.  By  the  action  of  sodium-amalgam  on  the  io^lidesof  the  alcohol-radicles  in  presence 
ofaeetie  ether  (Fra  ukl  and  and  Duppa).  The  reaction  is  repre.^^ented  by  the  equatKMB : 

2C»H'-«^'I  +  Na-  -»-  Hhg"    -    Hbg^C"!!^*')'  +  2NaL 

The  aoetie  ethei'  appears  to  take  no  part  in  tJie  reaction,  but  remains  in  undiminished 
quentity  at  the  end  of  the  process.  NerertheleaB,  the  pn -^enee  of  this  or  a  ainular 
ether  (viz.  methylic  acetate  or  ethylic  foniiate)is  essential  to  the  stieceKi  of  the  process, 
inasmuch  as  sodium-amalgam  does  not  act  on  the  ulcohohc  iodides  when  simply  placed 
sn  oontaot  or  heated  with  them ;  neithcv  is  tin  laaedon  indnoed  by  the  presenea  of 
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ethylic  eUiei^  bat  on  adding  a  few  drops  of  acetic  ether,  it  takes  place  immfr- 
diatelj.         proportkm  of  aodium  in  the  amalgam  must  be  reirj  amiJl,  ant  es- 

Oeeding  1  pt.  to  500  of  moTTUrj.  If  a  SOiid  M  MBir«oUid,MM4gMk  ii  tUWdf  tha  reiflUuit 

proceeds  in  quite  a  ditferent  manner. 

TbiB  it  by  ftr  tiw  best  node  of  preparing  the  aleohcfie  meiwiiry-compounds,  yield- 
ing in  a  short  time  large  quHrititios  of  the  methyl-,  t-thyl-,  and  amyl-compounds. 
Mapwirie  iodethida  and  iodomethide  are  obtained  with  tolerable  facility  l)y  the 
ilxatne^bodabov»>]iMiittoiied;  but  Hie  eaaraapoDBduig  omyl-componnd  was  obtained 
iu  this  way  only  in  quantities  barely  sufficient  for  its  identification.  On  the  other 
hand,  to  obtain  mercuric  c-thide  and  methide  by  the  second  met  liod,  requires  thn  previous 
preparation  of  very  largo  (quantities  of  the  corre«pondijig  zine-oompouiids,  aud  the  pre- 
paration of  m< Touric  amyliae  hM  iwveir  been  attempted  by  a  similar  process,  onMOonnt 
of  the  great  difficulty  of  prepoiin^  zinc-amyl.    (Frankland  and  Duppa.) 

The  mercuiy-compounds  contauiing  2  at.  of  an  alcohol-radicle^  are  easily  coiirertedt 
by  tbe  Mtion  of  bromiiM^  ddooiMk  m  JoduM^  into  oompoiinda  wotatning  only  1  ah 

or  Ml  alcohol-radieh',  e.  g.: 

Hlig"(C'H^)»  ^  Be*  «  Hhg''(C'H»)Br  +  C=n»JJr 
Mercuric  oOitde.  Mercuric  brom.  Kihjilc 

elbide.  broBiMSb 

A  wnilar  action  is  exeitad  by  acids,  e.  g.  by  hydrobromic  acid : 

Hhg"(C»H»)»     +     HBe     -     Hhg''(C'H*)jBr     +  eH».H. 

MwaMleeCllMft  Me^vuiir  brMW  EthrHc 

ciliiae.  brdride. 

With  sulphuiic  acid,  in  like  manner,  the  products  are  mercuric  sulphatethid^ 

filig>  I  [^?^7  and  flUvlio  Iv^ridc 

A  precisely  similar  action  is  exerted  1^  certain  ^alfs.  "Wlien,  forexampl©,  mercuric 
chloride  acts  upon  mercuric  ethide,  the  latter  gives  no  luUf  ita  ethjlinr half  Um 
dUorine  of  tke  former,  producing  2  at  aieievie  «£kMt]iid»: 

HbglCH')'     +     Hl^a*    -  2Hhg^(C*H*)Ct 

On  the  other  hand,  the  mercuric  oompounds  containing  only  1  at.  of  an  aloobol- 
radicle  are  easily  converted  into  others  c  nt.nning  2  at.  of  an  alcohol-radicle :  thus, 
mercuric  iodathuie  and  zinc-ethyl  act  upon  oue  another  in  audi  a  manner  aa  to  jrield 
Mwie  etludA  Mid  iodUe  <tf  IBM :  ' 

The  mercury  compoundH  eout-aining  2  at.  of  an  alcohol- radicle  are  conrerted  into 
the  corresponding  adnc-com pounds  when  heated  with  excess  of  finely-gninulated  sine 
(Frankland  and  Duppa,  Chem.  Boo.  J.  xvii  29): 

RhgXCR*"*)*     +     Zzn»     -     Z2n"(C-H*»+')«     +  Za-nHh^ 

AllyI-eomi»ound« 

Mercuric  lodallglid^    Hhg"  j  ^        When,  iodida  •!  aUyl  is  agitrttd  wfA 

mercury,  a  yellow  crystalline  mass  is  formed,  from  which  the  merctiric  iodaHylide  may 


whits  shining  xhombLc  plates,  melts  at  135°  and  solidifies  on  cooling  to  a  yellow 
oyvbdUne  naat.  Jt  man  quickly  and  strongly  heated,  it  decomposes  for  the  most  purt, 
Ittying  a  carbonaceou.s  residue,  and  giving  off  a  yellow  sublimate. 

The  alcoholic  solution  is  decomposed  by  nitrate  of  silver,  the  whole  of  the  'io<Vum 
being  separated  as  iodide  of  aitver ;  oxide  of  silver  likewise  decomposes  it,  forming 
iodide  of  silver  and  A  stroofdy  alkaHne  solution  which,  on  evaporation,  yiehis  a  syrupy 
atrottgly  alki^ine  mass,  soluble  in  water,  and  forming  salts  with  acids.    This  nrodu<^ 

Jipcobably  nMnwiic  allyl-hydxatsb  oc  hjdnU  meNuaUyl,  Hlig''<^o  *  (Zinia^ 
Ann.  Ch.  Pbarm.  xevi.  393.) 

Mercuric  iodallyhde  is  easily  decomposed  by  hydriodic  add  and  by  iodine.  The 
ftlbiring  eqqaliB—  Mjysiwrt  iBspsatliiiy  th»  wtion  lAnA  Ukm  pho  la  mA  mm ; 
1.  BbgCVI  •f'  HI  ■  Mhgl*  *  CnSP 
8.  HhgC*H>l  +  n    -   mgjp  +  C*H*I. 
Bf-rt helot's  procew?  for  preparing  tritylene,  by  means  of  iodide  of  allyl,  mercury,  and 
hydrochloric  acid,  depends  on  the  first  of  these  reactions.   (Linnemann,  Ann.  Ciu 
RiKm.  ooadlL  1S3.) 
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■odium-amalgam  on  iodide  of  amyl,  in  fvesence  of  acetic  oilier.    6  pta.  bj  wj^it  of 

amylic  iodide,  and  1  pt.  uc<  tie  either  aro  agitated  with  Bodiiim-amafgam  in  a  ve«««jfl 
externally  cooled;  the  protiuet  is  distilled  over  a  water-bath  to  separate  the  acetic 
ether,  and  a  current  of  steam  then  passed  into  the  retort  until  abool  htU  the  hemvf 
liquid  has  diittilled  orer.  The  rei^idual  liquid,  after  washing  vitk  VMbV  tad  diyiBg 
OTor  chloride  of  oaldum,  consiata  of  pure  mercuric  amjlide. 

Thii  eoBpoond  to  «  ookuiM^  twmapwewt,  uoibilft  nquMt  of  opeciile  grarify  1«669S 
nt  0°.  It  has  a  ven'  faint  amylic  odour,  and  leaves  a  porsisti'nt  taste  uj  on  the  palate, 
resembling  that  prgdnoed  bj  other  ornno-meicorial  oompoonda.  It  cannot  be  dis- 
tflkd,  ovoB  in  nw«s  vithoiit  pixtU  deeoiBpodliott.  It  am  bear  s  ttmpanOm  of 

140*i  but  long  before  its  boiling  point  is  rt  ached,  mercury  separates  from  it  in  con- 
siderable quantity.  It  may,  however,  be  distilled  with  water  without  decompositioo. 
It  is  insoluble  in  mrfer,  and  very  slightly  soluble  in  alcohol^  but  dissolves  rc^ily  in 
et/uT.  Exposed  to  the  otr  it  sufl^  no  oxidation,  but  wh«i  allowed  to  hl\  into 
chlortTUSy  it  immediately  produces  dense  white  fumes  of  mercuric  chloro-amylide. 
Brougl^  into  contact  with  solid  iodine,  it  hisses  iiko  red-hot  iron  immersed  in  water. 
Iho  xoidion  vith  iriwfai  to  •till  mm  tkOM  (Fr«Bklnnd  ni  Dnppn.) 

M*rcuri€  Cklor»mffHd$,  Bb^"!^^'.  >«  x«adUy  obtaiaodlj  tnating  nu». 

curie  amylide  wMi  lioefcaifa  lolvlion  of  nenofe  cUorido  In  winw.  It  dooely  m- 

sembles  the  iod>amjlide  {vid.  inf.)  in  its  properties,  is  insoluble  in  water,  but  very 
freely  soluble  in  hot  alcohol  and  ether.  From  its  alcoholic  solution  it  crystallises  in 
beautitui  hair-like  needles,  which  can  be  •oblimed  at  a  gentle  heat  without  decompo- 
sition. It  melts  at  86*»  Md  boi  the  IfpOtHMe  of  a  heavy  oil,  poiiMtly  limpid  and 
colourless.  It  retains  any  excess  of  corrosive  sublimate  with  the  greatest  obstinacy, 
repeated  washings  wit  h  aJeoiuJ  aiul  water  nut  being  sufficient  to  remove  it.  It  may, 
liowofer,  be  purified  by  di.s.Holving  it  r^ieated^  in  atoobol  and  wpuripilnHng  triw 
iPtter*   (f  rankland  and  Duppa.) 

M»reur%9 Udamylid:  Hhg"!^'^".— An ethareal sohitbn of mensoneM^jlid^ 

tnated  first  with  alcoholic  solution  of  iodine,  and  then  with  solid  iodine,  nearly 
tfllf*^*^  to  a  oystaUine  maw  of  mercuric  iod-ai^ylidc^  iodide  of  an^i  being  at  tb« 
id: 

On  washing  the  crude  product  with  weak  alcohol,  pressing  between  folds  of  blotting 
paper,  and  reerystaUising  firom  hot  alcohol,  mercuric  lod-amylide  is  deposited  in  smafi 
pearly  scales,  which  ar-'  not  very  wluVile  in  alchJ,  but  freely  soluble  in  et}u>r.  If  a 
few  drops  of  alcoholic  potash  are  added  to  a  boiling  sat  urated  alcofaohc  solution  of 
tbsM  cratab,  and  tne  liq«ld  kit  to  cool,  no  crfstaLi  appear  ftir  aome  time;  but 
ultimately  large  pearly  plates  are  deposited,  whicli  havr  the  ^nme  composition  as  the 
small  sosfy  czyatals  above  mentioned,  and  reproduce  them  when  washed  with  water 
and  ndUnohred  in  aleohoL  Mevenrie  iod-amylide  to  slightly  sohAfo  in  boffingsMrtirv 
and  separates  tht  refrom  on  co  •h'liL'"  in  minute  crystals  which  app<'ar  as  an  opalescent 
cloud  in  the  liquid.  It  melts  at  122°,  and  on  cooling  solidifies  to  a  white  cqfstaUins 
mass,  having  the  appeaianes  of  st«am;ait  140*itbffin8to  tani  yelkMrilfOfttlbnn»> 
tion  of  mercurous  iouide.  In  a  moderately  heated  current  of  air,  it  may  be  Bublim<Hl 
without  change.  It  is  but  partially  decomposed  by  aleoholie  potash.  Heated  with 
tine  to  130°  iu  a  tioaled  tab«  it  yields  nnc-amyl  and  sipo-amalgam.  (Frankland 
and  Dnppa^) 


Streclcer,  by  acting  on  iodide  ofethyl  with  mercury,  obtained  the  compound  TTg*C*n*I 
or  JXbg^CM'I,  originuly  designated  as  iodide  of  mercuretkuL  or  ioddd*  of  hydrargeti^ 
but  noir edHed  manwio  MSkUk.  BQnbanpt  oblainsaueoon-csponding  chkrina- 
and  bromine-compounds,  by  denomposing  l>iMmit]ii>tri(  tliide  with  mercuric  chloride 
or  bromide,  and  prepared  thert^from  several  of  the  other  salts.  JB  u  c  k  t  o  n  obtained  mer^ 
curie  Pthide  Hg'(C'H*)'  or  Hhg''(C^')*  bv  the  action  of  sinewy!  on  mexcuie  iodetbida 
oronnMVBiaieehlaBds(])p.  921,  922);  and  la;<tly  Franklan  d  and  Duppa  have  shown 
that  this  compound  may  be  more  easily  obtained  by  the  action  of  aodmnipanMlgMn  on 
iodide  of  ethyl,  in  preaence  of  acetic  other. 

Jfsrtf«r<o  Br0m«tHd«,  Hhg  (C^>)ft^.-0liteinad  bj  tiia  aatfoi  of  mmrie 
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•eid,  or  an  alcoholic  solution  of  tha  lyJw  flUiido  iiiUi  riflohJie  twriiifc  It  iUfblai 

the  chlorpthide.  (Diinhaupt.) 

Mercuric  C'url/o  act  hide.  Carbtmatc  of  nmvurethtfl. — Prepared  by  decoraposing 
tlie  ddnt^hide  with  carbonate  of  silver  at  a  gentio  h«at.  It  crystallises  with  difficulty 
and  is  easily  dtH  ornpnsM  by  \mX,  Adda  diQompoM  it^  vith  «voinlion  <tf  cwrfaomo 
anhydride.  (Duuhaupt.) 

Mercuric  Chlnr^tkide.  Hhg''(C«H»)C!.— Obtained  Ijy  «ie  aetion  of  mermrio 
chloride  on  bismutl  lo-  fricthiiloi  Diinhaupt);  by  pndfritati  ng  the  aqnadllt  aofartaon  oftb* 
nitrethidc  with  chloride  of  t»odium  (Strecker);  and  by  treating  merpuric  ethide  with 
alcoholic  soluliuu  of  mercuric  chloride  in  exerts  Q'^ruukland  uud  Duppa).  It  i« 
nearly  insoluble  in  water,  dissolves  sparingly  in  fther,  and  in  cold  alcohol,  but  trviAf 
in  boding  al^cohd,  and  orvstallist-s  tluToftom  inliL'tit  irt<!f"<i  (  nt  iMTninii-,  having  a  silvery 
lustre.  When  heated  to  40^^  it  bublitues  in  thin  iamiuo^  without  previous  fusion,  but 
•t  100^  it  mtBSm  to  %  oily  liquid,  and  thcu  efipontoB  tomgLMig,  Hiaatad  on 
phitinum-fbil  it  iNiinB  with  »  fniit  dilBMiag  a  vny  unplflMmt  odow.  (Diin- 
haupt) 

Mercuric  Cyancthide.  Hhg"(C*H*)Cy. — Formed  by  saturating  an  lilcoholic 
■olatkm  of  mercuric  hydrethide  with  strong  hydrocyanic  add.  Crfstalliaes  readily. 
Very  volatile ;  when  heated  in  a  tube,  it  emits  a  vapour  which  has  an  extremely 
repulsive  odour,  attacks  the  respiratonr  oimins  utrougU,  and  lipp^arw  to  be  highly 
poisonoos;  m  carbonaceous  residue  ia  Ml  in  tne  tobo.  The  CTaaide  di«Mdvw  MkUty  in 
alod^  and  ether.  (Diinhaupt.) 

Mercnric  Ethide.  Hhg'\C-II*)*. — This  compotind  is  prepared: — I.  By  the 
action  of  aine-ethyl  on  mercuric  iodethide.  Drv  pulve.rii»ed  mercuric  iodethida  ia 
added  email  quantities  to  zinc-ethyl  contained  u  a  letort  through  whidi  a  atKam 
of  ooal-gas  is  p:is«ing.  the  mixture  being  incorporated  by  stirring,  ami,  as  soon  as  th© 
ainc-ethyl  is  saturated—  which  may  be  known  by  tiiu  stirring  rod  cc«u>iitg  to  fume  on 
exposure  to  the  air~the  pn^dm-t  i  distilled  till  nothing  bnt  g:ises  pass  over.  The  dlatil- 
late,  which  is  ii  heavy  liquid,  mixed  with  a  little  ether,  is  then  redistilled  wiH;  ;i  -light 
excMs  of  zinc-ethyl,  to  enaore  oomplete  decomposition  of  the  iodetiiide,  then  wabhed  with 
l^diodikaFie  add,  and  tJtwwafda  wilii  irater,  and  Feedfled  (Bnek ton). — ^8.  "Bj  heatbig 

xinc-etliyl  with  nuTCuric  chloride,  avoiding  an  <  xi-i  of  the  latter,  m  othcrMnse  mer- 
etiric  chloretbide  will  be  fotmed:  the  slight  excess  of  siuo-ethyl  is  decomposed  by 
water,  and  the  s^wmted  oodde  of  aino  abnlred  oett  \j  dihite  hydrochloric  acid. 
(Buckton.) 

3.  A  mixture  of  16  pta.  by  weight  of  iodide  of  ethyl  and  1  pt.  of  acetic  ether  ia 
poun  tl  upon  Bodium-aroalgam,  the  flask  being  alternately  agitated  to  promote  the 
reaction,  and  plunged  into  cold  water  to  moderate  the  rise  of  temperature.  The  con* 
pletion  of  the  reaction  is  known  by  the  Hulwi'leTiei-  of  the  temperature,  and  the  abnenoe 
qS  more  than  iracua  of  precipitated  iodine,  wiieu  a  few  dropa  of  the  clear  liquid  re- 
BMining  in  the  flask  are  boued  with  nitric  acid.  When  the  quanti^  of  iodide  ot 
sodium  formed  has  been  increased  so  far  a«  to  render  th«'  i  thereal  liquid  pasty,  thereby 
preventing  a  sufficiently  intimate  contact  with  the  amalgam,  it  is  ad>'i>able  to  place  the 
flaak  in  a  water-bath,  and  distil  olT  tiie  more  volatile  (>ortion  of  the  contenta,  to  ho 
again  acted  on  by  fresh  amrlL-nn^*  If  this  distillation  be  deferred  till  the  n  -iuiir  haa 
beoome  decidedly  thick  aud  pasty,  it  will  not  be  necessary  to  repeat  it,  aa  the  distiilate 
iHn  ranain  edBeisotl^  fluid  vo  to  the  tmainalion  of  the  leeetaon.  The  prodoet  ninsd 
M-ith  water  separates  into  two  layers,  the  ethereal  liquid  either  floating  or  sinking  in 
the  aqueous  solution  of  iodide  of  sodium,  aeoordinff  to  the  degree  of  concentration  oi 
tiio  USttK  It  ia  then  aoeeeeriyBlT  trealed  with  aloohoUe  notaah,  washed  with  water, 
dried  over  chloride  of  calcium,  and  rectified.    (Frank  Ian  a  and  Duppa.) 

4.  Buckton  likewise  obtained  merciiric  ethide  bgr  the  aotioa  of  qraoide  cf  potaseivm 
on  the  iodethide : 

SHbg(Cm*)I  -I-  2KCy   -   Hhe(OB*f      Hhg  +  Qj*  -f  2KI; 

Mtitltniode  of  prepaiation  it  not  adrawtegeoa^  heiag  attended  wiA  eonridanUo 
loes. 

Mercuric  ethide  is  a  transparent  colourless  liquid,  having  a  fiiint  ethereal  odour, 
insoluble  in  wattr,  sparingly  soluble  in  tdcoJudf  easily  in  tther.  Specific  gravity* 2  46. 
Boiling  point  1 68<>  to  ia<^  (Buckton);  IS^  (PrankUnd  and  Dnppa).  Vaponv- 

denhity,  obs.  =  9-97;  enle.  (2  vol.)  »  9-4. 

Mercuric  ethide  burns  with  a  smoky  flame,  giviug  off  a  largo  quantity  of  meretvial 
tapoor.    When  poured  into  <  hioHnf  gas,  it  bursts  into  flame  and  ia  almost  entinijr 

destroyed.  It  acts  violently  also  with  i'vlhir  or  hrointnr,  forming  mercuric  iodethide  or 
brometbide;  if  the  action  V>e  conduetwl  under  water,  ethyl,  or  its  products  of  deeom- 

*  In  tlie  preuaruiiou  of  iDcrcuric  am vlidp  (p. this  tntcTOwilste  dittiUi^on  is  not  nscciMurr.  as 
he  Mqrta  iHslas  wiatkBt  artdttj  lo  atlow  nie  acttoo  te  coiaplsiB  UmU,  ' 
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position  are  eliminrtted  r  hxxt  if  the  Mq[iudii  kfpt eool  liy  &  fiMBilg  Mistua»  Um  j 

I  eth^l  unites  with  the  bromiDe ; 

With  excess  of  alcoholic  mereuric  chloridf,  it  yieldn  mercuric  chlorethide  (p-  923V 
I  With  hyrirochloric  or  tuiflmn9  aoMI,  it  jrieldt  Iqrdri4t  of  etiiTi  and  auMxirie  duor« 

'  ethide  or  sulphatethide : 

2HJig(CH»)«  +  H^SO'    -    2(C»H»H)  +  Hhg»|^^^'. 

Sodium  slowly  tlrrOTii|>oeo!i  Tiior<^\ii-io  othyl,  fornirajj  a  l>uTky  grey  J^poiijST  Tra«f,  "wh{<'h 
is  Twy  li&ble  to  explode  from  slight  cnusea,  and  instantljf  takes  fljre  ou  coming  in  con- 
tact iritii  til*  air.  On  applying  a  gentlo  heat,  a  Violfldt  evolntioM  of  gas  tjikes  jpiatf, 
consisting  of  ethyl  and  nydrido  of  otliyl,  Hodium-otliyl  1>cin^  probaUj  ftnnad  in  thn 
first  instance,  and  then  decompoml  by  the  heat.     (Buck ton.) 

Heated  with  excess  of  finely  granulated  **kj  to  100®  in  a  sealed  tube,  it  yields  ibM- 
ethyl  and  zinc-amalgam.  Heated  with  bitmuth,  it  yields  in  like  manner  bunmlih^ 
f'thrl,  but  the  decomposition  is  not  coriiplctc.  CoJmixm  luatod  witli  mpiraric 
etliidi!  to  100^—130°,  becomes  amrtlgamaf.d,  aiu.l  forms  a  consiJerabk'  quantify  of 
eadminm-stliyl.  Gold  likewise  becom*  anmlirunuited,  but  ftirms  no  trace  of  an  r^r^^^mo 
metallic  compoTiiid.  MpTcnTic  ethide  is  lilcfwino  <lot*ompo«ed  wh<'ii  h<-atod  to  aU^nt 
160°,  with  Clipper,  iron,  or  <i/ivr,  the  copper  becoming  slightly  amalgamated,  and 
inflaminable  gas  being  giren  off ;  bnt  the  oecomposition  appears  to  be  dna  to  tlw 
li'  iit  aloiH-,  iiulipendrntly  of  any  fspixnfic  action  of  tli.^  metal.  No  OUgUKHMlttSBn 
compound  is  fornud  in  cit  her  cas«\    (Frank  laud  and  Pu  ppa.) 

Mercuric  hlJit/l'fif/d  rate' Bhg'^^^^y    Hi/drate  of  Mcrcnrethyf. — Obtained  by 

decomposing  a  boiiinj  alcoholic  aolutioa  of  the  chlorothido  with  ozids  of  silver,  tJiea 
flUenng,  distilling  off  the  aZeohol,  and  avap<Mratlu|f  in  wao.  It  ihm  Tsnains  aa  a 
aoloolsat  oU,  which  is  strongly  alkaline  and  blisters  the  skin.  It  decomposes 
»alt*^  but  not  the  salts  of  potassium  or  magnesium,  and  form^  pmnpitates 
with  I  ho  s;ilta  of  almnrnium^  rinc,  tin^  copper,  qold,  and  platinum.  With  a  large  excess 
of  #u/pAKr</rK;a<r/<f,itformsa  white  precipitate  whichafler  a  whilo  tornfl^ellow,  brown,  and 
black.  Witli  ni<  tallie  Tinr  it  formn  zinc-ethyl,  and  amalgam  of  /.inc.  It  diaaoirvain  Qoidt^ 
fanning  ciystallisable  salts,  viz.  merowrk  chlorethide,  nitrcthide,  &c. 

Mereurie  loietkid^.  Riig(C'IP)T. — TUa  coBBfuounJ  is  oUalnod  bf  Hie  laagHan 
i\1>ove-nirntionod  f  pp.  921.  02'2\  or  Ity  mixiiio:  an  alc  <»!iulIo  solution  of  tho  othyl-hydrate 
with  a  slight  excess  of  alcoholic  iodine.  It  is  insoluble  in  water,  but  soluble  in  boiling 
edchoKol  and  ether,  and  separates  mi  eooling  in  whi^  shhting  laminse.  It  dis^olrea 
also  without  decomposition  in  caustic  ammonia  and  potash.  It  sublimes  at  100" 
without  dtTomposition,  biit  requiref  a  much  «?tronppr  heat  t<>  mt'lt  it.  Tt  is  dpcmn- 
put>4Hl  by  direct  tvn^ne :  hence  in  preparing  it  by  the  action  ol  mercury  on  iodide 
of  ethyl,  the  TeaBsl  nraat  be  aipMM  onlj  to  diflhaed  d^Iiglit  (Bttnhanpt^ 
StveolBarr.) 

Mercuric  Nitre t hide,     in»g''j^Or     HitrcU       ifsroar«%iL— Nitrate  cS 

silvir  added  to  a  .'solution  of  the  iodfthido.  fnniis  a  prrTipifatp  of  iodide  of  silver, 
and  a  solution  of  mercuric  nitrethide,  which  yields  colourless  prisms  by  eraporation. 
(Btraekar.) 

Mtreuric  Pkosphatethide,  or  Phosphate  ii  obtuoed bj  treating 

tho  chlritt  thid.  viith  plin>.phate  of  silver.  It  is  vvvy  st-hiMe  in  mtar,  and  famaina  on 
evaporation  ai>  a  \im:id  diapLonous  mmn.  (Diinhaupt.) 

Mercuric  Sulphatethide.     Hhgrj^^Q^^,.     Sulplotr  of  Mncurethyl. — Pre- 


pared T  y  do.on^^osin^  the  dkionUuda  with  aalphato  of  aUnr.  rrjatilliifn  froaa 

alcohol  in  shining  latiiin;!:-. 

Mercuric  SulpkelUide.     lihg'|^^^*^*. —  This    compound  separates  aa  a 

yellowi'-h-ulute  pulvernlf'tit  pr«  i  jpitate  on  addinp  fiulplnde  of  ammonium  to  an 
alcoholic  solution  of  tho  chlorethide.  It  is  very  soluble  in  alcohol,  ether,  and  gidpkid* 
of  tmumnium,  and  separates  from  tiie  edieieal  adution  in  the  crystaUine  state,  but 
nlwa^-s  mix*  d  with  suijihidr  of  mrronr}*.  The  aleeholio  aolntion  ia  alao  dewHnjc^ffd 
by  evaporation,  depositing  sulphide  uf  meretiiy. 

Metlij  l-eompooiula* 

Mercuric  lodomethtde.  .-H hg"(CH*)I. — This  compound  was  discovered  bjr 
Prankland  (Ann.  Ch.  Phann.  bocsT.  880^  who  oUainad  it  original^  bj  the  notion 
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of  roeremy  on  iodido  of  methyl  In  .««tui6hii1e.    Tn  about  a  week,  fhc  liquid  solidifies  into  \^ 

A  colourless  crj&talliue  niaKo,  and  hy  treating  this  nmBs  wilh  fflior.  lUe  mercuric 

iodethide  is  dissolred,  and  may  thus  be  separated  from  the  remaining  metallic  mercury 

riii  l  *!ic  small  <{ii:inlify  of  io(iidf  of  iiier<"iirv  foniicd  at  the  same  time.  Veri'littlo 

gas  in  given  off  during  the  reaction.   Mercuric  iodomethide  is,  howeT^*,  more  easily  i 

bbtatned  1^  the  action  of  todiw  on  an  aloohoUe  aohitioii  of  moNnrie  Hiafelud«b 

Morcuric  ii^^lomofhidi'  is  a  white  solid  b<xiy,  insolnblo  in  traf*  r,  hnt  dissolnng  pretty  ' 
readily  in  (^jnunon  iikohU,  more  eaaily  ia  nu^lic  ulcobUt  and  very  casiljr  in  dher  and 
In  {poMs  of  mrthijf.  Ey  spoBtaoooiii  oraipomtioii  of  oither  of  fh«ae  aohitibiia,  the 
iodide  is  obtained  in  small,  nacreous,  crystalline  lamine.  At  ordinary  temperatures,  it 
is  slightly  volatile,  emitting  a  peculiar  and  unpleasant  odour ;  the  vapour  vhen  inhaled 
leaves  a  nauseous  taste  on  tne  palate  which  lasts  for  several  days.  At  100",  the 
iodide  is  much  more  volatile,  the  crystals  disappearing  completely  imen  exposed  to  • 
current  of  air  at  that  temperature.  At  143°,  it  melts  and  sublimes  irithoat  deoom^ 
position,  condensing  in  extremely  thin,  shining,  ciystallino  laminae. 

Mereuric  Meihidt,  HIi^(GH*^.  Hereuromtht/l.  Hydrarg<methyl.  Dia- 
eovered  by  Buckton  (Prw.  Roy,  Soc  ix  91),  who  obtained  it  by  distilling 
mercuric  iodomethide  with  cyanide  of  potassium,  hydrate  of  potassium,  or  lime.  The 
best  product  is  obtained  with  the  cyanide.  A  mixture  of  this  salt  with  mercorio 
iodoiliellud«v  alter  being  well  trltumted  in  a  mortar,  is  distilled  by  ^m.ill  (>ortiooa  orar 
a  lamp.  GaseouM  products  are  then  evolved;  iodide  of  potassium  is  formed;  cyant^en 
is  stt  free  and  remuiiis  in  the  form  of  [laracyanogen ;  and  mercuric  methide  passes 
0?er  in  the  Ibnn  of  a  heavy  liquid,  which  may  be  purified  by  washing  with  water  and 
rectlBcntion  over  chknide  «f  flalninin.  The  aamtial  paitcf  themetion  is  rogreMnta^  ^ 

by  the  equation  : 

2Hhg(ClP>I    +    2KCy    -    Hhg(CU*)"    +    2K[    +    Hhg    +  Cf. 

FraoUand  and  Duppa  prepare  mercuric  methide  by  the  action  of  aodium-amal^m  on 
iodide  of  methyl,  in  presence  of  acetic  ether.  The  mode  of  prepui^n  is  exactly  the 
same  as  that  already  described  (p.  925)  for  the  prepnration  of  mm*tirie  etliide,  a 
small  Liebig's  condenser  being,  however,  attached  to  tli(»  neck  of  the  flask,  to  tiiresfc 
theTapoiur  of  iodide  of  methyl,  which  would  otherw  ise  hi-  enrriad  avay  by  the  escaping 
ga«.  At  the  end  of  the  operation,  the  rrsidnes  in  tlie  Haskf  are  mixed  with  water 
and  distilled  ia  an  oil-bath,  the  temperature  of  which  need  uol  be  raided  above 
110°,  and  the  ethereal  distillate,  after  aqpacatum  fkmn  Uie  vater  which  accompanies  it* 
:r  nrritated  with  nloohfllie  potaih  to  Noofe  aoetie  fll]Mr,aiid  flnal^  jpueiflad  bj 
waiibiog  with  water. 

Mereune  uetliide  ia  a  eolonvleai^  atron^y  refracHojg  liqnid,  having  a  fiiint  and 

somewhat  mawkisli  taste.   S]>i  i  ifle  gravity  3-069.   Boiling  point  between  93°  and  DH''.  ' 
Vapour  density,  obs.      8*29  ;  calc.  =  7*97.    It  is  insoluble  in  water,  very  soluble 
in  tdeoM  and  m  «lAsr,  diHnlTM  phosphorus,  c«mackou«t  and  re»hu  easily,  •'iu/piw  in 
anall  quantity. 

Mercuric  methide  is  very  inflammable  and  bums  with  a  bright  flame,  giring  off 
vapour  of  mercxiry.  It  does  not  unite  directly  with  oxygen,  ektoriney  or  other  electro- 
native  elemental  hut  is  completely  deoomposed  by  them.  lading  and  irantM  ael 
upon  it  veiy  eneqtetkalfyf  diminating  methyl'gaa  and  forming  merenriis,  iodo>  m 
biomo-methide : 

2Hlig(CH")«  +  I«    -    2HhgCH«I  +  (CH>)«. 

it  also  forms  mercuric  iodomethide  when  heatetl  witli  !m.rcuric  iodide. 

With  sttmnic  chloride  H  Ibrras  a  crystalline  compound,  which  is  decomposed  by 
water,  with  formation  of  mercuric  chloromethidf  and  a  soluble  tin-salt.  With  strong 
sulphuric  or  hydrochloric  acid^  it  acts  like  mercuric  ethide  (p.  92^\  giving  off  maroh-gas, 
and  IbnBnig  erfstals  of  raeroario  dkkwonwthide  or  sulphatomethide.  Inth  dttuUtSUg 
and  metallic  zine,  it  yields  metallie  mercury  and  pi,«;eous  ]>rodiicts  ;  its  salts  (mermric 
iodomethide,  &c.)  are  decomposed  in  like  manner  (Buckton).  Heated  with  metallio 
9kto  alone,  it  yield*  ffaw*atM  and  ^e^unalgam  (Franklnad  and  Bnppa).  With 
Irrfelferftfa  ^fkoafkenu,  it  taM  narcuric  ohloroBWtUde. 

Mgtouric  mtromgthidg,  Hhtfj^.Q^.  jm«fwfe</^raf99iwayl.--0btaM 

bgr  treating  an  alcoholic  solution  of  mercuric  iudouiethide  villi  nitrate  cf  ailrer,  and 
evaporating  the  filtrate  in  vacuo.  Cr\staHis.s  in  nacreous  lamin?r,  eontaining 
2Hng(CH*)N0».H'0,  very  soluble  in  watrr,  sparingly  ia  alcohol.  At  100^,  it  melts  to 
a  eolourl^  liquid  which  solidifies  in  a  crystalline  mass  on  cooling.  Its  solution  is  not 
pr«»eipitatpd  Hy  pofmh  or  hnrffttt-frntn'.  Ifi/ilrockloric  acid  and  soluble  ehfnridrs  pre- 
cipitate mercuric  chloromethide  in  nacreous  lamin-  (Strecker,  Ann.  Ch.  Pharm. 
ariL  7».) 
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9SS  MEBOXENB— MESmN-SPAR. 

Mtrewrio  Oxymcthidej  or  6tn<^  ^  Hjfiinxrg«tiuUuflt  is  pnxiuced  by  tlio  action  of 

k)doiiMtiildii   It  if  diHoh«d 


unnottia  or      tbmd  nlkaU*  oo  mwciulc  lodoaMtiiSde.   It  k  di«oh«d  bj  an 

of  rither  of  thefio  naf^onb*,  and  the  solutions  viold  wlfli  sulphide  of  ammonium  % 
floocuient  precipitate  of  the  corresponding  tuipkitU,  baring  »  £uat  jelloviak 
and  a  peculiar  and  moat  intolontble  odour.  (Frankland.) 

fibrB.  with  Biotite.  (Sea  Mica.) 

MB.  0W>«.  €lir«wrlfe«0Ai(Oottlieb,A]m.ClL 

Luvii.  268;  Pohiil,  ihUl.  Ixxvlii.  129;  Baup,  /Wt/.  Ixxii.  96), — An  arid  ohtainf<I  by 
boiling  a  weak  solation  of  dtxaoonio  acid  for  half  an  hour  with  about  the  sixth  of 
y€)kam»  of  nitrie  aoid.   Tba  rMWdoo  takm  place  quietly,  and  on  cooHng  the  acid  is 
deposited  in  a  poroelain-like  msss.    A  certain  quantity  of  a  nitro-^t»fwund  is  pro- 
ducrd  at  thftMMtiBM^ibNmvlikhtliaaddiDiijlMpiiz^ 
charootJ. 

MsWflOllla  add  foam  %  warn  of  fine  histrous  needles,  difficultly  soluble  in  cold,  but 

Wftdilj  w?  in  hot  wat^,  and  also  in  alo'hal  and  in  ether.  It  melts  at  200"^  to  a  Ar-nr 
liquid,  which  solidifies  to  a  crjHtallmu  mass.  It  reddens  litmus  and  dt  4'<>!iipos<M  car- 
bonitM.  Heated  vith  soncontrat^d  htfdrioiie  moid  to  U0°— IGO'',  it  m  pirates  iodina 
and  fbrms  pyrotartaric  acid;  it  isai*:')  roTirprtfd  into  this  acid  hy  fodntin-iTna^/rtrn. 
With  bromine^  at  60^— 80"^,  it  forma  mesodibromo-pjrotartaric  add,  C*H*Br»0*, 
(K«kiil4,  Ann.  Gh.  Vbam,  SappL  ii.  85.)     

Hesaconie  add  is  dibn<;ic,  it!  nllt  hsTUigflM IbfondM O^A'M'O'aBd  CfBfMO*,  Thej 
are  almost  all  czjstallisable.  _ 

Tha  mtOMt  ovitm  —If,  CHPftta^.ffl^O,  !■  oMnined  bf  Mbiinitiiif  ilia  i«id  vHh 
carbomte  sf  barium.  It  fbrms  nionoclinic  prisms,  which  suv  unulteraM*-  in  the  air, 
and  give  off  the  greater  part  of  thoir  water  of  crystallisation  at  lOU^.  The  arid 
barium-Mlt,  OH*BiiO\H*0,  forms  hexagonal  plates  of  a  pearly  lustre,  which  persistently 
ttteb  an  excess  (if  acid,  frooi  vihich  they  are  fm-d  with  diMcultr.  The  nmtral  cmh 
aiwH'taU,  C^H'Ca-OMI^),  forms  small  ag^lomerait'd  ii»>«  dl«  si  soluble  in  Id  pfs.  of  water. 
The  neutral  sUvrr-saU  is  a  crystalline  precipitate,  difficultly  soluble  in  water.  The 
acid  tUver-MiU,  OH*AgO*.  is  6blaia«d  m  aaedlM  I7  diMri^g  dM  SMtral  salt  in 
flolution  of  mesaconic  acid  and  evaporating.  £.  A.- 

MBSAOOVIO  araSS.  C»H«0*  =  C»n'(C-H»)-0'.  Obtained  by  distilling 
a  mixture  of  mesaoonic  acid,  eulphoric  acid,  and  aieohoL  It  is  a  colourless  mobile 
liquid,  with  an  agreeable  frtdty  odoor  and  UttflV  tMte.   Itl  dmi^  is  1*043,  and  it 

distils  at  220^  without  altomtion.    It  is  not  attricked  If  muflnki    Boiled  with 

bar)'ta-watt'r  it  yields  alcohol  and  m^aconate  of  barium.  F.  A. 

MXSZTS.  An  oxy^pnted  oU,  Tory  mobile,  Coding  nhavo  70^  and  soluble  in  3  pts. 
rfiiatw^  iiidt^btctlMnadlydirtfllfogligiioaaip^  (Wied«maiiii 
mod  8^ir«iM«;) 

MESZTZKS.   /tr  thf>r  Teqf  mobito  oi^  bailing  Kk  M^,  and  aolabla  in  S  ptk  of 

watiT,  ui»tHiae<.i  ill  ilk*'  in.iiinLT. 

BUWinc  AIiCOBOX*.   A  nam*'  given  to  acetone,  on  the  supposition  that  it  is 
 tiMNdiflIe«Mi«^Cna*,iMOMrie«ithaUjL 

■BYSB.   C*H*0.  A  bo^jr  isomeric  with  acfolrfB,  firadiiMd* 

tocher  with  trinitromesitylene,  by  heating  acetone  with  half  it.--  Vulk  of  strong  nitric 
aciid.  The  action  is  extrem^j  Tioleat^  so  that  it  is  necessarjr  to  cool  Uie  vesbtd  as  boua 
M  fArvtMsnee  beigiiii^  tbsn  kMt  it  agnn  md  lifwat  this  tnatBsnt  sereral  times. 
When  thp  action  is  compleledL  M  dl  m^fu$Jt9$,  eiwwiitiiig  BMttle  tUalgrda  arixed 
with  tmitzomesi^kBew 
M esHie  ddsliyw  is  lightor  dna  water,  bat  a  cwaet  pungent  odoop,  is  "ntj  slightly 

aolublo  in  water,  hut  disMjlvcs  instantly  in  caustic  potjish,  j  ii  lding  a  Ycllowi>*li-hrown 
liquid.  It  absorbs  ammonia  ^:ts  with  at  aridity,  forming  a  brown  resinous  masi^ 
which  ^saolves  in  water,  the  solution  yielding  by  spontaneous  eraparation  erysUls  sf 
mitlth  iMilglrfs  ammomtt.  Nitrate  of  silver  added  to  the  solution  of  these  crystals, 
forms  a  yellow  pr»'dpit«te,  which  blacken*:  when  heated ;  the  redaction  is  scisstiwilsd 
by  the  addition  of  a  few  drops  of  potaah.    (Kane^  Poggf.  Ann.  xlL  491.) 

fityn.  with  DidikfMtteos.  (8m  Aomai^  L  SO.) 

8j&.  wiHh  Qndfl  of  llesityL  (Sss  Ifiwrn.) 

(Mg;Fe)»CO«  or  (Mmg;Ffe)CO».  Brmnnerite,  Pittrnttitt,— 
This  mineral  occurs  in  rhombohcdml  cr}  stals  isomorphous  with  spathic  iron  ore*  and 
magnesita.  £  1  B  «  107°  23';  oB  :  E  «  186°  62'.  hngth  of  principal  axis 
»d^«113«.  Obssvv«d  plsnas,  B.  -|  &  Cls»fSgo  liionbtAisdM], psrfbok  OrptaJm 
often  isjOwddcd.  Al«t>  nuMsivo,  grsnnlsr,  ond  ibfloas.  Htfdness  «■  4  to  4<i.  8)ps- 
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€tfle  gmvity  to  S-AS.  Colon il.  ss,  whit ish,  yfllowish, and  oftan  Inmni  on  expoetire. 
Transpaivnt  to  f.nl>fr;Uislncpnt.  Brittlo.  The  miiif»rul  may  be  rffnirdf'd  as  a  mixture 
of  the  isomorphoufl  carlx)Uiitett  MmgCO"  aud  FfeCO*,  Uic  uroportion  of  the  former 
varyii^  ftom  897  to  42*7  per  e«nt,  and  dwfc  of  tli«  latter  nom  6*1  to  67*2  per  c«Qt. 
S«-)m<^  sp.'cimenM  ftl.>i<j  contnin  «smnll  qimntiti<>s  of  ealoium  and  mnnp;an<\«f-.  M^-sifin- 
spar  occurs  iu  chlorit«  slate  at  St.  Gothazd. ;  also  in  the  ZiUerthal;  at  Hail,  and  ohse- 
wh«te  in  thn  Tjrol,  and  «t  Itevvnalla  i&  Piedmont  The  epoeie*  InfllndM  mvfli  of 
Um  00-called  brovm  spar,  (Dsii%  ii  448.) 
mMtm».   A  hypothetical  mouatomic  radicle^  iapposed  by  Kane  to  adtb  in 

ftcetone  (xegiaded  m         0%  ead  in  oeftein  pxodnota  dbtabed  htm  it 

Chloride  of  Mesitt/l,  CH*C1,  is  prodi^ed  by  p«asing  hydiodlkric  acid  into 
acetone,  which  ii}>sorljs  it  in  larp^e  qiirtntity ;  or  better  by  adding  2  pts.  of  prnta- 
chloride  of  pUuHplioruH,  hy  small  j[>ortions,  to  1  pt.  of  atu  tuu**,  properly  eooltd,  Lhen 
adding  water,  which  separates  the  chloride  of  raesityl  in  the  form  of  an  oily  liquid 
heavier  tlian  "watrr.  Jt  is  n'solv.  '1  ^-v  heat  into  hy<lr(H"hloric  acid  and  mesitylensi. 
Alcoholic  potash  convi-rts  it  iutu  oxido  of  nRsitvL    (Kaue,  Pogg.  Ann.  xUt.  476.) 

Hydrate  of  Me  fit  ^l.     jj         Syii.  with  Acetone. 

Iodide  of  Mesitj/l.  Oily  liquid  iusolublo  in  water,  obtained  by  HintJlling 
Metoiie  with  iodine  and  phosphorus.    It  has  not  been  analysed.  (Kane.) 

Oxide  of  Afetity tor  Metitir  >  ther.  (C»H»)'0.— Produced :  1.  B j tbe ftetioil 
of  alcoholic  potahh  in  cxf'oss  on  chluriiio  of  nusitjl, — 2.  To^^cthcr  with  many  other 
products,  bj  the  action  of  strong  stdphuric  acid  on  acetone  (Kane). — 3.  By  the  action 
of  lim»OD  MOloiM.  AcetMie  left  fat  seyend  wests  to  eontltct  with  qniddintf,  and  then 
mibjpptod  to  fmrfinnal  dtsfillat  ion,  vicMs,  bctwoen  100°  and  2.')0®  a  mixtaro  of  oxide 
of  mesityl,  U>iliug  at  about  129^  and  phorone,  CH»*0,  boiling  at  2»0<^,  which  may 
eaaaly  be  sepemtcM  ^  KctMeslioD.   (>  i  1 1  i  g,  Ann.  Ch.  Pfaarm.  ex.  22.) 

Por<*  oxide  of  mt-sitvl  is  a  cfdourh'ss  oil,  fsniollin^;  \  Wv  pe  ppermint,  f^poolfic  (iravitv 
0-fl48  at  28®.  Boiling  point  (corrected)  131^.  Vapour-density,  obs.  =  3-67  ;  calc.  3-3'9 
^ttt  ig).  It  barns  with  a  rery  bright  flame  (K  a  n  eV  It  is  insoluble  in  toatevy  mizee 
in  all  proportions  with  alcohol  and  ether;  is  conrertea  \lfHiUrie  acid  into  a  l«own  resi- 
nous muss,  and  by  chorim  into  ft  jbeftTj  oU,  wiiidi  wpesa  to  hftve  tike  ooamoMiion 
C«H»CW.   (Fit  tig.) 

M§»ityl-hypophosphorou»  aeieL'—Antnad  contained,  aeoordiiigto  Kan«,in  the 
^rupy  residue  oLtained  by  distilliti}^  acetone  with  iolin*-  and  phosphorus.  Tliis  residue 
solidiiies,  on  cooling,  to  an  amaranthine  mass,  aad  yielik,  by  saturation  with  carbonate  of 
bnhtiii,  ft  «lt  eontaing  20-OjMr  oeat  eariMB,  9*8  hydrogen,  and  49*6  bftijta,  iHMUieo 
Kane  dedoMft  tito  Ibnmilft  PBiO.O*H<0  (eaki  20*7  cubon,  2*46  hjdKcn,  iftd  44*08 
baryta). 

Meait^l- phosphoric  ac/«/'. —An  acid  produced  by  treating  acetone  with  phoe- 
plietio  aeid.  The  nndting  liquid  neutralised  with  basse,  yielde  eoluble  salts.  The 
.fndinm-salt  forms  «?mall  rhomboidal  laminaa,  which,  when  exposed  to  the  air,  bemme 
opaque,  aud  give  off  pert  of  their  water.  Whan  heated,  ihcy  melt  in  ilit-ir  wiiter  of 
crystallisation,  and  utimetelj  Inife  ft  whito  auwi^  winch,  at  a  hi^er  temperatose^ 
swells,  bhiekons,  and  btims.  leaving  pho.«phate  of  Kodium.  The  salt  was  found  to  con- 
tain 48*8  per  cenLaodie  phosphate,  and  2i)'0  water,  agreeing  upproiimateiy  with  the 
tandft  FNfta*.CQ^.|H<0,  vUeh  nqOm  49*0  m&e  phosphate,  and  tt-Sl  vatrr. 
(Kane.) 

Mf!fififln-fin!phnrie  acida. — Kane  found,  nmonj;  tbe  products  of  the  action  of 
sulphuric  acid  U|)ou  acetone,  two  acids  uualagous  in  compueitiuu  to  ethyl-sulphuric  add. 

1.  When  ftoetone  is  mixed  with  twice  its  \<ohiiBe  of  strong  Rnl])hiine  tcid,  the  liquid 
becomes  very  hot^  a*>!»niii'  ^  t  <lurk  })rown  colour,  and  jrirea  off  a  large  quantity  of  (sul- 
phurous anhydride ;  aud  ii  it  be  mixed  after  cooling  with  2  or  3  volume>j  of  waUr  joid 
neutralised  with  chalk,  a  deliooeeeent  naae  ie  olitaned,  in  wfaioh  iohUI  prisms  may  be 
distinguished,  yielding,  accoroinp  to  Kan.  '.«  analysis,  70*6  per  crnt.  caleic  sulphate, 
18-5  carbon,  3'8  hjdragen,  and  7*8  oxygen,  numbers  which  Kane  represents  by  the 
ibrmnla  G*H*O.C«%0«. 

2.  By  trentiniT  2  vol,  acetone  w  ith  IroL  sulphuric  acid,  and  dilutinpr  with  water  when 
cold,  lutne  obtained  another  acid,  the  cidoium-salt  of  which  was  found  to  contain  23*7 
per  eent  fime,  80*3  carbon,  and  4*4  hydrogen,  9xA  may  be  represented,  aeeordinf  to 
Kane,  by  the  formuhi  2C«H«0.Ca*S0*. 

Qerhardt  made  several  attempts  to  obt.iin  these  acids  by  the  processes  above  de- 
scribed, but  did  not  obtain  a  trace  of  either  of  them  ;  he  considers  it  probable  that  the 
only  acid  produead  W  thft  aetaoo  of  oil  of  ynltM  on  fteeCoBe  it  nietli7l«Balpfanno  add. 
(TVaiM  i  704.) 

Vol.  ill.  9  0 
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MliblTYLENE. 


MSaZTT&Bn  or  IlISBmxOX..    C»H»'.    (Kane,  Pogg.  Ann.  xl.  Iv.  474  — 

Hofmann,  Ch^u.  Soc.  J.  ii.  104. — Cahoare,  Compt.  rend.  zxiT.  8^;  Chem.  Soe.  J. 
Hi.  xrii.)— A  hydroearbon,  iMMnaie  with  ooaiaDe,  prodiioed  bj  fhft  aetion  of  salphnrie 
add  upon  acetone.   To  prepare  it,  2  voL  acetone  are  distijldd  wttb  1  toI.  strong  sul> 

phtiric  acid,  thf  heat  being  carefully  rcj^ilnted.  Two  layers  of  liquid  then  collect  in 
the  receiver,  the  iip^or  consisting  of  wry  impure  mesitylene,  and  the  lower  contiuning 
milplinrous  luul  acetie  adds,  raiting  from  a  Meondaij  deeonposition.  Tbe  vfiptf 
rwtitu'fl,  first  aver  the  w.it»>r-li;ith  to  separate  undecompo?«>(l  acetone,  and  th^n 
over  the  naked  fire.  But  the  product  thus  obtained  doea  not  exhibit  a  constant  boiiing 
point,  and  requires  to  be  purified  by  numerous  motillaitaoiw  (Hofmann)»  and  fliuu 
ai-^tili.ifi.m  ov.'i-  phosphono  ;u-iil.  (Cahoure.) 

Mesitylcne  is  a  Tenr  lights  colourless  substance,  having  a  slight  alliaceous  odour. 
It  boUfl  between  ISBP  and  IW*  (Hofmaati),  between  ISV  and  164^  (Caboara). 
Vapour-donsitv,  oLs.  =  4-345  to  4-282  (Cahours) ;  calc.  =  41G0. 

Mesitylene  bums  with  a  bright,  but  very  smoky  fiame.  It  dissolves  iodine,  fonnina 
a  dark  brown  liquid  which  is  not  altered  by  exposure  to  sunshioe.  WHh  bromine  and 
dUtnifte,  it  forms  crystalline  subsli  i' :  u-produeta.  Boiling  nitric  add  converts  it  into 
mesitio  aKlohv*!''  (Kant).  A  mixture  of  fuminffnUrie  aud/uminff  stdph'fric  nHds 
converts  ir  immediately,  aud  without  rise  of  temperature,  into  trinitromesiiylene 
(Caho  u  rs).  It  is  likewise  drcuniposed  by  strong  sulphurie  acid,  but  not b{f  aaaaooa 
alkalis  (Kane).  Fuming  sulphozia  add  eooTarta  it  into  maaitjIeaa-tulpAurie 
aoid  CH'%0*.  (Gabours.) 

Trtbronaomealtylaiie.  CH'Br*. — ^When  bromine  is  added  drop  by  drop  to  raesi- 

tyleuo,  waiting  oach  tiino  till  the  heat  evolved  has  jsubsidiH!,  and  taking  care  to  ke^ 
th©  mesitylene  a  white  crystalline  cumpouiui  is  fumied,  which  may  be  fireed 

ftom  hydiobromic  acid  by  washing  with  water,  in  which  it  is  perfectly  insohible.  Two 
or  three  m'^talliaations  from  boiling  alt^ohol  rf^nder  it  absolutely  pure.  It  forms  wliit*^ 
needles,  which  volatilise  without  decompositiou,  and  arc  not  changed  by  boiling  with 
potaab  or  amnumia.   (H  of maniL) 

Trtoliloromesitylene.  CTI'Cl'. — To  prepare  this  compound,  chlorine  ^as  is 
passed  through  mesitylene  till  the  liquid  solidifies  in  an  acicular  mass,  which  is  then 
dissolved  in  hot  ether  and  crystallised  by  cooling,  the  undecomposed  mcsityl^w  re- 
maining in  the  moth«t4iqiiid.  The  product  is  purified  ^  zaayataOlaatioa,  aad  the 
crystals  dried  between  paper,  but  not  in  contaet  witli  the  air. 

It  forms  white,  shining,  faur-£»ided  prisms,  resembling  sulphate  of  quiIliIK^  volatilis- 
lag  only  aft  a  strong  heat>  but  without  decompaaitaaa.  They  may  also  be  publiraed 
without  altealioa  in  dzy  aniWBonianal  gaa,  and  aie  nofc  daoiini|iaaad  ngr akaboUa  potaah. 
(Kane.) 

antroxnealt^ane.  (>H*^NO^ — Formed  by  treating  mesitylene  with  fuming  nitrie 
aeid,  not  in  esce^  and  carefully  cooling  the  mixture  during  the  action.  This  com- 
pound, when  t  reatod  with  an  alcoholic  solution*of  potash,  beeomr-s  hoatf-d  and  evolves  two 
products  on  distilhition.  One  of  these  is  a  liquid,  which  is  produced  in  very  si&all 
quantity  obIj,  aad  exhibits  the  propertiaa  of  aa  alkaloid ;  Uie  «tfaei;  vbi«ii  ia  aaNd* 
dissolves  very  readily  in  alcohol,  and  separates  from  it  by  spontaneous  evaporitioa 
in  very  fine  tabular  crystals ;  it  is  isomeric  with  nitromesitylene.  (Cahours.) 

mulUowacaitylena.  CFH^(N0^.--Obtained  by  boiling  mesitylene  with  nod«* 
rately  strong  nitric  add.  After  a  few  distillations,  the  whole  of  the  mesitylene  is  con- 
Terted  into  a  crystalline  compound,  which  may  bi^  purifit'd  liy  wa.^hinp  with  water  and 
recrystallisatiou  from  alcohol.  With  dilute  nitric  acid  a  letM  detiuiie  result  is  obtained, 
the  BKaitylana  being  converted,  aflcs  wpeato-l  distillatiaa,  iato  a  y«i]0wm]»  vbkii 
shows  a  tendency  to  crystallise,  but  appears  to  be  a  mixture. 

This  compound  crystallises  in  fine  ueedleii,  ulU^n  sevcml  inches  long,  and  in  appca3^ 
aaee  veseaibling  thoee  of  trinitromesitylene  {yid.ii\f.).   It  viJarilisee  witbowt  ilBUwa 
position,  ar  !  li-  olve.s  with  i^at  fiicilify  in  alcohol.  (Hofmann.) 

Wltromesidiae.  CH'^'O'  .  C»k'«(NOnN.  (Maule,  Chem.  Soc.  Qu.  J.  ii 
1 16.) — ^A  base  obtained  by  the  action  of  sulphydric  add  on  dinitiomeaityleoe : 

When  aa  aloobdSe  aidvtioii  ot  dinitiomarftykaie  ia  •abauttad  to  the  aetioa  of  an!;^- 

ydrie  aciil,  the  liquid  assumes  a  dark  colour  an<l  dt  posita  gradually  a  lars^e  quantity 
of  sulphur,  tke  odour  of  the  sulphydric  aoid  being  at  the  same  time  destroyed.  Tbu 
traatnant »  ooofiniied  fm  aaviml  day^  till  the  aalphydrie  add  ia  no  longer  deeoaa- 
pos*<l.  On  fbe  a  liHtloii  of  hydrochloric  acid,  sulpnur  ia  again  predpitated,  and  on 
separating  this  by  filtration,  a  dear  lipoid  ia  obtained,  wfaicb  wben  mixed  with  potaah 
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or  ammonia,  j  ieMs  a  copious  precipitate  of  imjjure  uitrouiesidiue.  Ey  repeatedly  dib- 
■olnnjs  tUt  impun^  ]iroduct  in  bydneUocie  mad  lad  rrawefaitotiag  hj  an  alkali,  aiiMll 

q»wntTt!V«r  of  Ftill  lulhi'riiii:  sulphur  are  scpnmtpfl,  and  the  substance  gradually  n«<?ame8 
a  bright  ydl  >w  euluur.  Om  or  two  cry^ttaUibaliona  from  alcohol  now  auilico  to  lender 
it  absolutolv  piirc. 

Nitronicsidiiii'  furrrif-  long  no<  «lli'-.'>li:ip(><l  crystals  of  a  troltlen  y<  Ilo\v  colour.  It  molts 
below  100^,  and  solidities  on  cooling  in  a  maas  of  radiated  needira ;  rolatiliaea  without 
deeomporitioD  st  100°,  giving  off  a  ympam  which  bums  widi  m  blniah  flam*;  dis- 
solves vpry  r.'a<lily  in  nlcoh-l  and  dh  r,  and  sparinply  in  ?/v/A  to  which  it  iniji.irts  a 
faint  yellow  colour.  Xhd  solutioiis  hare  an  uapleaaant  bitt«r  tastOb  and  are  uautial  to 
test  papw. 

J7r&;Mm«  acta  violently  on  n if  romosidine,  forming  a  dark  oily  liquid.  An  alcoholic 
solution  of  nitromamdiiio  jialda  with  ekkrrimt  a  pinkLdi  aoliiti  anbataaeo  aolvblB  in 

boiling  ether. 

Hifammesidine  dissolves  readily  in  acids,  forming  crystalline  Milt,  which  lunraw 
are  very  unstaMf",  all  tho.s<'  yet  obtained,  excepting  tho  j)hosph;i to  jtnd  the  phit  innm-palt, 
beinp:  decomj>05j<*d  by  mere  contact  with  water.  They  uro  soluble  in  alcohol,  and  their 
Bolutions  have  an  acid  reaction. 

The  hi<7rr>chU,ratf,  0»H"N'0».HC1,  forms  colourlijss  needles. 

The  c/UoroplatiMt(,  CH'^^^'O^JICLPtCP,  is  pradpitated  in  yellow  cnrstala  on  mix- 
ioff  a  liot  8oniti<Mi  of  platmie  dUoride  to  toLnm,  wifih  a  latiintad  tnliitioii  of  hydro- 

cMomfe  of  nitrome.sldino. 

The  nitrate  ia  veir  unstable,  being  decomposed,  with  evolution  of  rod  aitrona  fumec^ 
wfaen  itB  aq^MOQi  aolvtioii  u  araporated  down  to  a  certain  point. 

The  phosphate,  3C»H'*N'0«.PH"0\  crystaUises  in  orange-colour^  Umism.  When 
nitromesidine  is  dissolved  in  a  very  large  exccs<;  of  phospluxic  attd,  aa  acid  aalt  ia 
obtained,  apparently  containing  only  1  at  uiLromet»idiiie. 

Tha  ndpkatt  tamB  mall  «lky  crjgtalB, 

Trinltromesttylene.  CIT'(NO')'.— Obtained  by  treating  mpsitylene  with  a 
mixture  of  fuming  nitric  and  aulphoric  acida,  its  fonnatioa  taking  place  immediately, 
and  without  rim  of  tamperatiira  It  la  eryatalliiici,  and  —MVyr  at  a  gentle  heat  m 
dazzling  white  nor  dies.  It  is  very  elii^hfly  soluble  in  boiling  alcohol  and  ether,  but 
dissolves  easily  in  acetone.  It  is  very  slowly  acted  on  by  snfphi/drw  add,  only  a 
small  quantity  of  an  alkaline  body  being  formed  after  the  lapse  of  several  weeks. 
(Oahonra.) 

MH  I  ■  I  lllll  yu  III' II II  MIC  AOIB.  Sulphomeaityiic  add,  CH"SO*.— Thit 

acid  is  easily  formed  T>y  dissolving  mcsitylene  in  fuming  sulphuric  acid,  tho  brown 
liquid,  when  exposed  to  the  air,  gradually  solidifying  to  a  orystalline  mmn,  Wlien 
aatimlad  with  carbonate  of  lead,  it  forms  the  lead-salt  CI*H"!PlbiSO*,  very  soluble  in 
wntcr  and  in  alcohol,  and  crystallising  in  noodles  when  ita  aqueous  solnflun  is  l<  ft  to 
evaporate.  The  siiver-sak  ia  also  ciystaUiaab^  veiy  soluble  ia  inUer  and  in  alcohol, 
and  blsdbeiis  quickly  when  exposed  to  l^t.  (Oahonrp.) 

•CB80UB.   JceV'V'/^-.— A  zeolitic  mineral  iclatsd  to  aatnlite  and  Ecoleeite,  oe> 

cnrring  in  implanted  globules  with  n  f!;it  I  Mismnar  radiate  <;tn!(>tnre.  llarilnea**  ^  5. 
Bpecitic  navi^  »  2*36  to  2'i.  Lu^trt)  »iiky  or  pearly.  Colour  greyish- white,  yeUowish, 
or  reddish.  BlEresk  vnoolovrsd.  Traiisliie«irt.  TjMiiiMs  sUAtly  elartio. 

AnafijS'S.—a.  From  the  Faroe  I^landn  (Borzelittt)*-^  noitt AjUUddefinSdlOIMi 

Uisinger. — c  From  Bombay.  (Thomaos.) 

S»0».  Al-0\         Ca-0.         Va'O.  Il^O. 

a.  42-60       28-00       11-43        6-63       12-70    =  100-36 
A.  42-lT       27  00        »00       1019       ll  /d    =    100 15 
43-70      87*fi0       7-61       7*00      14-71    -  M<58 

These  reeultg  may  be  approximately  represented  by  the  formula  (2iIK).SiO*). 
(SAlH)*.afiKO*).^H*0,  or  for  the  Bombay  mineral,  6HK). 

Harn'rifftonite,  a  snow-white  mineral,  occurring  in  the  amygdaloid  of  the  north  of 
Ireland,  with  a  compact  texture,  and  veiy  tough,  maj  be  includMl  in  the  same  general 
IbcBnla.  It  oonlMHk  aceoidiiig  to  ThonKHTf  sasljrsis,  44-S4  vm  oent,  lOkt,  88-iS 
alttoin^  10-68  Uhm^  6-6eiodft,iad  10-88  water  (-  99-85). 

Bee  BoouoRB. 

See  If  ATBOLin  and  Scounm. 

BCSSOTASTAMABSO  Sjn.  with  huamwrn  Tamauc  Aom :  sea 

Tabtjuuc  Acid. 

8  o  9 
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d82  MESOXAUC  ACID— METACETOl^E. 

Wiiiim  in  nilin    C^*0*.  (LtebigandWiSliUr,  iLBB.0li.Flniiii.8TL 

298.—  Svanbi  rjr,  Bora,  Jiihresb.  xxvii.  in.j.V    \,j        formrri  whi  n  alloxnn  of  tUos* 
auic  adki  is  boiled  with  aqneoii«  alkalis,  urea  brin^'  si umlt ;tiir<  usiy  produced; 

C*H'N-0»  +  II-O    -    CH^U*  +  Cll*iNK). 
AliesulcaeU.  UfWu 

The  acid  !«:  nbtaiiuni  b^-  (?t  ••ompnsin^tlio  luirium-snlt  by  sulphuric  acid,  or  thf  leail-^Hlt 
by  sulphydric  add.  It  is  crvstallisabie,  aad  has  a  rttj  sour  tasta,  and  a  strong  add 
reaction.  It  fa  'fwf  aolttbia  in  water;  and  ite  Mlutioik  ki  not  daeompoied  W  boHing. 
Ita  aqueous  solution,  when  neutralised  with  ammonia,  givt  s  with  salts  of  barium, 
st  n  >iitium,  and  whita  pcedpitatsu^  sohible  in  acidsk  or  in  a  laige  quaatitj  of 

WliUT.   

MesoXHlic  acid  is  dibnsic    The  harfum-^K^t  O'BaK)*,  Is  jMUfttd  hf  boiling  a  hot 

•snfMntfwl  solution  of  all'  x mate  of  barium:  a  mixture  of  aUoxanate,  mesoxalate,  and 
carbonate  is  procipitiiUd,  a;id  ilio  solution  yields,  on  eTapomtiou,  crystalline  crusts  of 
urea  and  mesoxalate  of  barium,  tha  latter  of  which  ii  Nanov«d  br  wauiing  with  alcohol. 
The  salt  forms  yellow  laminae,  whifh  ar<^  !uili\ drous  at  90**,  una  at  100°  arc  parfinlly 
docomposad.  Liabig  and  Wuhler  found  per  <^t  barium  in  the  aalt ;  the  caico- 
kted  pncsntag^  ia  66*49.  The  ogfeiww  §att  tanu  thin  tablei^  vbioih  at  90^  contain 
2  at.  watrt' ;  at  1  lo*^  they  lo«o  1  at.  wati-r,  and  above tliat  Icraperatun'  wro  drcornivvsc*!. 
It  is  much  more  soluble  than  the  bahum-salt  (Sranberg).  The  lead-salt^  obtaioed 
by  dropping  aqoMras  alloxan  or  aUoxaale  add  into  aboiUng  aoihitkn  of  nentnl  acetntn 
of  lead,  appears  to  bo  a  ba-sic  salt,  <-ontiiiiiing  4  at.  l->ad.  It  is  decomposed  when  gently 
heated  in  the  air,  pure  oxide  of  lead  remaining ;  hot  nitric  acid  converts  it  into  oxalate 
ol  lead.  According  to  Liebig  and  Wohler,  tiie  normal  lead-solt  is  formed  by  adding 
mcaoxalie  aeid  to  nevtnU  acetate  of  lead.  The  silwT'Sali  is  obtained  as  a  yellow  pre- 
cipitate when  mefoxnlic  aeid  »nd  ammonia  are  nddod  to  nitra^^o  of  >:ilver  :  it  i.t  probaldy 
a  hoMC  salt,  as  it  is  entirely  decompoMod  by  heat  iuto  corbomc  anhydride  a4id  metallic 
silver,  pearhaps  thus,  C'AgH)»  ♦  AgH)  «  3C0*  +  Ag*.    (Liebig  and  Wohler.) 

When  meeoxalie  acid  is  compared  with  carl>onie  :»iid  oxalic  ncids,  it  ^rill  K»  seen  t1iat 
the  three  acids  may  be  regarded  as  oontaining  respectively  the  diatomic  radkles  carbonjL 
00,  oin]5lOK»»,  aad  SMMMfyl 

Carbonic  add  C?HW   -  OO.H^.O*." 

Oxalic  add  C»H*0«    -  CO-.TT-O*. 

Mesoxalic  acid  C'H'O*    =  C»O^H-.0-. 

The  dt  oompo«ition  of  oxaluric  and  allozanio acids  into  urea,  oxalic,  and  me«oxalie  aoidf, 
wspoetively,  shows  that  alloxanic  bejirs  to  oxaluric  acid  the  some  rt^latiou  tliut  luesux- 
aUo  dnes  to  oxalic  acid,  and  from  this  point  of  view  alloxanic} acid  mtjy  be  regarded 
as  nMUQxalniifi  add.  A  similar  relation  is  evidant  betvesn  aUaacnn  and  parabanie 
acid.  F.  T.  C. 

MtaSVA  TMKMOULm  This  plant,  which  grows  in  India,  yields  a  fixed  oil  having 
a  density  of  0^4.  a  ehsatDQt-bnnni edom;  and  aolidilfyiag  «t + ft.  ^epine^  J.  Fhsim. 

mEXACETAMIPE.    Syn.  with  PuoPTON*A'*ravT». 
IWUTACETIC  ACZB.    Syn.  witli  Pkoi'Ionr-  AclD. 

METACBTOITB.  CH'^O  ?  (Fr6my,  Ann.  Ch.  Phys.  [2]  lijL  6.— GotHieb^ 
Ann.  Ch.  Pharm.  In.  187.>— A  snbstanee  oecurring  among  the  prodndn  «f  the  dry  dis- 
tillation of  supnr.  starch,  pim  or  mannite,  with  lime;  it  has  also  bn  n  obtaine^I  1  v  tho 
dihtillation  of  lactate  of  calciiun,  and  oocura  among  the  volatUe  oils  XiMrmed  by  the 
dlstiUalxonorivood. 

Fr.'iny  pn  [  art  '^  im  t.ieetone  l>y  pently  hi-ntii)^  an  intimate  mixture  of  at  least  600 

Sms.  of  sugar  with  times  its  weight  uf  quicklime  in  a  capacious  retort,  withdrawing 
e  Are  after  n  while,  beeanse  the  water  disengaged  fhom  tiiA  sugar,  coming  in  contact 
with  tlie  lime,  raises  tlie  temperature  high  enough  complete  the  reaction  without 
further  application  of  external  heat.  If  the  riiixtnrc  lias  h^vw  w.-ll  made,  scare,  ly  nrtj 
inflammable  gas  is  evolve*!,  and  a  complex  oil  paasea  over  iuto  the  receiver.  I  his  oil 
is  shaken  up  with  water  to  remove  the  acetone  whidh  it  contains,  and  the  rc-iduc, 
which  floats  on  watrr.  i«  rectified  till  it  exhibits  a  eonptant  1  oilint^  point.  It  i«i  ditH- 
cult,  however,  to  obtain  a  pure  product.  According  to  Gottlieb,  it  is  best  to  use  only 
S  pts.  lime  to  1  pt  angar,  and  to  keep  the  receiver  eool.  Metneetone  ie  obtnned  m 
the  same  manner  from  starch,  whii  h  iudct  rl  nppears  tn  yield  rather  more  metacctono 
than  acetone :  gum,  on  the  oontrary,  yields  a  compiurativeiy  larger  ouantitj  of  acetune. 

Hetaeetone  &  a  edeuileas  oil,  haTiuf  an  agreeable  odonr,  tnaohible  in  water,  very 
polnlil."  in  ^/tY<^  ./ an^l  (7/*/ v.  l)Miliii<i;  point  84**.  It  contain.^  according  to  the  ni.-au 
of  Fr^roy's  analysea,  72  2  per  cent,  carbon,  and  101  hydrogen.    The  formula  C^'H>, 
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which  represents  it  as  iHOtaeiic  with  oxide  of  mesityl  and  oxide  of  allyl,  requires  73*5 
carbon,  1()  '2  hydrogen,  and  16*8  oxygen.  When  distilled  with  add ckramate  of  poUu- 
MMMIuid  strong  sulphuric  acid,  it  yields  cari>oiiic  anhy<ln(i< ,  ao«  tic  acid,  and  propioDio 
acid.  As  thes**  prodnrt^  arc  tlio  pnnif*  i\n  thoce  obtaimd  ]iv  the  oxidation  of  propione, 
metacetone  is  8om«  tiiuti?  rt  g;u-Ued  us  impure  propione  (Gm.  Ijl  409).  (Pure  propione, 
C*U'*0,  obtwned  by  distillation  of  propionate  of  barinni,  boils  at  84^  and  contains 
69'3  carbon,  and  11"8  hydroixfii.)  ^letarotonp  dropped  on  heated  pftaf^h-fi or  fused 
hjfdrate  of  potassium,  dutils  orer  in  great  part  unaltered*  the  residue  contaimng  only 
traces  of  propionic  add.  (G-ottlieb.) 

arBTAmvovmiUi.    Sjn.  with  "BmrnsmoMiam  m  Cturini  or  Bisn 

(ii.  211). 

SdETiVCHIiOIiLITr:.  A  folin^fd  C'>Iiimn«r  minrril  from  the  Eiichenbei^  near 
Elbingcrode  in  the  ilarz.  it  iuis  a  vitrouus  to  peiu*ly  lustre  and  dull  le«'k-green  colour. 
Hardn^  «>  2-6.  G^tinises  with  acids.  ContauM,  Sioooidiiig  to  List,  23*77  per  cent. 
^ih^•a,  IC- 13  alumina,  40-36  ferric  oxide,  310  ir.n^npsin,  074  Hme,  1-37  potash,  0  08 
Bodii,  and  l3-7o  water  (  -99-60),  whence  the  formula  3(3M*O.SiO*).2(AlH>*.SiO»).10HH> 
or  4(M«0^0*).8M>0.8A1H)*).8H*0.  {RamirMmrsf  MhuralekmSi,  p.  ML) 

mmgJUmauuao  mMi  Sm  CBaoMnni,  Ozdm  ov  (i.  949). 

lBBTAOnnrAamr«  See  CmcAMSDi  (L  980> 

MBMOMUItf  >  See  Acaomii  (L  67). 

WKISTATJIJIUXC  OStZDB.    The  modificition  of  ferric  hjdraf obtaiAed  Iqr  Piu 

de  8t.  Gill'  <  hy  l  oilinp;  the  ordinar}'  j-Hlow  hydrate  in  VAtez  (jpw  395). 
MBXAr-uHltTROI*.    St  f  Fi  ui  i  uon  ii.  7'3'2). 
XVXi:TACii.Xii;.ic  .a.CZS.    See  Gallic  Acm(ii.  760). 
muTAMUXxa  ACin,  See  Vimic  Aao. 

MBTAX..  MctaU,  MiUiL  mMUOIDu  MddUtd.  MtaOoUt.  The  Uaa 

metal  has  long  been  commonly  applied,  in  teehnieal  tatd  popular  language,  to  a  number 
of  substances  which  uprr^e  in  presentiucr.  in  rartons  defrrces,  a  combination  of  certain 
well-defined  physical  charaotr  m,  by  which  miiuy  of  Lhem  are  t^ily  dislijiguishabld 
from  most  otlker  substances.  (^  Id  and  nlrerwife  formerly  regardled  as  the  typioal 
representatires  of  this  class  of  8i;!t<fances.  These  characters,  however,  are  not  by  nny 
mieaDe  abeoiutely  distinctiye  of  metals ;  for  there  are  many  substances  which  are  not 
metalHe^  and  wudi  nerorUielen  pcsscos  in  a  h^  degree  some  of  the  physical  cha- 
racters of  metalf .  At  a  very  early  date,  attempts  made  by  T!  a  s  i  I  a  1  o  ii  t  i  n  <•  ( O'li- 
clutiona),  Paxaoelsus  (1^39)^  and  Boerhave  (1732),  to  adopt  a  system  of  classi- 
lleatibn,-iraidi  inmld  separate  the  more  characteristic  meteb  from  siibstaaees  poesnMing 
certain  metallic  characters,  such  as  zinc,  antimony,  bismuth,  anhmony-glance,  pyritiu 
and  galena,  which  were  termed  semi-metals  or  bastard  metals.  In  173o, 
Brandt  proposed  to  make  the  presence  or  absence  of  malleability  the  principle  of  this 
dMSifleation,  an<l  upon  this  ground  he  separated  mercury  f  i  the  metals.  The  samo 
view  was  adoptt-tl  by  Voj>el  (\766,  Institutionibus  Chrmue)  anl  Huffon  (ITS?, 
JESsUnre  naturdk  dis  ^^in^■ralf.t•).  Subsequently,  when  Brauuc  had  observed  tlie 
■olidxfleation  of  mercury  by  cold  in  1759-60,  and  this  had  been  confirmed  by  Hut  e  hi  US 
and  Cavendish  in  1783,  the  maUeability  of  this  sobslsJiw  became  loK»«n,  aod  it 
dasaed  among  the  metals. 

The  insnffideney  of  the  distinotion  -which  had  been  dnwn  between  metals  and  semi« 
metals  was  point<  d  out  by  Fourcroy  (1780,  Ff'  /,u')i.<  <r Ul'^t  'h-r  ynturf  Ui  t  t  (f>  Cfi'  ,i,if, 
iL  380)  as  boing  evident  from  the  £ict  that  "  between  the  extreme  malleability  of  gold 
and  the  sfogolar  fragility  of  arsenic,  odier  metals  presented  only  imperceptible  grada- 
tions of  this  character,  and  because  there  was  probably  no  greater  difference  between 
the  malleability  of  gold  and  that  of  Icad^  which  was  considered  to  be  a  metal,  than 
there  was  between  lead  tnvl  /iuc,  which  was  classed  among  scmi-metals,  while  in  the 
mbstances  intt  roirdiate  between  zinc  and  arsenic  the  diffifrenoes  were  slight." 

The  distinct!' -n  Ix-tween  metals  and  semi-nh  tals  was  soon  afterwards  abandoned, 
and  at  the  time  when  the  exiittiag  system  of  clumistry  was  establ'shed  by  Lavoisier, 
the  class  Hetsl  eomprised  se?rateen  substances.  Their  chemical  relations  were 
then  lit tlo  kno^m,  ana  they  ■wfTf  classifiid  trigcther  a.s  metals,  cliit-fly  on  ncconrjt  of 
their  analogy  in  physical  characters,  and  because  they  were  regarded  as  chemically 
aimple  or  einnnitary  snbstaoces.  Sinoe  that  time  a  great  number  of  other  simpSfe 
Bubstanocs  hare  br'<  n  discovered,  which  possi-!~s  mure  or  i'  ss  t!io  physical  cliaracter-'  f 
metals,  but  which  do  not  possess  them  in  that  d^;ree  which  was  formerly  considered 
to  he  th«  diatinetive  peenUarity  cf  »  malsl. 
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On  the  discovery  of  potassium  ami  B<>ljitm  hy  Dav  y  in  1807,  ^  *s  wore  onft  f- 
tained  as  to  their  metallic  nature,  and  it  was  proposed  todiiitingniBh  them  from  iuetal$, 
ou  account  of  their  peculiar  phyi^alc^fctoti,  and  to  tomthnn  mehiUotds*  jMiaif— 
ing  onlj  Boroe  rwwmWanc©  to  metals  (Erman  and  Simon,  1808,  CHtterfs  Atmaf'n, 
xxviii.  121).  Tlii* proposal  wa.'i  not  adopti-d,  Miul  in  ISll  ['nTzeliTis  applie<i  the  t.  rm 
mttttilovi  lo  i]ij>tiu^uisli  the  uou-metalJic  eUmeutarv  >-nl>stance8  from  the  int  taLs,  ta 
vhkh  MBSe  it  has  b«en  commonly  nfied  np  to  the  present  timA^  eliic^  in  relation  to 
ffnb«»tnnces  whicli,  Uk.-  thp  mptnls,  hnrf  not  hci-n  resolred  into  ■UMBtd  COIMtitaNBti^ 
and  which  are  conseoaentlj  regarded  as  elementary. 

A  bigh  de|^«e  of  deonty  was  long  ooondered  to  be  a  peettliarly  distiiwIifoAaapactCT 
I  f 'iiot;illic  suV)Stancfs ;  btit  the  discovpiy  of  th.- earthy  ani!  alhiilin.-  metals  showt^ 
that  this  is  not  the  case,  and  that^  in  r^oid  to  this,  as  well  as  other  physical  character^ 
tlw  term  motal  Iwa  only  a  Telatiru  apf^liettion,  and  dMuld  not  be  emundered  m  repre- 
senting a  class  of  siil»stanc«  s  i  ntin  ly  dL-tinct  from  those  terme<l  nu  f allot' !?-. 

This  fact  has  been  rendered  still  more  apparent  by  the  advanced  investigatiim  of  the 
chemical  characters  and  relatioosof  metals  and  othea*  sabetances;  far  triiQe  tome  of  tlie 
mbetances  possessing,  in  a  marked  degree,  certain  of  tlie  physicid  characters,  hitherto 
rpganlcJ  a.s  distinguishing  metals,  do  not  possfwt,  in  nn  equal  de^[ree,  the  chemical  cha- 
ract«  rsj  of  uutals,  there  axe,  on  the  contrary,  substauees  possessing  few  or  none  of  the 
physical  characters  of  metals,  but  manifesting  in  their  dumiial  charaeten  andnlft- 
tions  the  most  marked  analogy  with  well-defined  metal«».  Thus  for  instance  antimonj, 
molybdenum,  arsenic,  titanium,  &c.,  form  compounds  with  oxygen,  suipiiur,  &c^  whioi 
•no  tho  analogsea  of  solplrarie,  plioi^>borie,  nihie,  and  nlic^e  a<»ds ;  while,  on  tiia  ottier 
hand,  the  electropositive  eiinj>titui  nt;*  of  the  tarths  and  alkiilis,  als<»  hydrogen,  ntn- 
in(nuam,and  someof  the  hydrocarbon  radicles,  correspond  closely  with  the  electn^positiva 
metali^  in  their  general  ehemical  Itanetioii^  and  form  witb  oxygen  anl  ff^hur,  &c., 
compounds  whicli  are  in  the  higliiitdtgito  aiadofflut  tothfltnrieeompoii^  of  aihar, 
lead,  iron,  &c.,  with  oxygen. 

In  a  strictly  chemical  sense,  therefore,  the  term  metal  must  be  regarded  as  represent- 
ing  an  ideal  type,  to  which  a  number  of  substances  approximate  m<g»  orla— ^iadgpett- 
dently  of  their  physical  characters  and  of  their  simple  or  compound  nattm^ 

The  elementary  substances  generally  rog^nrded  as  metallic  are  mo«tly  smlid  at  the 
ordinary  temperature,  the  only  exception  Uing  mi  reur|'  (p.  93;i).  With  the  excep- 
tion of  arsenic,  they  are  mII  capMiIe  o(  bea>ming  liqiiid  at  Tariow  tomperatuxm 
peculiar  to  each,  and  some  of  them  are  CHpaV^lo  <>f  In  infj  converted  into  mpour  by  benL 
la  the  solid  and  compact  state  they  are  in  a  high  degree  impemous  to  light.  A  MM 
of  metil  is  absolutely  opaque ;  but  veiy  thin  laminae  of  some  metals  sBoveertain  zajv 
to  ])enetrate  through  them,  as  for  instunos  gold^ea^  vMdl  tcanamita  Ijg^t  of  n^Mtt 
colour.  ^Faraday,  aee  p^  636,  642). 

In  of  this  impermeability  by  light  and  the  aeoompanying  high  refleatiTO 

power  of  metals  in  t!ie  conn>iut  ur  liquid  states,  they  possess  a  peculiar  lustre  or 
brilliancy,  which  may  he  developed  by  polishing  their  surfaces.  The  colour  of  most 
metals  is  a  peculiar  grey,  with  a  rarjing  tint  orblue ;  but  some  few  are  yellow  or  red, 
as  gold  and  copper,  brass,  bronze,  &c.  (see  Liobt,  p.  041  <t  M^X  ^  colour  bein:^ 
due  to  an  unequal  power  of  absorption  for  different  ny^,  and  varying  a<»eording  to  the 
angle  which  the  incident  rays  form  with  the  surlaee  Jf  the  metal  Whtu  this  angle 
is  v  r)  small,  the  whole  of  the  rays  are  reflected,  ajid  all  metals  appear  quite  colourlet«j». 

One  of  the  characters  which,  in  combination  witli  those  aln  ndy  nuiitionod,  has 
been  regarded  as  most  distinctive  of  metallic  substances,  is  au  internal  mobilityi  in 
vutiio  m  whieh  ihe  .•^iia^ve  of  a  inaas  of  metal  may  be  altered  by  pressure,  haanaering; 
or  hy  other  meelianioal  means,  without  disinte^iration  or  d'snijiilon  of  the  mass.  Tliis 
chamcter,  which  is  presented  in  various  d(^p:t^es  and  modes  br  dill'^  rent  m  tals,  i>i 
flKpmaaed  by  the  tenns  iNafieaMKiiy--deiiolmg  the  capability  of  flattening  or  ^prc;idiu^ 
out  under  the  hammer,  or  between  n  lhT-  and  (/i/c^fV/Yy— denoting  thi  eapability  of 
becoming  longer  and  thinner  by  drawing  through  a  bole  of  lees  area  than  the  tmnsvarae 
section  of  the  ^eoe  of  metal. 

Fov  indhidQal  metallic  substances,  the  d(|;ree8  of  malleability  and  ducUlity  are 
by  no  m^nn^  eqnal :  many  metals,  which  arp  in  a  high  degree  malleable,  as  tin  nnd 
leml,  cauuot  be  Urawu  iuto  very  flue  wire,  \vhilt>  others  which  are  less  malleable,  as 
iron,  eopcer,  gold«  possess  far  greater  ductility.  Both  ehsiactefa  ars  ooaaiderably 
inflnenced  !>y  teiTipf^n^turo,  Within  certain  limits  '.her  aro  generally  ixrrater  at  liiiiU 
than  at  low  tempt'nitures.  The  mechanical  working  of  a  metal  is  also  productive  of 
an  alteration  in  its  molecular  condition,  attended  with  diaiinntion  of  maUeability  and 
ductility  {ham.i  i  r-tmrcfened ;  ecroui).  In  siueh  cases  thuso  oharactOT-s  may  be  restored 
to  the  metal  by  heatingit  and  allowing  ii  to  cool  slowly  {<iiin<aling ;  auUutcn;  T§euir^}. 

*  From  /MrmXXm,  metulj  mid  ui»t,  iikt'iirM. 
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Some  metals  posse sh  so  lirtld  iniillmihiH^  or  dnetility  that  flugr  oanot  be  loUed  iato 
sbeeti^  or  drawn  into  wire. 

Tmacity,  or  the  fwiitinen  to  ftreM  wUdi  tend  to  tosr  atimdnv  aitbtr  by  tonsion, 
crushing,  or  wrenphing,  is  another  cliar.icfi  r  w]ji\h  raetuls  possess  in  very  unequal 
degrees.  It  is  intimately  connected  with  molecular  condition,  and  is  in  some  way 
related  to  malleability  and  ductility.  It  is  largely  influenced  in  particular  metals  by 
the  pnsence  or  absence  of  certain  admixtures ;  by  the  manner  in  which  thflj  hftva 
boon  worked  into  sfmix-,  and  \<y  temperaturo.  In  gt^neral  it  is  re<hi(  «  *!  hy  increase  of 
temperature;  but  iu  soma  amfm  it  iucroabed  withiu  a  certain  limited  riuige  of  tem- 
perature, aa  in  the  case  of  iron  (see  Cuhbsiqii^  L  1078).  Some  metala  poaseai  but  • 
Tory  sli^  dc|p«a  <tf  traadty,  and  aza  than  twaiad  onttla  aa  linc^  aatuaonj,  ud 
arsenic. 

EUuHcity,  or  the  tiapability  of  n  bar  of  BMtal  to  moovar  jti  anginal  ahapa  aod 

diroensionH,  aft<  r  being  hont  or  ^'trofchec!,  i.s  also  a  character  aoniMetod  with  tanaoitj 
axul  internal  mobili^.  It  vuriw  much  in  diflVrent  meUla. 
Kehdlie  mtbsbuioeo  diflwTwy  widelj  in  the  degiaa  of  AottlMM  tlMy  poawie,  or  $n 

cabbie  of  acqniring  by  sudden  cooling  or  otherwise.  Some  are  so  soil  as  to  admit  of 
being  kneaded  like  wax  ([»otii«.5«ium  and  sodium),  others  are  etipahle  of  pcrutclnng 
quarts  yr  evtu  diamond  ^btt-e  1,  ulirominm).  The  presence  of  small  umouxit^  uf  vuriuus 
substances,  such  as  carboDf  aUiaon,  &c.,  in  metals,  oftan  communicates  to  them  con* 
sideRiT  !<'  hardness.  M  %  feMial  i«Uv  a  metal  ia  moca  farittia  in  piopoctka  to  ita 
desree  of  hardness. 

Metals  are  capable  of  Bnenming  a  erp$iailim  struclttn,  gamwallj  belonging  to  the 

cube,  octalicJp  n,  or  some  other  form  of  the  rf-^ular  sptom ;  antimony  and  ar^rnic 
dystallise  in  rhombohedruna.  Metals  oeeumng  native  are  frequently  crytftallised.  The 
eKiatenee  of  efyatalliBe  atrnetnfe  in  a  metal,  eMMideniblj  hxflaeoeea  ita  tenacify.  It  ia 

generally  aooumpanied  b^  an  incn.ii.><od  drgn-o  of  1  :  ittlfi)«'f«s,  ainl  l!iose  metals  which 
are  moi^  easily  crystallised  are,  aa  a  general  role,  the  most  brittle.  CgrstaUina 
fltnietnie  it  s^etimes  assumed  by  metals,  while  in  the  aolid  atate,  under  the  mlhianca 
of  long  oontinaed  heat,  of  percussion  or  of  ribnition,  and  other  mechanieal  actions,  and 
the  chnnj^  thus  T'-  ^i.-.  d  is  oftrn  of  importance  in  relation  to  technical  sppHcntions 
(see  Iu<)-v,  aut' ,  u.  .>J,7).  Mi  talii  may  ofU»n  be  crystallised  by  slowly  cooling  tUom  iua 
melted  state,  and  when  (tt^rtly  solidifie<l,  pourii^  off  the Mouuning  liquid  metal  (sea 
litsMi  iH,  i.  'iOO;  Leah,  lii.  J7S).  Mt  tal.s  often  a^nme  a  c^y^taIl^no  structure  when 
slowly  deposited  from  solutions  of  their  saline  compounds,  aud  i>ume  uau  be  eryt»tallised 
by  aubliaiatioo  (zinc,  arsente). 

MetaLf  and  nu'tanoTds  in  gf-nr-ral  present  a  niarkt-d  difFcrfno'  in  their  power  of  con- 
dnctiiig  eU^^tricity  aud  beat ;  the  conductiTit^*  of  mtiUils  for  electricity  is  greater  than 
that  of  any  other  ■abataneen.  It  Taries  ooosidmibly  in  dtlftnot  metals,  ud  to  aome 
extent  ill  the  individual  metals,  aco'jrdin-r  tu  their  molecular  condition,  t<  nipemturo, 
and  the  presence  or  absence  of  foreign  mlinixtures.*  The  purer  and  softer  the  metiU, 
the  ^a-<  ater  its  conductivity :  the  higher  thn  tt«iup<ir<iture  of  tha  natel,  the  leaa  Ha  oon* 
duoti  vity.  Thaeondaatifilgrof  aoaie  metalloids  is  increased  by  elevation  of  tomperatni*'. 
(See  Wiedemann,  Lehre  vom  Galvanismua  Mitd  SkUtxmuigntikmu*,  L  180.— 
iUatthiessen,  1856,  Proc.  Roy.  Soc.  i.  516.) 

Metals  and  metalloids  differ  m  their  eleetrieal  rehaions,  the  former  being;  aa  n  daaa* 
clrctro-positive,  tlio  latter  clectrij-nepri'^i'^'''-  1  he  (li>tinction,  howev-  r,  is  only  one  of 
degree,  aud  metaia  present  aimilar  did'erences  among  each  other.  (6ce  ELKOTBidxr, 
a.  4S2.) 

M.  tals  JiiTer  wid.  ly  in  their  capacity  for  heat.  The  specific  heat  of  s<-»cl!am  amoxints 
to  nearly  ten-fold  that  of  Inamutb,  lead,  mercniy,  or  goid.  The  couductirity  fur  heat 
alao  diflMta  greatly,  though  metala  genendl;^  poaaeai  a  eonpanlivelv  high  degrae  of 
conductivity  for  loaf.  (See  Despretz,  OompU xaiid» zzs?.  MO. — ^Wiedemann and 
Franz,  1854,  Ann.  Ch.  Phys.  xli.  107.) 

Wie  following  table  presents  some  of  the  principal  physical  chavaotna  of  tiio 
best  known  elemantaiy  metab  and  OMtfadklds,  so  ikr  as  they  have  been  deter- 
mined. In  Bome  cases  the  numbers  given  are  only  approximative.  It  must  also  be 
remembered  that  the  existence  of  these  eharaotrrs,  ami  thu  decrees  in  which  they  are 
prrstntad  by  particular  substances,  are  sometimes  due  to  the  mMaeahir  condition  of  the 
suV'stanre,  rather  than  to  any  inherent  peculiarity.  This  in  moT«e  e«»po<'ifilly  known  to 
be  the  case  with  the  metalloids,  several  of  which  are  polymorphic,  us. sulphur,  phoepho- 
roM,  caAon,  boion,  afficon,  fte»  (See  DmonnQBi^  ii  SSI.) 

•  The  vahm  glT«n  ia  tlw  ■Mowpaajlwg  tiribie  «•  IhIwd  fkom  M»tthi«Mcn'*  rxpwimeotfc  TU 
letMn  A  «ad  «  praaaed  ia  Um  aonilarrs  to  «MinB»  6^  liiakace  UmK  the  wiret  mer*kai  d-4rttumt  or 
and  tiMlsMva  tadiettas  tlua  tbs  ■■■aergifwi  leprwinw  ihe  ceaaaetlviijat  \9  C. 
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Only  a  fow  metals  occur  naf  iv<',  viz.  gold,  platinum,  palladium,  iridinm,  and  rhodium, 
which  are  almost  always  found  in  the  metaluc  state-^silvflr,  copper,  mercor^,  biamath, 
arsenic,  which  are  oft«n  ibund  in  the  mctalUc  sCttte — ^iron,  antiinofBj,  iMd?  nne  f  irhkli 
•TO  Yfgj  mxelj  found  in  tliat  state. 

For  the  most  pnrt,  nn  t:ils  occur  nntnrally  as  ocnstitiipnts  of  various  minerals,  in 
whif.li  they  arc  combiiicd  vviLh  u^^gou,  BulpUur,  chlorine,  or  arsenic^  6ic.,  in  viurioiUl 
proportioDa  and  modes. 

Of  the  ra-  talIr>'iMs  only  tljrf»e  oc^-nr  nntivo  to  any  cnn«iiilcralil'»  extent,  riz.  nitrogen, 
o^gen,  and  Huiphnr.  Carbon  and  .neleuium  occur  but  rareljr  in  an  isolated  8tat«. 
It  is  doubtful  inietiier  fitwriiie  lus  jet  been  obtained  in  th«  ftw  itate^  «f«n  nrti- 
llcially  fsco  ii.  673). 

In  the  chemical  characters  ami  relations  of  metals  and  of  metaUo'tds^  there  are 
iSStemtem  tm  gmat  m  la  their  physieal  ehameten;  These  differmoea,  hanrorer,  an 

manifesti'd  more  in  tlie  functions  whii.'li  tlie  suLsfances  of  one  or  uthfr  cla.ss  perform, 
in  their  compounds  with  other  substances,  than  by  the  capability  uf  direct  combinatioB 
niih  each  other,  which  is  considerably  inflnmoed  bj  ywtiom  ph^-sical  oonditioiis,  siuh 
as  temperature,  stjite  of  a^regation,  &c. ;  hence  also  this  mode  of  chemical  action 
should  probably  be  regarded  iner<  ly  as  a  pha-e  of  snme  more  poncral  dynamic  pro- 
perty, rather  than  as  the  exercise  of  a  peculiar  force,  iuhereut  in  the  diflForont  elementary 
nbstances.  (8fl«  Obswcal  Affinity,  i.  850  et.  $eq.)  But  in  any  case,  ths  irriiit^niro 
of  ohetnlcal  eompnnnd'',  and  their  chanicters  in  relation  to  other  snbsf,nnc<««,  mn^t  be 
teipmied  as  rttjults  of  the  same  mutual  activity  which  determine.^  cht  nii ciil  eombina- 
tioB.  Probably  all  eleonentuy  snbstaiices  are  more  or  lesttepable  of  existing  in  a  state 
of  chfinieal  combination  with  etich  oth^r  ;  f^ut  tlio^e  po«!"?c«;«5in^;  this  eapaliility  in  the 
highest  degree  are,  i«  s  rttie^  either  the  most  opposite  in  their  general  chemicail  rela^ 
tions,  or  else  capable  of  assaDiing  speefsl  ftmetioiui  in  vdation  to  eertain  oUim.  The 
elementary  Bub«tancos  possessing  tho  most  universal  capability  of  existins;  in  coniV>ina- 
tion  with  others,  and  of  direct  combination,  are  floorine?  oag^gRD,  solphor,  chlorine^ 
bromine,  iodine,  and  some  of  the  metals. 

Hydrogen  undoxjrgen,  which  prasent  the  most  decided  differences  in  their  general 
ehemical  rfUition**,  may  l»e  fnken  as  typical  of  thr  two  cla.^Resof  elementary  Hubstancos 
•^metals  and  metalloids — the  one  represcutiog  tho  ba<«ylous,  and  the  other  the 
chlorous  constituenta  of  compoondBi  (Graham.) 

The  hasyloufl  or  chlorous  character«»  of  the  elemmtary  snbstancefl  are  not  however  nbw- 
lutc,  except  perhaps  in  the  case  of  Huorine  and  oxygen.  On  the  contrary,  they  vary  ac- 
eotdinff  to  tne  kind  of  rabatances  existing  in  eambination.  Thns,  for  inatanoe,  chlorino 
and  snlphnr  are  l)oth  ba.Hy!<;>ii.s  in  relation  to  oxygen,  but  chlorous  in  relation  to  hydro- 
gen and  moat  other  elementary  substances ;  again,  among  the  metals  which  are  ^enorall^ 
bM^rlona  in tlieirialiitionalo  other  snfcaCaneea,  aomo  am  aapablo  of  eodating  m  eombi- 
nation  with  others,  in  relation  to  which  they  are  then  feebly  chlorous. 

In  compound  substances  consisting  of  twu  elumentaiy  radicles,  their  chemical 
characters  and  relations  to  each  other  generally  approxiiiMtetothebasylousoFehlorons 
condition  more  or  less  in  proportion  to  the  relative  preponderance  of  en*  ■  th<^r  of 
those  chara^ers  in  one  of  tb^  constituents.  Thti'^  f  >-  example,  in  water  tlur  relatively 
basylous  and  chlorous  chanicttm  of  hydrogen  and  oxygen  are  so  nearly  balanced 
^at  it  is  almost  destitute  of  any  abenieal  aotiTitj  as  an  udqiendent  substance,  and 
that  which  it  dot-s  exhiliit  is,  aconling  to  circumstance,  sometimes  biv-ylous,  a.s  in 
hydric  sulphat^  nitrate,  and  sometimes  chlorous,  as  in  potassium-hydrate,  caldum- 
hydrate,  on. 

In  hydrochloric  acid,  however,  tho  chlorous  character  of  chlorine  relatively  to 
hydrogen  exceeds  that  of  oxygen,  in  such  a  de^^  that  this  substance  is  decidedJIy 
<»doroiui  in  rdation  to  thoae  anbattneea  villi  wfaioh  it  can  enit  in  oombiBaHon.  Bat 

in  hypochlorous  acid,  though  chlorine  is  basylous  relatively  to  <ixygen,  that  hi  '  -i  u.co 
is  fepbly  chlorous  in  its  compounds.  In  soda  and  sodium-chloride,  on  the  contrary, 
the  l  aMylous  character  of  sodium  exceeds  liuit  of  hydrogen,  relativelv  to  oxygen  and 
clilorine,  in  sneli  a  degree  that  the  former  is  highly  basylous,  and  tho  latter  ^J^tly  aa 

The  chemical  activity  of  compounds  as  independent  substances,  is  not  any  mwins 
proportionate  to  that  of  tiidr  constituents ;  thus,  for  instance,  nitrogen  is  one  of  the 
most  indilRmiit  snbatonces,  but  ita  oomponnd  Avith  hydrogen  ii  a  powarftit  alkali, 
and  mmo  of  its  compounds  with  0"XTt'eTi  are  pnvrerful  acids. 

The  proportion  in  which  two  elementarv  substauoes  are  combined  also  iuBueucea 
tibe  ohflmical  ehaiaetew  and  lak^ons  of  the  oomponnd.  Thna,  in  aodhun-peroxida^ 
containing  twice  as  much  oxypen  as  soda  does  in  proportion  to  sodium,  the  Ijasylons 
character  disappeai:^,  And  thii>  compound  is  destitute  ot  any  chemical  activity  as  an  in- 
dep«ident  aabatanoa.  Again,  manganons  oadde  ia  highly  basylous,  and  manganio  oadfde 
slightly  so,  while  the  peroxide  is  indifferent,  and  the  higlier  oxitles  are  chlorous.  In 
like  manner  the  compounds  of  nitrogen  and  of  chlorine,  bromine,  iodine,  &c.  with 
oxygen,  are  more  decidedly  chlorous  in  proportion  to  the  amonnt  of  oxygen  they  contain. 
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The  chemical  fanction  of  manganese  in  manganons  oxide  is  f«s(>ntially  diifi>rent  fn.>m 
that  which  it  exercises  in  manganic  or  permanganic  acidic.  Li  tli«  former  ca^o  the 
metal  correspondi  with,  and  is  chcwierily  equiralent  to,  hydrogen  in  water ;  in  Um 
latter  case  it  rv>Tref ponds  witli,  aT)d  i«i  equivalent  to,  chlorine  and  nitmfi«»n  in  chlorous 
and  nitrous  acidb,  and  to  chlorine  in  perchloric  acid.  (iSeo  Cx.assificatiox,  L  1007 ; 
and  EQcnrAsnrrs,  ii.  491.) 

Ceriiiiu  comprmiulf)  of  t-lt  m.  nlaiy  Bubstanccg  prfsont,  in  thoi'r  gfnrral  chemical 
relations  and  fuuc  lions,  a  very  dose  analogy  vith  the  metals  and  metallcuds ;  &x 
inatnaee,  cyanogen  (8«e  iL  V7$)  and  the  Iiywwarbon  ndicles.   (See  Radkum.) 

ConipouiKis  lire,  lusuully  nanitd  ^*'n<  rIoally  aceordinf,'  to  llu'ir  chlorous  constitiitaits, 
and  specifically  according  to  their  basylous  constituents ;  thus  compounds  in  which 
oxygen,  sulphur,  or  cUotinc,  &&,  are  the  chkaxMs  oonatitamits  are  termed,  oxides, 
nUphides,  chlorides,  &c.  (see  Xomskclaturb).  In  the  case  of  com{K)unds  in  which 
the  rflativL'  l)a«jyluus  and  chlorotis  fniictions  of  the  eou.stltuentH  aro  less  markt-J  or  not 
eoijily  detertiunalilf,  nameti  of  it  mure  arUtrary  uaturo  are  coniruuuly  uiied;  Uiu^i,  for 
instmtce,  the  compoundB  of  metals  with  aaoh  otiier  are  t<  mu  d  altogt,  and  tfaoae  alkjs 
in  uliioh  one  of  the  constitneuts  is  mprniry  are  termed  (t/iui/f/oi/i^. 

8ince  the  speciiic  druuriptiouii  of  particuUu:  compounds  will  be  found  under  their 
wapi'Ufw  heads,  it  does  not  come  within  the  wope  of  the  pccaeofe  aitiola  to  do  man 
than  out  the  leading  eliaraotori.stic  ftiatiiwa  of  Iha  BMMt  inportanfe  olaaaai  of 

compoiHi'is,  %ijr,  oxides,  sxi Ip liidts,  Sec. 

Oxides.  Ail  the  elementary  substances,  except  fluorine,  are  capable  of  exibting  in 
combination  with  oxygen,  in  one  or  aefcml  iitoportioML 

The  phyi*"!!  charactt  r.s  of  oxidrs  arc  graerally  very  difforrnt  from  thoso  of  their 
constituent  basylous  radicles.  Among  the  mftalloi'did  oxides,  some  are  gaseous  undier 
ordinaiy  eoiiditioiM»  aa  earimne  oxide,  carbonic  acid,*  some  of  the  nitrogen  ujMlii, 
Biilphtirons  acid,  iSre.  ;  some  arc  lifjnid,  as  nitrous  acid;  others  are  solid,  as  nitric  acid, 
sulphuric  acid,  silica,  &c  Among  the  metallic  oxides,  all  of  which  axe  solid,  some  are 
TDlatQiaable,  as  aneniona  actd,  antimoaunia  oodde;  the  othctn  »a  fined  rad  noat^ 
infusible  and  in.'^ululde  in  water.  Formerly  metoUic  oxides  wen  oallod  anleefl^  aoo 
their  production  was  tenned  calcination.   (See  Gas,  ii.  774.) 

Man^  oxidea  oaonr  ntrtite  in  great  abondaaoe ;  thus  among  those  of  the  metalloids, 
atzbonic  acid  is  a  eoa<itituentof  the  atmosphere  and  of  u  great  number  of  mineral  sub- 
stances. Silica  al.*!0  i.s  ver}-  a^nnslnnt  both  in  the  states  of  qnai-t/.,  flint,  .'•an*!.  and 
as  a  constituent  of  nuiucrouj*  mini  rals  and  nxks.  Sulphuric  acid  oitcurs  nt'i^ueclly  iia 
a  eooatitucnt  of  various  mineral^*,  as  g;\  |>snm,  selenite,  heavy  spur,  &c  :  boracic  acid 
ocmrs  in  the  hit^oons  of  Italy,  and  in  some  minerals:  phosphoric  JU'id  is  very  widely 
distributed  throughout  the  minenil  kingdom,  in  small  relative  quantity,  and  it  oemm 
fttmndantly  in  plants  and  anhsala.  Anumg  themetalllo  oiadaa^  watn;  the  eaitha,  and 
tho  alkalis  are  prol>aMy  the  mont  alunKhmt ;  cxiptin?^  as  constinients  of  various 
minerals  and  rocks.  Among  the  compotuds  of  tho  heavy  mctak  with  oxygen,  the 
ooddea  of  iron,  manganese,  and  dtee  axe  the  moat  abondnnt,  cither  aa  aai£  or  hi 
combination  with  carbonic  aci<1,  silica,  Sec. 

The  chemical  relations  of  the  oxides  are  as  diverse  as  those  of  elementary  sub- 
sfances.  Among  the  metalloi'dal  oxides  containing  the  smallest  proportions  of  oxygen, 
some  aro  characterised  by  thtkt  chemiail  indiflaiwBce,  as  individual  sul^stances,  in 
relation  to  most  other  substancp»,  as  for  instance  carbonic  oxfdc,  nitroti^  oxide,  &c. 
Those  containing  hu^p^er  proixmions  of  oxygen  are  possessed  of  eoubitleral  lo  chemical 
activity ;  and,  in  their  compounds  with  other  osida^  thegr  pnaent  trlations  which  aro 
grnr  rally  of  a  mor^orleaadeoided^f  obkroiiaehatacter,  aafoinetaoce  aolphnri^ 
and  carbonic  acids. 

The  metallic  oaddee  eootatnin^  the  amailnl  proportknu  of  oo^gen  are  aonetimea 

charactf-rlsed  by  their  eh<  miL'al  intiiffervnce,  sis  for  instance  suLoxide  of  lead  ;  hut 
thej  more  generally  present  relatious  of  a  basyloaa  nature  in  their  compounds  with 
othfV  ooddeai,  aa  tat  tnatanoe  potash,  soda,  JUH»onidev  aihetHndde^  fte.  Am 
containing  laiver  proportions  of  oxyi;en,  some,  such  as  ferric  oxide,  alumina,  Sec, 
present  this  character  in  a  less  marked  degree,  and  in  some  of  their  compound.'? 
thev  aie  chlorous,  as  in  potash-alnminate,  &c.  Other  metaUic  oxides  couuiuing 
still  larger  proportions  of  oxygen,  such  as  manganese-peroxide,  8ce^  are  mostfy 
indifferent  as  individual  substances ;  but  the  oxides  containing  tlu  lar-rst  {n  portiomi 
of  oxy^n  are  in  many  cases  decidedly  chlorous  in  their  compounds  with  other  oxidea; 
as  for  instance,  manganic  acid,  permangaaie  aeid,  stannic  acid,  chromic  add,  in. 

The  chemical  relations  of  comiv^'rTi'fs  rnnsirtincr  of  two  different  oxides  arc  sronernlly 
of  a  nature  corresponding  to  those  of  hydrochloric  acid  and  potaasiuni-chlorido  to 
other  chloridei^  askd  the  mntoal  lelatioM  OT  their  ooBiti^^ 


•  Th«  wnrj'  iicia"  i  .tint  irtici* ]•  medfa  0M•HH••rallMns■ieeM«ral^HHft-,««n 

atid  CO'i  BtUic  acid  N'0\  &c 
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hydrogen  and  chlorine  ia  Jgrdioeiiloiie «eliL  (Sm  Subii;  and  Aan»%  k  99;  Auuju, 
i  116  i  Bam^L  519.) 
"MMttf  oddM  MUtuniBi^  tfa*  laigest  proportions  of  on^gta  m  dMompoeed  at  yarioofl 

temperjttnrf"!  hj  the  uctioii  of  hviit  aluiic,  jii-lilinj^  oxyprn-pis  ana  lower  uxidi'S. 
£xce^og  nitric  which  ia  readily  decompoeed  by  heat,  most  of  the  othtr  higher 
ooddw  of  the  ncteUdkcIt  which  am  kaoim  ia  s  aepante  itatc^  sre  callable  of  supporting 
high  d«'gree8  of  temperature  without  iU<  <)in[><witiun.  The  sesqaioxides  and  peroxides 
of  mettds  arc  gen^^nillv  df^composod  by  heat  ioto  oonrgen  and  lower  ozidea,  and  all  tha 
oxides  of  silver,  guld,  piaiiiium,  &c.,  aia  deoompoaettpy  nodante  degreea  of  heat  inta 
oxygen-gas  and  the  respective  metals.  Some  oxides,  on  the  eontiary,  combine  with  a 
further  quantity  of  oxytTpn,  t-itht-r  at  tin-  ortlinary  temperaturf,  as  for  inf-tanrc  mnn- 
gatiuuit  and  terrvus  uxu!cs,  ur  whetx  healeti  iu  contact  with  oxygen  or  tiUuottpherio  air, 
aa  plumbona  ooii<K-.  Tlii^^  cliitnge  takee  i^ace  most  mdiljin  «mm  eaaee  when  tiia 
OXid*;  is  in  comblnafiou  with  watrr,  or  when  wafer  is  present. 

Must  oxides  may  be  decomjposed  to  a  greater  or  less  extent  by  the  simnltiiueotis  action 
of  hcttt  and  of  aoBM  odieraabetaiieacaiMUe  of  eooibintng  with  ox}'gen,  and  of  abfrtmct- 
iiig  it  from  xho  oxide  operated  ttpon,  bo  as  to  fonn  an  oxide  of  greater  staV-ility  mi<ler 
the  circamstaneee.  This  reduction,a8  it  is  termed,  is  complete  when  the  whole  of 
tiie  QXfgm  ia  eraaiated  ftom  Uia  baaytoaa  ivdiek^  aad  partial  when  tiusa  vjanly  a 
lower  oxide  pniduced.  The  must  powi-rfiil  redueing  agents  are  the  alkali-metala, 
hydrogen,  carbonic  oxide,  and  carbon.  Even  carbonic  oxide  ia  decomposed  by  potas- 
sium or  sodium  with  the  aid  of  beat  The  oxides  of  the  metalloids  are  mostly 
suflcq;iliUa  of  reduction  by  carbon  with  the  of  heat.  Among  metjiUic  oxides  those 
of  iron,  coppfr,  Icid,  bi-smnth,  &c.,  are  completply  rediv^'d  ],y  liydrogen  at  a  red  lioaf ; 
the  oxides  of  mangjuiCisC  and  uranium,  &c.,  arc  but  paruaiiy  redurfd  ;  oxide  of  zinc  w  ith 
difficulty;  while  the  lower  oxidi-s  of  chromium,  manganese  and  unmiuni,  and  the  oxides 
of  the  earthy  and  alkali-metals  are  not  afTeeted  iiy  hydrogen.  In  the  reduction  of 
metallte  ozidM  by  means  of  carbonic  oxide  or  carbon,  the  nietiU  eliminated  often 
eontainaaailMmiBaalataof  aaadrinatnmwtthit  At  very  high  tempefatoaa,  caxbon 
reduces  some  oxides  whifih  a«a  not  aflbctad  hf  hjdngtu,  aa  Air  inatanoa  aada  aad 
potaah  at  a  adiite  heat. 

IVIieii  tlM  ladaatiMi  of  a  ButaOie  odda  Iqr  aatfion  ia  ai^^ 
temperature,  carbonic  acid  is  fornnd;  batwlMtt  it  takta  plaoa  Oafyaifc  a  jwfjl^^ 
temperature,  carbonic  oxide  is  produced. 

The  reduction  of  metallic  oxides  may  also  be  effected  by  heating  them  with  metaUi 
whaaaoiidai  are  less  readily  n  duct d.  Thus  potassium  reduces  several  nu  talh'o  oaidM^ 
and  among  others  ferrie  oxide  at  a  red  heat;  but  at  n  \vhit<-  lieat.  potu.sh  is  decOTnpo!<ed 
by  iron.  The  result  in  this  laiter  caise  may  be  due  tu  the  vuluiility  uf  potssnium  at 
t&t  laaipemtBre^  aad  the  aonaaqmnt  leaMwal  of  amall  portions  reduced  andar  the 
influence  of  a  preponderatiiV];  mas^  of  iron,  f^o  tli  't  tLin  action  takea  place  repeatedly 
until  the  whole  of  the  potanh  is  decomposed,  iiud  without  any  possibihty  of  action 
iMtwacB  flie  potoaiam  Bad  oiida  of  ivon. 

J^y  tlie  action  of  heat  and  reducing  atrents  ujxvn  eonijv>und  oxide.«,  sncli  im  .'^ulphnfes, 
phosphate  there  may  1>e  produced  a  compound  of  the  metal  with  the  chlorous 
ndida,  as  aodittm-butplade,  by  heating  to  fedneaa  a  niitava  of  tha  aotnsponding 
fffTf*'?**  with  carbon.  If  the  radicle  of  the  chlorous  constituent  of  the  compound  does 
not  com>i!nc  with  tlic  inrtal  under  the  circumstHnces,  it  inajT  be  TTTiatiKaiti^  ia  the 
statx:  oi'  ik  Ilvvci-  o.\jdt',  iUj  iu  the  reduction  of  nitrates. 

Some  compound  oxides,  such  as  carbonates,  nitntai^  &c.,  are  decompoaed  hj  tha 
mere  action  of  hmt,  the  acid  being  rliminated  either  unaltered  or  decomposed,  and 
the  metallic  oxide  r* maining  either  in  the  same  state  as  it  existed  in  the  original 
eompoond  or  in  a  liigher  state  of  ooddatioa ;  thus  ferrous  carbonate  yields  bj 
ignition,  ferroso-ferric  oxide  and  a  mixture  of  carbonic  oxide  with  carbonic  acid. 

Certain  metaii  and  metalloVd-<  do  not,  under  an^  kiiuwu  circumstances^  combine 
ditcetly  with  oaqrgro;  for  azan; pie,  gold,  platinum,  nitrogen,  chlorine,  faroauBe,  iodisfv 
&c.  All  the  others  are  capabb  ()t'  combining  directly  with  oxygeUj  some  of  tliem  at 
very  low  temperatures,  a.^  fur  instance  sodium,  potassium,  &c.;  others  like  oopper,  iron* 
carbon,  sulphur,  phosphorus,  &c.,  when  heated  to  temperaturee  di£Rjring  ftr  each.  In 
all  cases  the  direct  combination  with  oxygen  is  att^ded  with  evolution  of  heat,  and 
if  it  takes  place  xapidiy,  it  ia  alao  attended  with  erdlntion  of  light  (See  GoMBuanoii, 
i.  lusy.) 

The  phyaleal  aoaditioii  of  substances  capable  of  combining  directly  with  oxygen, 

influences  very  much  the  facility  \n*th  which  the  combination  takes  place.  A  «tatf  of 
minute  i^ulHlivision  is  mui>t  fuvuuruble,  while  a  eouiptu.'t  condition  is  most  opposed  to 
eomhinatin]!,  espt>ciully  when  the  resulting  oxide  is  inftisible  at  tha  temp<ratun 
pfoduced  by  the  combination,  and  forms  a  protecting  cni.'>t  ov<  r  the  f^nrfice  of  the 
aabataaoeb   Thus  pulverulent  copjper,  heated  to  about  450^     takes  tiro  in  oxygen  ga^ 
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and  is  completely  coiiTertc  tl  into  oxt<1«';  l  >ut  a  plate  of  copper  trailer  the  same  oonditi'on* 
merely  becomes  covered  with  a  cru^t  of  oxide.  On  the  contrary,  a  rtsd-hot  iron  wire 
COBtiaties  to  bum  in  oxygen  gas,  bccanse  the  resulting  ootidB  w  mdtied  at  the  tempera- 
ture pcodvoed,  mad  tlnui  *  firnb  metaUio  flue&oe  ii  cupoeed  to  tho  aetioii  of  tho 
ga«.  • 

Tbe  indinek  ooddatfan  of  meiala  and  metallofdi  may  b«  eflWsted  hy  beating  thent 
wit!i  .lubstancc?  which  erolvo  oxyfrrn  "W'hrn  hr-nted.  snich  as  mtmt«"'S,  chlonites,  &c 
Sumo  metals,  «uch  a«  iion,  zinc,  decompose  vater  in  tlie  pres«iioe  of  ac>d«|  and 
finmoradMvfcidieomUAo  with  tfia  add.  Othaw  d<compoaa  watwpahma  at  the  ogdinaiy 
temperaturo,  like  Hodium,  or  by  the  aid  of  heat,  like  aluminium,  magnesium,  iron,  &c. 
Others  again  decompose  water  in  the  presence  of  an  alkali,  and  with  the  aid  of  heat,  like 
aluminium  and  zinc  The  behaviour  of  iron  with  water-vapour,  and  that  of  ferric  oxide 
irith  hjdrogen,  jmaent  a  striking  illustration  of  the  influence  of  ciremaliliQsa  on  the 
excTriff  of  chemical  affinity.  The  production  of  ferric  oxide  in  the  one  case,  and  the 
reduction  of  the  same  subutaucc  ia  the  other,  are  most  probably  due  to  the  respective 
pcepoDderaMa  of  w»tdt-imonr  fehtive^  to  hvdiogaD,  and  of  hydrogen  niatively  to 
wjitrr-vapour,  and  nlso  to  fh(*  consfnnt  rrmovnl  of  thp  hydropt-n  and  the  wnter-rapour 
which  are  jooduced  in  the  two  coses  by  the  action  taking  place.  A  similar  influeoM 
iaalaomaolftrtediii  the  vednetionof  siiMHi^^  (See  Devillo^  Oonpt. 

lend.) 

The  facility  with  which  different  metals  combine  with  atmoMheric  ozj^n  ui^ler 
oidlnaiT  dveanietaiieeo,  Tiriee  t«it  nradi.  While  the  aUod^metda  an  rapidlj 
oxidised  even  in  dry  air,  neitluT  ^^olil.  silver,  nor  platinum  is  at  all  affected  in  any  c:\s<\ 
Some  metals,  such  ns  iron,  however,  which  remain  perfectly  bright  in  dry  air  or  even 
oxygen,  rapidly  become  oxidised  in  moist  air,  and  covered  with  a  coating  of  oxide.  The 
presence  of  add  vapoua  hi  the  atmosphere  facilitates  this  action  upon  most  oxidable 
motals,  I'lit  In  the  cri'^e  of  some  it  doos  not  cxloixl  herond  the  ^nrfac.  Thus,  for  in- 
stanor,  zinc,  wheu  supeiiicially  oxidi,s(  d  hy  (  xposiire  to  the  atmospheric  does  notondei^ 
furtl:<  r  uxidntion,  theporttODOiinderlyinp:  the  emaCofesido being  in  fact  protected  hfi!L 
In  the  ca^^c  of  iron,  on  the  contrary,  t  he  oxidation  prosjri  f'Ses  nutil  the  whole  of  the  metal 
is  con  vert  e4  into  oxide,  or  as  it  is  termed  ruat^  and  it  even  proceeds  with  accelerated 
rapidily  aftev  the  fteet  oxidatlMi  of  die  Bunfiiea  haa  taken  place  t  ftr  the  eltctropositiTV 
relation  of  tlir  iron  to  oxyfrrri  13  au^nicutoj  by  its  contact  -vrith  the  forrli'  oxide,  and  its 
combination  with  oxygen  is  thereby  facilitated  so  much  that  the  metal  ia  cajpable  of 
decomposing  water. 

A  different  application  of  the  same  principle  may  be  made  the  means  of  preventing 
the  oxidation  of  iron.  Thus  if  the  metal  is  placed  in  contact  with  a  substance  which 
renders  iron  electronegative  in  relation  to  it,  the  at^lnity  of  iron  for  oxygen  is  reduced, 
and  it  faeeoaies  less  liable  to  oxidation  than  it  would  otherwise  have  been.  This  fiict 
has  been  practically  applied  in  the  pilvanising  of  iron,  which  consists  in  coating  iron 
with  a  thin  layer  of  aiuc  which  becom.  s  eh  etrjpusiiive  in  relation  to  iron,  and  tnouch 
the  zinc  is  thus  rendered  more  liable  to  oxidation,  it  still  peotects  the  iron,  since  too 
oxidation  of  the  zinc  is  only  ff!ipflrfttiftl,  and  the  piodNOtioii  of  a  thin  fifaa  of  oxide  vfom 
it  prevents  further  action. 

Solphldoo.  These  form  a  very  numerous  class  of  substances,  which,  ccnsistentlj 
with  Iho  chemical  analogy  between  sulphur  and  oxygen,  preoent  ia  their  general  rela- 
tions considerable  siniilartty  to  the  oxides.  They  contain  variouf^  proportions  of 
sulphur,  and  are  accordingly  tormed  proto-,  gesqui-,  di-,  tri-  and  pento-sulphidea.  With 
the  exception  of  carbon-disolphide,  whkii  correspoikda  to  eaitmue  acid,  the  sul- 
phides of  the  metalloidH  are  but  little  known  :  tlu«re  appear  to  be  several  sidphiiles  of 
phosphorus,  and  probably  more  than  one  sulphide  of  nitrogen.  (See  i<'aradaj, 
Qaait  Jonm.  Sd.  ir.;  Sonbeiraii,  Ann.  Oh.  Phys.  1 2]  IzrH.  bxL) 

The  sulphides  are  capable  of  forming  compounds  with  each  other — sulpho-salts — 
aaalogous  to  the  compcNioda  of  oxides,  in  which  the  sulphides  of  the  most  ba^lous  elo* 


bases— are  ^sykms  in  relation  to  sulphides  containmg  larger  pnvporticaw  of  sufphKU* 
and  less  basyhnis  radicles— sulph o-acid«».  Thtis  potasi^ium-snlphidf  combine?  with 
carbon-di.sul]'liidr  atul  with  arseuio-peuta^ulphide,  forming  potassium-sulpho-carbonate 
and  Dotassiuni-sul|  ii-arseiiate»    The  eidphidee  of  the  aUndi'raetahi  tme  Ibnoeriy 

called  liver  of  sulphur. 
Many  ^ulj  iiides  combine  with  water  and  some  other  oxides,  as  veil  aa  with  chlorides 

and  io<ii'lrs.  iSce. 

The  physical  characters  of  some  metallic  sulphides  closely  re.sfml>le  those  of  the 
m^alsin  certain  partieulan^  such  as  the  peculiar  opacity,  lustre,  and  density,  especialij 
-when  they  aie  in  a  eryatalline  eoaditi'tm.  Thej  arc  ^erally  eryslallieahle,  onttie, 
an«l  of  a  prey,  pale  ycllo^r,  or  dark  brown  colour.*  The  .sulphides  of  the  alkaU-metala 
are  soluble  in  water,  most  of  the  others  are  insoluble.  They  ace  m<»re  frequecd^fiiaibie 
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than  the  corresponding  oxidra,  and  Homenr<  v^'IatiUsable,  as  mercnrjr-niljllide^  ■hmJd 

sulphide.    Carbon-disnlphide  is  an  oiiy  liquid,  insoluble  in  water. 

Metallic  sulphides  occur  native  in  gn^  abundance  in  the  various  forms  of  pvrites, 
blende,  and  glance.  They  are  thtt  priadp*!  tOQIOM  fleon «^ 

•8  lead,  oiip[  f'r.        arc  pxtmctrd. 

Many  bulpiiide»,  when  heated  out  uf  contact  with  atmospheric  uir,  do  not  undergo 
tOBj  decomposition  ;  this  is  the  etse  chiefly  with  those  containing  the  smallest  propor- 
tions of  nulplmr.  fucli  a.s  die  proto*iulpluMos  nf  iron  and  zinc.  Sulphides  coiitiiininj' 
larger  proportions  of  sulphur  are  partially  decompotied  by  heat,  losing  part  of  their 
sniphur,  and  being  eoumted  into  lower  sulphides,  or  partially  redneed,  as  in  tba  omo  of 
iron  disulphide.    Tho  suljiIiiJcs  of  frnld  ami  plutirHim  are  completely  rrduc^-d  ]>y  heat. 

Some  sulphides  mav  he  i\ci-o\u[n)S<-d  by  the  simultaneoos  actioa  of  heat  and  of  sub- 
stanoea  oapMtle  of  combining  with  sulphur.  Thna,  fat  instance,  silver,  copper,  bismuth, 
tin,  and  antimony  sulphides  are  reduced  b^  hydrogen ;  copper,  lead,  mercury,  and  anti- 
mf>ny  sulphides  arc  reduced  by  heating  with  iron;  but,  in  thi«  fomr  of  tlif  sul- 
phide escapes  decomposition,  and  combines  with  the  iron-sulphide  produr.  d,  lorniiiig  a 
aolpho-salt. 

Stdphides  which  are  not  rt  duciKl  1  y  hpat  alone,  are  always  decomposed  when  heated 
in  contact  with  oxvgen  or  atraotipht  ric  air.  Those  of  the  alkali-  and  earth-metals  are 
eonvcited  into  sutj^iateB  bjthis  m<'an8.  Zinc,  iron,  manganese,  copper,  lead,  and 
bi«;mnth  <iiil]»lii>l<'s  arf  convsTtftl  into  oxidrs,  :ind  Hulphurons  aoid  is  jirodncrd:  but 
wheji  the  ,temperatare  is  not  al>ovo  dall  redness,  some  sulphate  is  fonned  bv  direct 
oxidation.  mMomry  and  Bih«r  ^iilpli id<«  am  eompletely  ndnoed  to  tbe  metalue  stato. 
Some  native  sulphides  gradually  undergo  alteration  by  mere  oxjxKsun-  to  tho  atnio- 
i^ere,  but  it  is  then  generally  limited  to  the  Drodttction  of  sulphates,  unless  tho  oxida- 
tion takes  place  so  zapidly  that  tho  beat  generated  waaSdent  to  decompose  the  sulphate 
first  produced.  In  the  production  of  8<jm('  motals  for  nse  in  the  arts,  the  separation  <rf 
sulphur  from  thr  natiro  minendi?  is  effected  chiefly  \lj  minnt  of  this  aotion  in  tba 
operations  of  roasting.    (See  Metalxuboy.) 

Some  metallio  sulphides  are  also  decomposed  by  heating  them  in  contact  with  mAti^ 
mponr,  with  production  of  metallic  oxides  and  sulphurette  d  hydrog.  n  :  I.  ad,  antimony, 
and  mercury  sulphides  are  bat  partiaHy  or  little  affected,  and  the  sulphides  of  alkall- 
or  earth-metals  are  converted  into  8tdphate%  liydiogen  being  eliminated. 

Mi^tallio  sulpliidrs  are  diK'OTnjiosHl  in  like  manner  when  heated  with  metallic  oxides 
in  suitable  proportions,  yielding  sulphurous  add  and  the  metal  of  both  tho  sulphide 
and  ondei  iMallio  Bvqduilea  and  nitntea  euniia  •  aimilar  aelioii,  yiddfiqg  jtedma 
pro]>nrt!()ns  of  nietallia  osda  and  bama  an^batea  aioeocdiBg  to  tfaa  proportiom  of  tha 
substances  reacting.  ! 

Many  metallic  sulphides  are  decomposed  by  acids  in  tiie  proseitee  of  water,  sulphur* 
atted  hydrogen  being  evolved,  while  the  metal  enters  into  combination  wfdl  tlw  aoid 
or  tho  ehlorou.s  radicle  of  the  aeid.  Nitrie  nrld  when  concentrated  decomposes  most 
sulphides,  with  formation  of  mef^dUc  oxide,  sulj  lniric  acid,  Hulphur,  and  a  lower  oxide  of 
nitrogen.    Nitromuriutic  aeid  acts  still  more  ent  ru'-  t  m  ally  in  a  similar  manner. 

Most  of  the  metals  and  metalloYds  are  capable  of  eombininp;  directly  with  sulphur 
when  heated  with  it  under  suitable  conditions.  Goid  and  zinc  do  not  combine  directly 
with  snlphnr.   The  combination  of  metals  with  sulphur  is  attended  with  great  evf^tt*  i 
tion  of  h>-at.  and  ;dso  of  lltrht  wIk  ii  it  takes  ]>lace  rapidlji  bai^g in  ftot  ft  tHM  caaa  of  i 
corobu-"tion  in  which  sulphur  takes  the  part  of  oxygen.  j 

Solphidea  are  also  ptodneed  l^tho  amon of  meids  upon  snlphydric  acid,  both siowly  j 
at  th<  ordinary  temperature,  and  more  rapidly  by  the  aid  of  heat.  Metallic  oxides  I 
heated  with  excess  of  sulphur  yield  sulphurous  acid  and  sulphides ;  sometimes  a  com- 
pound of  sulphide  and  oxide,  as  in  tho  case  of  mangiinose.  The  alkalis  and  earths  do 
not  yiald  salphuroua  add  in  this  way,  but  hyposulphurous  or  .<iulpharie  add,  which 
remain*!  in  conibiiiation  with  n  portion  of  the  l»aso — livnr  i,f  cnlphnr.  .Vfi  tallic 
sulphates  In  atcd  with  carbon  arts  rtMiuct-d,  earboiiic  acid  or  auljouic  oxido  and  suipliideo 
beug  pnxlnei  il.  Hydrogen  gas  exercises  the  same  redudng  action  with  prodneaca  of 
water.    Metallic  oxides  lu  nted  in  eontart  suli'liun  ttcd  liydrop'en  or  vapour  of 

earUm-disolphide  are  converted  into  sulphides,  with  simultaneous  production  of  water 
and  earbonie  add  or  eariMnde  oiida  aonndin^  to  drcmntaaces. 

Solntions  of  mefidlic  eompjunds  yield  precipitntrn  of  metallic  sulphides  when  mixed 
with  solution  of  solphydric  acid,  or  of  soluble  sulphides.  In  the  case  of  metals 
wboae  sulphides  are  decomposed  bj  dilute  adds,  tfaa  sulphides  are  not  precipitated 
unless  there  is  an  alkali  added  to  neutralise  the  acid  of  the  metallic  salt.  ; 

Metallic  sulphides  are  aU^o  produced  by  the  reduction  of  sulphates  by  oi^pUlio  ^ 
substances.    Many  native  sulphides  have  no  doubt  been  formed  in  this  way. 

VftoaplilAa«« — ^These  corapcnnids  are  but  little  known  in  a  definite^  state  ;  but  they 
tppasi  to  be  in  prneral  nnnloeous  to  th»>  .snlphides  in  their  chemical  chnmeters.  The 
metallic  phosphides  are  mut^ily  brittle  and  futtible,  and  the  presence  of  phosphorus  in 
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metals  renders  ikm  hod  tad  biittfo.  <8m  ConvB,  fi.  7S;  Iwnr,  iiL  W,  SH  39t  i 

Lkxd,  iii.  557.) 

Tbe  phos|>hidM     fbe  ■IfcaH-  md  Mith-mHals  are  decomposed  hj  conteet  "vidi 

water,  yielding  oxidos  and  phosphoretted  hydrogen.  Some  of  the  phosphides  are 
converted  bj  ignition  in  contact  with  air  into  b«ao  pbocphatM^  paii  of  Um)  |>boi^barai 

being  volatilised. 

Metallic  pho8phi(lf\«  may  be  produced,  either  "hj  hMting  the  metals  with  phoaphon^ 
by  the  reduction  of  j  hospfiatt^s  witli  carbon  or  hydroji^nn  gaa,  or  by  the  action  of  phos- 
j^boretted  hydrogen  upon  solutions  of  metallic  compounds.  Some  metala  cannot  be 
conifabed  mth  pEuNqshcnui  hy  any  of  thcao  nvUioda. 

flklorideo.— All  the  elementary  radidea,  exoepling  fluorine,  are  known  to  be  capable 
of  existing  in  combination  with  rhlorine.  Th«»  impounds  of  chlorine  with  the  mctalf 
genemllj  coirespond  to  the  oxitks.    (See  Mbtaluc  Cui-ORiDEji,  i.  894  rt.  seq.) 

Among  tho  chlorides  of  the  metalloids,  some  correspond  in  their  oon^OC&ioii  iritlt 
the  r--;  --! oxi.h'.s  Bulphi(L-s,  &c.   (See  i.  999,  764»  tmU,  p.  298.) 

Sromldes. — (Soc  i.  G72  et.  seq.) 

Xodidea.— anU,  p.  28i.) 

JPImmMm.— (See  ii  670  e*.  scq. ) 

VIMUtak'^'With  the  exe*'{)tinn  of  tb.>  nitride  of  carbon  (see  CmnMaor.  8. 
thoj^f  oompcninds  arf>  Imt  little  known.    Thi'  titanium-nitrides  arc  among  the  most 
remarkable.    Several  other  metals  and  metalbids  appear  to  form  definite  compounds 
triflt  nitrogen  in  wffvnl  proportiooiL   (See  Canasn,  1  757;  Bosov,  Vmaam  at, 
L  696 ;  Comni  ii  67;  Irox,  ante,  p.  891 ;  Macnt  ;  v,  ante,  p,  764.) 

Carbides. — Severn!  m«'t;ils  appear  to  bo  capable  of  forming;  compounils  with  carbon, 
but  their  chemical  bistorv  is  little  known.  The  most  important  are  the  iron-carbides 
(iii  871  end  839;  iIm  Cosvwm,  ii  62}.  Mangi&eee  proiMbly  ftcnui  eonpomide  wfth 
earl>on  analogous  to  the  IvoA  carbidee.' 

SUioldee. — The  compouTids  of  silicinm  with  the  metals  am  atill  JbM  icnown  then 
the  carbides.    (3ee  Ibom,  iii.  &'6i,  and  Makoans&b,  ui.  81G.) 

Jjtoys.— Jioct  netele  are  probeM j,  to  ecme  eicteat,  capable  of  exirt&w  in  &  elate 

of  combination  with  oaoli  otlier  in  vk-finite  proportions  ;  but  it  is  difficult  to  obtain 
these  compounds  in  a  separate  condition,  since  they  dissolve  in  all  proportions  in  the 
melted  metals,  and  do  not  generally  differ  so  widely,  in  their  melting  or  solidifying 
points,  from  the  metals  they  tnny  bo  mixed  with,  as  to  be  separated  by  crystallisatioA 

in  a  definite  condition.  Except  i  'i:>  to  this  are  met  with  in  the  cooling  of  ar£r'^ntiferons 
lead  (iii.  604  et.  ieg.\  the  cr) e>iaii;&atiuu  of  brass  (see  CoprEJi,  ii.  48),  and  of  gun 
iii0tia(iL44). 

Bonie  metals  cannot  be  made  to  mix  or  pombine  with  each  other  when  melted 
together,  except  in  very  unequal  proportions.  Thus  lead  retains  only  1*6  per  cenL  aino^ 
and  nw only  1*2  pereent.le«d  (see  Matthieieen  andv.  Boee,  l86I,Fratt.Bo|7.6oe.)b 
Even  M-lK-n  metals  nrv  miscible  in  all  prt^portiontii,  it  in  difficult  to  say  whether  there  is 
actual  chemical  combination,  as  in  the  case  of  potassiom  and  sodium,  tin  and  antimony. 

The  diemieal  Ibree  eapoble  of  btnig  enttea  between  difttrat  netele  mqr>  le  n  nue 
be  eipectofl  to  be  very  feeble,  and  the  consequent  fitato  of  combination  would  therefore 
be  very  easily  disturbed  by  the  influence  of  other  forces.  The  stability  of  sncfa 
metallic  compounds  is  however  greater  in  proportion  to  the  general  chemical 
dissimiUirity  of  the  metals  they  contain.  But  in  all  cases  of  oo»nination  between 
metals,  the  alteration  of  physical  charactpr«  which  is  the  distinctive  feature  of  chemi- 
cal combination,  does  not  take  place  to  any  gnat  extent.  The  most  unque&tiouabla 
compounds  of  melds  aM  still  metallic  in  their  general  plQFlleal  elMMOters,  and  there 
is  no  such  transmutation  of  the  individuality  of  their  constituents  as  takes  place  in 
the  combination  of  a  metal  with  oxvgen,  or  siilpfaar,  or  chlorine,  &e.  The  altaration  of 
cflianeteni  ineUoye  is  gcnetil^  Unned  to  Cite  eofanr,  dei^^  of  lydneM,  tenedty, 
and  it  is  only  when  the  constituent  metals  aro  capable  of  assuming  OppOiiCe  olunucsl 
relations,  that  these  compounds  are  distinguished  bpr  bnUknese. 

The  fomntion  of  aotul  ehemieal  eomponikls  vi  inmei^ed  in  aone  eaeee,  whctt  two 
metals  are  melted  together,  by  several  phenomena,  viz.  the  evolution  of  heat,  as  in 
the  ca«e  of  platinum  and  tin,  copper  and  zinc,  &c.  The  density  of  alloys,  also  differs 
from  that  of  mere  mixtures  of  thr  metals.  In  the  solidificutiou  of  alloys  the  temperature 
doesBOtehrays  fall  uniformly,  but  often  remains  itetlottary  at  partictUar  decrees,  which 
may  be  ropmled  as  the  solidifying  points  of  the  compounds  then  CTystalhsinf;.  Tin 
and  kad  mt.lu-d  together  iu  any  proportions  always  form  a  compound  which  solidifies 
at  187°  C.  The  melting  point  of  an  allov  is  dtan  very  different  frcNB  the  point  of  solidi- 
flcntion,  and  it  is  f^e:    -lly  lower  than  the  mean  meltingpoint  of  the  constituent  metals. 

But  though  metHbi  may  combine  when  melted  together,  it  is  doubtful  whether  they 
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TTinain  comliined  after  the  Bolidiflcation  of  the  mass,  and  the  "wide  difTfrcnoi^s  iK-twoon 
the  meltiiu;  and  solidifying  potato  of  certain  alloys  appear  to  indicato  tliat  thfl 
<nditenc«  of theoe  oompovncia 
is  limited  to  a  certain  range  of 
tt  inpepaturc  Matthiessen 
^IJriL  Ass.  Reports,  1863, 
p.  37)  regards  it  as  pxolMible 
that  th'  condition  of  an  alloy 
of  two  nu'tals  in  the  liquid 
state  muy  ho  either  that  of — 
1 .  A  solution  of  one  ni'  t 'I  in 
another;  2.  Chemical  com- 
bination ;  S.  Meduuneal  mu^ 
tun-;  or,  4.  A  solution  or 
mixture  of  two  or  all  of  the 
abore ;  and  that  nrailar  ^> 
fiprences  may  obtain  as  to  ita 
condition  in  the  solid  state. 
He  considere  that  the  con- 
ductivitj  in  heat  and  elec- 
tricity are  amoni^  the  ehu- 
racters  best  cuicuiatvd  to 
indieate  the  ehetnical  nature 
of  alloys.  In  respect  to  elec- 
tric oondnetiTity,  he^  divides 
netale  faito  two  classes,  rku : 
A.  ^li'tals  wlilfh,  -wlien 
alloYod  with  each  other,  con- 
duel  eleetricity  in  the  Tsltoo 
of  their  relative  volumes — 
lead,  ti  n,  zinc,  cadmium. 

BL  Hetals  which,  when 
allojed  with  each  other,  or 
with  a  metal  of  class  A,  do 
not  conduct  elrclrieity  in 
the  ratios  of  their  relative 
Toltimcs,  lait  always  in  a 
lower  de^e  than  that  eaU 
eeSmtt^  from  the  neaii  of 
their  roltunes — Tn-stnath, 
antimony,platinum,pal- 
ladiiiiB,iron,aIiiittiiiiu  m, 
gold,  co]>per,  silver,  &c 

The  curves  representing 
the  conductivity  of  different 
series  of  aUoys  have  the  >e- 
lation  shown  in  the  aeoom* 
panying  diairrnaib. 

Group  I.  Those  belonging 
to  the  alloys  of  metals  in 
olasa  A  are  almost  etmight 
lines.  That  of  the  lead-tin 
alloys  is  given  m  the  type. 

Grouj)  IL  The  curves  of 
aOoys  of  nietala  In  dan  B 

show  a  rapid  decrement  on 
both  sides  of  the  curve,  the 
turning  points  being  con- 
necte<l  together  by  nearly 
stmifrht  linos.  That  of  the 
gold  silver  alloys  is  given  as 
the  ty)>e. 

r»n>np  III.  The  curves  of 
alloys  of  metals  in  class  A 
with  thooe  In  diM  B  diow 

a  rupid   d.cn  nietit   on  tho 

0i<^  beginning  with  the  metal  belonging  tO'  class  B,  then  turning  and  going  in  a 
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Btraiglit  liud  to  tli«  other  si<K\  Ix-f^inniug  with  tho  metnl  bclougiiig  to  cImh  A.  That 
of  th«  tm-oopper  aUot*  >•  givon     the  tjpe. 

In  n»p^rd  to  tho  alloys  of  the  fir>t  proup,  if  they  were  meelianical  niixturi^,  the 
metaLs  composiiig  them,  udIcm  their  sptH^iflc  graTities  were  the  btuue,  woulU  sepHmte 
iato  two  Iftjen  when  melted  and  slowly  cocA^u  in  the  case  of  the  l^d-sine  alloyi 

(Mat  fill"  (biien  ainl  v.  Bosc,  Proo.  Koy.  xi.  "13(1).  But  the  alloys  of  Lad  :iuil  tin, 
for  example,  do  not  separate  in  the  same  wav  as  lead  and  zinc  Moreover,  homogeneous 
■vim  coiud  not  be  obtained  by  prmmg  if  ueee  alloyf  were  meefaaaieal  nuztwet;  but 
irizeeof  the  tame  alloy  havt  I  ctn  proved  to  have  tlio  Kiino  coiuluc-tiqgpowsr,  WMtlMr 
taken  from  the  press  at  the  beginniuff  ox  the  end  of  the  operation. 

Oil  tlK  other  nand,  the  agreement  between  the  theoretic  and  actual  conductivity  of 
these  alloys,  as  well  as  between  the  calculated  and  actual  percentage  deCMoMni  in 
condurti\ ity  between  0°  and  loo'^  C,  indii\it<  .«>  that,  in  th  •  solid  state.  th*-y  nr^  not 
ohemical  compounds.  In  regard  to  these  particulars,  the  t'oilowiiig  law  iiaa  beeu  found 
to obta^  for  all  alloys  of  the  tot  Mid  aeooiid  gpofm,  mwoDm  lior  tome  of  thoea 
bdonging  to  tht>  thirvl  ^mnp : 

Tlu  actual  ^^entage  decrement  in  condw^vity  between  0^  and  100°  C,  U  to  ihm 
ealeutattidtervmmt,M^a9fualuioik0eabmlatdeonA  (MattlfteMen  end 

Vogt,  Proc.  Roy.  Soc.  xii,  652.)' 

Among  the  alloys  of  the  second  jP^up,  some  may  be  regaixlKl  as  mechanical  mix" 
tures.  Silver  and  oopperftted  ana  wM  etuTpd  together,  separate  when  dow^  eooled, 
iO  that  the  msiss  contains  different  amounts  of  the  metals  at  different  parte 
(Levol,  Joum.  Pharm.  xvii.  III).  But  these  alloys  are  exceptional,  and  most  of  the 
alloys  uf  this  group  may  be  regaraed  as  solidified  eolations  of  allotropic  modificationa 
of  the  metab  ui  eaeh  other.  The  curves  repreacattatf  the  emdM&wkj  of  tho  difierent 
serii  s  of  these  alloys  all  have  the  typical  form ;  ai^  the  deewect  IM  ooadnctmiy 
between  0°  and  100^  C.  agrees  with  the  theoretical  amounl. 

Ih  the  third  group  of  alloys,  the  rapid  deenflMBtin  the  eoodactivity  of  those  alloys 
of  the  povoral  sori<^  whieli  contain  but  very  small  amotints  of  a  metal  hflonfring  to  class 
A,  eannot  be  ascribed  to  the  existence  of  chemical  compounds  of  the  metals.  For,  in 
.  the  totplaee,  theanotmtof  oneof  tiioinalalaiB  tinaUm 
ing-points  of  the  oun  cs  r<  prr  nr'ng  the  aomdiatifiij  of  tM  aaiica  ii  too  mall,  aa  vill 
be  seen  by  the  foUowiqg  iostanccs : 

AHav.  ^  Ttroeatsge. 

Biranu^tui.  tin  •  •  •  0^ 

Bismuth-laad,  laad  •  •  »0 

Silver.  tin  ...  2*0 

Again,  tho  p^eat  simiLirity  of  tho  rnrrrs  representing  the  conductivity  of  series  of 
alloys  belonging  to  tlm  gruup,  uppo»«d  to  the  existence  of  chemicMl  compounds  in 
the  solid  tXioyB. 

Moreover,  the  rdation  betwrrn  the  nmotinf  of  dilTerent  mftals  belong^iup  to  cLiss  A, 
and  the  deoement  in  conductivity  of  the  alloys,  is  tH^uallv  opposed  to  such  a  view  of 
their  oen^Btion.  Tfaoi  in  rilvei^>]ead  and  ailTer^in  alloys,  theaeerenMsUa  in  oondnofchrity 
correspomliii;^  to  0*9  per  cent,  lend  and  0-7  p<  r  oeiit.  tin  Ly  vr>himi'  an-  <  q-ual,  and  in 
bismuth-lead  and  biamath-tin  alloys,  the  decrements  corxeapondiug  to  0*4  per  cent.  voL 
lead  and  0*63  per  oent  toL  tin  are  eqnaL  (See  Kattliioaaoap  FIiiL  Tnuia.  I860, 
p.  171.) 

The  influence  exercised  upon  the  conductivity  of  metals  by  the  presence  of  small 
quantities  of  other  metals  does  not  appt^ar  to  be  in  any  way  determined  bpr  the  altera- 
tion of  crystalline  form  or  tendency  to  fltystallise  which  are  known  to  ba  inflnanced  by 
that  eiivunistancc.    fSrp  Matthip«<pen  and  Vogt,  18fi2,  Phil.  Map.) 

If  it  be  uitbuiui-d  that  iLu  melaht  beluuging  to  clii.^a  B  imdurgu  a  luolecular  change 
when  alloyed  with  one  another  orwithmetw  belonging  to  class  A,  and  that  in  each  an 
all<  troj  ie  t  ondition  is  induced  by  a  small  amount  of  other  metals,  varying  accordinfrto 
the  different  metal%  then  many  of  the  phenomena  characteristie  of  alloys  may  be 
explained.  Thus,  for  inatanoe*  ue  evrva  wyroaeuting  the  eondnetitity  of  aine-copper 
alloys  has  the  same  form  as  those  of  other  alloys  belonging  to  the  same  group,  and 
the  percentage  decrement  in  their  oooductivity  betwe««i  O''  and  100*^  C.  is  exactly  what 
is  indicated  by  the  law  above  stated.  Hence  it  maj  be  inferred  tfiat  aoBd  alloys  of 
sine  and  copper  are  only  solidified  solutions  of  zinc  and  of  allotropic  copper  in  ettch 
other.  The  different  action  of  reagents  upon  alloys  and  upon  tho  metals  constituting 
them,  when  in  an  isolated  state,  mav  also  be  referred  to  the  existence  of  such  allotropio 
modifications  when  they  are  allojaa,  aa  wnll  aa  to  the  atist4mBa  of  rhmiiiiwl  oompfwinda 

of  thf»  Tn<»tals  in  tho  alloys. 

In  the  tin-gold  series  of  alloys,  the  curve  representing  the  conductivity  has  not  the 
typical  liontt  of  this  gxoi9  of  auo^  Bqgianiag  ftom  tin,  tfaw  is  agyadnaldeeremettt 
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08  far  OS  the  alloy  Sn\\u',*  then  a  graduul  increment  to  tho  alloy  SnAtl,  and  then  a  do-> 
Ofliawil  to  SnAu* ;  and  from  the  alloj  containinff  2*7  per  cent,  tin  to  pnre  gold,  the 
increase  of  conductivity  is  roprcfw^nted  by  a  straight  lino.  Thoso  irrcgulariticR  mny  be 
regarded  a»  indicating  thut  the  alloys  corresponding  to  the  turning-points  of  the  ouno 
MB  diemical  compounds,  for  they  have  definite  composition ;  they  contain  largo 
■inount8oflx)th metals :  Sn*Au'  =■  60  per  cent. ;  SnAu  »=  37  percent,  ;  aiul  SiiAu*=  13 
per  cent  of  tin.  Then  the  specific  mvity  of  the  alloy  Sn*Au  is  almost  ec^ual  to  that 
calculated,  while  SiiAn  «ip«ids  mm  BoAxf  eonlncts  more  than  any  of  the  other  tin* 
pold  alloys.  Morrnvi^r,  the  percentage  decrement  in  tlio  conductivity  of  these  alloys 
between  0*^  and  100°  C.  does  not  con£>rm  to  tho  law  above  stated  (p.  943).  Tin  and 
gold  alw  dfmlfe  in  endi  otim  yaj  readily,  vith  erolntioo  of  best 
MatUiicMB  tint  diMiflet  the  Miid  a]k^  eonp^ 


L  SoUdiflcd  whrtioiui  of  one  metal  in  ■aofter  ■lead-tin,  cad]BimB-tiii,.idB«4iB,  lead- 
***f**M»i^  ggid  zinc-cadmium  alloys. 

i.  8<iKdtted  aolutions  of  one  metal  in  tho  allotzopio  modifieation  of  another— lead* 
bieanith,  tiB-VfamvA,  tin-coppor,  zino-coppor,  lead-nlTer,  and  tiii*iAfer  aHoTiL 

3.  Solidified  solutions  of  allotn^j  ii"  mudificafions  of  the  nu  tals  in  i  a<  !i  other — . 
bismuth-gold,  bismoth-eilTer,  paUadiam-nlvei^  platinnm-eilver,  goid-oo£per,  and  gold« 
mtreo:  alloys. 

4.  Chemical  compounds  of  tho  alloys  corresponding  to  Sn'Au,  Sn'Au  and  Au'Sn. 

6.  Solidified  solutions  of  chemical  compounds  in  each  Other— the  allojeintennediate 
between  those  corresponding  to  the  aboTe  formuln>. 

6.  Mechanical  miztaiea  a  "t^XMiUA  iolntaons  of  one  metal  in  another  alloya  of 
lead  and  zinc  containing  more  than  1*2  per  cent,  lead  or  1-6  per  cent.  zinc. 

7.  Mechanical  mixtures  of  solidified  solutions  of  one  metai  in  the  allotropic  modifi- 
eatfon  of  anothet^— alloys  of  zinc  and  bUmath  eontaiiiiiig  mwe  than  U  per  eenk  ahw 
or  more  than  1 1  per  rrnt.  bismuth. 

8.  Mechanical  mixture's  of  solidified  solutions  of  allotropic  modifications  of  the  two 


metals  in  each  other — most  of  the  silver-copper  alloys.  flCfttthiesaea,  Bril  Ami 
lS63—Iirport  on  thr  Ch'  Viiral  Hature  of  AUoija,  pp.  37-48.) 

In  accordance  with  the  rule  generally  obtaining  in  respect  to  chemical  combination, 
the  mwtali  iHl&sh  preeent  the  greatest  dififerenoe  in  their  general  ehemieal  duuractere 
are  the  most  capable  of  existing  in  comliination  with  each  other,  and  of  forming  de- 
finite compounds.  Thus  arsenic^  antimony,  &c.,  which  are  the  most  dilorous  of  the 
nalali^  ftni  BUievoMi  deiaile  eonpooadi  trUh  the  more  basyloue  ineldb-Hrilvcr» 
copper,  iron,  nickel,  colialt,  5rc.,  many  of  which  compounds  occur  natite^  (886 
AaamiDBS  and  Ajteoiowidbs,  L  316,  370,  691,  1041 ;  iL  41 :  iii  368,  632.) 

Btme  araNddeekaeaiMaieirfaeii  heated  OQt  of  eontaetinth  ab;  but  ur  heathy  in 
contact  with  air  ttiej  oM  ooKTiitod  Into  osidai  or  bade  annlniy  vUu  awiimoM 
add  is  Tolatilisedi 

These  eonipounds  am  often  ftmed  hi  metallurgical  opcratloBa  vfth  anenieal 

minerals  containing  col  aU.  ni<<kel,  or  hcoB,  and  ooDeol  a  ft  aqptnto  lajCT  betveoB  the 

reduced  metal  and  the  sulphides. 

The  physical  characters  of  alloys,  though  thoy  always  retain  the  promfaMBt  dia* 

meters  of  metals,  are  in  some  respects  very  different  from  those  of  the  metals  they 
contain,  and  which  render  these  latter  usefiil  in  the  arts.  Thus  the  alloy  consisting 
of  copper  wHh  half  its  weight  of  zinc,  is  much  harder  than  pure  copper,  and  at  the 
eame  time  sufladently  duetue  (see  I^nass,  ii  47  l^eey.)*  The  alloy  of  copper  with  one- 
ninth  its  weight  of  tin  is  mucli  harder  than  copper,  is  well  calculated  for  casting,  and 
has  feuffioicut  te  nacity  for  tho  construction  of  ordnance  (see  Bbohzi^  ii.  43  et  srq.). 
The  alloy  of  copperinth  one-ninth  its  weight  of  aluminium  ia  hard,  tenaeions,  and 
malleable  (see  A LTTimmrM  Brontp.,  i.  155).  Tlio  alloy  of  copper  with  one-fourth  its 
weight  uf  tin  is  very  hard,  and  being  highly  sonorous  is  well  suited  for  bells,  &c.  Tho 
allqref  eepperirith  half  its  weight  of  tin  is  whila^  and  capable  of  Aeeeipiugfach  a  high 
poli^^h  as  to  be  suitable  for  the  reflectors  of  telescopes.   (See  SpBCrLrM  MBTAt,  ii.  43.) 

The  alloy  of  lead  with  one-fourth  its  weight  of  antimony  is  readily  fusible,  much 
iMfdeff  Aaa  had,  bnt  not  brittle  like  antimony-biamuth  or  zinc,  and  is  well  suited  bgf 
thoM  characters  for  tj'pe-founding  (sec  TrpE-M7:T.ii.,  i.  316  ;  iii.  p.  532),  OthKaUoj^B 
ndl  be  found  described  under  tho  heads  of  the  sereral  metals  they  contain. 

CTgehemieal  aetfan  of  teagente  upon  allflrfsif  aometfmeaTeiy  different  firom  their  ao- 
tion  upon  metnls  in  the  separate  state;  thusplatinum,  when  alloyed  with  silver,  is  readily 
diflSolTed  by  nitric  add,  but  is  not  aflfected  fay  that  acid  when  xwailoyed.   On  the  con- 


tsm  aihreiv  vhieh  hi  s  aapaHte  ata*»  ia  Mdflj  diMoM  bj  ail>^ 
Mlfod  bj  it  «hm  alkyid  via  gold  hft  pioportioM  SMh  leal  thaa  0Ba4^^ 
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AnalygU  of  Allotfi, — TIm  aombflr  d  metab  wMA  mU»  into  €b»  eorapositaon  of  tlw 

TariouB  alloys  xute^  in  the  arts  is  not  very  consMiTil/lo.  auil  In  most  onlinary  oa<<  s 
the  following  systematie  Biode  of  testing  mUojs  will  serve  to  aSbrd  iudicatioDA  of  wliAt 
metoLs  they  contain. 

ThA  fincqr  dinded  substance  is  coTercd  with  strong  nitric  tflid  ill  %  fl^Mi  tad 
the  reaction  ia  assistrd  I y  tbo  appliotftioa  oC  *  geatk  heat 

L  2fo  reaction  takes  place,  and 

Mm  The  substanoe  remains  onaltered,  indicating  the  probable  absraoe  of  all  metals 

M  I«IBiaMl  |H«ttMMIIt» 

II,  A  reaction  takes  ptncc,  n  d  nitrons  fuiucs  hiing  r  voh'^  d  ;  and  in  this  c:lso  : 

B.  Solution  of  the  subetwce  ti^es  place  without  any  residue  being  kf^  indieat- 
iug  the  absence  of  ^Id  (pI«tlBWtB  t\  uitlaMny  and  ttii, 

L  The  solution  may  contain  all  the  other  metals  likely  to  l>o  j)r«  n.^if;  in  alloys,  l^c.  ; 
eopper.  lead,  atlTMrt  MiBiylli,  a— iwytwwrtu^  mimai  niitWal,  ••M^  Itmi* 
aJamlnlum. 

0«  The  solution  in  partial,  and  the  residue  is^ 

2.  M<.t"J'!'\  or  n  fJarl-  p.>""i'  r,  indicating  t!ie  preMnwol  W9ik^  plttilaaMw  and 
perhaps  antimony  uud  tin  iu  small  proportious. 
8.  White,  indicating  the  prsMoee  of  wooMmua^  or  ftef  and  pediapa  yM  and 

ylattnnm  in  small  pnijinrtions. 

S.  }so  solution  takes  place,  iodieating  the  absence  of  ail  metals  but  ffoldt  platt* 
mm*  MMImMV ff  tlst  and  peiliapa  ■Bvar  and  tead     MsaU.  pvoporCkwa  TIm 

resiilur-  mny  br— 

4.  White,  indicating  the  same  as  3. 

The  solution,  1,  is  in  all  casfs  to  be  treated  in  the  sime  "mnriTio'T.  "WTirn  a  rpsi<liie 
lenains  uodiasolred,  it  is  to  be  separated  by  decanting  ofif  the  dear  liquid,  or  by 
lUlntion  after  tiia  csmh  of  add  baa  basn  xoaovvd  >y  bdli^  tlia  liquid.  TIm 
aelala  am  tikoi  to  1>a  teated  fl»  in  tba  daw  aofaitiML  flee  Axaixw^  L  310. 

Whan, on fatatiant  witk nitria add,  HimiapndMad uilaMWaiaMdne,  S.  His 
toteooUeet«diipoftaflIiar,waalMd,andtaitodib»tiiiaiitinm  (SaaiStt.) 

When  the  anbatanoe  is  not  acted  upon  by  nitria  add,  and  vbm  ft  ia  but  pitiallj 

disBolvcd,  tho  rrsifino,  2,  ortlie  un:ilt<-n'<l  sufi.'^tance,  is  to  be  ttaatadwitll  a  mixtare  of 
three  parts  hydrochloric  acid  and  one  part  nitric  acid. 
The  Msah  of  Una  treatment  may  ba  aitlMr — 

5.  rarlia!  sofuiinn  and  the  separatioaof  *  »fct** iMAiwU^piwilfii^ fj^tf^^/^ altM^i, 
or  (less  probable)  chloride  of  lead.  ^ 

6.  Oomphie  tfobOioti,  BoUi  in  thia  and  the  previone  eiaa,  tiie  mefala  Vdonging  to 

tliis  Rroup  A  will  I'O  (lisso^vcd,  imd  the  solution  may  contain  golA  and  platUiain« 
which  should  be  tested  for  in  the  usual  manner.   (See  AtULYSuk  L  216,  and  Qouiw 

iL  m.) 

The  cliloriile  solution,  5  and  6,  may  also  contain  metals  wliiUl  flW  only  partially 
di^i«olvt'<l  by  iiitrii'  acid  wiien  alloyed  vi-ith  f^ld  or  platinum.  I?,  II.  }\ 

MMTAMMJUa-Tm  UiUtmkund^.  ]UStaUuryic.^Th&  art oiestndtijigiaeUda  from 
ihatanoaa  mineralafinnd  ia  tbaeacth,  and  of  eoimrtin^  them  into  fismm  toHiMa  fbr 

the  purposes  of  the  arts,  whirh  constitutes  motollurgy  m  its  widest  rantre,  romprisfs 
a  number  of  operations  which  are  of  a  purely  meehanical  nature,  and  which  do  not  • 
aoma  within  tiia  {Horinoe  nt  thia  wwlc.  Bat  navy  of  tha  most  impottant  operations  of 
motallurfry  inrulvi-  proo^'H^t•H  which  are  essonfially  chemical,  and  it  is  to  the  considera> 
tion  of  tho  ^^enend  princifies  upon  which  these  opowtioiu  depend,  that  attention  will 
be  direoted  m  this  artide.  Iinomatioa  on  the  maduaieal  sections  of  Metallni;gy  will 
be  found  in  lire's  D'tctionan/ "f  Art^ Mmv^laeiMm, mi Mbmf  u/ddmMmtuumK^ 
Hixixo,  and  Orbs,  IJrsssimo  or. 

The  metals  which  are  largely  used  in  the  arts,  Tiz.:  Iron,  zine,  copprr,  lead,  tin, 
aatimony,  bismuth,  nickel,  mercury,  silrer.  gold,  j  I  1 1  num.  are.  with  the 
exception  of  the  last  two,  chie  fly  found  in  the  gtate  o{  t.'lu-mieal  combination  with  oUier 
substances,  eou&titutiug  a  vuriuty  of  mincro^Is,  among  which  those  Cf^taining  a  saffi» 
daatlj  considerable  amount  of  tna  aeveral  metals  to  admit  of  their  beins  profitaUje^ 
ttaated,  are  called  o  r  e  f ,  wlwn  thepr  occur  in  enffieient  abundance  for  metalmrpic  purposes. 

The  production  of  the  ulkali>  and  earth-metals,  which  is  now  earned  on  moxa 
itudwly  tiuui  it  iras,  is  a  branch  of  indostiy  appertaining  rather  to  the  dieioiail 
manufactoiry  than  to  Tnetallurpy ;  this  in  also  tho  ca.se  with  regard  to  tho  proluction  of 
the  compounds  of  cobalt,  chromium,  and  arsenic  which  are  manufactured  from 
tha  em  of  tiiaaa  matala. 
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TIw  nMOa»  eompoandi  vlikii  an  nott  tnqMiA  ta  ov«a  w»: — 

1.  Oxides.  Either  simple,  such  nasfimnio  oxido  in  fin-«tono.  ft  n  ic  oxide  in  hrematite, 
or  compound  oxidojt,  such  as  fcrroso-l'arric  oxide  in  magnetic  iron  ore,  and  soma  Mlins 
compounds,  as  carbonates,  and,  in  small  quantity,  silicates,  sulphates,  &c 

2.  Sulphidm.  Eitfaer  tiinpl«,  mteh  as  galena,  blende,        liiiliiiiw^y ;  «r  compamid 

gtilpliifli  s,  ««i!ch  m  coppf^r  pj-rifrs,  jdnkeriito,  miarg}Tit<3. 

a.  Ammidea.    Qvucrali^  ill  buiall  quantity,  and  mixed  with  other  orea. 

Hum  eompotuidi  rarely  oeenr  in  a  separate  etatp,  but  urn  more  or  leti  mixed  irith 

other  minerals  in  which  th(V  aiv  irnhtddoJ.  Gang  (GanffUf;  qangart),  constituting 
miMM  which  are  siUmtod  in  more  or  less  horizonku  or  ycrticnl  positions  relativeJjr  to 
the  TodEB  they  are  Mndsted  with,  and  are  aooordingly  distingouhed  bjr  tbe  tenna 
bed  {Lager  ;  amas),  or  loch-  {Gan<i ;  fd-ni). 

The  admixtures  generally  met  with  in  ores  are  either  minerals  containing  other 
metals  than  that  of  the  ore  HSmj  are  aieociated  witii,  or  they  are  minerals  whidi  do 
not  contain  asy  of  the  metals  commonly  used  for  technical  purposes,  as  for  instance 
quartz,  !5oine  ono  of  tho  numerous  mineral  sQicates,  felspar,  hornblende,  mica,  &c. ; 
carbonatiis,  cak-spar,  bitter  spar,  limestone,  &c. ;  sulphates,  heavy  spar ;  fluorides, 
and  portions  of  the  rocks  adjoining  the  lode  or  bed.  Sometimes  these  latter  admijctiuea 
are  useful  in  the  operations  by  wluch  the  mf  tal-^  arc  cxtracf^  d  ;  sometimes  th^y  require 
to  be  separated  mechanically  by  various  preliminary  opcratiuiis.  (bee  Ouk^,  iJiuibbixa 
OF :  Vr-'S  Dictionary  qf  ArU,  MannfaeturcXy  and  Mines,  iii.  812.) 

When  th*'  ores  of  a  metal  contain  admixtures  in  smiaU  proportion  of  othor  mrtal- 
lifacottfl  minerals,  the  o{x?rations  by  which  the  metal  is  extaacted  are  in  some  cases  con- 
■iderably  modified,  with  the  view  ol  effi»ettog  a  eepaxation  of  the  foragn  OMlala;  either 
on  ncpourit  of  tliHr  value,  as  in  the  eas<^  of  nrj^^ntif'-rotis  Ip;\d  :ind  copprr  ores,  orbecntise 
of  their  pr^dicial  influence  upon  the  qualitioii  uf  the  metal  to  be  obtained  from  the 
ore.  (See  OoppBB,  iL  S3;  LajiJ>,  iii.  504  et  sea.) 

The  physical  characters  of  the  metals  which  it  is  the  oVJcct  of  mctallunncnl  opom- 
ttons  to  obtain,  render  it  necessary  that  in  most  cases  they  should  be  melted  before 
hmtff  mtA  tn  -pmtdaiL  purposes,  and  the  chemieat  natare  of  tiidr  oorae  ia  mich  ae  to 

rf-qmrc  the  IiiflU"  nee  of  powerful  choTOic.il  agencies  to  effect  the  separation  of  tlut 
metals  from  the  substances  they  are  combined  with.  For  these  reasons,  the  action  of 
beat  hi  augmenting  flie  diftnieal  aetiyHT  of  rabftaaeea  baa  Iwen  had  weemaa  to  in 
most  of  the  metallurglc  operations  by  which  chcnn'cal  chanprs  aro  to  bo  effected  in 
the  ores  or  other  matenaU  operated  upon,  and  tho  extruction  of  metals  from  their 
orea  has  therefbre  been  eommonly  termed  em elti n  g.  Bat  than  are  other  methods  by 
which  many  metals  maybe  rxtnict.tl,  and  by  which  certain  of  them  are  to  some  extent 
extrncted  from  their  ores  without  the  aid  of  heat.  According  to  these  methods,  tho 
ores  are  first  operated  upon  io  andi  a  maimer  as  to  convert  the  metal  they  contain 
into  a  compound  soluble  in  water,  and  from  tho  sohition  tlie  metal  is  separated 
either  l)y  the  action  of  another  metal  upon  tho  solution,  or  b)  (galvanic  action 
(ELBCTKo-XjsrALtDaflT,  Ure's  Dictionary  of  Arts,  Manufactures,  and  Mmes,  ii  SS ). 
The  influence  of  alaetridty,  however,  is  chiefly  applied  in  the  working  of  eectain  mctalH 
for  partirtilap  purpose**,  a«  In  elcctroplatincr,  and  has  not  yet  been  rend,  nil 
available  in  the  estractiou  of  the  ordinary  motak  from  their  ores.  Among  the  other 
methods  of  extracting  metals  from  their  ores  in  the  wet  way,  the  precipitation  of 
copper  (ii.  3C)  and  the  extraction  of  stiver  fmm  its  ores  lij  means  of  sodium-chloride, 
after  the  silver  in  the  ores  has  l>een  converted  into  chloride  (see  SiLvsa)^  as  well  as  the 
woridog  of  platinum  and  l  I  oana  by  mtro*hydrodilorie  add,  are  the  only  methoda 
of  this  Kind  which  are  carried  on  tn  finy  extent. 

In  metallnzgic  operations,  conducted,  as  is  usually  the  case,  in  the  dry  way,  or  with- 
out fha  pMMnee  or  water,  and  with  the  aid  of  a  high  temperatare,  there  are  two  modea 
in  which  chemical  alterations  are  brought  about  in  the  or*-  or  oth«  r  materials  epiTaf  ed 
upon,  Tiz.  melting  and  roasting  in  the  one  case  the  material  is  mixed  with  some 
aabctanee  wfaidt  «b«>mpoeea  it,  vmi  ana  or  otiur  of  them  {»  rendrnd  Honid  by 
heat.  Thu?^,  for  example,  galena  and  metallic  iron  melted  t"p<  fher  yield  meiallic  lead 
and  iron-sulphide.  When  galona  ia  melted  with  lithai^  or  lead-sulphate  in  suitable 
profMrtions.  there  are  pdtwraeed  meHllie  kad  and  nlplmmH  add  (»»  mtU,  p.  482). 
A  similar  renction  takes  place  when  aapric  an^pldda  od  caprie  OXido  aM  suited 
together.    (See  Ooffeb,  ii.  23  sea,) 

In  the  other  operatkm,  fla.voaaviflg,  the  ore^  or  other  material,  is  subjected  to  the 
joint  action  of  li  f  ind  of  a  paseons  giibstanoo  capable  of  producing  a  chemical  altarap 
tion  calculated  to  facilitate  a  subeeciuent  operation.  Thus,  for  instance,  in  copper 
smelting,  the  orei  eonaisting  of  sulphides,  are  roasted  in  contact  with  atmospheric  air 
ao  as  to  convert  them  to  a  great  extent  into  oxides,  and  in  the  subsequent  melting 
opecatkm  the  coftoiia  oxide  ie  agiin  eonterted  into  aolphida  by*re«etioii  with  the 
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iron-soiphide  remaiaing  auoxidised,  and  10  thns  s^arated  from  the  temc  oadda 
prodneaa  in  tin  voBstiag.   Ja  th«  •meking  of  letd  dM,  1h»  gdMi*  ii  ftiat  voMted  in 

contact  with  atnK>s|ili.  ri<'  r\ir,  urn!  is  thus  partially  convrrtofl  into  oxide  nnd  su!f)li:itt'. 
vhich,  in  the  ■ubscfiuont  meltisgoperation,  reiict  With  tho  remaimog  sulphido  as  abora 
indicttted. 

In  some  casen  fhe  operation  of  mfliinp  is  con(1uctf'd  with  thf  view  of  effecting 
oxidation^  aa  in  the  separation  of  antimonv  gold,  or  ol  lead  from  gold  and  ailrer 
in  cuTK^Iation  (see  ante,  p.  508  et  »fq.).  Kooating  also  is  sometinief  eoiidnot«d  vitli 
the  object  of  effecting  reduction,  aain  the  conrersion  of  metallic  sulphates  and  arsenates 
into  sulphides  and  arsenides  by  means  of  carburetted  ga^cs.  But,  as  a  general  rule, 
the  chief  ultimate  effect  produced  by  roasting  is  oxidation,  or  some  corresponding 
change ;  white  fha  rftillirte  fldfeet  produced  by  melting  is  most  frequently  reduetiatn. 
These  operations  are  in  som*«  way  involvi'J  in  tlio  oxtraction  nf  all  in»  t;ils  fn^m  their 
ores;  a  description  of  the  general  couditious  uuder  which  they  are  conduct;  J,  and  tho 
general  features  of  the  chemical  processes  which  take  place  under  those  conditions,  wiD 
theroforr  oxhilaf  th>-  chiof  cht-mioal  principles  of  metallurgy.  Man  dietail«d  infnflm>- 
tion  will  be  found  under  tho  heads  of  tho  <e«pectiTe  metala. 


RoASTiNO  OF  Uass  ksi>  MsTALLUsGic  Paoducts. 

Ores  and  intermediate  pro<lucts  are  roast od  either  in  the  stntp  of  eojiT?e  powder,  of 
as  large  lumps,  aocordiug  to  their  nature.  Thu  degree  of  heat  applied  is  not  in  any 
esM  fiifleieBt  to  eanse  ftision,  or  aggregation  of  the  nuni^  and  Mmetimeis  it  is  neee^ 
sary  to  keep  the  material  oj^fratod  u{>on  stirrtNl  ahnnt.  po  to  C^OM  fredll  amfiwct  to 
the  action  of  the  gas  by  which  chemical  alteration  is  effected. 

Bonitiiiif  if  eottdiuiledt  Mnetiniefl  in  Ulnt,  aonctlnne  In  rererberatory  ftMMeea  sp^' 
eially  mnsfructod  for  the  jnirpcs*-*,  and  soTnotimrs  tho  materials  an-  tin-rely  piled  up  in 
heaps  with  alternate  layers  of  fuel,  which  are  ignited  and  allovcd  to  bom  slowljr  xadil 
ooosmned. 

<lMtdlring'  T^mMMm  it  always  effected  by  mem  of  a  current  of  heated  atmospheiie 

Rirmndr  top:i<?^  ovf^r  thr  mfittTial  at  asuifalM*'  tompcratiire.  The  chemical  change  pro- 
duced by  roasting  is  either  a  mere  combination  with  ox^'gen.  as  in  roasting  magnetic 
ina  CN>,  vUcii  k  tlnw  eontwted  into  fenie  <nid»;  or  it  may  be  attflnded  ivim  tiie 
8cp'ir;i»"nn,  more  or  loss  complete,  of  eomo  constiturnt  nf  tho  mat-  rial  operated  upon, 
aa  in  roasting  sulphides,  when  a  portion  of  the  aulphur  is  converted  into  sol^uroua 
add  and  Tftwiiliiwn,  lAila  tha  am  it  oonvnted  into  oodda^  and  «ioA«r  poraon  oC 
the  sulplmt  it  osidiiwd  Into  io^lnaio  add,  vldoh  Mnains  wmiWaiid  with  liie  uMlalliA 

The  dSfltaraot  nelalBe  snlphMes  pwacBt  rtry  diffisrant  eharaeten  trader  thate  Qoadi- 

tioiif* :  thiis  — 

Iron-proi<mUjphide  is  partiidly  conyerted  into  ferrous  sulphate:  this  at  a  higher 
degree  of  heat  m  decorapoaed  into  salphimms  add,  which  is  rc^tilised,  and  basic  ferric 
sulphate,  and  ferrous  oxide.  At  a  stUI  higher  temperature  the  basic  sulphate  may  ba 
also  decomposed,  yielding  at  last  ferric  oxide.  In  operations  on  the  large  scale,  how- 
ever, it  is  very  difficult  to  effect  the  entire  separation  of  sulphur  from  iroo-snlphide 
by  roasting,  even  when  the  material  ia  tmAj  dm'd^,  tha  llMt  gndnDy  appliaCilMl 
the  snr£ace  frequently  changed  by  stirrinj»  mesnwliile. 

ZhHhW^hide  undcigoea  oxidation  very  tdowly,  yielding  a  mixture  of  sulphate  and 
amde,  iHudi  at  a  fairiiar  temperature  loaat  aaj^ane  acid^  and  may  be  eventually  con- 
verted into  pure  oxide.  Thi«  result,  hnwpver,  is  more  difficult  to  obtain  than  in  the 
case  of  iron-sulphide;  but  the  ro;uiLiiig  uf  i^inc-sul^ide  is  nut  m  troublesomei  inasmuch 
at  it  it  ktt  liable  to  undergo  partial  fusion  than  uoanralphide  is. 

Coppn'-ffdphidc,  when  canfull}'  ruast»il,  is  ennverted  into  ft  mixture  of  ctiprons 
oxide  and  cupric  sulphate.  So  luug  ^  e^ulphurous  acid  is  being  nroduced  by  the 
Olkktion  of  sulphur,  cupric  oxide  cannot  be  fonaod:  for  cnpric  oxide  heated  in  oon> 
tact  with  sulphurous  acid  is  partially  reduced,  cuprous  t  x:  l.  ;uid  cupric  sulphate  being 
produced;  but  so  soon  as  all  the  copper-sulphideJias  bttn  converted  into  such  a  mix- 
tore,  ti»e  eoproni  oxida  bsgiat  to  do  fbrUier  oxidised.  At  a  hi^har  tomuuatuia,  tiia 
rnp-u'  tTihilirite  undorpoea  docomp- '"'i  in,  Piilphuric  :i  iM  In  ing  more  or  loss  oxpellod. 
in  the  imperfect  roasting  of  copper-sulphide,  which  is  geneolly  effected  when  oies 
eontdning  that  onbitoim  aia  opnidod  i^on  M  lam  ooda,  tte  xotalt  it  a  itbtom 
of  cuprous  oxide,  cupric  sulphate,  coppor-suljihldo,  and  moLillic  copper.  Tlio  latter, 
appeaa  to  be  nroduced  in  those  pUoes  whnre  the  cupxons  oxide  is  nuira  highly  heated* 
vuk  mmtmBOed  by  aa  atmosphere  of  colpburaw  add,  than  mmld  be  nffldent  to 

fdduce  cupric  oxide  to  cuprous  oxido  under  tho  .same  condition. 

LMd^tdphitU  is  difficult  to  roast,  since  it  it  Teiy  liable  to  aggregate  togi^hier. 
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^riaMiw  •  vafatdM  of  UaA^mAj^kt/tB  maA  lettd-csid*,  hom  nUeh  IIm-  sulplnuie  Mil 

cannot  DP  expellril,  rren  wln'n  if  is  hcatpd  so  hiph  as  to  melt. 

jBUmutk^uiphide  ia  ao  fusible  thut  it  is  Teiy  difficult  to  roaat  oompletdj^ 
.  Jniimoi^f-4rt9ulMeiMtim>  vety  diflaBh  to  Toait  ftg  th»         mion.  Thm  b 
generally  produced  a  mixture  of  tnoxide,  pcntoxide,  aad  itlpllidt  of  MltiiBOB|«  If  tlw 
Eeat  be  nigh,  a  portion  of  the  pentoside  is  ToLitiliBed. 

Artet^e-tulphde  and  trint^prnde  an  deeompoted  bj  roasting,  yielding  arsenioaf  and 
fnhJuifoos  acids,  both  of  which  ore  T<^tiljae«L 

Mtrourysulphid^!  is  converted  by  roasting  intoiMtallie  meiciuj  and salpharoas  aoid. 

CMd-wlpkide  undergoes  the  same  alteratim  bj  roasting. 

SUvfr-twpkidt  is  entirely  couveftod  Into  mldlie  silver.  Bui  when  it  is  roasted 
togetluT  with  other  siilphides^  such  as  iron-  or  eoppcT-sulphide,  somo  silvor-3ulphiit<>  is 
always  producid^  which  by  increase  of  icmpcraturo  is  decomposed  into  metallic  bilvcr, 
•olphurous  acid,  and  oxygen. 

Nkkd-sulphide  can  be  easily  conrerted  by  roasting  into  a  mixture  of  nickel-oxide 
and  peroxide,  with  only  a  small  admixture  of  unaltered  sulphide.  So  long  as  sul- 
phnrow  Mid  n  g«erated  alNndaBtty,  nkM-ttdda  vcSj  It  (vodaoadt  and  lui  allef^ 
wards  becomes  pcroxidiscd. 

OobaU-*ulpMd€  behaves  in  a  simikr  manner  to  nickel-sulphidl^  tSMfl  lliat  some 
eolMlt^nilplMite  ia  always  pamdoMd. 

In  the  roasting  of  sulpliides,  modifications  of  the  chemical  changes  are  often  effected 
when  reducing  gases,  buch  as  carbonic  oxide  or  hvdrocarboDs,  are  mixed  with  the  a^ 
MMj^Mdo  air;  also,  perhaps,  when  water  Taponr  is  preseot,  as  is  almost  ahn^  tho 
ease  in  this  operation      conducted  on  the  large  scale. 

XIm  nrecise  chemical  alterations  which  arsenides  and  phosphides  undergo 
wiuni  Mlijeetedto  ooddising  roasting,  are  less  known  HwBtliese  of  sulphides-;  lNit»  m 
a  general  rule,  arsenic  is  more  difficult  to  >«-jKirate  than  sulphur,  and  phosphorus  can 
be  separated  only  to  a  Yoiy  aaail  extent^  oo  aooounfe  of  the  stabili^  of  phoipfaocie  add 
at  high  temperatures. 

▼oltttlllsiaff  routtaff.  The  sdphides  oontaining  the  laigest  proportions  of  sol- 

phtir,  such  as  iron-pyrites,  &c.,  lo!=ie  part  of  their  sulphur  by  direct  decomposition,  in 
consequence  of  the  more  action  of  heat.  Hydrated  compounds,  carbonates,  &:c.,  are 
also  deeomposed  ia  the  same  maimer.  Bnt  more  generally  the  volatiUsatfoB  of  some 
consfitu'  iit  of  the  material  rtni'^'i  <1,  is  the  rPKult  of  previous  chemical  alteratioti,  and 
it«  conversion  into  a  volatile  compound  hy  the  chenucal  action  of  the  atmosphere  ia 
wliidk  the  operation  is  eoadaeted. 

dilorldlsiiiff  roasttair  is  effected  by  mtlSW  of  aa  atmosphere  containing 

chlorine,  hydrochloric  acid,  or  cliloridcs.  Silver  ores  are  often  snlijected  to  tliis  tn-at- 
ment,  to  convert  tiio  silver  into  cklorido.  At  the  saime  time,  iron  is  partially  volatilised 
M  ftrric  cliloride ;  arsenic,  antimooy,  aiafl^  tJa,  Wsmath,  Mstieimj»  duominm  aad  sni^phap 

■re  also  vohitilised  as  chlorides. 

»a<laotng  raastlwg*  When  iron  ores  are  heated  in  an  atmosphere  of  reducing 
gwea^  waA  M  earbonie  oxide  or  hydrocarbons,  metallic  iron  is  produced ;  and  in  iron 
smelting  this  ch:inpe  always  proocdes  the  actual mslti^.  "NVlion  such  on-s  contain  zinc 
as  well  as  iros^  bOh  metals  are  zednoed,  and  the  riaa  is  volatilised  at  a  sufficiently 
hig^  tampwetare.  TFadsg  similar  nondiuoiia  aiaanatM  aad  awrftea  yield  a  partioa  of 
their  arsenic  in  the  metaUio  ititit  Hiiiii  alao  tha  caaa  with  aatimMMti^  talhuata^ 
sf  Imrtfis  est  snlnhsfifia 

MXLXXKO  or  MtAIJ.TOMWAI.  PaODUOTS  FOB  TEB  ExXBAOnOV  AMI)  SiPiJUxunr 

or  Mtim. 

Oral  are  nnfy  aolgeetod  to  the  operation  of  meltittg  without  having  previously 
undergone  some  other  treatment,  such  as  roasting,  &c.  This  preluninanr  treatment  is 
ia  some  cases  only  the  earliest  stage  of  the  melting  operation,  as  in  the  smelting  of. 
iron  ores,  which,  in  the  upper  parts  of  the  blast-ftimace,  are  subjected  to  the  action  of 
heat  and  reducing  gases  before  sinking  down  to  that  part  of  the  furnace  where  fusion 
takes  place.  (Sec  Ikok,  anU,  pp.  Z^u,  301.)  l?nf  in  ^^nch  cvsef,  the  chemical  nature  of 
the  processes  involved  in  the  roasting  aud  the  mi  Itmg  is  exactly  the  same  M  when 
tiiese  operations  are  conducted  separately.  * 

The  chemical  alterations  which  take  place  in  the  fiperation  of  melting  sometimes 
result  iu  tho  separation  of  a  -jtetal  lu  the  state  of  regulus,  sometimes  only 
in  the  partial  separatioa  of  the  sidatanoia  aomhined  w^  it|  and  the  production  of  a 
matt  ( Sfriri ;  maW*),  OT  Compound  Containing  a  larger  proportion  of  mctul  than  the 
material  operated  upon,  (jiee  Copfsb,  u.  2^  et  atq.)  These  results  are  often  due 
aolafy  to  tta  mMl  aetiM  of  tha  aeiiKa  aoaatitaHtB  of  the  OM^  «ydi  hw  in^^ 
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"a  preparatory  trpatment  of  roasting,  &c.;  but  in  moatcasM  it  is  neceasaiy  to  add  some 
aabatance  by  means  of  which  the  desired  result  may  be  prodacetl  The  kind  of  sob- 
■tMBMtoba  added  will  of  course  !><>  determined  by  the  nature  of  the  matanalto  ba 
operated  npon,  and  by  tlie  kind  cheiuical  alt<'™tion  to  bo  efftoted.  Thu-  in  "Jmelting 
•atimony  ore,  cousibtiug  of  the  trihulphide,  it  is  mixed  with  scraps  of  metallic  ixoa,  by 
mactinff  with  which  it  yields  metallic  antimony  and  iron-snlphide. 

In  all  cases  it  is  essential  that  in  the  meltiug  oppration  there  should  be  not  only  a 
chemioftl  altaration  of  the  matehala,  bat  alao  a  physical  aeparation  of  the  reattltiag 

 cAatodbytheTobtafi^^ 


It  is  not  oto  tiMb  thb  Ma  be  ( 

of  the  products.  More  frequently  they  all  fixed,  and  in  this  case  they  cnn  hf 
ofalUBed  separate  only  when  they  difiar  iu  specific  fixavity,  and  are  alao  incapable  of 
BisiBKirHh  aMbotlMriHiila  in  tiMlkiud  ilatow  li  it  IhaNfen  ahrajt  B«oeMi7, 

that  in  melting  operations  the  whole  of  the  materials  should  be  n  nil*  red  so  liquid 
that  wch  a  aeparat  ion  may  readily  take  place.  The  high^eoific  graviQr  of  themetab 
tpUah  ft  If  the  object  of  the  inefeallwgiat  to  oblite,  !■  fttvoaxabk  to  ttoir  ■opwaliMi 
as  regulus,  from  tlio  other  products  of  the  melting  operation.  The  sulphides  of  th*-sfl 
metals  are  also  sufficiently  dense  to  seoarate  readily  in  the  state  of  matt  from  most  of 
the  other  products  of  melting,  though  tneir  spedflc  gravity  ia  leas  than  that  of  the  metab. 

With  the  object  of  facilitating  the  separation  of  the  several  products  of  the  ehemiesl 
action  which  takes  jilace  in  melting  operations,  the  ore  or  other  material  is  gpnerally 
juixevl  with  bonte  hubbtance  which  has  the  capability  of  facilitating  the  lique^otion  of 
the  products  formed,  and  their  semwtion  into  distinct  layers.  Such  aa  admixture 
added  with  the  object  of  ronleriticr  some  part  of  the  material  operated  upon  c:i}>able  uf 
being  melt4.Hl,  or  more  readily  fusible  Uiuu  it  would  bo  otherwise,  is  termed  a  flux 
{Jhueklag  ;  fondanf). 

In  the  fir.Ht  melting  of  ores  consisting  chiefly  of  metallic  sulphides,  the  product 
obtained  is  not  always  the  metal,  even  when  the  ore  has  been  previously  roasted.  More 
frequently  %  matt  or  miztiiM  <rf  awlphidw  it  obttioad,  and  if  any  metal  is  rednatd  ta 
the  st.ite  of  ref^iilus,  the  matt  forms  a  separate  layer  above  it.  In  melting  ores  con- 
taining much  antimony,  arsenic.  &c.,  together  with  other  metals^  a  third  layer  is  some- 
luMt  ftoned,  wfaldk  tepaiatea  befeweeD  tfie  rpgalus  and  tibe  nuitt>  aad  it  eaDed  Spntt, 

BntCKta  very  gonomlly  contain,  besides  the  actual  niotnlliferotis  portion,  a  variety  of 
ailioeova  or  earthy  admixtures^  originating  from  the  rocka  and  minerals  with  which 
tkqr  aia  satozallj  aaaoeiated.  Aeaa  Mmiztuea  eaiinot  be  a&th«Iy  separated  by 
1ll1ff**f"Vial  inoaiit.  and  since  they  are  generally  infnsiVlp  rir  diflnoult  to  melt,  they  re- 
quire to  be  confuted  into  compounds  which  are  aufiiciently  fusible^  and  of  leaa  apecifie 
gravity  when  mdted,  tbaa  tbe  other  prodooli  to  be  obtaiaad.  The  flaaeo  addaa  viih 
tiiia  oqject  are  generally  either — 

Siliceous,  such  as  quartz,  sandstone,  &c.,  or 

Earthy,  such  aa  lime,  limestone,  clay,  &c.,  according  to  the  nature  of  the  anb* 
Btancea  to  be  separated ;  by  this  means  a  ftisible  vitreous  compound  consisting  of 
earthy  silicates  Is  formed,  which  is  termed  slag.  Sometimea  apcicial floxaa  are  IMOd, 
such  as  fluor-spar,  alkaline  saltjs,  &c.  (see  p.  962>. 

The  addition  effluxes  in  the  melting  opeiatioB  ia  aW  adfantamoot  ia  IhriHtatfng 
the  ftiHjon  of  the  material  operated  upon,  and  the  separation  of  tne  sevrml  products 
formed.  Moreover,  the  resulting  slag,  being  of  less  spedflc  grarity  than  the  other 
ptodnels,  coUeeta  abowe  fhem,  and  thus  furnishes  a  proteetioa  aguaal  fbo  myiMng 
action  of  the  furnace  gasM,  which  is  often  a  further  advantage. 

The  melting  operation  is  generally  oonduct<d  either  in  shaft  furnaces,  where 
ihe  materiala  an  anzed  with  the  fiieJ,  or  in  reverberatory  fnraaeea.  wbin  tbaj 
are  heated  in  a  separate  chamber  by  means  of  the  flame  and  gaseous  products  of  com- 
boation.  Sometimes  crucibles  are  uaed  in  order  to  keep  the  mat-eriaiH  ^tire^  out  of 
ooBtaflfc^thafrieL 

lla<aiiliH  melttnir  is  generally  effected,  in  the  case  of  metallic  ozidsi^  bjUie  Joint 
action  of  heat  and  the  carbon,  carbonic  oxide,  hydrocarbons  or  hydrogen  contained  in  or 
resulting  from  the  combustion  of  the  fut  1  us>:d  in  the  operation.  By  reaaon  of  the  un- 
equal degiOM  of  chemical  stability  of  the  several  metallic  oxides,  the  temperaturee  at 
which  they  are  reduced  by  those  substances  differ  considerably.  T!ie  oxides  of  lead, 
bismuth,  antimony,  nickel,  (X)balt  and  copper  are  reduced  bv  carbon  within  the  range 
of  red  heat ;  wUk  thoee  of  iron,  latiiflBinti,  ahfoaduB,  tu^  aad  aiaa  leqirifa  ante 
or  Icfis  intense  degrees  of  white  heat. 

The  mode  in  which  reducing  melting  is  conducted  varies  according  as  the  oxide  is 
eaaily  foAda  or  inAMlbia  at  anj  temperature  that  can  be  attained  in  the  operatioB. 
In  the  fir^t  c:iv!e  the  material  can  be  intimately  mixed  with  carbon  ;  in  the  second  case 
this  cannot  be  efiected,  and  the  reduction  is  to  a  great  extent  duo  to  the  carbonic  oxide 
laaidtingfroaftliiambwtifliiof  aatboBivilliaaoiaty  propoctfonof  iir.  (Bmlmm, 
p.tM.) 
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Tho  reduction  of  iu©t;vllio  siilpliidos  by  Tncltiug  is  cffoctod  principally  by  meajis  of 
metallic  iron.  Lead-sulphide  melted  with  iron  in  oqiiivalent  popottkM  rieldfl 
metallic  lead,  and  iron-sulpliido.  With  two  equivaleuts  of  imn,  there  are  produced 
metaUic  lead  mui  iixm-sulphide  containing  metallic  iron  w&<-h!uiicaUy  mixedi  Zinc- 
mlpliide  IB  ( oinpletelj  deconi|)OMd  by  iron,  bnt  a  rerj  high  tfmpenJtim  la  wiqiilwd. 
Cuprons  sulj)liide  is  piutly  df'cornpopc'd  by  molting  it  with  metalhc  iron,  nrd  tlv-re  are 
produced  a  matt  consisting  of  cuprous  sulphide  and  iron-snlphide^  and  eomo  mctaUie 
copper.  The  sulphides  of  copper  and  iron  yidd,  on  tlM  WMlfUTV  &  Mfttt  couMBtin^  of 
ctipi-oiLs  sulphide,  iron-stilphido  and  mt  tillic  iron.  T^ad-snlphiao  with  two  oqiiivnlt^nta 
of  copper  yields  a  matt  consistipg  of  cuprons  sulphide  and  metallic  lead.  Equal  equi- 
▼alants  ]rinMiiieta]]ielMd«iid  •  matt  flouisting  of  cnprom  volplilAe  mkllM^kn^ibilie. 

Similar  reactions  take  place  between  zinc<8ulphide  and  copper. 

Lead-sulphide  is  entirely  decomposed  by  melting  with  an  excess  of  tin,  hut  in  equal 
eqiiiT«I«ntt  it  is  only  partly  decomposed,  and  tiiere  an  pfodnasd  a&  slkij  of  tn  aad 
lead  and  ft  matt  consisting  of  tin-Bulphidt;  and  lead-sulphido. 

The  metals  of  the  alkalis  exercise  a  much  more  energetic  action  upon  metallic  sul- 
plddce  when  melted  willi  fhem,  and  though  they  cannot  be  employed  is  cndimnj 
metallurgical  operations,  a  similar  action  may  be  produced  to  some  extent  by  means  ot 
a  mixture  of  the  alkalis  and  carbon  (black  flux).  Thus,  when  a  metallic  sulphide  is 
melted  with  a  sufficient  quantity  of  alkaline  earth  or  alkali  mixed  with  carbon,  th» 
metal  is  reduced,  since  the  sulphur  mmbines  with  tile  alkali-  Of  earth  metal,  w  hile  tho 
oxypen  of  the  latter  coml)in»>«  with  carbon.  "VMipn  an  alkali  is  Uflied,  mor(^  or  lo.s,s  of 
uielaliie  Hulphide  generally  rcniiiiiis  imdccomposc-d  and  dissolyed  in  or  combiiied  with, 
the  aQcaHne  flolplude. 

Ozldialnff  meltfner  is  practised  witli  the  object  of  srpawtincr  one  metal  fronk 
another,  or  of  separating  solj^uir  £rom  metallic  sulphides  by  conyerting  the  sulpbor,  or- 
the  metal  to  be  fomoved,  mo  ooddoi^  vUeh  mav  eithv  be  Tolatile  as  flttl^lraiwm  add, 
fusible  a.H  oxide  of  lend,  or  capable  of  boi^g  xcMHsod  ItaaiUa  by  oombinatioit  wilh 
tain  substances  added  ae  flaxes. 

Atmoephcfie  air  ia  the  oxidising  agent  mosl  emaaotSy  canployed ;  but  toaeUmea 
other  Mili^itances  are  also  used,  which  aro  cajiable  of  yielding  oxygen  at  a  high  tempe- 
rature, especially  when  in  tho  liquid  state  and  in  contact  with  the  substances  to  be 
oztdieed.  Amooff  time  $an  lead-otmde  and  oxj-ailts,  cuprie  sulphate,  fattm  aolphate, 
basie  fcrr<jus  .silicate,  nitrates,  &e. 

Tho  following  examples  will  seire  to  illustrate  the  mode  in  whieh  theaa  tT*^'f™g 
agents  are  employed  in  the  melting  operation. 

Atmoapkrric  air. — Compountls  of  gold  or  silver  with  antimonj,  anmiie,  or  sulphur, 
when  melted  in  a  miffieiently  heated  current  Of  atmoq;»heiio  air,  are  deoompoaed,  and 
the  metals  are  obtained  in  the  pure  state. 

When  atmosphezicalria  paseed  over  tho  surfkeaof  melted  copper  containing  iron, 
cobalt,  lead,  antimony,  ar<!pnic,  and  snlphnr,  tho  three  latter  are  yolatilised  as  oxides, 
and  a  more  or  le^is  lii^uid  layer  or  scum  eullticts  upon  the  surface  of  the  metal,  conaist- 
ingof  ftnie  oxide,  cobalt-  and  lead-oxides,  antimonic  oxide,  and  cuprous  oxide,  until 
the  copper  remains  almost  pure.  The  greater  tho  quantity  of  l»_ad  in  proportion  to  tho 
other  im^uritie^  the  more  liquid  is  the  layer  which  collecta  on  the  surface ;  and  the 
■mailer  it  the  tiddter  is  this  scum.  In  both  casea  the  scum  must  be  removed  from 
time  to  time,  .«?o  that  a  fresh  metallic  surfiice  may  be  exposed,  and  if  it  i'^  not  sufficiently 
liquid  to  be  removed  by  tho  current  of  air,  the  edges  of  the  convex  surface  of  melted 
iMfal  iiheve  it  principally  eoUeets  must  be  raked  off 

Wlien  all  y  s  <  f  gold  or  f^ilvcr  with  lead  or  bismuth  are  exposed  in  a  melted  state  to 
a  cucrwt  cf  air,  the  latter  ntetak  are  oxidiaed,  and  pure  gold  or  silver  ttmuaa,  togethiv 
whh  a  dag  ti  lead-aside.  A  portikm  of  theoande  ia  tohtiliaed,  and  is  the  ease  of 
f^ilver-alloys  esp^'cially,  a  amall  qiiantify  of  this  metal  is  al.so  volatilised.  When  small 
qvantities  of  other  metals,  such  as  iron,  cobalL  copper,  &c,  are  present  in  sueh  alkgn^ 
tiiey  are  oxidised.  Mid  the  oxtdea  ore  diMtdfed  hjr  the  oxide  of  leader  Immmlh. 

When  a  compound  of  arsenic,  iron,  cobalt,  and  nickel  i.s  melttxl  in  a  current  of  air, 
BO  that  the  feme  oxide  and  cobalt-oxide  produced  may  be  dissolved  by  melted  borax, 
partly  covering  the  sur&ce  of  tho  melted  metal,  arsemwrona  nidtal  may  be  obtained; 
but  the  whole  of  the  arsenic  cannot  be  separated,  because,  in  proportion  as  it  is  sepa- 
rated, the  melting  point  of  tlie  remaining  metal  becomes  higher,  and  it  finally  solidifies. 

Lcad-oxidc, — ^\Vhcnlitharce  is  melted  with  easily  oxidisable  metals,  they  are  oxidised 
bj  the  deeomposition  of  the  lead-oxide,  a  pert  of  the  lead-oxide  is  reduced,  an  1  :i  nlag 
consisting  of  fead-oxido  and  the  oxide  of  the  metal  is  produced;  but  tb'*  prrf  ■<  t  oxida- 
tion of -metids  poi>Hessing  little  a&iity  fur  oxygen  cannot  be  efi^ted  in  tina  way,  with- 
out using  a  large  exceea  of  lithacBa. 

MetalTic  sulpnidee  or  arsemde";  melted  withlithar;-'".  yi«Id  sa^faamH  nd  aaMdeot 
acid,  which  are  volatilised,  and  alloys  of  the  metab  w  ith  lead. 
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SrOMnlplude  melted  with  thirty  parts  by  weight  <^  lithazge  is  entirelj  oxidML 
SQlphtm>Qji  acid  bping  volatilised,  while  tho  iron  remains  probably  in  thp  state  of  ferroso- 
ferric  oxido  eumbiuKi  with  the  exc««s  of  lead-oxide,  forming  a  slag  whioh  collects  oyer 
tli0  nd«sed  load.  With  less  lead-oxidt  IIm  deeoiporilioa  is  iniioiiipiat%  lad  *  pHi  of 

tbs  iron-sulphide  passcH  into  the  h\>i^. 

The  oxidation  of  cuprous  sulphide  in  this  way  requires  25  pts.  by  weight  of  lithaige. 

The  osidbtilMI  of  c  <  pper  pyrites  requires  at  least  30  pts.  of  litharge.  When  lev  if 
"Used,  the  copper-sulpliide  remaining  undeoompoeed  is  not  dissolved  by  the  slag  con- 
sisting of  lead-oxide  and  cuprous  oxidcL  hot  focms  a  matt  with  a  portion  of  the 
MSldlUolesd. 

.   Aatimony-trisulphide  is  entirely  decomposed  by  melting  with  about  tvw%4!fB 
times  its  weisht  of  lithazge,  yielding  aatiraonic  add  and  sulphurous  acid. 
Tin<«ii]pU3s  leqnires  nt  pwtiwtdwciapositfon  SO  fftai  of  lithsigei 

Zinc- ''till 'hide  r-  iuires  26  pts.  of  lithajve. 

Bismuth-sulphide  when  melted  with  litoaige  yields  sidphurous  acid  and  an  alloy  of 
Uimatlk  ud  Isiid,  Irat  BO  Usamtfi<«cid0^ 

Lead-sulphide  is  decomposed  by  molting  it  with  alxjnt  twice  its  weight  of  litharge, 
the  whole  of  the  lead  beiiu|  separated  in  the  met.allic  states  while  solphiinnis  acid  is 
fioktOisid.  WhaattoleadHwJpMdefain  wwM^ittti3»wiatiw»^ 

Arsonic-trisulphide  melted  with  from  50  to  60  pliL  of  littM^golt  OOOIplatefyondiied^ 
jislding  sulphurous  acid  and  arsanioua  acid. 

Other  metallic  oxides  react  with  metallie  sulphides  in  a  similar  manner  to  litharge, 
and,  as  a  general  rule,  when  a  metallic  sulphide  is  melted  with  a  metallic  oxide^  the 
former  is  oxidised  to  a  greater  or  less  extent,  and  the  relative  quantity  of  tlie  oxide 
produceii  deix  nds  upon,  1st,  the  relative  quantity  of  oxide  used,  and  2nd,  the  relatively 
chlorous  iiud  basylous  charactsn  of  tile  metals  and  of  sulphv  and  os^en. 

/^-at^-corAsiiateaataiiitiioMaa  maaiuraa  kadHsode  apoa  motamo  anl jhidsa  and 
oxides. 

Lead-fUSeaU  alia  aeti  in  tiw  amo  manner,  but  a  much  larger  qniiilitj  is  required  to 
produce  the  same  effects  as  lithazga.  33ia  ala§i  ftodaoad  in  thm  oaoa  aie  doobla  aili- 

cates  containing  both  metals. 

L$ad-sulphate  is  a  still  more  powerful  oxidising  agent  than  Hthaige^  aiBM  the  de- 
composition of  it.s  sulphuric  acid  yields  an  additional  quantity  of  oxygen.  When  it  in 
melted  with  lead-sidphide  in  due  proportions,  the  products  are  ody  metallic  lead 
Mad  onlphiuoiis  acid. 

Cupric  sulphate  heated  vith  motaUie  wlphidw  fMicalllj  wwobei  an  oajdMaqg 
action  like  lead-sulphate. 

Copper-sulpfalAa  lioatad  with  cnpric-sulphate  it  eopferted  infeD  copper,  cnprona 
oxide,  cupric  oxide,  ]).i'<ic  cupric  sulphate,  &o.,  acror^linn:  t'*  the  proportions  and  tem- 
poatores.  Silver-sulphide  is  also  converted  into  sulphate  in  the  same  wigr  •  hot  me- 
talHe  ailfw  mi^  be  aepoiated  hj  tba  aeH<»  of  mpvoiis  oodda. 

Ferrous  sulphate  acts  iaadmilarmanner  with  metallic  sulphides. 

nitrates  are  too  costly  to  he  genenQjf  used  in  metalluigical  opoiatioiUb  though  thej 
are  the  most  powerftil  ooddising  agenti  m  melting  operations. 

Basic  ferrous  silicate  is  one  of  the  most  important  oxidising  agents  in  metallurgical 
operations.  For  instance,  when  iron  containing  carbon,  silicium,  sulphur,  and  other 
readily  oxidabic  substances,  is  strongly  heated  with  a  melted  basic  ferrous  silicate,  half 
of  the  fetious  oxide  is  decomposed,  and  the  oxygen  thus  elinnnated  combines  wiftiha 
abofT^named  impurities  of  the  iron,  formincT  carbonic  oxide,  vilica.  and  sulphurous  acid. 

Salvent  melttair  is  practised  chiefly  with  the  object  of  separatiiu^  certain  pacts  of 
the  malflriali  operatod  tmon  in  tha  ostmolkB  of  nttab.  Tha  wMtmm  aasd  te 

this  nurpos(>  are  principal^  aotiUio  oaddM^  iSStik,  alkatiDe  and  cactbiy  inimtsi^ 

metals,  and  solphidea. 

Mtidlie  Qvwa.— BtsOy  foMm  oxides,  siidi  as  lead-oxide,  &c,  melted  with  other 
less  Ibsible  oxides,  at  suffieiontly  high  temperatures,  dissolve  the  latter  to  a  greater  or 
less  extent,  sometimes  forming  saline  compounds.  Certain  sulphides  are  also  dis- 
solved by  lead-oxide  and  bismnth-codde  without  decorapoMtion,  forming  compounds 
termed  oxysulphides.  In  metallurgical  operation'-  it  is  onh^  the  solvent  action  of 
lead-oxide  which  is  of  spocial  importanoe^  and  that  chiefly  in  ua  padfioataoo  of  silvst; 
(Soe  p.  951.) 

As  a  general  nla^  all  oxides  which  are  readily  fusible,  like  bismuth  or  antimony 
oxides,  may  be  mixed  with  lead-oxide  in  all  proportions  byfoBOl^  hilt  thft  If  ftltihia 
oxides  yield  witli  lead-oxi-le  ililHcultly  fusible  mixtures. 

Tin-seequioxide  dissolv.  s  in  four  parts  hjw«i|^t  of  lead-oxidt^  I^TTW^f  a  vioeid 
liquid;  with  eijrht  parts  of  li  a<l-oxide  if  forms  a  verv  fusiMe  mixture. 

Zinc-oxide  dissolves  in  seven  parts  of  lead-oxide,  forming  an  eusilv  fusible  masM. 

Fsnm  oadde  dinohoa  in  fbar  farts  of  loadHoddsb  tauiig  a 
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I  Ciiprcns  oxklo  with  one  and  a  half  times  its  weight  of  lon^^ndda  fonM  m  yntf 

\  liquid  compoTiad,  and  is  probably  s(duble  to  a  skill  greater  extent 

Among  tRa  netalHo  amphidee,  tihoaa  of  gold,  sQver;  ooppor,  See^  do  not  diwolw  In 

TiicltoJ  h-aJ-oxido  (sec  ahove).    All  tho  oth  r  Milphidcs  aro  more  or  less  difadvid 
hy  it,  AnUmoDJr  tiiaolpiude  aj^^ears  to  be  especiaiij^  soluble  in  lead-oxide. 

Mtk^, — Leaa  is  Ihe  mefal  principally  used  as  a  aolTcnt  in  oeitaiB  nslting  opera* 
tious.  It  has  the  proj«  rty,  when  melte<l  with  argentiferous  and  auriferous  sulphides 
in  due  proportion,  and  by  sufficiently  intimate  mixtiire,  of  dissolviua  out  the  silvev 
and  goM.  This  eflfeet  it  dae  to  m  dacompositioD  of  the  gold  and  iihw  sn^tfaidea 
by  lead  at  a  hifh  temperature,  in  such  a  manna  that  these  metals  ore  eliminated 
while  lead-sulphide  is  formed,  while,  at  the  same  time,  there  is  scarcely  any  decom- 
position of  iron-sulphide  or  copper-sulphide  in  the  same  way.  The  products  of  the 
mating  an  thoi^ore  azgentiferous  or  auriferous  lead  containing  lead-aulphido,  and 
ft  matt  coTifnsting  of  copper-stilphide  and  iron-stilphi'lt-.  Gold  or  silver  may  also  hfl 
extracted  from  metallic  copper  by  means  of  lead,  but  in  a  less  direct  niuimer.  13uth 
the  ^Id  or  silver  and  the  copper  are  dissolved  by  the  melted  lead ;  but  in  the  solidi- 
fication of  tJiis  mixture,  the  greater  port  of  the  lead  separates,  and  then?  h  pn<duced  a 
mechanical  mixture  of  lead  containing  gold  ur  silver,  and  of  au  ulloy  couhisting  of 
Isad  with  three  times  its  weight  of  copper,  containing;  mueh  less  silver.  When  thio 
mechanicnl  mixture  is  heat*  d  to  tli'-  meltinf»;  iK>int  ot'  lead,  this  metal  may  be  sepa- 
zated,  togeliier  with  iha  gold  and  &ilver,  wliilti  the  copper-lead  alluy  retuaiuii  hehiud. 

Metallic  sitlphidcs,  such  as  iron-sulphide.  &c.,  mi^  oe  m^rd  in  the  same  manner  aa 
metallic  lead  for  extracting  gold  or  silver  fr-m  ores  or  mt  tallurgic  pr(.»duct8.  Tlius 
when  silver  wes  oontaiiung  large  admixtures  of  gong,  in  the  mehiug  of  which  alone  the  | 
'gratsr  pact  of  the  nlTer  would  pass  into  tlw  dag^  ara  ndtad  with  iion-sulphidM^  tiia 
silver  is  dissolved  as  sulphide,  and  the  gangue  forms  a  slag  containing  litit  little  silver. 

Siiica  is  rarely  used  abue  as  a  solvent  in  the  melting  ooeration,  silicates  or 
•flntha  Mt^ganmlly  present,  with  iriuob  it  Ibvnw oonpovna  aucataa.  Its  action  in 
5uch  cixsiiiii  U  then  fore  ludiNet^  ttd  d«|Miida  moM  Upon  tha  natmt  of  tho  aStieato 
produced.   (See  p.  964.) 

Eardiy  oimtea,  waiSk  aa  baryta,  strontia,  Ume,  mngnama,  and  atmiihia,  respectively  ftwm 
with  silica  .sparingly  fusible  or  infusible  compounds,  according  as  tlie  basylous  charac-  I 
ter  (tf  the  earth  in  relation  to  silica,  is  greater  or  less,  and  according  to  the  proportions 
of  aarth  and  riHea.  The  iVuible  bnryta-silicates  contain  from  80  to  70  per  cent, 
nlica;  the  others  are  infusible.  Stroutia-silicates  are  much  lees  fusible;  that  containing 
6.5  per  cent,  gilica  forms  a  white  opaque  mass.  Among  the  lime-silicates  the  limits  of 
fuhibility  are  between  25  per  cent  and  47  per  cent,  of  lime.  Majernesia-iiilicatufi,  and 
aapecialiy  nhiminn  iriliraffifi.  are  infusible,  and  soften  only  at  a  full  wliife  haat.  ' 

Metfdlic  oxides  form  compounds  witli  silica  which  present  similar  diffi  rrnces  in  fusi- 
bility, according  to  the  greater  or  less  busyloua  chajucter  of  the  oxide  in  relation  to 
silica  and  tha  praportaoBa  in  whiehthij  are  combined.  Thus  ferrous  silieataa  with  from 
42  to  82  per  cent,  frrrmis  oxide,  nre  en^ily  fitsilile,  while  ferric  silicates  arf  infusible. 
Cuprous  siiicatv  is  fui>iLlo  ouly  when  it  contains  70  per  cent.  eupn:)us  oxide.  Cupric 
ribeatea  are  probably  infusible,  but  on  account  of  their  liability  to  undergo  reduction, 
they  canncjt  easily  Vie  jirodueed.  Zinc-silicates  and  tin-silicatrs  arc  iufusiljle.  Lejid- 
ailicates  containing  from  64  to  per  cant,  of  lead-oxide  melt  more  or  less  eaaiij. 
Bwmrth-sifioatea  an  st31  mors  ftmble.  ABtiraoiij^«ilieatea  arc  sparingly  fbstUe 

AlhtVow  carhitnatt'g  dissolve  niost  metallic  oxides  to  some  extent,  the  carbonic  acid 
being  also  partly  expelled  at  a  red  iieat.  With  a  sufficient  excess  of  alkaline  carboaato 
aoma  af  thaas  aonpoaikda  afa  mmh  fonUa  ([Borthiar).  Fenona  osida  melted  wiA 
6pt8.  of  potassium-carbonate  yields  a  greenish  crystallmo  mass.  Ferric  oxide  appears 
to  be  insoluble  in  msltad  alkaiina  carbonates.  Tin-oxtde  fnaee  zaadi^  with  6  pts.  bv 
weight  of  potaarivm-eaxboikata ;  nno-oodde  ia  laaa  adhUa.  Cnnmia  ozido  and  oupno 
Dodda  melt  easily  with  3  pts.  of  potassiom-eaiibantta.  Lead-oxiaa  niizaa  in  all  propor- 
tions with  melted  alkaline  carbonatea. 

Borax  is  a  very  efficient  solvent  in  melting  operations,  but  is  too  costly  to  be  much 
naad  in  metallurgy.  Baryta,  lime,  tnagngtria,  and  alumina  are  dissolved  in  considerable 
proportions  by  melted  borax,  forming  more  or  less  fusible  vitreous  masses  (Berth  ier). 
Silica  and  Ere-cluy  melt  together  with  borax  at  high  temperatures.  All  the  metallio 
oxides  which  are  not  zodnced  fay  haai  alone^  am  dissolved  to  a  grealar  or  leas  eactent  by 
melted  borax.  Ferrous  oxide  or  ferroso-ferric  oxide,  un  ited  with  an  equal  weight  of 
borax,  forms  a  compact  crvfitailiue  mass.  Mungiuious  oxide  jh  di^Holved  iu  vcr^-  cuuwder- 
aUo  aaurant  by  borax.  Lead-<oside  and  borax  melt  togetber  in  all  pn^rtions. 

Fluor-»par  is  importiint  as  ji  solvent  in  inciting  operations,  on  account  of  its  capa- 
bility of  dissolving  about  half  iU  weight  of  fcilica  at  a  high  temperature,  without  lia  viag 
any  tendraey  to  combine  with  or  dissolve  metattie  oxidM.  ZniOMpar  is,  therefore,  a 
TOix  aaitid)U  tan  in  thaaneUiiig  of  orea  whidi  ara  xdbwloiy  cn  wa^ 
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eontain.  FlaaMlpir «ko  disMlfM  adphatw  which  are  mfanbl«  or  difBcult  to  fiise  aloM^ 

fftich  n.s  hofivj  spar,  pTpyrim,  Thns  •with  li  {>t.  Larium-sulphato,  4  pts.  anhyilrmia 

caicium-Mulplial^  or  10  to  16  pin.  ktad-ssul^kiU!,  lliM>r-Hpar  foriu»  vitreous  mosMia  which 
are  tolerably  fusible. 

X'/f  •fVf.v  — Tlie  earthy  and  alkalino  sili«*atcs  in  a  melted  Ft  tr-  ]  tlie  capabilifj 
of  dtMHolviiig  metallic  oxides  in  considerable  proportions,  formiug  when  cooled  the 
vitNOM  or  shMiy  masses  geaeraUj«tUed  fUgs.  la  metalltnrgio  opextHotm  it  it  of 
impurfarico  that  tlu-re  shdulil  Ix-  a  prnpt t  piu{>ortirin  iKlwcfn  tlio  silica  and  oarfhj 
bases  in  the  mAtmals  Izom  which  the  slag  is  produced  in  meltiug,  in  order  that  its 
■plfmt  action  tmoa  ^  bm^iIHo  omdao  ptownt  may  be  mdAm  too  jgnKAtaortoo  littlo. 
The  former  niijiiif  Ix'  tlie  case  if  thor*'  wcro  too  nnich  silica;  tho  latter  if  thore  wen?  too 
JitUek  Siliceous  slaoi  aro  gonecaUj  of  sach  compoeition  tliat  the  ratio  of  tbe  oxygen 
in  tiia  hmm  to  tibafc  in  tlw  sfliesia  apfirazimaliiYely  eithn  as  1 1  3,  1 : 2,  or  1 :  L  Fraa 
the  nature  of  the  silicates  generally  and  from  tho  circutu*itaiices  under  which  slags  are 
produced  in  metallnigical  operations,  it  is  of  course  rarely  that  they  are  definite 
chemical  compounds.  SUgs  may  indeed  contain  definite  compounds,  but  in  almost  all 
cases  they  are  merely  heterogeneous  mixtures  of  such  compounds  with  other  adven* 
titious  sul)slnncos,  and  therefore  the  attempt  to  represent  their  composition  hy  formalfo 
ia  not  omIj  useless  but  deceptive.  The  utmost  that  can  at  present  be  said  with  rej^rd 
to  the  composition  of  slags  is,  that  there  are  certain  tolerably  constant  relation  between 
tile  fusibility,  &e.  of  shi}:;^  and  the  ratio  of  the  oxyp<*nin  the  bases  to  thai  in  the  silica. 
Tho  numerous  aual^iice  of  slags  from  ditVen nt  nietallursic  operations  all  aiford  evidenco 
iaflmmvof  tUo  vioir,  and  f^m  anuxi^  them  the  A  llowing  adoedoaa  will  aena  to i»> 

present  tho  grneral  compositiuii  and  limits  of  variation  in  slags. 


fhiaace  •Iag^lhN 
matUbkg. 

alrsa 

Slikgi  from  copper  tmeltiag. 

Hamea  of  Wodu. 

qosbsrg. 

RSrass. 

Analyst, 

GwQ^vaaiia 

Onireu. 

Sjogren. 

Johnion. 

Bredbcrg. 

WbMklcr. 

BrsAwrg. 

Silica .  . 

39-5 

49-6 

686 

611 

31-4 

66-5 

51-4 

39  4 

Alumina 

180 

150 

66 

6-4 

7  -9  • 

9-4 

4-8 

6-2 

Ferric  oxide 

80 

Munpnnons  oxide 

truce 

*  • 

2-8 

2  r. 

Ferroub  oxide 

30 

17 

fi-2 

34-1 

17-2 

lime .      •  • 

ui 

30-0 

9  3 

2  0  0 

•  ■ 

17-8 

•  • 

10-5 

71 

4'5 

G-1 

7G 

19-1 

961 

97-6 

89-6 

99-3 

990 

98-5 

97-9 

99-7 

Botio  of  oxygen  j 

in  bases  to  oxy-  >■ 

1:1 

I;  1-5 

1:2<» 

1:1 

1:2-6 

1:2 

gen  in  silica  j 

The  solvent  aetion  of  earthy  Kilicntcs  upon  metallie  oxides  is  csjiecially  serrieeablein 
effecting  the  separatiou  of  the  ferrous  oxici*-,  pruduced  by  the  oxidibiug  roasting  of  ores 
aad  owtaia  paoducts  of  raotaUaigle  operations,  such  as  coppMvm a 1 1%  fte.  Thus w^en 
a  mixture  of  ferric  oxide,  euprons  oxide,  and  a  silicate  eontaininsr  rxcpss  of  silica  is 
sutgected  to  redoeing  melting,  the  cuprous  oxide  and  the  ferric  oxide  are  both  rednc^i, 
the  ftmnsr  jMdbig  aatolUe  coppo*,  and  the  latter  teioaa  oaida,  wUdi  aoAbfao  with 
the  silicate,  forming  a  fusible  slag  which  admits  of  the  metallic  copper  sej  ^amtinp  out  and 
collecting  together  in  mass  below  ik  Manganic  oxide,  or  cobalt-oxide,  &&,  wooM  behaTo 
inthesaraoiaRBnw  aalenfe  <nddo;  aad  earflj  mdocflila  «ald^  & 
as  cuprous  oxide. 

Silicates  also  exorcise  a  solvent  action  upon  the  gangue  mixed  with  ores.  Thus  tor 
example,  when  aa  <m  eonristang  of  galma  and  gangue  is  aielted,  wkk  addttko  of 
lerric  oxido  and  mitable  dags,  the  latter  dissolve  the  gangue,  the  ferric  oxide  is 
rfdaeed  to  ferrons  oxide,  which  reacts  with  the  lead-sulphide,  and  oxidises  a  portion  of 
the  sulphur  to  sulphurous  acid,  which  volatilises,  while  the  metallie  iron  produced  at 
Iba  same  tiaia,  separatea  the  lead  ftem  combination  with  the  remaining  sulphur,  and 
forms  iron-^dphitle.    In  this  oaaa  aU  the  diflsvent  xeaetkRia  pradaeed  ia  aiiilim 

operations  take  place  togctlier. 

As  a  coneral  rala  it  may  bo  stated,  that  when  anztnros  of  an  oxida  vith  anodiar 
oxidfl  which  is  ttiotp  ra-^iily  n  -luct  il,  jmd  of  silicatpf  mntaining  a  sufficient  amount  of 
hiiica,  are  sulyectod  to  reducing  melting,  tho  least  easily  reducible  oxide  is  diasolTod 
lyttoaiiiaitoaadfawdMg^idiitethaawaaai^  To 
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•  oWmtt  thb  jmM,  howfrme,  it  if  fMonsarj  that  tlw  nlinto  •honM  be  preMOt  in  MflW 

cit'iit  amount,  and  tliat  its  molt'mp:  jx:)iiit  should  Lo  liigh>'r  tluii  flie  (euiporaturo  at 
which  the  more  omIj  leduciUe  oxido  is  decomposed,  ajod  lovcor  than  that  at  which  the 
lees  easily  rednciUe  (Kzid«  vt  decomposed.  If  then  mn  »  delld«&C7  of 'silicate,  the 
whole  of  the  ferrous  oxido  would  not  be  converted  into  slag,  and  a  portion  of  it  would 
be  reduced  to  the  metallic  state.  If  the  silicate  malted  before  the  cuprous  oxide  had 
been  reduced,  part  of  the  latter  would  pass  into  tiie  ilag ;  and  if  it  cUd  not  melt  till 
after  ferrous  oxide  had  been  portly  reduced,  the  copper  would  bo  mixed  with  iron. 

Slags  should  in  ppurral  be  more  ea«ily  fusible,  or  at  most  not  less  fusiMo  tli;in  tho 
other  pruducttt  of  the  melting  optjratiuii ;  but  tlie  actual  degree  uf  fusil.ility  will  Miry 
OOnaidaBshl^t  aooaidiilg  to  the  temperature  requisite  in  the  operation.  The  followiiig 
table  contmn^  a  summnry  of  tlie  more  important  results  obtained  bj  Piattaer  in  hlM 
investigation  of  the  fusibility  of  various  silicatee  and  slaes :— 
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The  traiperaturcs  piren  m  tlioMi-  at  which  these  bilicates  wcrr  funned  and  melted  refer 
to  the  melting  points  of  platinum  2031°  C,  gold  Uu2°  C,  silver  1023^  C,  and  lead 
.834°  C,  adopt e<l  by  Flnttnor  as  tiM Standards  ^ comparison  in  his  experirasnla. 

Til'  fluidity  of  slugs  dilV-  is  very  considerably,  nnd  it  is  often  of  great  importance  in 
pcacUce.  The  mode  in  wbicii  they  salidiiy  al^  i^  of  btiil  greater  importance.  Some 
an  "Wtf  liqoM,  bat  diange  at  once  by  reduction  of  temperataze  tnui  ligsid  to  the 
soUd  state ;  oHms  mkiilimid,  and  aolidify  fft4mtSij,m§ri^  tfaMMbssml  stasgM 
ofTiMidity. 

The §Mmm always  ooBtsni  •  flnaller  proportiaB  of  siUes  fhsii  tlie  litter;  mmI  tiio 

characters  of  slags,  whilfi  in  the  melted  nlate,  and  after  solidifl  .iti  n,  oftm  furnish 
the  practised  metallurgist  with  indications  as  to  whether  the  matorials  ho  is  opcxat- 
•ing  upon  avs  duly  proporlioMd  or  noL 

Sl^gB  are  sometimes  amorphous,  sometimes  crystalline.  Tlie  former  are  often 
glassy ;  the  latter  present  an  appearance  r«f«embliD^  certain  rocks^  snoh  M  ]niTa»  and  in 
comp<Miti(»i  thej  aften  approzimats  to  sugite,  oliTin,  felspar, 

Prm^TMATios'  xyny  DTsrn.T.ATiiW. 

Volatilisable  metals  and  metallic  eompoonds  are  in  some  cases  separated  from 
their  ores  by  means  of  that  duoaetar.  Thm  anNniom  «4»d,  Mwnie  solpbide^  and  ein* 
iiabar  are  separated  in  this  way  from  other  substiinci  witli  which  they  maybe  mixed  or 
combined.  The  nntiro  compounds  of  iron  with  acsonic  are  deoomp<»»ed  by  heat, 
yitildiug  metallic  arsenic,  whiui  is  rolatiliscd,  while  a  kvir  sssenMe  nmains.  Arsenic 
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pyntt'H  hoaf^-il  In  a  cToho  vessel  yioMs  arsenic  sulpIiiJo  at. first,  and  finally  mf^'nlllc; 
ancaic^  alxmt  lialf  the  solphur  and  rather  less  of  the  arsenic  remaining  oonbintiU.  with 
the  {ran.  WImd  niaeiiiy  oraa  m  lueabed  with  toma  tnlMtaoM  OMaUt  «f  forming  a 
fixed  cijtiip*»uu<l  wifli  aiij  constituent  of  them  which  is  capalde  of  being  volatilised  in 
combination  with  the  metal,  metallic  mercoiv  distilfl  oS.  Zinocarbonate.  iatimateljr 
mixed  with  carbon  and  expand  to  «  white  heat,  ie  deeoo^oeed  ite  loridg  ta  cv- 
bonic  acid ;  the  carbonic-oxide  piodhieedlijthepikiAl  oonboitioaof  1^  CHbOBiedHeee 
the  aai>vai»,  and  (he  metal  ie  wiirtiiiwa. 

SuQriTioir  AKo  CmtAimassoir. 

Tlii'so  operations  aro  practised  witli  the  object  of  sopuratiug  Tnixturcs  of  toibstancAs 
which  haro  di£Eerent  melting  points,  or  which  solidify  at  difTi-rent  temperatures. 
AtgeUdtafinM  lead  ie  ae(»nitM  ftora  a  miztaie  ef  lead  and  copper  eooteiinBg  eOTor 

(see  p.  953),  by  heating  it  it.  -in-ha  manner  that  when  the  lead  melts,  if  can  flow  away 
fh)m  the  alloy  of  copper  and  lead  which  remains  solid.  Silver  is  separated  from 
aigentifaoiie  lead  bjr  enrstalliaatioii,  aiBee  the  allay  of  lead  witii  thehngeit  prapoctioik 
of  nivcr  does  not  solidify  until  the  eUoj  of  lead  with  the  «aalleit  jwiwrtwtt  km 
lepaEated  in  qyatakb  (See  p.  604.) 


The  neteUsfi^faMl  opeiatioDe  abea^  tieated  of  heiiig  all  ooodneled  wtth  tha  aid  of 

heat,  involve  the  nse  of  fuel  as  a  source  of  heat;  and  it  is  there-fore  an  object  of  great 
impoiiaace  to  applv  it  to  this  parnoee  in  the  most  efficient  and  economical 
The  gNMral  principle  by  whidi  the  felative  tabe  of  djAnat  khide  of  IM  maj  be 
determined,  and  the  conditions  under  which  they  may  be  rendered  most  effioaciou.s, 
have  been  already  considered.  (See  Fuu,  iL  718  t€q.)  ItODW  only  remains  torefar 
simply  to  the  means  of  augmenting  the  effloaoy  of  ttai  beyrad  ite  natam  aipabiUty,  eo 
£tr  as  reliitc^  to  the  production  of  high  temperatures  by  the  application  of  heated  air 
in  the  comlnwtion  of  fuel.  The  advantage  gained  in  this  wav  always  involves  the 
consumptiua  of  a  proportionatuly  larger  amount  of  ftiel  according  to  the  degree  of 
temperature  produced ;  but  since  the  nirtellni^c  operations  which  require  a  very  high 
temperature  can  be  oondni  ted  mm-h  more  mpidly  in  proportion  as  the  tempentnrc  is 
increased,  tlie  saviiiiy:  of  fuel  ell'ected  bv  u^iiig  u  high  temperature  is  referable  to  the 
hrger  quantity  of  nmterial  which  can  be  worked  within  a  given  tiae^  coaipered  with 
what  can  hv  wurkcil  within  the  pame  time  at  a  lower  temperature. 

Whenever  it  is  necessary  to  use  fuel  in  such  a  manner  that  only  a  portion  of  its 
heating  power  ie  tendered  sAeliTe,  ae  in  meet  of  the  operations  ccniBeoted  wfth  ^ 
mannfaeture  of  iron,  a  very  great  c<y>nomy  ciin  }.>v  effected  by  iising  thf^  waste  pases  for 
the  purpose  of  heating  the  air  with  which  the  furnaces  are  fed,  instead  of  allowing 
those  gasee  to  eaeape  without  prodndng  anynaflfbl  eflfeet.  The  h^t  thna  eommmiieatfa 
to  the  air  with  whi^.-h  th.'  fcirnacrs  are  fed  has  the  eflTt  ct  of  raising  the  temperature 
pcodoced  in  those  furnaces  to  a  degree  far  higher  than  can  be  prodooed  by  the  mero 
combustion  of  the  fkiel  need.  This  angmenUtlon  of  te]B|Msratare  is  of  coarse  propor- 
tionate to  the  inereus'-d  temperature  at  whirh  air  is  supplied  to  the  furnac<>8,  and  sineo 
the  production  of  a  very  high  temporature  is  the  essential  condition  by  which  economy 
of  mel  ie  to  be  attsAiea  hi  the  maonlhetiire  of  inm,  the  bmum  of  laMohiK  thii  olgeot 
are  of  the  highest  importanoe.    (See  IitoN,  iii.  362  cf  sfd.,  and  Fuai.,  ii.  729.) 

In  many  metaUoigic  operations,  the  use  of  gaseous  fuel  obtained  by  burning  coal, 
eo  as  to  convert  it  into  carbonic  oxide  and  hydrocarbon  gases,  is  capable  of  bemg  made  a 
very  valuable  meana  of  eflbctingeconorny  in  fuel,  and  at  the  same  time  of  obtaining  )n<a» 
advantaf^f»on??  resnlts  as  rpgards  the  nietids  pr(:>dueod  ;  but  as  yet  little  pro£»Tcss  has  l<ecn 
made  in  this  dLrectiuu  compared  with  the  ca(>abilities  which  exii>i  for  such  a  use  of  fuel. 

The  nee  of  air  oontaining  n  hnger  amount  of  oxygen  than  atnoq^iccie  air  wonki  also 
be  a  TCTT  eflfieient  meanf?  of  «*<?ORoraising  fuel,  e^^pecially  in  operations  reijuiriug  high 
temperaturt'itf  or  inUiusity  rather  Hum  quanti^  uf  hmt.  Some  attempts  have  already 
hem  made  to  realise  the  adviatiges  of  such  a  practiee^  bnt  they  have  not  hitherto 
be«n  attended  with  any  such  sncccss  in  relation  to  the  larger  meteihuqpo  <i|pcntiQBf 
to  require  more  ths^  a  passing  mention.   (See  Fuxl,  u.  72^.) 

The  metallurgic  operations  which  are  conducted  without  thr  aid  of  a  high  tompora- 
tnn^  and  by  the  agency  of  water  or  other  solvents,  according  to  what  is  termed  the 

Aon  niin^  aad  to  •  w  ca^t  the  estndm  of  cQpp^ 

Bonmoii  ihd  Smafirmox. 

r>y  thi^  first  of  these  operations  silver  is  extracted  from  its  oree  assulphato,  or  \rf 
means  of  a  eolntioii  of  eooittm-^hlttride^  after  the  meUl  hee  been  oomreited  intoohlo* 
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rido.  Pliiliniim  is  also  extracted  from  its  ores  by  means  of  nitro-hydrochloric  acid,  aad 
fillver  is  separated  from  g<ilcl  liy  treatment  ys-^.fh  Tiitro-hydrochlonV  arid,  which  dissolrps 
only  the  latter  metal ;  or  wktu  the  silver  amnnnrs  to  more  than  three  times  as  much  aa 
the  gold,  by  means  of  nitric  acid  (see  Gold,  iL  325),  which  dknlvM  vnfy  the  mlfm, 
tins  operation  being  trrmod  parting.  Copper  is  also  extmrtcd  from  poor  ores  hy 
conTertinc  it  into  duoride  or  sul^h^e^  and  dusolTing  these  salts  out  with  water.  (See 
OomB,  11.  M.) 

Another  operation  involrinj*  solution  is  tho  cxtracfion  of  po\d  and  silvfr  from  their 
ot«8  by  means  of  mercury,  which  is  frcauently  practised  uudtir  the  name  of  am*lgft- 
aiAtioii,  doee  fhe  sohitkNi  of  the  swwu  hj  ]iiercur>-  dr  pends  ujpon  the  fennatioii  of 
•a  amalgam,  wliicli  dissolv.\s  in  exocsa  of  mercury.    (Soo  (_u>i.n,  ii.  925,  and  fii  vKfi.) 

Precipitatioa  ii  practised  for  the  separation  of  metalsfrom  the  solutions  obtained 
from  ores  as  aibof*  SMntsoned.  Thus  eopper &  precqntated  in  the  metallie  state  lyy 
means  of  metallic  iron,  wliioh  docompo.Hcs  the  coppcr-oompound  hold  in  bolution.  Tin's 
operation  is  termed  cementation.  (See  Coppbr,  iL  36.)  Pktinnm  is  separated  from 
Holutiou  as  ammonio-ehloride,  by  precipitation  with  sohttion  of  siU'«mmf(Hdac; 
•Qver  as  chloride,  by  means  of  solution  with  salt,  or  hydrochloric  add;  and  gdd,  i& 
the  metallic  state,  by  means  of  ferrous  sulphate.   (See  Gold,  ii.  926.) 

TUo  various  operations  of  metallurgy  which  are  conducted  by  means  of  electrolysis, 
such  as  electroplating,  1 1 <  ctrogilding;  tod  electrot;^ping,  depend  mpsm.  the 
principles  which  have  aln  ady  hc*  n  discussed  in  general  terms  in  the  artide  Electhicity 
(iL  41  i  (.i  &€q.^  jmd  137) ;  and  more  precise  details  will  be  fouud  in  Urce  Diciioiiar^  of 
Arts,  Manufacture*,  and  Mines,  article  ELwnuvJfHBUXinMT. 

The  methods  of  manu£icturingalnminitim,  magnesium  and  soditim,  &c.,  will  be 
found  in  the  articles  devoted  to  the  general  chemistiy  of  those  metak.       B.  H.  P. 

ChKMRP  I.  Monad  nn'tals. — The  rfcdvt'd  at«jmlc  weights  of  the  nun  metallic 
monads,  fluorine,  chlorine,  bromine,  and  iodine,  or  19,  Z5-6,  80,  and  127,  are  merely 
the  relatire  weights  of  eadi  of  them  which  have  the  same  gaseous  bnllc  as  the  unit  of 
h^dfOgw*  These  four  halogen  elements,  which  may  be  oomidered  as  chlorous  or  elce- 
tro-negatiTe  Tarieties  of  hydrogen,  have  the  characteristic  property  of  replacing 
hydrogen  um!  one  aoothur,  in  a  great  variety  of  compounds,  by  an  equivalent  fjubstitii- 
tion  of  vofame  Ibr  TOhmc,  atom  for  atom.  The  fluoride,  chloride,  hronnde,  and  iodkle 
of  hydrof^en  are  (?ompo^cd  of  equal  volumes  of  halog<  n  and  fivdro^CTfTi  imited  w-ithout 
condensation,  one  volame  or  atom  of  chloriatj,  for  instance,  uniting  with  one  volume  or 
•torn  of  hydn^^  to  form  two  volumes  of  hydrochloric  add,  HCL  Theas  two  Tohmiia 
oon'ititnta  the  mole<Tile  of  hydnK-ldoric  acid,  whv-h  is  usually  regnrded  as  a  chloro- 
derivative  of  the  molecule  of  hydrogen,  UH,  and  taken  as  a  convenient  standard  of 
«oni|MBSon  for  two-votanBe  nolaeolaa  hi  generaL 

The  metalh  1  i t h inm,  sodium,  potass inm,  rubidium,  cesium,  and  silver 
are  coirelativo  to  ih«  above  halogtm  elements,  and  accordingly  may  be  looked  upon  as 
hai^lcma  or  eleetro-poeitive  varieties  of  hydrogen.  Their  received  atomic  weights, 
naiii'  ly,  Li  7,  23,  K  39,  Ilh  85,  Cs  1S8,  and  lOR,  express  the  rela'ivr  iruintitJ.-s  of 
each  of  them  which  can  displaoe  1  part  by  weight  of  hydn^n  to  unite  with  35*6  parts 
hf  weight  of  flhhirine.  item  H  ia  ftnma  by  experiment  that  7  parts  cf  lithfam,  S8 
j.arti  of  .Hodiuni,  39  parts  of  potassium,  and  108  part*?  of  silver  have  ?«ubjif  antially  the 
same  specific  heat  as  one  anothear ;  so  that  7  parts  of  lithium  and  108  parts  of  nlvei^ 
ibr  inftnaee,  abaorb  at  erdTS  the  aame  amooot  of  heat  in  mdeiii^ing  the  same 

increment  or  decrt  inenf  of  tonipenifun-.  The  specific  heats  of  the  atomic  proportions 
of  these  four  metala,  and  bv  analogy  of  rubidium  and  caesium  also,  are  moreover  sub- 
stantially identical  nith  we  epeSk  haata  of  the  atomie  proportiona  of  ofakrin^ 
Imnune,  and  iodine,  and  nmy  ln'  expressed  with  f-ufficli  nt  aecurucy  for  our  present 
purpose  by  the  number  6*2,  in  comparison  with  the  spectflc  heat  of  water  taken  as 
the  standard  of  unity.  Each  of  theae  metala  unites  with  dilofine  in  but  •  single - 
definite  proportion,  to  form  a  chloride  expressible  hy  tlio  general  formula  M'Cl,  de- 
rivable from  the  typeHCl;  and  the  specific  heats  of  these  several  chlorides  and  of 
the  corresponding  bromide  and  iodides,  approxiuMte  to  the  number  12*4,  giving  a 
qwdfic  heat  of  6*2  foe  aadi  atom  in  the  molecule. 

The  chlorides  of  the  monad  metals,  th'^tirh  more  or  lew  volatile  at  high  tempera- 
tures,  are  not  sufiicieutly  sk)  to  allow  of  their  denssitie^  in  tho  vaporous  state  being 
aaeertained  by  experiment  Their  theoretical  vapour-densities,  howefaTt  am  aasumed 
to  be  the  halves  of  their  respective  atomic  wciphtH,  and  their  molecules  are  scoordinply 
referred  to  tho  normal  two- volume  standard.  One  or  two  of  theiie  motiik,  oiure  parti- 
eahuly  lithium  and  sodium,  havo  been  made  to  combine  with  the  organic  raaiclcs 
Tiiethyl  and  <.thyl  ;  but  the  re-^uhiuj:?  mcthidt  s  and  etfiidtH  have  not  bi  rn  (jbtalned  in 
HP  isolated  condition,  an<l  d  fortiori  have  not  had  their  vapour-densities  determined. 

The nalali «f  tids  group  have  the  temmoa  ^ngntjut  IbMung  aalphatai  vhkh 

« 
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rombino  with  sulphate  of  aluminium  to  produce  a  highly  characteristic  <Hm  of* 
hydrated  double  Baits,  crystallising  in  octahedrons,  and  known  by  the  generic  name  of 
the  alums.  The^  are  also  distinguished  bv  their  capability  of  forntiug  acidaud  mixed 
■dto  of  ^bttie  aadfl^  ad  incapubiUty  of  ranung  basic  and  mixed  salts  of  mooobMie 
acids,  properties,  however,  which  appr  rtain  to  silv«^r  in  only  a  limited  degree.  The 
metals  potassium,  rubidium,  and  curium  form  a  detiuite  sub-group,  ohaiactorised  bjr 
special  properties.  They  are  the  most  powerfully  basylous  or  oxkUsoble  of  all  toe 
f  l(  iii'  iit-j.  and  the  intensity  of  their  bn^ylity  increases  in  the  order  of  their  atnmic 
weights.  Their  hydrates  and  sulphydrates  are  very  soluble  in  water,  furmiug  power- 
lUlj  eooatie  ooSmioM.  Their  enboBotee  ako  oe  1017  d^qneoeent,  soluble^  end 
caustic  compounds.  Their  chlorides  are  doUqiSieMit  and  soluble,  their  sulphates  . 
RNunqghr  soluble^  and  their  pktino-rhlnridaB  end  aeid-tartratefi  almost  iiumluble. 
Bodiom  M  tetoss  tasylooi  than  potassfwiii,  aad  litfmun  than  aodhmt  Theinfieuw 
oxidisability  of  sodium  is  well  shown  by  its  want  of  action  on  a  strung  solution  of 
caustic  soda,  and  by  the  facility  with  which  it  is  produced  and  manipulated  in  the 
operations  of  modem  metallnigy.  Its  hydrate  and  solphydrate  resemble  those  of 
potassium,  but  its  cari/onute  is  efflorescent,  very  moderatelv  soluble,  and  scarcely  at  all 
caustic  ;  while  carbonate  of  lithium  is  almost  insolulde,  and  the  phosphate  yet  more  so^ 
like  the  carbonates  and  phosphates  of  the  alkali-earth  metals.  Moreover,  while  car- 
booite  of  potassium  is  perfectly  fixed  in  the  fire,  carbonate  of  sodium  loses  u  small 
proportion,  and  rarl>onate  of  lithium  a  considemMe  proportion  of  carbonic  anhydride  ; 
and  again,  tho  (solution  of  chloride  of  litliiuni,  though  tu  a  less  degree  than  that  of 
ehloride  of  magnesium,  is  decomposed  during  evaporation,  with  loss  of  hydrodilorie 
acid.  Silver,  although  distinguished  from  most  of  the  heavy  metals  hy  the  perf  et 
neutrality  ot  its  soluble  salts,  differs  from  the  alkali-met&Ls  proper  in  its  high  s^cilic 
prari^,  sti  ponBanence  in  air,  the  insolubility  of  its  shioffids^  wad  la  the 
indifference  of  its  oxide  and  sulphide  to  the  action  of  water.  Nevertheless  there  seems 
to  be  a  relationship  between  sodium  and  silver  manifested  by  the  isomorphina  of  their 
anhjdioM  ■dphetoa,  nd  in  other  ways.  Bearing  in  nind  also  the  geMzal  role  that 
the  specific  gmrities  of  allied  metals  increase  in  the  ordiT  of  their  atomic  weight's,  tho 
superior  specific  gravitj^  of  sodium  over  that  of  potassium  may  be  taken  to  indicjite  its 
hftfinge  latent  aeoooaaiMm  with  the  hearf  metals.  The  triad  metals  tfiallinm  and  gold,  in 
addition  to  their  characteristic  triihlniides,  form  protochlorides  corresponding  in  their 
heatSt  insolubility,  and  aeneral  ptopertiesi  to  the  above-mentioned  ]^xXo- 
of  rimr,  wfaeMse  the  metds  themselTei  maybe  legaided  as  being  at  the  aame 
time  monatoniie  and  trislomio, 

Gbovp  II. — Dyad  Metals;  namely,  gluciuum,  magnesium,  calcium,  stron- 
tium, barium,  zinc,  cadmium,  and  mercury.  The  metals  of  this  class  agree 
with  those  last  considered  in  1m  ing  more  or  less  stronglj  basylous,  but  differ  from 
tliem  in  a  variety  of  other  particulars.  Of  glocinum  very  little  is  really  known,  but  its 
unascertained  properties  will  be  assumed  to  correspond  generally  with  the  known 
pnperties  of  msgnesinn.  With  the  exceptioil  of  mercury,  which  in  addition  to  its 
normal  ehloride.  or  corrosive  publim.it--.  forms  an  inferior  chloride,  or  calomel,  to  be  left 
out  of  cou.sideration  for  the  pH  sent,  all  the  members  of  this  group  unite  with  chlorine 
in  a  single  proportion  only.  With  the  Otomio  veUltO  heretofore  usually  aeeunb  d  to 
these  metals,  their  cldorides  would  be  repreeeoted  protochlorides  by  the  peueral 
fonnula  M'Cl  corresponding  to  HCl ;  but  doubling  their  rLspeetive  atomic  weights  as 
advocated  more  particulariy  hj  Wurtz  and  Canni/juuo^  their  chlorides  must  be  rcpro* 
sented  as  dichlondei^  hj  the  geMml  fbamula  WCL*  eoneapondii^  to  OGl',  as  ahown 
below: 


HGl 

oa« 

Cr  4-5 

GCl 

-   «  0 

Mg  12 

MgCl 

U 

Oa  90 

OaCL 

oaa* 

Go,  40 

Rr  43-75 

SrOl 

MP 

$ir  87-5 

Ba  68-6 

BaCl 

SUd* 

Ba  137 

Zn  SS^ff 

ZhOl 

SSnCP 

¥ai  Off 

Cd  5(3 

CdCl 

CdCI« 

Cd  112 

H^'  100 

HgCl 

U-Cl^ 

ifg  200 

•Several  metals  not  belonging  to  this  group  f(jrm  chlorides  analoffous  to  those  above 
tslmlated,  just  as  the  triad  metals  thallium  and  gold,  form  nrotoefakiidin  analogous  to  pro- 
tochloride  of  silver.  Tb»  diifated  formula of  a  t&w  of  them  aio  appeaded  ar  the  aaka 

of  illustration : — 

Cn  31-75  CaCI  OuCl«  Gn  6S-« 

Sn   59  Sua  SnCl'  Kn  118 

Pb  108-ff  PbCl  f  bOl*  ¥b  207 
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Hw  genml  fvinelplM  m  whlA  the  datormfauitkm  of  aAoniio  weights  must  logiotllj 

depen<l,  wro  flisou^sed  very  fully  in  a  previous  article  (wW<?  Atomic  Weights),  which  it 
may  be  observed  was  nace«sarilv  written  long  before  the  date  of  its  publication.  It 
was  thefftb  stated,  that  altiwogh  in  tha  ant&n^s  opinion,  tha  afgaaantsin  fimvrof 
(loii^liiii:  thcatomio  woighliof  wl*nwl*liBO'n'un(lpr  con.sidfmtion,  woro  not  at  that  timo 
sufficiently  cc^ont  to  waziaat  tlM  adoptiaii  of  a  luwty  change  in  old  established  usages, 
jet  tiiat,  tho  proposal  beings  tli«D  of  vary  TMeot  introdvetiofii,  it  was  not  inpiobabla  thatin 
course  of  timo  the  ohjections  to  whicli  it  was  liable  woiiKl  bo  more  or  less  satisfactorily  ex- 
plained away,  while  further  potential  arguments  might  possibly  be  adduced  in  its  support. 
And  tlus  is  what  has  since  actually  taken  place ;  for  although  the  objections  to  the  pro- 
poMl  oyUMi  even  now  be  r«*g]iraod  as  altogether  overcome,  yet  th*'  argnmenta  in  its 
favour  preponderate  so  largely  as  to  leave  no  doubt  whatever  about  the  ultimate  neoes- 
eity  for  its  adoption.  Before  considering  seriatim  the  reasons  for  and  against  the 
poposed  doubling  of  Ihe  irtOBie  weights  of  these  motals,  it  may  be  obserrcd  at  staifr* 
intr,  that,  just  as  thore  are  monntnmic,  diatomic,  and  triatomic  chlorous  elements,  so 
should  we  expect  to  have  monatomic,  diatomic,  and  triatomic  basylous  elements  or  metals. 
It  would,  moreover,  be  extremely  stiiuigaif  wliile  tited  and  tetrad  metals  are  abnndan^ 
BMt  with,  there  should  exist  only  one  or  two  well-knoTrn  dyad  metals.  Again,  just  as 
aaumg  chlorous  elements,  tho  distinction  between  monatomic  and  triatomic  atoms  was 
leeognised  long  before  the  distinction  between  monatomic  and  diatonde  atoms,  so  is  it 
natural  that  nmriTij;  lta«y1  /us  elements  also,  the  distinction  between  monatomic  and 
diatomio  metals  now  proposed  for  adoption,  should  not  be  established  until  long  after 
Aa  dittfneCioii  beCvven  monad  and  triad  metab  bad  been  all  bnt  onttMally  admoiw- 
ledged. 

a.  Atomic  Heat. — If  we  represent  the  chlorides  tabulated  abote^  as  dichloride^ 
wa  find  that  the  pro^x)rttmM  of  metal  eomblned  wUSh  two  atoms  of  dilorfne  in  their 

respect  ivr  TTVi^lecnles  have  f  li.  ir  specific  heats  expressed  hytlif  Truiil  .  r  r>  2.  ju'-t  ->  tho 

several  proportions  of  metal  united  with  one  atom  of  chlorine  in  undisDUtedprotochlorideiL 
and  the  sereral  pm^xiitlooe  of  metal  inrftedwfth  tinve  atoms  of  duorfaie  in  nndispntea 
trichlorides.  But  if  we  continue  toreprard  the  chlorides  in  question  as  protochlorides, 
tho  proportions  of  metal  contained  in  their  respective  molecules  will  have  only  half  the 
specific  neat  of  the  proportions  of  metal  contained  in  the  molecules  of  undisputed  proto- 
and  tricblorides.  in  other  words,  with  the  doubled  weights  and  formulae,  the  atoms 
of  this  proup  of  metals  will  have  the  same  specific  heats,  whereas  with  the  old  atomic* 
weights  they  will  have  only  half  the  specific  heats,  of  tho  atoms  of  chlorous  dyads, 
lixu'h  as  sulphur  and  selenium;  of  chioioas  and  basylous  monads,  such  as  1  <  >minc^ 
iodine,  s'xliuin,  and  silver;  and  of  chlorous  and  basylous  triads,  such  as  plii>s|)li()nis, 
arsenic,  thallium,  an<l  t:'»ld.  Moreover  the  specific  heats  of  their  respective  chloridt-H. 
Ac,  written  as  dichlorides.  will  agree  with  the  specific  beets  of  undisputed  proto-  and 
trichlorides  in  this  particular,  that,  divi<led  by  the  number  of  atoms  in  the  molecule, 
they  will  all  yifld  the  constant  6*2.  Thus  the  ascertained  specific  heat  of  corrosive 
■nUimate  HgCl^  (200'I-S6'6  xS)  is  lfri7,  which  dividiHl  by  3,  ^ives  the  quotient  6*18. 

Objection. — The  artrument  from  atomic  heat  is  afimitted  to  have  great  force, 
ibaaffx  hardly  sufficient  to  be  absolutely  decisive  of  the  question,  inasmuch  as  the  ato- 
mie  heals  of  the  non-metals,  boron,  carbon,  and  silioon,  are  not  nnder  any  drenmslances 
more  than  half  as  pfreat  as  the  atomic  heats  of  their  metallic  congeners.  It  being 
therefore  impossible  to  accord  the  same  specific  heats  to  the  atoms  of  all  the  elements^  it 
is  qidte  eenMivable  tluit  tiie  atonde  heat  of  eettsin  metals  shonld  diflbr  horn  the 
atomic  heat  of  the  remainder,  that  marrnesium  and  mercury,  for  instance,  should 
have  only  half  tho  atomic  heat  of  sodium  and  silTer.  Then  the  molecule  of  chloride 
of  mercury-  HgCl,  for  instance,  wodd  bare  the  speoifls  beat  «f  its  coiistftuent  stoouv 
.3  1  +  6-2  =^9-3;  while  the  molecule  of  chloride  of^a&TW  AgG^  IVOVld  b«fS  the  Spssifle 
heat  of  its  constituent  atoms,  6  2  +  6*2  — 12"4. 

fi.  Mol  cc  ular  Volume. — Mercuric  chloride  and  mercuric  ethide,  if  represented 
as  4yidie  by  the  ibrmnlm  figCl'  and  figEt'  respectively,  have  the  same  molecular 
volunr*  as  tho  corresponding  monadic  compounds,  hydrtc  chloride  HCl,  and  hydric 
ethide  11  Kt,  respectively,  and  as  the  corresponding  triadic  compounds,  arsenic  chloride 
AsCl',  and  arsenic  ethide  AsEt^  isspsatiiely.  The  gaseous  volumes  of  zinc-chloride 
and  stannous  chloride  have  not  been  ascertained,  but  tho  gaseous  volumes  of  their 
corresponding  ethidos  and  mctliides  agree  with  the  ethide  and  methido  of  mercury,  in 
the  eivemnstance  of  tbeir  xespectiTe  Tapour-densltisB  being  the  hslm  of  tiuir  atomie 
when  they  are  represented  ns  dyadio  oumpownds,  thus : 

S  vnU.  S  Tola.  i  voti. 

HCl  »gTJl«  AS^" 

TTEt  ^/T.r-  A8"Tt» 

EtCl  i4n'iit»  B-Cl* 

8n1Bt*  F'Et^ 
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In  oth(>r  words,  the  fohlile  chlorides  and  ethides  of  th«M  MtaK  if  represented  as 

clyn'ir,  will  have  the  name  mohrular  volutno.  whoreas  if  represent i>d  as  monadic  they 
wiii  kiive  only  half  the  molecular  Tolome  of  uuJi>puted  protxwhluhdea  and  trichlorida^ 
poeotethides  and  trt*>thides»  Aw> 

Objection. — The  above  ar<rum»^nt  from  mol.  oular  volume  is  eon«"idered  to  haT« 
rather  letti  weight  than  that  from  atomic  heat :  lor  by  according  to  chloride  of  mercuiy 
and  its  o^ngeners  the  formoLn  which  brine  theiff  molecular  toIobmi  ialo  aeeocdiBee 
with  the  molocnlnr  volumes  of  rhlorido  of  hydrofjen,  clilori«le  of  orycjon,  &o,,  we  arc 
forced  to  accord  to  the  metaia  themselTes,  molecular  voliuaes  which  are  diaconlant 


f 

Ha 

H'O" 

H£t 

JSt«0" 

StCl 

CPS* 

HE 

oo 

aa 

ss 

BrBr 

8e8« 

5t»Cd"  J 

1' 


Tn  other  worls,  the  proportions  of  mcrcnry,  of  cadmium,  and  hy  analogy  of  rinc, 
which  combine  with  two  at<wui  of  chlorine,  or  etlwl,  or  methyl,  have  doaUe  the 
gueom  TohnM  of  the  propoitioii  of  hydro^ien  windi  oobUims  with  cam  iihiai  ot 
chlorine,  or  ethyl,  or  methyl,  and  consequently  double  the  volume  of  the  proportions 
of  oxyeea  and  sa^ar  respectiTely  which  combine  with  two  atoois,  iod  of  the 
proportion  of  aftragm  widen  eomnuies  with  three  ^ttanm  at  chloanne,  or  ethyl,  or 
raethyL  But  just  as  the  diatomic  chlorous  elements,  oxygen  and  sulphur,  have  the 
fuuno  gaseous  volume  aa,  and  not  double  the  volume  of,  the  monatomic  chlorous 
elements,  chlorine  and  bromine,  so  should  we  expect  the  diatomic  bnsjloos  elements, 
neienry  and  cadmiuxn,  tl>  have  the  fuime  volume  as,  and  not  dou  L  the  volume  of^ 
the  monatomic  basylous  metalloYd,  hyb^ifjen.  This  objection  has  been  partly  met 
Igr  comparing  tlie  molecules  of  mercury,  cailniium,  fitc,  not  with  the  molecules  of  free 
oxygen,  free  sulphur,  &c,  wfaklltte  dimible  in  the  act  of  combiuatioily  hvt  with  the 
molecules  of  the  diatomic  compound  radicles  Mibooic  OOOMil^  fiUfhnow  aiU^dn^ 
et^yleao,  &c,  which  are  indivisible;  thus: — 


t  TOU. 

tvola. 

S  TOU. 

V 

0"C1» 

dp 

or 

(CO)- 

»g-Cl« 

(SO^)" 

(CH*)- 

(co)'a» 

(0«B*)-CP 

AVliatevcr  value  may  Tie  accorded  to  this  e3q>lanation,  hnwcvor,  the  experimental 
discordance  ondoubtedlv  remains,  that  the  atomic  proportions  of  the  dvadic  baajlMds 
nMRnrf  aid  mdmkni,  nam  dooUo  €be  fohmie  or  tte  djadie  dklonndi  oxygcfo  and 

f^idphnr. 

y.  Double  Saltii--The  charactcristie  property  of  a  dvad  element  is  its  c^iabi- 
litr,  whflB  uiutod  with  one  and  Ae  Hme  HMmatonie  nMicle,  of  parting  with  that 
radicle  Viy  two  successive  substitutions,  and  of  thereby  uniting  with  two  diatiacb 
monatomic  radicles.  Kow  this  proper^  of  combining  with  two  different  ndkles  is 
oartainly  very  weQ  sacemplified  br  the  dass  of  metals  we  are  at  present  ooB8idflria& 
as  ofaowB  in  Oe  Uat  of  aotpnanM  tahwialud  bdonr,  iriiidi  nJi^t  na  htgiij  ailiiViir 


HgCl.HgEt  . 
(HnKt)'  .  . 
HgEt.HgMef  . 
ZnEt.Znl 
CaClCaClO  . 
8rN()'.Sr('-lP0» 
BaNO».BaC*ll»0» 
CulTO.CuF 
PbllO.l'bNO*  . 
fbHO.PbG>HK>* 


f,  diclilorida  • 
„  chlor-ethide 
„       diet hide  . 
,,       etho-mcthida  . 
Zinc  iodo-cthide  , 
lileaeiiing  powder  . 
Strontium  aeatnto-mtmle . 
Barium  acctato-nitrate 
Copner,  tluo-hydrate 
Laid,  lqfdnito>aitnita 
M  Ivdnlo-aoatata 


Hg'EfMaf 

ea"Cl.C10 

4;u'lI0.F 
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Tho  pT'^fttOT  number  of  thcso  double  compounds  pcfjsesa  a  moderate  degree  of  sta- 
bility, while  some  of  them,  as  tho  double  hulogen  ctliidos  and  methides.  are  among 
tiM  most  deAaita  and  stable  of  metallic  salts.  ^  The  rebtion  of  tho  organic-  compounik 
of  morrurj  and  amonic  to  nno  nnothor  is  dfidiMltfy  fi^^l^l  to  that  of  and 
other  to  tho  cthylumiues,  as  shuwu  below: 


Triad!. 
H»N  CPAs 

EtH-'N  EtCPAs 
£t*HN  Et'^ClAs 


H!K>  Cl«»g 
EtHO  EtCl»g 
£fcH>  Bt>fig 


Moudi. 
HCl  Cl^a 
BtOI  Blllft 


Again,  just  as  in  alcohol  tho  basylous  radicles,  hydr<«en  and  otiiyl,  are  held  toj^eflior 
by  diatomic  oxygen,  8o  in  tho  hyilnito-nitonto  of  lend  the  two  chlorous  radicles  aro 
held  together  by  diatomic  load  (Williamson,  Chem.  Soc.  J.  xvii.2ll).  Acconlingly, 
if  in  akohol  we  replace  diatomic  oxygen  by  monatomic  chlorine,  we  get  two  distinct 
dilgndei^  tlmg; 

KVCS*  H-  HBUr  «  FGBKT  •!>  HOI  ♦  SiCL 


And  ainalarly,  if  In  our  laed-ealt  «e  Mplnee  dietenitlMd  1^  mnnetomie  lilvn^  w 
gel  two  diitiaet  e^gentideei  dniB: 

80«Ji«f  -¥  BO,V(mr  m  aOW      HOAg  +  NO>Ag. 

Objections.— The  fotoe  of  this  argument  is  much  diminished  hf  nmembering 

that  certain  undoubted  monatomic  elomonts  und  groupings  have  tho  property,  thongli 
to  a  iixoited  extent,  of  eombinio|;  with  two  distinct  monatomic  radiclea.  Chior-eUude 
of  HMvoiuj,  for  inetanec^  figHMCl,  may  be  wriltaB  (I^j'yBtOI,  end  eeBifiend  nWti 
iodo-nitrate  of  silver,  (Ag')T.NO',  argento-chloride  of  sodinm,  (Cl*)A;:rsa,  liydro- 
flaoride  of  potaseiom,  (E*)HK,  hydro-acetate  of  potassium,  (2CH*0')ilK,  and  many 
efattiler  eonpowidi^  in  wliieh  une  nve  the  moMtonile  elemnito  rilvoi^  raknine,  fluonnei, 
as  well  as  monobasic  arotic  acid,  &c.,  coinltinrd  with  two  diffeimt  nwnatomie  radiclos, 
althogjgh,  indeed,  the  stabilitjr  of  theee  comoounds,  save  and  exoent  eome  of  the  l^dzo- 
flnovidM,  ie  of  ft  vwy  feeMw  eliitietii'i  Kofeofei',  in  ouulmllug  the  propertwM  tt 
monatonn'o  ethyl  ami  diatomic  ethylene,  and  ounpiBltff  Ao  udisimted  monad  metals 
vith  the  former,  and  the  metals  ondor  discussion  vHhtae  letter,  there  is  one  pointy  at 
any  rate,  of  some  importance  in  which  the  oompariaon  does  not  hold  good.  The 
hydrogen  of  a  dibasic  acid  is  found  to  be  replaceable  by  two  different  monatomic 
radicles,  and  by  the  same  radicle  at  two  suocessiro  stages,  whereas  it  is  replaceable  by 
a  single  diatomic  radicle  onfy,  and  that  at  a  single  operation.  Thus  the  diatomio 
radiolo  ethylene  may  be  substituted  for  the  hydrogen  of  oxalic  add  to  form  oxalate  of 
ethylene,  (CH*)"C*0*,  which  is  the  only  derived  oxalate  of  ethylene  hitherto  known; 
but  with  the  monatomic  radicle  ethyl  we  hare  acid  oxalate  of  etln'l,  (C*H*)'HCO*, 
neutral  oxalate  of  ethyl,  (C»H»)«CK)«,  potassic  oxalate  of  ethyl,  (C«H»)KC^O«,  &c.  In 
other  wonls,  tlio  monatomic  radicle  ethyl  does,  and  tho  diatomic  radicle  otliyh>no  does 
not.  form  acid  and  double  ethers  or  salts  of  diba>ic  acids;  and  a  similar  difference  of 
behaviour  is  manifested  by  monatomic  and  diatomic  chlorous  radicles,  such  as  acetgd 
(C^H*0)'  and  oxalyl  (CO")",  in  their  relation  to  a  diacid  base  such  as  glycol.  Now 
there  certainly  does  not  seem  to  be  any  decided  difference  in  this  particular  between 
the  two  gRR^  of  metela.  One  nMmber,  at  any  rate,  of  the  flnt  group— neaidy, 
silver— does  not  or  gcarcfly  does,  whilf  povoral  of  tlic  members  of  tho  second  group 
very  readily  do,  form  well-dctined  acid  and  double  salt*,  as  exempliJied  by  the  add 
COBuato  of  barium,  BaHC'0\  potassio-oxalate  of  zinc,  ZnKCO*,  add  carbonslie  of 
magnesium,  MglICO*,  gay-lussitc,  CaNaCO',  dolomite,  MgCaCO*,  acid  sulphate  of 
sinc^  ZoHSO*,  gUuberite,  CaNaSO*,  aoid  selenite  of  caldum,  CaHSeO',  &c.  &e.  Such 
«Hi  ioliie  enlphorinatee  of  eeleiiim  end  twinm  ownot  properiy  bo  addneed  In  flhM* 
tration,  iKcauKo,  altliough  for  some  purposes,  Fnilphovinic  acid  may  be  regarded  as  a 
double  sulphate  of  ethyl  and  hydrogen,  comparable  with  acid  sulphate  of  potasaiam, 
yel  itie  in  leaUbr  a  ooi^Qgaitoa  co— fomd  analc^ou  te  tike  tmlpumikt  m  Mtplio- 
phenic  acids,  for  mstance,  and  eoaMVMntfj  M  nan  BOBObMio  M  tlM  taBl%  leetio, 
and  "itriff  adds  thenuelTse* 

It  eeimol,  however,  be  eonfended  In  my  that  the  property  of  ftrming  add  and 
doublr  salf>)  with  dibasic  acids  is  incompati1)lo  with  tho  diatomic  character  of  the 
metals  forming  them ;  for,  indeed,  there  ia  no  suffident  reason  w^y  the  atom  of  a  dyad 
metal  ahonld  not  bind  together  two  atone  of  dibaaie  salplmae  aoUt  inetancw^  rait 
as  we  believe  tiie  <'htfi*—^  MduU  enlilnml  Undi  tofwuv  tmo  ttom  of  dihgdnt 
water,  thus  :— 
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TTic  iitmo«;t  that  oarx  ho  snid  is,  tlint  the  (Wfft^roncp  of  proportiVs  rxhibitMby  fOiylfne 
and  etbjl  in  thoir  beiwTioar  with  dibiisic  acids,  is  not  pftndieled  by  ft  ''*w**y^'"g 

groups  of  mt  t;ils. 

d.  JBasic  salts. — A  WiU^nrind  distinctioa  botwcon  monatomic  and  poljatomis 
•  ndidM,  wbieli  hM  hmt  pointed  oat  novo  especially  by  Wurtz,  reraftv  ftom  the 

•pteial  tendency  which  the  oxides  of  polyntomic,  and  particularly  diatomic  radicles 
ham,  to  produce  basie  and  anhydro-salts ;  or,  as  Wurtz  expresses  it,  from  the  power 
irlnch  they  hare  of  aeeomolatiDg  in  combination,  and  of  thereby  forming  compounds 
containing  multiple  radicles,  and  belonging  to  ^pes  of  greater  and  greater  complexity. 
Thus  we  are  acquainted  with  potassie  monochromato,  K*0(CrO'.0).  potassic  anhydro- 
dichrnmatt.-,  K-0(CrO*.0)',  and  potasaic  anhydro-triehromate,  K'O(CrO'.O)*.  Again, 
•we  have  monethylenic  glycol,  (C»H«.0).H»0,  diethvlcnic  plvcol,  (C!'H«.(>)lH-0.  tri- 
ethyleuic  glycol,  (C*H«.0)».H^O,  and  tetr.'th^lenic  glycol.  ( l  -ll*.())'.n»0,  &c'.  This 
distinction,  unlike  those  hitherto  considered,  is  simply  a  matter  of  obb^rvittion.  We 
fUmm  that  diatomie  osideB  do^  and  monatomic  osidM  do  not,  a  a  gnend  rab^ 
accumulate  in  the  manner  above  exemplifi<Hl ;  l)nt  vrf>  see  SO  reason  why  such  a 
difference  of  behaviour  should  result  from  the  diffi  n  ut  atomtnties  of  the  radicles. 
On  this  account  th<T(>fore,  that  it  is  based  oa  m  difien-nce  of  behaviour  not  direa^f 
deducible  from  difffrenco  of  oon«titiifion,  we  CJin  scjircoly  attach  so  ninch  importance 
to  this  last  distinction  as  to  those  which  have  been  preriooaly  discussed.  At  the  same 
tuM^  llie  diifefent  hnUtof  monatomic  and  diitoaie  ndidies  in  this  particolar  is  rtry 
well  mnrked.  are  noqnainted,  for  instance,  with  super-basic  hydrnt*'s.  chlnrides, 

and  acetates  of  ethylene,  but  with  no  super-basic  ^drates,  chlorides,  or  acetates  of  ethyL 
TbtqneotloB  oonoequently  ailses,  nlMtatv  a  sfanflar  dUfcium  Mbitatn  lislpsi  ^al- 
liged  diatomic  and  th<-  un  lispiited  monatnmir'  metals;  andthf  rni'ivvfr,  that  such  adiffer- 
eoM  does  exist,  is  certainly,  so  far  as  it  goes,  in  favour  of  the  diatomici^of  the  meiais 
sow  nndiwp  oomldnaliQQ.  Tiras  cnn  pwnlld  mhm  of  tfie  ImiIb  lijdiatai^  ddorides, 
acetates,  &c.  of  othylone  l>y  similar  compounds  of  calciuni,  magnesium,  rinc.  lead, 
Qopper,  &<' .  l>nt  not  by  any  oompoonds  of  the  undonbtedly  monad  metals.  Wehavo, 
§at  exam{>K,  SelnflMi't  liydnrto  of  M,  BP0(¥bO)*:  Fftyen's  hydnto  of  lead, 
IPO(?^bO)»;  Mendipite,Pbri'.(PbO)»;  Atacamite,  GuCWGaO)*;  Schindler's  oxychlo- 
lidoofzinc,  ZnCl»(a»0>.2H'0;  Rose's  oxychloride  of  calcium,  €aCl«(€aO)"  16H«0:  hy- 
dfomagnesite,  (MgCO».H«0)».SigH«0«;  dibasic  acetate  of  copper,  C<H«GuO*.Ga0.3H*0 ; 
dibasicaoetate  of  lead,  C*H«PbO*.JibO  :^H  ^0 :  tri basic  acetate  of  copper,0*H*CuO«<©oO)«; 
tribftsic  acetate  of  lead,  C*H«iibO\:PbOf.3H«0 ;  Mitscherlich's  dibasic  nitrate  of  mer- 
enxy,  ^^N'0*.Sg0.2H*0,  &c  &c.  This  is  perhaps  a  suitable  place  for  referring  to  an 
obeenratiM  of  Wurtz,  to  tlu  efieet  that,  by  reprej^enting  the  metals  of  this  poup  aa 
diatomic,  we  nrr  able  to  express  the  simple  moleonles  of  their  several  salts,  with  *^ntir» 
instead  of  witli  half  atoms  of  water  of  ctystallisiition,  as  illustrated  by  the  following; 
Jimoni^  inanv  ntlior  examples:  acetate  of  copper,  C*H'OuO*.HW;  acetate  of  lead, 
C'W¥U  )<.3H-();  perchlorato  of  lead,  «>CaH>*ikH>;  nitnteof  «ifpW|  MWJfi'O; 
chloride  of  nickel,  NiCl»9H»0,  &c, 

Objeotioaa*— It  is  contended  that  the  property  of  accumulating  in  combina- 
tion is  not  necessarily  but  only  accidentally  assc»ciatcd  with  poly  atomicity,  and 
thatjjnst  as  the  acetic  and  iodic  anhydrides  form  anhydro^^alts,  such  aa 
'  (0'H%0*y.G«H«0*  and  EIO«.I*0*,  without  pr^ndioe  to  their  Booatondeitj,  m 
may  the  plumbic  and  cupric  iMse-oxides  form  basic  salts  without  prejudieo  to  their 
monatomiei^.  From  several  oonndeFation&  howover,  Um  oxistenoe  of  a  diaofltio 
Mid  CKHK>«,  andatrilTdileiodloaeid,  H<70«,  Mwnot  impi^bnUo;  ndlf  M,tiM 
flihydro-acetates  and  anhydro-iodaff  h  may  b'  [iF-in  iated  in  reality  with  the  polyl«pic 
inM  fji  their  reroectiTe  acids.  As  for  the  argument  from  water  of  hydration,  taken 
briMAt  H  ositwity  ennaot  kfdafan  to  aaf  ^mttiveight,  sineo  tMa  is  no  mmn 
obvious  reason  why  one  atom  of  water  should  not  combine  with  two  atomi  nf  salt, 
H'O  with  (C^H'CuO*)'  for  instance,  than  there  is  w^y  one  atom  of  salt  should  be  abla 
to  combine  wiUi  two  qp  thvoo  atems  of  valfft 

But  although  the  arguments  in  favour  of  regarding  the  zinco-calcic  gn>up  of  metnla 
as  dyadic,  when  taken  separately,  are  open  to  the  objections  above  painted  ont,  ye^ 
taken  altogether,  they  seem  to  pr^^t  so  grMt  a  preponderance  of  eriaeaoe  in  support 
of  the  proposal,  as  to  render  its  adoption  almost  a  matter  of  neceesity.  Accepting  t  his 
concluKioii,  then,  as  inevitable,  and  according  to  the  above  metals  the  doubles  of  th»'ir 
previously  received  atomic  weights,  we  are  at  once  struck  by  the  very  obTious  paial^ 
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Tbo  metak  of  the  alkali]i6.«nth  sob-group,  niaidj,  oakif  m,  iboatiuiD,  and  barium, 
are  scarcelvIessbasjrlousoroxjdisaLIe  thiin  fhoso  of  the  alkalis,  and  the  degree  of 
their  basylity  also  mcrensM  in  the  order  of  their  atomio  weights.  Their  by  drat.-*  and 
•oJphydrates,  like  tlwae  of  the  aDuK-metab,  an  aolublA  in  water,  forming  cau^stic 
solutions  whioli  absorb  carbonic  anhydriMo  with  great  avidity,  to  form,  however  inso- 
luble carbonates ;  and  their  aulphatoa  are  likdvise  insoluble.  Amqnp  i  Iw  nu  mbers  of 
the  other  •nb>gr(mp»  tlw  watiiftatation  of  ustallic  properties,  as  popukrly  unden^ood, 
nth.  r  than  of  Imsylous  oharacttrs,  iucr-  a.^  s  in  the  order  of  their  atomic  weights;  and 
aeeoxdin^we  reoaid  th»  upoer  members  of  each  f<u!)-gTonp  as  exhibiting  a  very 
geMnI  Rwm,  and  taa  Jowm  mmhtn  as  exhibiting  highly  BpeeiiJiaed  forms  of  the 


metallic  chara.ier,  a»d  ai^llgiiBe  the  dilRMiioa  to  mmwhw  iaaona  m^dkmrn 

as  the  fbUowing;— 


Oiidniimn  


Glueinnm 


li^irium 


The  metals  of  the  loss  basylons  or  more  regnline  sub-group  are  distinguislK  cl  l  y 
their  volatility,  which  increases  in  the  order  of  their  several  at.-mie  w.^iVhr.y.  TIio 
hydrates  of  these  metals  are  insoluble  in  water,  and  only  those  of  gluciuum  and  mag- 
nedosiiiiBiiilMtmuch  affinity  for  oazbonicanhydri<:  .  1 :  -  sulphides  of  zinc,  cadmium, 
and  mercury  are  insoluble  permanent  precipitators,  while  that  of  macrnrsitmi  also 
appears  to  be  insoluble  in,  tbgugli  readjy  dteomposible  by  water.  Their  sulphates, 
unlike  those  of  thainflce  basylous  dyads,  are  all  soluble  in  watrr,  with  the  ezcr>pti<m 
of  sul?'h:!t.'  of  meTCTiry,  -wliich  h  drwmjXJf-ed  thcrrby  into  KtiljiLunV  aoid  and  a  liasio 
salt  in  many  points  uf  ils  btsluiviour,  ma^^nesium  presiuta  u  gttiii  nJ  rcbetubhuice  to 
calcium,  and  was  at  one  time  classified  with  ths  ilkalino-earth  metals. 

In  iuldition  to  corro?<ivL'  sublimate,  H^CF,  merenry  forms  an  inferior  chloride,  or 
calonu  l,  whoso  uiokculo  may  bo  represented  by  the  formula  HgCl,  corresponding  to 
that  of  proto-chloride  of  silver,  AeCl,  or  by  the  fomiii]afi|gK71^  corresponding  to  that  of 
mibchloridr  of  snlphur  S'Cl- ;  ana  thi^  selection  of  one  or  other  of  ituhc  «  x{>rrs>ion,s  will 
of  course  determine  the  entire  scries  of  formuke  to  be  accorded  to  the  entire  series  of 
mercarous  sails.  The  fmmibi  figfOl,  by  which  calomel  is  represented  as  a  proto- 
chloride  of  mercurosxim,  is  n v-f^mmrndt'd  by  its  superior  Biniplicity.  by  the  ready 
susceptibilitj  of  mercorons  talt^  to  double  decomposition  without  change  of  tvpe,  by 
IheMseiiiblaMe  cf  Oilmiisl  to  ths  insbhilile  monad  dJcridss  of  sOrer,  gold,  Ste^  and 
bj  tha  dstmnuMilaoa  of  its  vapour^density,  which  is  found  to  be  -  117*75 ; 

80  that  two  Tolumes  of  efilonitl  vapour,  fff^CH,  contAin  one  volume  of  chlorine,  Justus  two 
▼olumes  of  hydrochloric  add,  1jLC%  contain  one  volume  of  ohk>rin«>  On  the  other  hand, 
the  tonda  SifOi^  is  twniwMMiidsd  by  hs  wnmsfalmey  wiA  the  law  of  «fminnB]Mn» 
which  doelar^s  that  a  dyad  element  can  never  unite  with  nri  urj-  v.  n  number  of 
monad  atomsi  and  with  the  frequent  spontaneous  decomposition  of  mercuruoa  salts  into 
■MnorisssltsaBdBMTCaiy,  5^*0IP«^gOP-fBe^  Miorwifsr,  thsttdstaiesef  sBf«^ 
Vi-ajjic  niercurous  conipc>unds  is  opposod  to  the  represenf  a' i  :i  f  normal  mercurous  com- 
pounds as  proto-saltH ;  while  the  discordance  in  molecolar  volume  between  calomel  and 
snhdilonds  of  sulphur,  as  msdfd  hj  the  detMuiluaHoa  of  thsir  vapour-densities 
(S*C1*«=2  vols.,  while  Hg'Cl'=»4  vols.),  may  be  explained  by  sui>jx)slng  that  the  vapour 
of  <»lomel,  like  that  of  many  other  salts,*  undeigo^whnt  iu  known  as  dissociation  (i.  469 ; 
ii.  816)  into  two  volumes  ofmcteoxte  diloride,  5gCl^  and  twovdmnes  of  mercury, 
Bg.  This  supposition  is  to  some  extent  warranted  by  the  observation,  that  calorasi 
Tnpmrr  amalgamates  gold  lea^  and  that  corrosive  sublimate  may  be  detected  in  re- 
eublimcd  calomel  (Chem.  Soc.  J.  xvil  421).  In  the  present  undecided  state  of  the 
question,  however,  it  seems  preferable,  as  a  mere  matter  of  convenience,  to  employ  haM- 
tlM^r  lbs  aociM  of  ftimolie  £v  calomel  aad  jasnoxo^ 
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ObovpUL  Triad  Metals. — Classifying  the  metals  according  to  their  maxinmia 
iftomiatiM,  Hmm  are  only  three  triad  metals  properly  so  cuU«d,  samrl  y,  a  1  u  m  i  n  ina, 
thallium,  ami  pold:ft)r  the  trichlorides  of  arsenic,  amtimony,  :in«l  bismuth  must 
be  regarded  as  the  infwior  chlorides  of  pentad,  just  as  the  protochlorides  of  thallium 
and  gold  Um  iafttkir  dUorides  of  triad  elements.  TIm  ibnndft  far  tfaallic  chloride, 
TK/l*.  and  the  atomic  weight  for  thallium,  208,  hare  not  at  any  time  been  disputtnl. 
Awic  chloride  was  formerly  represented  as  a  ses^uiclilohde  by  the  formula  AuH^i*,  the 
atomie  weight  of  gold  being  tdeen  u  98;  \mt  it  is  wm  ahnqruepieseuied  m  atri- 

cliloride  by  the  forninla  AuCl',  the  atomic  w.  ielit  of  the  metal  iH-ing  fixf-d  at  lOH. 
The  old  sesquiatomic  formula  for  alominic  chloride^  Al'Gl',  in  accordance  with  irhicU 
the  atomieveight  (rfahnaioiinn  was  taken  as  1S*76^  ihao^  aliD  in  Terr  leneral  ase^ 
cannot  now  be  defi'iidcd  on  any  ratitjnal  grounds  whatever.  It  is  admit*.  !  on  :U1 
hands  that  the  smallest  Dfoportiou  of  alumininm  foand  to  exist  in  anj  definite  com- 
pound is  27*5  parts,  and  that  tiiis  proportioB  is  indiTfaihle  or  atonde  throi^ilioat  all 
the  reactions  which  aluminic  comjHjunda  undergo.  Evidently,  therefore,  it  ought  t"  1  ■« 
represented  as  indivisible  or  atomic  by  the  mibol  M""  or  AU**^  and  not  as  dipartite  by 
the  symbol  Al*.  Regarded  aa  triadie,  vith  tile  atomie  treigMi  97*6,  90t,  and  190># 
respectively,  it  is  found  that  the  specific  heats  of  the  atoms  of  aluminium,  thalh'ura 
ana  gold  approximate  to  the  number  6*2,  and  are  accordingly  identical  with  the 
specinc  heats  of  the  atoms  of  monad  metals,  such  as  sodium  andsilrer,  of  djrad  metals 
such  as  iiin|,nwiaai  tnd  mercury,  of  tetrad  metals  such  as  tin  and  lead,  and  of  pentad 
metals  such  as  arf«enic  and  antimony,  &c  The  trichlorides  of  thallium  and  gold  are 
deoonipH>}Hd  by  heat,  with  evolution  of  chlorine;  but  aluminic  chloride  volatilises 
unLhaup:ed,  and  its  vapour-density  haa  bacB  fMUld  bj  DaviUa  to  acconl,  not  withtha 
molecular  formula  A\C\\  but  with  the  more  complex  expres«?ion  APCl* ;  atid  many- 
chemists  attach  bo  much  iniixirtance  to  this  dotenuiuatinn,  that  ihey  habitually  repre- 
aant  aluminium  as  a  triatomic  element  by  the  symbol  All**  =  55.  But  ftOBI  aoBM 
unpublished  experirapnts  of  Mr.  IJuckton  aii>l  tho  author  of  this  article,  it  appear?  that 
the  vapour-densities  of  aluminic  methyl  and  etliyl  accord  umuiatakeably  with  lha 
molecular  formcdaB  AlMe'  and  Al£t'  respectively.  Aluminiintt-aaethyl  certainly  isi, 
and  aluminic  chloride  not  improbably  may  bo,  a  body  of  the  same  cla.««s  as  formic  acid, 
acetic  acid,. boric  metliide,  sulphur,  selenium,  &c.,  whose  vapours  require  to  be  heated 
Tenr  fkr  abore  the  boiling  points  of  the  several  liqaida  Mbra  aomuiing  di«£r  nonnal 
mok'Ctilar  volumes.  Thu.s,  at  220°  and  all  superior  tempeniturr s,  the  corrected  vapon r- 
densitr  of  aluminium-methyl  is  perfectly  constant  and  accords  with  the  formula 
ADfcp;  bat  below  820®  Ha  eometed  density  inereaaea  at  a  thj rapid  late^  ao  as 
to  become  nearly  doubled  at  130^,  which  high  density  would  of  course  aceortl  appri"»xi- 
matively  with  the  formula  Al-'Me*.  Bearing  in  mind,  however,  the  rule  deducible 
ftora  the  separate  -experimenta  of  Devflle  and  Oalioiin^  tliat  moleenlar  tnmida  of  a 
body  is  to  be  calculated  from  its  permanent  or  ultimate,  and  not  from  it.-;  variable  or 
initial  Tapour*den8ity.  and  having  reiraud  also  to  the  ascertained  behaviour  of  the  vapoor 
of  aihiiiiliBO  BMtidda^  wieoMy  obaenrwl  Tapoiu^denarty  of  alfiaiinlc  diloride  wbmioI»  ia  the 
author's  Ojpbdon,  be  taken  to  authorise  the  recognition  of  aluminium  as  ht  xatomic  and 
the  repireaentation  of  its  chloride  l^y  the  formula  All'^Gl',  or  Al'Cl*.  By  adopting 
the  Ibnniila  :A11CI*,  we  aboidd  hvn  to  aeeord  to  alaminiiim  aa  atomic  heat  twice  aa 
groat  as  that  of  any  other  metal,  while  by  adopting  the  formula  APCl*  we 
ahould  ^stematically  represent  an  indivisible  proportion  by  a  divisible  symbol, 
which  is  aboard :  for  the  proportion  of  aluminium  contained  in  the  molecule  of 
aluminic  chloride^  is  admittedly  the  smallest  pw^rtion  of  alvmhihna  lliat  it 
contained  in  the  molecule  of  any  aluminic  compound  whatsoever.  There  are, 
moreover,  other  objections :  for  if  aluminium  were  really  hexatomie,  it  m  uuld  differ 
from  all  other  elements  known  to  chemists  in  its  inability  to  form  a  proto-,  di-,  tri-, 
or  tetra-ehloride.  Again,  while  the  existence  of  such  salts  as  the  alums.  K'Al'"(SO*)', 
derived  from  2H*S0*,  is  a  nocessfiry  consequence  of  the  triatomicity  of  aluminium, 
their  constitution  would  be  scarcely  explicable  at  all  on  tfie  aaaanpttOB  «f  iti  bexa- 
tomicity.  Lastly,  the  circumstatico  that  certiiin  aluminic  compounds  prewnt  a  marked 
resemblance  in  composition  and  properties  to  similar  undoubted  triatomic  compoonda 
of  other  abmente,  as  of  boron  and  antimony,  for  instance,  is  at  any  nto  niaawhat 
opposed  to  the  notion  of  aluminium  having  in  reality  a  hexatomie  character.  Boron 
would  seem  to  stand  to  aluminium  in  much  the  same  relation  as  that  in  which  lithium 
■tanda  to  aodram,  and  gladnom  to  magnesium.  In  caeh  pair  of  ekmento  the  baajlitf 
of  the  second  is  sup*  nor  to  that  of  the  first  term  ;  while  the  monadic  arc  moPi>  Ixisylous 
than  the  corresponding  dyadic,  and  these  again  more  basylous  than  the  correi^Mwdiiug 
tiiadie  elMMola.  BorieandalaiafaiohydtataaaBfc»aateiflwaa<Mi»toaeidaoriiw 

Im^os.  The  isomorphous  borate  and  ahiminafe  of  mai^TK  sium,  or  boracite  and  spinelle, 
though  both  imlye^  to  a  oonaiderable  range  of  composition,  are  referrihle  to  the  similar 
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fonnnlse  MgB*0*  and  MgAlH)*,  nmeetiTelj.  As  before  remarked,  however,  the  specific 
hc-at  uf  the  atom  of  borou  itt  anomalous. 

Thallium  would  appear  to  occupy  among  the  triad  metals  a  position  r^imilnr  to  that 
of  mercuiy  among  the  dyads ;  but  the  ponition  of  gold  in  this  group,  whatever  that 
positioa  nay  be,  is  without  obtiouM  parallel.  In  addition  to  their  trichlorides,  &e., 
thulHum  and  gold  each  form  a  pnjtuchloride  and  a  wi^ll-dcfinod  perit's  of  monad  salts. 
The  simihirity  of  several  of  the  mouud  salts  of  thallium  to  the  cu^^e^ponding  com* 
pounds  of  potassium  is  very  marked.  ThoB  its  dilorid*  pradnces  an  insoluble  double 
salt  witli  chloride  of  platinum;  its  acid  tartnite  occurs  as  a  crystalline  precipitate  ;  its 
snlphute  farms  with  sulphate  of  aluminium  a  well  characterised  alum;  while  its  hydrate 
is  readily  soluble  in  water,  forming  a  caxistic  solution  which  absorbs  carbonic  anhydride 
from  the  air.  On  the  other  hand,  protosulphide  of  thallium,  like  that  of  silver,  constitutes 
a  dense  black  precipitate.  Again,  protochloride  of  thallium,  though  more  soluble  in 
water,  has  a  gcoeml  rsssmtlMos  to  ehlorid^  of  silyer,  while  the  protobronidss  aad 


iodides  of  ihe  two  ni-  tals  present  etMl  •  BTeater  degree  of  similarity.  The  most  stable 
of  the  munad  salts  of  gold  is  the  sdMue  oystaUine  sodio-sulphidob  AuNaS.4HH), 
The  proUndde  is  rvy  mMitt,  and  the  ptotoMkride  is  kaova  cdy  M  w  insoliU* 
residaa 

Gboi-p  IV.  Tetrad  Metals  ;  including  tin,  lead,  titani  nm,  zirconium,  tho- 
rinum,  and  tantalum. — These  metals  are  associated  with  the  uou-nietallic  tetrads 
osibon  and  silicon,  just  as  the  triad  eieiBents  aluminium  and  boron  are  associated  with 
one  anothi  r.  The  tetrad  elements  agree  with  those  of  the  monad  and  dyad  groups  in 
being  divibible  into  a  mure  especially  rM;uline,  and  a  more  especially  basytuus  sub- 
group, the  lower  members  of  each  ci  which  poaaess  the  respective  distinctiTe 
characters  of  the  sub-group  in  tlieir  greatest  intenstty.  The  relations  of  the: 
of  the  first  five  g;roupa  to  one  another  is  shown  in  the  following  table:— 


Monads. 

l)>a(ls. 

Triads. 

Tetrads. 

Pentads. 

U  7 

9 

Bo 

11 

0 

1% 

K  14 

He  at 

Mg 

24 

M 

ai 

P  81 

f»    •  • 

55n 

65 

n 

•  * 

»*• 

e  * 

As  76 

Ag  108 

€d 

112 

n 

Sn 

118 

Sb  122 

n     •  • 

900 

11 

90i 

9b 

S07 

Bt  SIO 

K  39 

Ga. 

40 

n 

Ti 

48 

If      •  • 

Rb  85 

8r 

87-6 

»i 

•  • 

Zr 

89-6 

It      •  • 

Ca  133 

Ba 

137 

i» 

•  • 

»> 

tt      •  • 

Th 

231 

The  tebehjdrie  dunrseter  of  manh  gas  has  heen  neognised  from  almost  the 

earliest  days  of  organic  chemistry,  but  tlic  now  received  formula  CH*,  in  which  tlio 
carbon  is  zs^eaented  as  indivisible  or  atomic,  was  first  introdooed  bj  Gerhardt  in 
1842»  instSM  cf  the  psevionsly  employed  imude  O^H*,  m  wfaieh  the  tehon  wee  im* 
itsUy  rt  presented  ss  dipartito.  The  tetratomicity  of  tin  and  silicon  was  first 
bted  bt  the  author  in  1867  end  the  following  jeaxs  (PhiL  Mag.  ziiL  434, 
xviii  868;  Bq».  Brit  Assoe.  1868.  p.  58),  and  vis  deiaitnclj  ceCaUiBhsd 
by  the  f^eparute  resfarcheH  of  Cahours  on  the  8tannethyls  in  1860  (Ann.  Ch. 
Phys.  [3]  IviiL  6),  and  ot  Fhedal  and  Crafts  on  the  organic  compounds  of  siliooa 
(BnU.  Soa  Chim.  1863,  p.  174).  Tin  tetotomidly  of  titstdmn,  slfeoolnm  tad  teatir* 

lum  follows  as  a  matter  i.>f  course  fmm  the  observed  vapjur-densities  of  thi'ir  chlorides, 
and  similarly  that  of  lead  irom  the  vapour-densi^  of  its  ethylide,  thoiigh  it  is  beUeved 
that  this  is  the  first  occasion  on  which  leed  has  "biuL  dsfinitely  clasiifled  as  a  tetntonde 
element,  in  association  with  tin  rather  than  with  calcium.  The  clilorides  of  carbon, 
silicon,  tin,  titanium,  zirconium,  and  tantalum,  represented  as  tetrachlondes  by  the 
general  fonnula  M' 'C1^  and  the  ethylides  of  silieon,  tin,  and  lead,  reprasented  1^  the 
general  form\ila  M  "^t*,  have  vapour-densities  which  are  the  halves  of  tlx  ir  resnective 
atomic  weii^hts,  and  accordingly  have  the  same  molecular  Tolume  as  the  protochloride 
of  hvdrogen  HCl,  the  dicldoride  of  mercuiy  ffgCl',  and  the  txiethylide  of  alnmimwa 
AlEt»,  &c.  Moreover,  the  chloflbu  of  the  chlorides  of  eazhon,  silicon,  and  more  espe- 
cially of  tin,  in  found  to  bo  experimentallv  replaceable  at  four  successive  stages. 
Thus,  wo  have  SuCl«,  SnCl'Et,  SnCPEt^  SnClEt*  and  SnEt*,  corresponding  to  OCl\ 
OQ'H,  CC1*H«,  CCIH",  and  CH*,  respectively,  and  so  on.  Again  with  the  tetrad 
atomic  weights  118  and  207,  the  metals  tin  and  lead  have  the  normal  atomic  heat 
which  is  CTprcenod  more  or  lees  closely  by  the  number  G  2.  The  specific  heats  of  the 
ether  meta&of  ffail pwap have  not  been  ascertained,  but  Hie  q>ecific  heats  of  earbon 
•ad  nliooa  wmtt^  lat  titrad  stancot^  like  that  of  bonm  amoog  tha   ^ 
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xnost^  aocoiding  to  oar  pmwnit  imperfiwt  knowledge,  be  regarded  as  ocqttunud  or 
•nomaloas. 

Tetrachloride  of  tin  is  a  colourless  faming  liquid,  which  combines  with  water  to 
form  a  series  of  cxystalline  soluble  salts.  Tetrachloride  of  lead  is  known  only  in  the 
fjiBi  of  bydrated  crystals.    It  is  made  by  treating  peroxide  of  lead  PbO*,  wUh  eoAd 

aqweons  h_v<lrc>olilonc  uciil,  when  solutlotj  takt  .s  place  without  f'fferrescpticp,  and  on 
©vaporatiou  in  Micuo,  crystiila  of  the  tetxuchluridc  separate  aut,  tog<  ther  w-ith  much 
dichloride  of  lead.  The  solutions  of  the  tetrtiAioridea  of  tin  and  load  arc  d>  eon)|*oMd 
by  alkalis,  with  pr<\ij>itation  of  the  resppctir*^  prrtixides,  and  hy  sulphuretted  liydro- 

Sn»  with  precipit«itiuii  of  the  respective  p^rsulpluJes,  the  former  of  a  pale  yellow,  tli  >! 
;ter  of  an  orange-rod  colour.  The  dicmoridefl  of  tin  and  lead,  whicli  havo  Wva  inci- 
dentully  rt'foprcd  to  whm  discussing  the  dyad  nit'tul.s,  are  readily  fusible,  TolatiK^ 
eulid>$,  whoiie  solutions,  like  those  of  the  tetTaohlorid<-s,  art- decomposed  by  alkalis,  with 
pr<M?tpitation  dt  thair  respective  protoxides,  and  by  sulphuretted  njdiogen,  with  preo- 
pitatioii  of  their  rcspi  ctivc  protosulphidt  s,  the  former  of  a  dark  brown,  and  the  latter 
of  a  black  colour,  it  may  be  here  obeerred  that  the  property  of  forming  insoluble 
■BlphfciBa,  not  trndXtj  dacwapoaed  bjwatM*,  waniitatoa  a  aaefal  ^stin^uishiag  dbaracter 
between  the  rpgriliiin  and  alkalig<^nous  sub-gronps  of  metals  b.  longing  to  each  of  the 
primary  groups,  this  property  being  manifested  bv  siireiv  zinc,  cadmium,  metcnxy, 
Uudlium,  t^D, lead,  aneine^  antimonj  and  binwilili,  imt  not  Ij  poteannra,  eamutt,  to- 
bidium,  calcium,  strontinm,  barium,  titanium,  zirconium,  thorinum  and  tantalum,  or  yot 
by  the  metals  j^ium,  cerium,  laflthanum,  and  di4ymiam|  to  which  we  shall  preaentJj 
vafer  more  partiealariy.  Vaaj  of      djad  salto     r^gnline  lead,  howcTer,  preant  a 

marked  rfseuiMance  In  projvrti.  g  fo  the  fiimil.ir  sails  of  the  alkuli-carth  metals,  and 

aro  frequently  isomoiphous  with  tham,  Juat  aa  the  mooad  salts  of  rctgoline  thalUnm 
ffnTMpond  with  the  similar  lalla  of  pohmrfinw.   On  tlw  other  lumd,  an  alnont 

speeiul  eharactorisf  ic  of  lead,  and  one  strongly  corroboratiTe  of  its  nolyafomiclfy, 
oonsists  in  ita  Tcxy  marked  tcndencjr  to  fi>rm  double  and  superbasic  salts  with  mon- 
atomic  radicles.  Lead  differs  also  m>m  its  oon^ner,  tin,  in  me  greater  degree  of  its 
baaylity,  or  power  of  neutralising  even  feeble  acids ;  while  a  further  difference  between 
tliom  results  from  the  superior  stnbility  of  the  di-salts  over  the  Uitf »  ■alfll  of  the  one 
metal,  and  of  the  tetra-salts  over  tlie  <U-salts  of  the  other. 

The  less  reguline  sub-group  of  tetrad  metals,  namely,  titanium,  airconium  and 
thorinum,  are  associated,  with  siliron  and  tin  by  the  isoraorjihism  of  nitile,  TiO* 
and  artificial  thorina,  ThO',  with  auLive  tiiifitone  JSnU'  ( Xordenskiuld  and 
Chydenima,  Pogg.  Ann.  ex.  r>l'J\  and  tlw  vapour-dmsities  of  titanic  and 
zirconic  chlorides,  TICI'  and  ZvVi*,  corre8pf»ndin£»  with  thit  .  f  stannic  chloride, 
SnCl*.  The  sulphid-s  of  titanium,  zirconium  and  thorinum  aro  not  producible 
in  the  moist  way.  Their  oxides  are  hard  ctystaSina  bodies  unatl&ekabla  bj  oidi* 
nary  acid?,  pare  the  hy.li-ujluoric.  'i'heir  hy<lr>itps  occnr  as  -white  gelatinous  preci- 
pitates, wliicii  dissolve  r^^idily  in  aeidii,  to  form  more  or  less  deiiuito  salts.  Just  as 
ua  hydrates  of  the  dyad  alkaline-earth  metal%  are  b^ss  sc^uble  and  bMgFlons  than 

tho'«e  <jf  the  monad  alkali-metals,  80  .'<hould  we  expect  the  hydrates  of  the  unrecognised 
triad  earth- m>  tab,  M'H'O*,  to  be  less  soiuble  and  basylous  even  than  th(^  of  the  dvads, 
and  the  hydrates  of  tba  non-regulina  tetiad  mabOi^  ir^*0*  vtUriVO\^U'''n*0* 
—  n*0),  to  Ite  siilllcps  so.  In  other  •worV-^,  we  should  be  prq-ared  to  find,  in  the 
sub-group  of  tetrad  metals  we  are  now  couMderins^  bat  a  very  inferior  degree  of 
tmMyvijt  more  <  sp<  eially  in  tiia  niperior  memb««i  or  the  oab-group,  seeing  that  tta 
degree  of  basylity  habitually  incrrasrs  in  the  onler  of  flie  atomic  weinht«  of  the  (Con- 
secutive metaJs.  We  accordingly  find  that  the  characters  of  hydrated  titania  ar^  fuUjr 
•a  mwiih  add  aa  alkaKn«^  thanq^  wa  an  nevecCbaleas  acquainted  wMi  sulphate^ 
nitrates,  phof^phnten  and  even  a  potassio-carbonat*  f  titanium.  But  the  basylity  of 
sirconia  is  fur  better  marked.  Ita  silioata  oon^tutes  zircon ;  its  carbonate  is  formed 
by  precipitation ;  its  an^iihate  ii  a  tolnbte  eryitelllsa  aaH ;  wbila  ita  potwarto  ■wlphafw 

is  thrown  d()wn  as  a  crystalline  precijilfate  on  mixin„"  -  'i  tions  of  the  .separate  siil- 
phates  of  potiissium  and  airconium.  Thorinum  forms  a  large  number  of  wdl-d^sed 
fldts;  indvaing  a  potaario^phate  oorrMpooding  to  Utat  of 

and  niotle  ot"  lonaatlon.  ^Torcover,  h^-dmted  thorina  is  sufficiently  I>;i.M-lou«  to  ex|>el 
ammonia  ii-om  8al-ammonia(^  and  to  abaorb  carbonic  anhvdride  &om  the  atmosphere^. 
Tantaltnn,  vbidi  agrees  wfA  the  aboT«  deniaiti  in  not  yiddfng  a  preapitaMe  aolpkide, 
and  in  many  othi  r  parlicnilars,  and  who-^e  atomic  weight,  138,  would  induce  us  to 
assign  it  a  position  between  zirconium  and  thorinum,  differs  from  both  of  them  in  several 
Important  propertie«.  Thus  its  chloride  is  decomposed  by  water,  with  separation  of 
tantalic  hydrate,  which,  instead  of  being  loss  acidulous  than  lydiito  ct  mtmum,  in 
appurontly  more  acidulous  even  than  hydrate  of  titanium. 

This  seems  a  fitting  place  at  which  to  make  a  few  observaUons  upon  some  of  the 
xnrar  matate.  Indinn,  vUdi  ia  eipeciai^  duttnetaM  Igr  tto  &d%»4te  kmd 
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ana  Richter,  a  very  soft  lustrous  metal,  permanent  in  air  and  water,  and  having  a 
B^edflc  gravi^  of  aboat  7 "2.  Its  hydxate  and  carbonate  constitute  white  pred- 
pitatea,  and  ita  folpiliide  a  yellow  precipitate  InnMbla  fa  aeetic,  bat  soluble  in  mineral 
acida,  while  its  chloride  may  be  obtiiined  as  a  white  crystalline  sublimati^.  It«  equi- 
valent weight  ia  about  37,  and  its  atomic  weight  maj  accordingly  approximato  to  .37, 
74,  111,  or  148,  &c.  Its  properties  are  too  imperfeoHf  known  to  allow  of  its  being 
referred  satisfactorily  to  any  partienlar  faxaSLj  Of  elements,  but  it  evidantfy  belongs  to 
the  reguline  division  of  the  metai^  and  Mem  to  hftfe  mnok  the  anM  nlatioii  to 
thallium  that  tin  hua  to  lead. 

Colnmbium  or  niobium  was  discovered  by  Hatchett  in  1801,  and  tantalum  by 
Ek('l>erf]r  in  1802;  but  WoUaston  in  1809  reported  that  the  two  metals  were  iden- 
tical, and  his  opinion  was  generally  accepted  until  1846,  when  H.  Rose  succeeded 
in  distinguishing  between  ifiwtt  j  bllt  despite  his  admirable  labow  the  dhiUllatfy  ot 
niobium  continu<  s  to  be  in  n  very  un^uti^faelory  state.  It  appears,  hotfVfSIV  that 
the  element  forms  two  volutilo  chlorides,  a  white  int'ai>ible  inferior  chkxridlflL  and 
A  ^alloir  Ibsible  superior  one.  To  each  of  tfiase  chlorides  tiitre  eorreapomb  ma 
oxide  or  anhydride,  the  inferior  one  having  a  ppeciflc  gravity  from  to  5% 
and  the  superior  one  a  specific  aravity  from  6  6  to  6'7|t|iat  .of  tantalic  anhy- 
dride being  from  7*0  to  8^    H.  jEtoM  fiMmd  that 

jiiferior  one)  contained  2  I  t  parts  of  metal  united  with  35-5  parts  of  chlorine,  and 
regarding  this  compound  as  a  tetrachloride,  the  atomic  weight  of  niobium  would  be 
97'A.  Imifl»  lw»  wbm  ■yiiiHihmd  tfw  fapon^dendty  <if  eae  the  cMoridw  (?  the 
superior  otu-),  J^ud  found  it  to  bo  10*9,  that  of  the  only  known  chloride  of  tantalum 
being  oorreepooding  reiy  doseljr  with  its  theoretical  denaily  eaLeolated  for  the 
iwmiiila  xliOl',  luuBfly  9*7  (Oonptk  iviid.  YH.  801).    AnoBiiiipf  flw  oonectntit  cC 

tiw  atomic  weight  97  6,  tlie  theoretical  vapour-density  of  a  hexachloride,  NbCl*,  Vivid 
be  11'7»  whioh  a^jreea  more  nearly  than  any  other  with  the  determination  of  Derille. 
Hthkfenmdabe  WRMt,  itfobium,  and  by  analo^Qr  tantalum,  must  be  regarded  as  hex.' 
atonic  rather  than  as  tetratomic  metals.  It  is  not  improbable  also  that  titanium 
onght  to  be  classified  with  these  metals,  instead  of  with  zirconium ;  and  in  connection 
with  this  point,  it  may  be  obaerred  that  the  zeemved  atomie  weight  of  niobium  in 
almost  exactly  iiii  i  iMndliln  between  those  of  titanium  and  *i«Tl*f— * 

The  metals  yttrium,  cerium,  lanthanum,  anddidymium  possess  the followinf:^ 
properties  in  common  with  one  another  and  with  thorinuni : — Their  hydrates  constitute 
gelatinous  precipitates,  which  expel  ammonia  from  sal-ammOBiM  aolution,  and  afaaorb 
carbonic  anhydride  from  the  atmosphfre.  Their  sulphides  are  not  producible  in  the 
moist  way,  and  their  sulphates  arc  precipitated  by  sulphate  of  potassium  in  the  form 
of  crystalliuc  double  salts.  The  equivalent  weights  of  these  four  metals,  which  replace 
1  pt,  of  hydrogen  to  unite  witli  n.')-5  pts.  of  chlorine,  arc  Y  32,  Ce  46,  La  46,  and 
Ih  48,  but  what  their  atomic  weights  are  is  altogether  undecided.  In  the  present 
■tato  of  knowledge,  their  cKtrcme  bugdilf  cannot  any  longer  ba  ngaided  as  incon- 
fdatent  with  their  di-,  tri-,  or  even  tetratoraicity,  and  there  are  some  points  in  the 
behaTionr  of  didymium,  at  any  rate,  which  are  8Uffi;e6tiTe  of  its  being  a  triad  element. 
Cerium  is  distinguished  from  unthamm  and  didvimiim,  as  well  aa  fkon  jttrimgi,  bj  tbe 
ftdUtj  with  which  it  form.s  a  superior  end  Usab^  salifiable  oxide. 

Gnor-p  V.  Pent  ad  ^lotals. — These  are  only  three  in  number,  namely  arsenic, 
antimony,  and  biiimuth,  which  are  associated  with  the  non-metals  nitrogen  and 
phosphorus,  just  ns  the  tetrad  metals  tin  and  lead  are  associated  with  the  non-metalBa 
tetnids  carbon  and  silicon.  Although  the  pentatomicif  y  of  thif<  group  of  elements  is  very 
well  established,  us  (ihown  by  the  phosphoric  and  arsenic  acids,  for  instance,  and  their 
cofwapondiag  chlorides  and  oxideB,  as  formulated  below,  yet  it  onat  ba  eilaiillafl  tiMfe 
their  aion  general  aad  <duuracteriatia  bdiatiour  is  triadie: 

^<y-  |:io- 

fffo"  fl'-l"- 

In  some  cases,  moreover,  these  elements  form  monad  compounds.  Thus,  Qrieee  hae 
ahown  that,  in  a  variety  of  organic  bodies  a  single  atom  of  nitrogen  may  be  substituted 
eiflierte  1  or  for  3  atoms  of  hydrogen.  Phosphorus  and  its  as^sociatod  metals  were 
formerly  represented  by  atomic  weiglits,  the  halves  of  those  now  universally  adopted, 
and  it  is  only  within  a  very  few  years  that  the  habit  of  writing  the  antimonious  and 
bisiiiiithouaoilorides  as  scsquichloridea  by  tlie  formulas  Sb'Cl'and  Bi*Cl",  respectively, 
has  Ijeen  completely  abandoned;  nor  indeed  is  it  very  long  since  chloride  of  bismuth 
was  frequently  represented  its  a  protochlorido  by  the  formula  BiCl.  It  is  only,  how- 
0T«f^  imb  the  atonie  weighta  now  employed,  nameljr,  PSl,  AmJS,  8b  182,  ead  K910, 
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that  the  atoms  of  the  fimr  dementa  hare  apprtndinately  the  standard  spc«ifle  hsat  of 
6-2.  Tho  Rp«>cific  graritj  of  nitrogen  gas  faieing  identical  vith  its  atomic  wdg^t,  or 
with  the  half  of  its  roolecukr  weight,  the  two-Tolnme  molecule  of  nitrogen  is  repre* 
sented  by  the  expressi.  m  N  "N"',  just  as  that  of  oxygen  is  represented  by  CO",  and  thMof 
hy<1rofrpn  by  Il'll'.  D.  villo,  however,  has  nhown  that  the  vapoar-densities  of  phoephons 
and  arsi'iiic  uro  the  doubles  of  their  rfispective  atomic  weights,  and  that  these  diimties 
when  oomH:ted,  are  iimINhWb  bj  fB9  mmm»  of  tanperature,  so  that  tiie  tvo-Toliune 
nolecaI(»  of  phosphorus  and  arsonic  nave  to  be  rf^ppost  nte*!  by  the  expressions  P*  and 
Atfi,  Williamson  has  very  plausibly  suggest*  d  that,  while  the  molecule  of  nitrogen 
mtj  be  regarded  is  ammonia,  N'^H'*,  in  ^ich  the  t  hree  atoms  of  monatomic  hydrogen 
are  replaced  by  one  atom  of  triatomic  nitrogen,  N"'N"',  the  molecules  of  phoephnni'*  and 
arsenic  may  be  regarded  as  phosphine  and  arsine,  P '11''  and  As"'Ii'*,  in  wiueh  tho 
three  atoms  of  aUNMtXNBitt  liijdiogen  are  replaced  by  thre.  atoms  of  monatomic  pbo»- 
phoms  and  monatomic  iirscnic  respectively,  P"'P^  and  Ab"'Ah'*.  Except  that  lii>muth 
does  not  form  a  trihydride,  the  vobiiAile  trihvdridee,  triethylidea,  and  trichlorui«s  of 
tttaae  elem«nts  all  tatm  tmnvdlnM  moleealee,  while  tho  hydrogen,  Md 
chlorine  of  the  respeotiTc  compounds  aro  readily  replaccabh^  in  thirds  at  three  succes- 
aive  stages.  The  majohtgr  of  the  pentad  compounds  dissociate  or  decompose  at  or 
bdofrtiieirboaingpoiiita;  bnttha  mobenltt  of  nitrie  ■eidF'H^,  ooEydilotide  of 
phosphorus  P'Cr*0",  oxy-ethylstibine  Sb'Et'*0",  &c.,  &c.,  have  vapour-densities  which 
are  the  halves  of  their  atomic  weights,  and  accordindlj  conespood  with  the  normal 
two«irolnBM  ila&doid.  AnetSo,  iuunoBjt  osd  MaBniu  from  llio  majority  of  tlia 
metals  in  being  dt^titute  of  malleability  ur  te  nacity,  and  arc  th.  refore  very  coraraonly 
described  as  brittle  or  semi-metaki  Their  regulinc  character  i%  however,  verj  well 
maAttii,  o&d  their  Bul{>hidflo  wan  maOj  fbnnsd  by  pn>cipit«tioB.  Hie  psraisnwil^y 
reguline  babit  of  arsenic,  however,  is  le^s  drcidid  than  that  of  its  congenen;  iw 
finelv  Dowdered  arsenic  oxidises  readilpr  in  moist  or  heated  air,  and  its  precipitltsd 
Bolphide  ii  slowly  decomposed  by  ebnllitum  with  watar.  AH  three  wstele  meniftotboA 
acid  and  bai^ic  propertto^  tht  teBMff  bdng  ahcnm  MOOt  iCBkiqglix  Ij  UMBie  ud  iht 
latter  by  bismuth. 

Gaovp  VL  Hexad  Hetala. — The  metals  charact«>ri8tic  of  this  «oap— nama^ 
iollvrinm,  moljbdeiiva,  end  tvBgoio»— «m  but  very  imymtKiCiynm.  Their 

hotttomicity.  howevt-r,  appears  to  be  <  stal)H»hed  by  the  analogy  RuV>sisting  between 
mrtain  of  their  compounds  and  the  giwi'iar  haxatoinio  oonpoiiAds  of  tho  non^m^als 
M^hnaoBd  eeloiiiiM,  th— ; 

8ci»o'  Moci«o«  irci»o'&wca» 

8H«0*         6eH*0«         TeHH>«         MoK«0«  ^WPO« 
S0»  .  .  ToO«  MoO«  WG* 

W!A  tho  111011110  wrigfatB  8  93,  8e  79'B,  Te  199.  ond  fFlM,.tiio  opoeifie  hoots  of  tiw 

atoms  of  sulphiu*,  selenium,  tellurium,  and  tunp^ten  approximate  to  the  number  6-2; 
while  the  specific  heat  of  tho  atom  of  mol^'bdenum.  Mo  96,  has  yet  to  be  ascer- 
tained. The  va^Kfur-densities  of  the  ozvchlonde  and  trioxide  of  sulphor  are  the  halves 
of  the  ir  resi)ective  atomic  weights,  and  their  molecnles  consequently  accord  with  the 
normal  two-volnme  standard.  The  corresponding  compounds  of  molybdenum  are  abio 
Tolatilo,  bat  at  too  high  a  temperature  to  allow  of  the  readv  determination  of  their 
vaponr-densitiee ;  and  the  same  remark  applies  to  the  hcxacluoride  and  oxychloride  of 
tongMten.  But  trioxide  of  tungsten  is  tixcd  in  the  fire,  while  trioxide  of  tellurium 
dseomposcs  into  dioxide  aud  free  oxygen,  as  does  indeed  vuporiscd  trioxide  of 
■ol^ur  at  a  red  heat  Tho  semi-metal  tellurium  is  isomorphoos  with,  sad  fai  iti 
general  charactcn*  and  behaA-iour  very  clo.sely  rcscnibles,  tho  jaemi-mctal  antimony, 
the  two  elements  obviously  occupying  analogous  position.^  in  the  sulphur  and  phos- 
phoVQS  groopO  seepselivi^.  The  exact  position  of  molybdenum  in  relation  to  the 
SSlphur-proup  proper  is  n«i  yet  undetermined-  With  an  atoniic  wei^rht  much  inferior, 
it  oxlubits  metallic  characters  far  more  perfectW  than  tellurium,  while  its  most 
charaetefutio  ooopoondo  hs^  jost  tSio  ooiioUUtuoa  and  general  propecCios  vhich 
those  of  a  metallic  anah<rrno  of  the  snl]>hur  elements  might  be  cxp€»ctod  to  present. 

The  association  of  tungsten  with  molybdenum,  though  scarcely  established  beyond 
qnestioa,  is  not  improbably  analogous  to  that  of  hwmiith  with  aatimony,  tin  with 
lead,  &c.,  the  difference  in  atomic  wcijiht  between  the  sin-erol  pairs  of  elements  being 
almost  identicaL  The  trioxides  of  tellurium,  molybdenom,  and  tuu^ten  occur  as 
iasohiUo  powdens  whidi  harvo  many  propertieo  m  oomimm,  indacbng  a  siaikod 
tendency  to  form  anhydro-salt.s  with  the  st ronper  bases,  and  a  capability  of  acting  as 
feeble  bases  to  the  stronger  acids.  Tongtic  acid  WH*0«,  and  its  hydrate  WUH)*JiK>, 
havo  boon  deeeiibod  hj  Rieiho  (Ann.  Ch.  Phys.  [3]  1.  6),  bst  noMdie  seid  ii  not 
known  in  the  isolatod  state,  thoui^h  its  .sjilt.s,  finned  on  the  fyfi'  MnHPO',  are  very 
well  defined.  Graham,  however,  has  recently  obtained  both  moilybdic  aud  tonptio 
addo  fai  the  ooUoed  Ihib.  as  nodbolly  oplBHtt  oomtx>unda  DoooMoed  of  mnoHririHt 


Digitized  by  Google 


AND  CLASSmCATIOK  OF. 


969 


ttalbaitT,  hsring cleeidedly  acid  dunetm,  and  altogether  dosdy  wacmbling  one  another 

(Proc.  R<:>y.  Soe.  xiii.  340).  The  tri«ulpliid<-.s  of  molybdenum  and  tungsten  are  power- 
ful sulphan hydrides,  which  combine  with  sulphide  of  potassium  to  form  beautiful  red 
and  orange  crystalline  salts.  The  several  elements  now  under  consideration  are  not 
only  hexatomic,  bi  t  i  tetratomic,  and  in  some  cases  even  diatomic,  just  as  we  hsva 
fleen  that  Um  pentod  elements  are  triatomic  and  eren  monatomic.   Thus  we  have* 

sa*      Sea*       Tea*      Moa*  wci* 

80*         6sO*  TeO*         Ui»  W8* 

OH'  SIP         8dSP  Ten*  Moa« 

Oa«         SC1»  .  .  TeC'l*  MoO. 

The  rapour-dcnsities  of  the  hydrid^  of  oxygen,  stdphur,  selenium,  and  tellurinm, 
and  of  the  dUurides  of  oxygen  and  sulphur  among  the  dyad  comp:)unci.s,  m  well  as  of 
dioodde  of  so^lnir  among  the  tetrad  compounds,  are  the  halves  of  their  atomic 
weights  ;  or  thoir  respective  molecules  corresixjnd  with  the  normal  two-volume  standard. 
Of  the  other  compounds  above  tabulated,  the  protoxide  of  molybdenum,  and  the 
disnlphides  of  molybdenum  and  toagrtan,  are  not  volatilisable,  while  the  remainder, 
though  vobitile,  have  not  had  thoir  vapour-densitios  doterminod.  In  a  classification 
of  element !4  according,  not  to  their  maximum,  but  to  their  most  characteristic  atomi- 
cities, oxygen,  sulphox^  «ttd  eoMeqiMUBi  tshniiiM  and  tallaciiun,  irodd  |Cob«liil|jbd 
xegarded  as  dyadic 

Gnorp  VII,  Heptad  Metals. — The  elements  referred  to  at  the  commencement' 
of  this  article  under  the  head  of  non-mctalUc  monads,  namely  chlorine,  bromine^ 
and  iodine,  have  the  property  of  forming,  in  addition  to  their  Mpeetive  mon-hydridei^ 
well-marked  triad,  pentad,  and  even  hoptad  comprmnds,  examples  of  which  fast  are 
afforded  by  their  respective,  quadroxy-acids,  Cl'"HOS  Br^'HO*,  I'"HO«,  and  I'"-0». 
lodias^  tfkopg^  in  some  sense  ths  NfMsaotativc  of  tellurium  and  antimony,  cannot 
rank  even  as  a  pemi-metal,  but  we  are  acquainted  with  at  lea.st  one  perfect  or  malleable 
metal  which  forms  similar  heptad  compounds,  namely  manganese.  With  the  atomic 
weight  56,  the  atom  of  manganese  has  tlw  mne  speofie  heat  as  the  atoms  of  chlorine^ 
bromine,  and  iodine,  namely  6"2,  and  forms  not  only  a  well-defined  acid  of  moderate 
stability,  the  permanganic  acid*  Mn'^HO^  whc^  potassium-salt,  Mn^^JsLO*,  is 
laomorphons  with  perahlorata  of  potassium,  cHKO*,  bat  dbo  n  gotrssponding  volatib 
hepl.ichloride  34n'"Cr.  The  general  properties  of  manganese,  however,  will  be  moM 
appropriately  considered  in  the  next  section  devoted  to  the  iron  family  of  metals,  The 
■naeeeding  taMe  ct  cMaridss^  liydrMs^aiid  hydwtss  ig  not  withont  jntareit  as  OThibiting 
tiho  ehaiMtsnstic  atomicities  of  the  dukfsnt  gnmps  of  elements  : — 

Li'Cl        G'CP  B'C1»         cm*         N"'n»       C'TT'  Til 

Na'HO     Mg'H'O'     :y'H»0»      Si'H^O*     P'H'O*     b-H'O*  U'^HO* 

Having  regard  to  ths  vpper  lino  of  oorapoonds,  eailNin  nuj  be  regarded  m  placed  at 

die  apex  of  two  convcrgiTig  sories  of  elements  of  increasing  atomicities;  while  having 
xtgudi  to  the  lower  line  of  compoundai  it  will  appear  as  the  middle  term  of  a  single 
Mriea.  Itfa  ol)eemtble  that  the  atonneirei^hti  of  cariwn  and  stBeon  eoneiyond  thwt 
eloMly  with  the  arithmeticil  rnraof  of  the  atomic  weights  of  the  cleBIMlll  pibeM 
iwpectively  on  the  sjirae  lines  with  them,  for  y  ««12-6  and       =  28-7. 

GsouP  VIIL  Iron  Metals, — The  elements  previously  discuased  are  citable  of 
twing  amnged  in  two  general  divisions,  accordingly  as  thev  oombine  with  an  odd  or 
even  number  of  atoms  of  halogen  or  hydrogen.  To  such  of  them  as  combine  with  two, 
four,  or  six  atoms  of  chlorine,  &c,  the  designation  ar  tied,  and  to  those  which  combine 
with  one,  three,  flve,  or  seven  atomsof  ddomne^&au,thedea^pBatlonperieiadniaybo 
conveniently  applied.  T?at  the  mctal'^  now  under  consideration  seem  at  any  rate  to 
have  the  propertv  of  entering  into  conibi  nation  with  chlorin^  &c.,^in  both  odd  and  even 
I  i-oportions,  and  henee  maynot  inappropriately  reeeivethe  deoigDation  of  peris-nrtind. 
Among  the  members  of  this  group  attentiim  will  lie  more  especially  directed  at  first  to 
themetalBiron,nickel,  copper,  manganes^and  cobalt.  The  most  ordinary  of  the 
■everal  serfoe  of  compounds  formed  by  diese  memb  correspond  closely  with  the  aimihv 
Oompounds  of  sine,  m  thoir  saline  constitution,  water  of  hydration,  er^■stalline  forni, 
and  general  chemioil  properties.  Accordingly,  if  zinc  is  to  be  r^puded  as  dyadic 
with  the  atomic  weight  66,  then  iron,  nickel,  copper,  manganese,  and  cobalt  moat  aim 
be  regarded  as  dyadic,  and  receive  the  atomic  weights  given  on  the  upper,  instMd  of 
tho  nraally  received  atomic  weights  given  on  the  lower  of  the  following  linea:— ■ 

^66         Ki69         en  63-5         Mn  65         Go  69 
KiM*5      OaSl*7«       JfnST'tf  OoM*« 

With  those  donUed  atomic  w«ghts,  the  iron-metals  will  have  the  normal  specific  heat 

expre.>*sed  approximately  by  the  number  6*2,  instead  of  the  a>>iiormal  specific  heat 
expreescd  by  the  number  3*1 ;  and  several  other  advautages  resulting  from  the  dupli- 
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cation  will  be  mamf«'sfi'«l  further  on.  Ail'^i^tliiLf.  then,  tlio  atoinic  w<'ip1ifs  whlc!!  nre 
in  harmoDjr  wiUi  the  a^ocifie  heats  of  the  m.  fub,  the  ordinary  ferrous,  mMiiganous,  icc^ 
Kitts  will  be  lepweateJ  4ytd  comfonndn  by  ttia  ftmnke  IfCl',  MO,  SM"©*  &c. 
8*  :  I  I'vidence  aUo  of  the  exi-tfiu-e  ul"  ti-frad  ootnpoaDdB  is  afibrded  hy  pyrolusite, 
Mu  iron-pyrites,  Fe'^S',  and  an  artificial  sulphide  of  niekel,  Ni"^.  Moreorer, 
according  to  experiments  made  by  the  author,  there  wouM  Hppear  to  exist  an  nnil^Ms 
tetrachloride  of  mangauc«r,  ttnCl*,  eorrespondijig  to  ihf  unstable  tetrachloride  of 
lead,  PbCl*,  just  as  the  peroxides  of  the  two  metals,  Mn(  >-  and  PbO',  also  eoTrespond 
with  one  another.  Be  this  as  it  may,  the  ferrate  and  niaugaimles^  aad 
Mn^'KK)*,  analogous  to  the  8ul}>h:it<'8  SKK)\  furnish  decisive  examples  of  the  existMBa 
of  li«-x;i(l  compounds  ;  and  the  nuitual  anriluLTV  of  t1i('.«o  throe  classes  of  fvalts  affjtd?  an 
obTioos  urgumont  in  favour  of  adopting  the  atomk-  weights  Mn  55  nnd  Ft-  56,  whtjreby 
dOMtbev  can  all  tliree  be  represented  loalogous  fornnd*.  T!2i>  association  with 
one  nnotner  of  the  five  mi  tais  now  iindpr  consideration  centres  in  tho  reniarLiLle 
panUk'lism  8ub(ii»ting  betwi^u  nickel  and  cobalt  Bv  its  intermediate  properties 
nickel  8«rfw  to  ooBMCt  iron  and  copper  with  one  another ;  iHUl*  lli  nblKMunip  to 
the  former  raotal  corresponds  evidently  with  that  of  en>ialt  to  manganese.  The  hf^i- 
dation  of  copper  with  iron  through  the  interrention  of  nickel  seems  sooioaihr  to  reoeire 
ika  Uiaraaidt  neognhMm  to  which,  in  the  •nthof's  opimoQ,  It  hi  entitled  (Phfl. 
Ma^r.  xiii.  4j^6),  appaiTntly  because  of  the  facility  with  whieh  they  may  be  analytieally 
separated  from  one  another.  The  three  metals  have  the  same  atomic  Tolume^  namel/ 
8^  wiueh  is  Iflunrise  fliat  ct  iMnppnwee,  ooMt,  and  possibly  eimaiintt,  Mfc  of  no 
other  metal  ■whatever.  Their  f-peelfie  t;mvities,  calcuhu^-d  or  expi-ri mental,  wcur  in 
jCfigolar  SMoence,  «a  do  «Uu  their  atomic  weighta.  Iron  ia  the  moet  ipfiwiUft  aad 
wddaUe,  taMB  B&kd,  then  copper.  The  three  metala  aye  eoihible  in  lydtoeMowe  add 
with  evohitiou  of  hydrogen,  iron  most  readily,  then  nickel,  then  copper;  fljey  pre- 
cipitate the  somewhat  basykHts  m^aht,  tin  and  cadinmm,  from  their  bouing  solutions; 
and  alike  form  salts  of  a  mariced  greea  eoloar,  complementary  in  some  measure  to 
the  pink  colour  of  manypona  and  cobalt  salts.  Their  hydrates  are  aolublo  in  sal- 
nmmoniac  and  ammonia,  iron  to  a  slight  extent  only,  th^n  uiekel,  copper  most  of  alL 
Their  Bulphides  are  soluble  in  hydrochloric  acid  with  utoIuUou  of  solphiuetted 
hydrogen ;  but  while  the  precipitflUOQ  ct  mlphide  of  ison  may  be  prereated  kj  * 
Eii^iit  ucidulation,  that  of  nickel  i-erjuires  a  LiTtrer  proportion,  and  that  of  copper  a  rery 
much  hirger  proportion  of  ucid.  Tlie  &ulpUat«^  of  iron  and  uiekei  crystallise  with 
Mwa  atCOU  of  water,  and  are  isomorphous  with  one  another ;  but  sulphate  of  eoppar 
usually  cryFtalHsf^  with  five  atom.^  of  water,  and  is  isomorphoas  with  the  corre- 
sponding Bu]phat<<  of  laangaaesa.  On  the  utht:r  hand,  tlw  sulphatas  ai  iron  and  copper 
ctyslnllise  tot^etln  r  in  all  prayoriioBS,  the  mixed  salt  being  heptahydrated  and  havm^ 
the  form  of  sulphate  of  iron,  or  pent.ihydmtod  and  havine:  the  form  of  sulphato 
ot  copper,  uecordmg  to  the  nreponderancc  of  either  metal.  A^^in,  the  double  potasaio- 
Bulphates  of  all  ttoM  metals  OTstalUse  with  six  atoms  of  fmler,  and  ai«  laonorpbowL 
It  18  evidert.  however,  in  comparing  the  five  nietals  witli  one  another,  that  manganese 
and  iron,  which  aru  at  one  extremity  of  the  secies,  hare  a  tendency  to  form  imwr- 
oaddes;  and  tiiat  copper,  which  is  tUi  tihe  other  extrnnit^,  has  a  tendeMirfto  mtm 

hrpo-oxides-,  while  cobalt  and  nickel  are  inf ernie<1i;it«>  hofh  in  pov^ition  and  tendencies. 
How,  it  is  just  some  of  these  distinctive  peroxidised  compottndjB  of  mangauese  and  iron 
OB  tiio  «8w  hand,  and  sttliosidised  eompomids  of  eopper  on  the  other,  that  ftarakii 
OS  with  ilhi*it rations  of  ji.Ti«^-^:iil  forms  of  comlMnaf Ion.  Tims,  manLMnese,  whose 
general  aztiad  character  is  shown  by  its  funning  dyad,  tctsad,  and  hexud  compounds^ 
as  havo  afawadj  seen,  is  nemtheleaf  xBdkrpntably  perinad  m  the  permanganatesr 
The  pernianpinat.  s.  ^n'"I\0*,  for  example,  n  si- ml  !>'  the  corresponding  perchlorateS 
Gl'^^iCO*,  in  eonstitutiun,  stability,  solubility,  ciyetalline  form,  specific  heat^  &c.,  and, 
with  the  high  atonne  wei^it  fbt  mangnnese,  are  expressible  by  similar  formuloe.  The 
fiercbloric  and  permanganic  acids  are  analogoos,  unstable,  and  powerftiUj 
compounds.  Dumas  has  also  described  n  rolatil*'  prrehlorido  of  manganese,  pro- 
bably a  h<  ptachloride  Mn^'KH^  which  is  decomposed  by  water  into  hydrochloric  and 
permangamc  acids. 

Passing  to  the  opposite  mcmher  of  the  iron  ^up  we  find  copper  furnisliinjr  a  w  hole 
series  of  salts,  whicn,  represented  by  the  most  simple  formula  with  the  doubled  atom  of 
oopper,  G\i  63*5,  agree  closely  in  chemical  cOBfhtatioa  and  pn^jx  rtiia,  aavoD  as  in 
spwifie  heat  and  erystalline  form,  with  the  corresponding  salts  of  the  monad  metal 
Sliver.  Cuj^r  uis  chloride  OuCl,  and  silver  chloride  A^.^,  agree  in  tht>  following 
dianoters.  'I'hey  have  the  same  specit'n*  heat  aiul  eryalaulae  form;  ai«  producible  as 
white  precipiiatt  s  insoluhle  in  wat.  r.  but  soluble  in  ammonia  and  in  boiling  liydro- 
chlorie  acid,  tu  form  euluurleHs  tiolutions.  Thejy  dissolve  also  in  solutions  of  the  alk^* 
lino  chlorides  fornuu^^  similar  double  salts,  vEuch  B^quenl  obtained  eleetrolytkallyin 
crystalline  fenas  belonging  to  the  wgabur  ajatom.  Toa  booiilBa  «ad  iodide*  cf  bolk 
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iridl  ammonia,  j  nuluotion  of  JotiMi'  salts,  &c.  &c.  The  amorphous  oxidt  s.  Qn-0 
•ad  AgHJf  resemble  one  another,  bat  oxide  of  oopper  btm  ak««  been  obtained  ia 
eryatals,  trtiidi  are  oetaliedniL  The  mlphidea  oduUt  a  renariuible  eotvelatiaii. 

Cu[irous  sulphido,  GirS,  is  dimorplinii-^.  aii'l  while  flif  artificiiil  compound  is  isomorphous 
vith  ialver-^lano&  Ag-.S,  in  the  ngular  system,  the  native  form  og  oofiper^glanoe  la  iao* 
aMMrphons  with  wrer-copper-glaDce,  Ag€uS,  in  the  triaietrie  fyatara.  Mlaigyrite  aad 
antimonial  coppfT  art- similarly  constituted  compoiindn,  AgSUS'and  GuSbS*  rfspectivi-ly, 
while  boumonite  i:'b"GuSbS*,  and  red  silver  Ag^SbS',  ore  simihir  and  isomorphoua. 
The  oonvertibilitj  of  cuprous  into  cupric  cuiu{HjundH  constitutes,  indeed,  the  only 
marked  peculiarity  of  behaviour  distinguishing  them  from  thu  similiu*  compounda  of 
silver,  ho  long  as  they  continue  to  be  cuprous  comiX)und.«,  tho  resemblance  bf-twecn 
thorn  and  their  silver  aualogurs  is  as  great  as  that  between  the  corresponding  com^ 
pounds  of  anjtwoaMOciutt  d  matala.  Bat  desjHta  the  analogy  of  cupioaa  to  lilTer 
chloride,  for  instance,  and  of  permfincrtinic  to  perchloric  acid,  it  hns  Ix  en  propose<l  to 
double  thu  molecular  fonnuliu  of  all  cuprous  and  permanganic  cuii4'uui)tl.H,  and  conse- 
quently to  express  them  bv  formulse  dissimilar  to  those  of  their  re.-peetivo  silver  aad 
clilorine  analof^ies.  By  tliis  means  the  formuhe  <^u'CP  and  Miril-O",  for  in.stance, 
will  certainly  be  brought  into  harmony  with  the  law  of  even  numbers,  but  at  a  very 
heafy  sacrihco  of  simpliciltyaad  analogy.  Fully  udmittiag  tile  gTMt  aad  not  genendfy 
appreciated  value  of  liRurent  and  (!•  rhardt's  law,  it  must  yet  be  remembered  that 
theee  distinguiahed  chemiats  themselves  pointed  out  its  inapplicability  to  the  perissad 
ooBfNNBidaof  tile  inm  autaH  aaTo  by  aomittiog  for  eadi  metal  two  <Merait  atoma 
represented  by  two  different  symbols;  and  it  may  also  be  aHked  wliethcr  tho  received 
mode  of  expressing  Laurent  and  Gerbardt's  law  might  not  be  advantageonaly 
aiodified  into  lonie  vneh  dictum  aa  tiia  IbQowfaig^  tiiat  *'ia  mttej  ounwaad  tiia  aom  of 
the  atomicities  or  equivalencies  is  an  even  number." 

Just  as  copper  and  manganese,  though  tumallT  dyadic,  are  associated  with  monadic 
iihar  aad  heptadie  chkniae  itspeetivefy,  lo  b  mo,  though  mnally  dyadic,  aaaoeiited 
withtriadic  aluminium.  Ferric  chloride,  oxide,  and  compounds  generally,  present  such 
an  analogy  to  aluminic  chloride^  oxide^  and  oompoonds  ganeral^g  that  similar  formulae 
wig^  BBBeaaarDy  to  be  applied  to  ti»  afaaflar  artea  of  bodiea.  Otadlning  ourselTea  ftp 
oiaqjilicity's  sake  to  tho  case  of  the  two  chlorides,  we  have  to  clioo.se  between  the 
ftnaaltt  ^Cl'  and  FeCl*,  on  the  one  hand,  and  tho  formuke  APCl*  and  ^'Cl*  on  the 
otiier.  The  more  complex  expression  for  ferric-chloride,  Fo-Cl*,  is  certainly  recommended 
by  seracal  OoaaiderationB  of  mdiapotable  importance,  but  not^  in  the  author's  opinion, 
of  such  paramount  importance  as  positively  to  require  its  adoption.  Thus,  the  formula 
i^e^Ci*  is  in  harmony  with  the  law  of  even  numbers,  as  usually  enunciated ;  but  the 
•napler  formula  would  agree  equally  well  witli  the  law,  if  aiodified  in  its  expression  as 
above  proposed-  Again,  the  formula  Fe-Cl"  is  in  harmony  with  the  constitution  of 
certain  mixed  and  basic  salts  of  ferricum  invcstigatinl  more  particularly  by  Scheurer- 
£  -  : :<  r  (lJulL  Soc.  Chim.  1863,  p.  344),  in  which  on»^th  of  the  acid  radida 
c«jtul  1)1.  I  with  the  ferricum  differs  from  the  remaining  five-sixths,  as  in  ferric  aceto-n  if  rate, 
for  example,  f  e\C^H^O^\NO*f  110,  or  Fe(C-HHJ-«)».¥e(NO»/HO ;  but  the  number  of 
aaltakaowatobaftaaadoadi^ioate  types  is  nowaograaftaa  to  deprive  this  considera- 
tion of  any  extreme  consequence.  No  one,  for  instance,  contends  that  the  constitution  of 
tri-aeid  oxalate  of  potassium,  C^H^^C'^HKO*,  necessitates  the  accordance  of  the 
fbmnla  OH<0>  to  oxalic  acid.  LnsUy,  the  fbnnula  fis'Cl'  is  in  harmony  with  tiia 
vapour-density  of  ferric  chloride,  as  determined  by  Deville,  who  found  that  two 
Toiumcs  of  vaporised  ferric  chloride  contain  twice  66  parts  of  iron,  and  aiz 
tiaiea  96*9  parta  of  dUorine,  inat  as  two  fohnnee  of  Taporiaed  dUorido  of  aluminiom 
contain  twice  27"5  parts  of  aluminium,  and  six  times  35'5  pmrts  of  chloriiir.  Tliis  is 
no  doubt  a  vexy  important  result,  and  one  which,  unless  susceptible  of  some  explanation 
dbect  or  aaalogiod,  would  be  dednre  of  the  qaeatioB.  Bnt  thcia  am  ancumbtadlj 
certiiin  bodies  of  whicli  the  ascertained  vapour-densities,  no  matter  how  accoxmtcd  for,  axe^ 
aa  a  matter  of  experiment,  discordant  with  the  chemical  analogiea  of  the  respective  bodieat 
For  inatanoe^  the  qoantity  of  phosphoroa  which  bean  to  the  aioleeola  of  phosphoiattfd 
hydrogen, PH',  thesnmo  relation  that  the  molecule  of  nitn-gi  n  bears  to  the  mult  eule  of 
ammonia,  has  only  half  the  bulk  of  those  seTeral  molecules.  Again,  the  %uantity^  of 
white  aiaenic  which  beara  totiie  molecnk  of  axaeniooa  dibride,  AsCI',  the  same  relatioik 
that  the  molecule  of  wafer  bears  to  the  molecule  of  hydrochloric  acid,  hiis  only  half  tha 
baOc  of  these  several  molecules.  Lastly,  tho  quantity  of  aluminic  chloride  which  beam 
io  the  molecule  of  ainminic  ethidt^  AIEt',  the  relation  which  the  molecnie  of  corroeiTe 
aoUimate  beazato  tho  moleenle  of  manmric  ethide,  has  only  Imlf  the  1>ulk  of  these 
several  moleculcB.  In  these  cases,  the  results  flowing  from  tho  anomalous  volumes  of 
free  phosphorus,  arseuious  oxide,  and  uluuiiiiic  chloride  are  corrected  by  haviug  r^ard 
ko  taa  BOSBial  Toluiaei  of  oChar  vokdla  cfwipoawda  of  |^rNi|Kn«%  aoenifl^  and 
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and  ferric  corn|)(.uinls,  is  it  not  probBble  that  the  HsoertaincJ  volume  of  ferrie  »liIonJ<» 
may  bo  aho  anoTnttloufl,  and  henaftar  be  |>roved  to  he  anomaloua  by  comparison  with 
the  vHpoiur-densitiea  of  aa  yet  imdiaeaTend  irolatfle  eomponnda  of  ferricum  hsTing 
nonmal  Tolumoe  ?   Whether  it  be  that  certain  bodies  have  two  distinct  condaosatioDa 
corresponding  to  two  distinct  molecules,  of  which  in  some  cases  the  ordinary,  in  some 
cases  the  extraordinary,  and  in  other  cases  both,  are  experimentally  known ;  or  whether 
it  be  that  these  bodies  haTO  «idi  in  reali^bat  a  single  condensation  and  m  wb^i^ 
mol'  culo,  wliieh  in  mvno  enses  ha?  not  h^en  correctly  aseortnined  tlirongh  the  empJoy- 
ment  of  a  temperature  iusiuilicient  to  render  tlie  body  perfectly  (ila&tic,  the  fact  remaLas 
(hat  tlia  ascertained  vapoor-densities  of  a  considerable  number  of  bodies  are  not  in 
baimony  with  their  most  chMracteriytic  chemical  relations,  thouuh,  in  the  m^ority 
of  instances,  these  anomalous  results  axa  divested  of  importance  by  other  doterauna- 
tioiis  of  vajpour-denaHjy  cithor  of  the  same  bodies  raised  to  higher  temperatures,  or  of 
allied  Ijodies  havinpr  a  morr-  deoicbnl  volatility.    Evou  nll  j'.vnig.  therefore,  that  ferric 
chlorid^  at  the  temperature  at  which  its  density  was  taken,  ha.s  the  molecular  formula 
¥a^*,  it  by  no  means  follows  that  under  other  oonditiona  it  nunr  not  baTo  tbo 
aimpler  molecular  formula  FeCI*.  Admitting  the  probable  existence  of  a  tetraoIiJoride 
of  iron,  fi'eQ*,  aasuggfiated  by  l<'ri edel  (Wurtz,  Leqona  de  PhikMq^iia  Ghimique,  160)^ 
and  !>▼  Erlonmeyer  (Zaitadir.  Ohau.  numi.  IMt,  fn.  IMV  tittM  nay  rtdUy  ba 
a  "-ehforiJe  f oniK-d  by  the  union  of  t"wo  atoms  of  this  tetrachloride  with  eb'miuation 
of  a  molecule  of  chlorine,  or  what  comes  to  the  same  thing,  bj  tha  onion  of  an 
atom  of  talnciilondA  mtih  an  atom  of  dicSilonda  of  fran  info  an  {utumeddrfsa 

compound  ;  but  the  general  habitudes  of  ortlinary  ferric  chloride  scarcely  corres- 
pond with  its  possession  of  such  a  composite  charactw.  On  the  oontzaiy,  we  find 
nxriaim  persistent  as  ■ndk  through  an  cntifa  Mriea  of  mlts,  whieh  andar  no  oream- 
stances  behave  like  diameric  compounds  by  breaking  up  into  their  di-  and  tetra-  pro- 
genitors. And  if  ferric  chloride,  Fe'Cl*,  for  instance,  be  not  diameric,  its  production 
from  ferrous  chloride  becomes  quite  inexplicable.  For  it  is  scarcely  conceivable, 
and  oertianly  contrary  to  all  analogy,  that  the  first  action  of  chlorine  upon  iron  should 
Im»  to  prodncp  a  dichloride  Fed',  and  that  its  contimied  action  Bhonla  h-.wo  the  effect 
of  uniting  two  molecules  of  this  chloride  into  one  single  molecule  of  a  uou-diameric 
higher  oUoride  aoeoKding  to  the  equation  2¥^CI'+ Cl*«Fe*Cl':  for  tha  aeCioa  of 
chl  lorine  and  oxygenants  in  general  is  habitnally  to  effect  the  >  rrnl:?nn'  np,  never  the 
huilding  up  of  complex  molecules,  save  uf  such  as  are  decided!}  11  ui*eric.  Accepting 
tha  AmnnuFeCl*  for  the  chloride,  certain  other  important  j  r  compounds  wm  ba 
represented  as  follows :  the  hydrates  as  l*e'"H*0*  and  J*e  "HO" ;  the  oxide  as 
HJ»i  the  bkck  oxide  as  FeOFt*  "-0»  or  Fe»0*;  and  iron  alum  as  K*e'"(SO«)«. 
ISSK).  TbvB  the  constitution  of  iron  alum,  IQra  that  of  eommon  alum,  beoomei  a 
direct  consequence  of  the  triatomicity  of  its  characteristic  metal.    Cobalt  and  man- 

Snesa  both  fozm  oxidea  oocreeponding  to  ferric  oxide,  and  manganese  forms  in  addi- 
ii  aa  wutaUa  manguiio  rakride,  Mn'^Gl',  and  manguie  afana,  E3in"'(S0*y. 
12TT'0.  These  fonnulio  of  course  depend  for  their  warmnty  upon  those  for  tue 
corresponding  ferric  compounds.  It  is  obeesrable  that  of  the  entire  aeries  of  perissad 
aUoK^        M^CP7m*C!1»,  Mid  M^nCl'.liia  pantBeUorada  it  dmia  imMpMatod 

in  the  iron  fiunily  of  elements. 

Chrominm  serves  to  conne<^  the  iron  metala  with  ranadiam.  Aooordiiu:  to  ittiia 
nonnal  atomlo  boat  e«S,  ita  atonie  voig^t  w!U  beSS'fl,  instead  of  S<MM{,  ^a  fisiatofcta 

generally  received  numl>er.  It  funus  thn  e  wfll-defined  clilorides,  viz.  the  dichloride 
Gt"Cl\  trichloride  Cr^'Cl',  and  oxychloride  or  chlorochromic  acid  Gt^'ClHy.  Tbk 
last  oompovnd  la  neadlly  volatile,  and  its  ascertained  Taponr^ensity  being  the  half  of 
its  atomic  weight,  ita  molecule  is  zefanible  to  the  normal  two-volume  standard.  The 
dichloride  and  trichloride  are  also  volatilisable  compounds,  but  their  vapour^ensitiee 
have  not  been  determined.  That  of  the  trichloride,  however,  would  prooably  present 
the  aama  peeoliarity  as  the  anakgoos  aluminic  and  littric  trichlorides;  and  judging 
solely  by  vapour-density,  the  compound  would  consequently  have  to  be  represented  by 
the  formula  Gr^Cl*  Ciiromous  salta  eorresj^ud  closely  to  ferrous  salts  in  their  penenil 
behavioar,  and  especially  in  their  absoiptaon  of  nitric  oxide,  irith  production  of  dark 
brown  compnnnds.  They  have,  hoTrcver,  a  rod  or  bluish  colour  more  like  that  of  cobalt 
aahs.  Alkaline  sulphydrate.^  throw  down  a  black  precipitate  of  chromous  sulphide, 
and  eanstie  aDcaUs  a  pale  coloured  precipitate  of  chromoua  hydrate,  aolalile  m  sal- 
ammoniac  and  ammonui.  The  tendency  of  this  laat  {m^eipitate  to  iKcome  pcroxidised 
greatly  exceeds  even  that  of  ferrous  hydrate,  as  proved  by  its  gradual  dtoxidation  of 
water  with  liberation  of  hydrogen.  The  double  sulphate  of  chrome  and  potassium, 
K-Cr''(SO<)-6H-'0,  i.s  isomorphous  with  the  BimilarBalta  of  iron,  &c.  Chromic  and  ferric 
compounds  again  present  ageneral  similarity  of  bebanour,  though  with  some  well-marked 
djftvaicea  Ohioina-itonWerXH  k  iMnuiphoai  vitfa  ai^iMtie  osida  Fa'Va'^; 
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chromic  oxide  GrH>\  with  hiematite  Fe'"«0« ;  chromic  alum  KGr"'(SO*)2.12H»0,  with 
iron  alum  KFe'"(S0*)M2H*0,  &c.  But^  unlike  the  similar  compounds  of  forricum, 
ffiwL*  ande  is  decomposed  by  ftision  with  carbonated  alkalis  into  chromate  and 
an  inferior  oxide ;  chromic  hydrate  is  soluble  in  cold  solutions  of  caustic  alkalis ; 
while  chromic  salts  react  witli  sulphide  of  ammonium  to  produce  chromic  hydruto  and 
«id|ilnirsttsd  hydrogen,  though  thi.s  lost  difference  majpQMibly  be  only  one  of  degree 
depf'ndinjT  upon  tho  diflBcult  reducibility  of  chromic  compounds:  for  it  is  doubtful  at 
least  whether  the  precipitate  produet  d  by  sulphido  of  nmnionium  iu  ferric  sultw  is 
other  thsa  ft  mixture  of  sulphur  and  ferrooi  n^ihide.  Howen  r,  chromic  anhydride 
GrO*,  the  most  characteristic  of  all  tho  compnunds  of  c!ir.>mf,  though  formiiifr  snlt.s 
baring  the  same  general  formula  as  tlie  manganates  and  ferrates  XM-()\  N^  eins  in 
Other  respects  to  axre  no  affinity  witli  oompotmds  of  the  ixoo  class  of  metals,  whih-  it 
is  associated  with  ranadic  anhydride  VO*,  by  many  very  marked  similarities.  The 
two  oxides  are  orange-ooloured,  non-volatile,  fusible,  cnrst^iine  solids,  soluble  in  water 
Mid  deeomposible  by  heat,  liiftk  of  duominm  by  far  the  most  readily.  Thegr  neither 
of  them  form  dcfinifr  liydnitcs  or  iieids,  but  unite  with  basic  oxides  to  form  v<  n,'  staMii 
Mits  of  an  orange  colour,  such  as  the  native  chromate  of  lead  Gt¥bO*,  and  vanadate 
of  kftd  ^?9b0*,  whibh  are  koraorphoos,  and  thevenr  charaetti^tio  tahydro-Udvomito 
€r'K'0^  and  anhydro-l  ivaiiadato  of  potassium  x'K'O*.  Again,  both  anhydrides 
act  as  feeble  bases  to  the  stronger  acidsy  that  of  vanadium,  however,  to  ooosiderab^ 
the  greatest  extent.  The  aqueoM  tolirtioBS  of  th«  two  eomponnds  are  redoeed  by  the 
same  reagents,  and  appear  to  react  in  a  similar  manner  M-ith  peroxide  of  hydrogen. 
The  hexachloiide  of  vanadinm  VCl',  corresponding  to  the  uibgrdnde  and  to  ohloro- 
chromic  acid  €1*01*0*,  •eemt  to  undergo  wImb  i«^sed  a  dlisoeiation  rfmflcr  to  that 
of  pentachloride  of  phosphorus,  PCI* ;  at  any  rate  its  vapour-density  is  only  one-fourth 
its  recognised  molecular  weight,  which  accordingly  corresponds  to  four  volumes.  Tho 
tendency  of  vanadium  to  form  sulphides  having  the  character  of  snlphanhydridcs, 
though  not  very  decided,  has  no  parallel  in  the  known  behaviour  of  chromium ;  whila 
the  inferior  oxides  and  saline  compounds  of  the  two  metals  certainly  present  vefy 
little  oo-resemblanee,  unless  indeed  the  blue  salts  of  vanadium,  produced  by  reduction 
of  vanadie  anhydride,  shouhl  pn>ve  to  be  trisalts  (seiKjuisalts),  analogous  to  the  ordi- 
nary green  chromic  salts  produced  under  similar  circuni'^tances.  The  atomic  heat  of' 
vanadium  has  not  been  ascertained,  but  the  proportion  of  tiio  metal  which  corresponds 
ipiih  62'5  parts  of  chromium  in  the  respective  tnoxides,  is  found  to  be  137  parts,  and 
accordingly  the  atomic  weight  of  vanadium  is  fixed  at  137,  instead  of  68'5 as  previously. 
It  is  observable  that  tiie  difference  between  the  atomic  weights  of  chromium  and 
vanadinm,  or  94*6^  ii  about  the  same  as  that  snbriiliBg  bottrasn  flia  atonio  veig^ 
of  the  first  and  last  members  of  several  triplet  groups  of  elements.  Moreover,  tho  atomio 
weight  of  vanadium  is  almost  the  arithmetic  mean  of  the  atomic  weights  of  molvb» 
dmiua  nd  tungstsn,  aleoMiita  with  iHueh  Tnaadtom  ia  not  nnfreqnently  filassin»id» 
and  to  which  it  certainly  pwoBPti  MBM  taalogj,  BMEO  paitionlaify  la  ths  dianelat of 
its  inferior  compounds. 

VraDitiiB  M  nsoaUy  daoied  with  tha  htm  natab,  Ibr  alfliongh  posasadng  tmt  UtlOe 
resemblance  even  to  tnoni,  it  h.T.';  still  less  to  any  other  proup  of  elements.  The  for- 
muUe  of  nranium-com^unds,  and  the  atomic  weight  of  ntanium  must  be  regarded  for  tho 
jpaieaaut  aa  tmdflCanmnahlsv  sinea  the  asa^tiearieaidti  eairaot  yet  ha  oontiollcd  hy 
any  considerations  derived  from  %"npour-den8ity,  isomorpliism,  specific  heat,  or  strict 
chemical  analogy.  The  proportion  of  uranium  which  unites  with  35*5  |^arts  of  cldorina 
in  uranous  chloride,  is  found  to  be  60  parts,  and  accordingly  the  atomic  weight  of  the 
metal  may  be  fixed  at  60,  or  120,  or  180,  &c  The  nady  volatility  of  uranona 
chloride  is  in  favour  of  its  molecule  containing  more  than  one,  and  indeed  even  more 
than  two  atoms  of  chlorine  ;  while  the  high  specific  gravity  of  uranium,  18-4,  would 
aeem  to  associate  its  atomic  weight  with  those  of  such  Iieury  metals  as  tungsten,  specifio 
gravity  17'6,  atomic  weight  184  ;  gold,  specific  gravity  If  '^,  atomic  weight  19G-6  ;  and 
platinum,  specific  gravit^.2 15,  atomic  weight  197 ;  although  the  correlation  of  specific 
gntfiljwith  atoaM  veight  is  undonbtecUy  subject  to  many  vagarisa.  Alt<^thei; 
however,  in  the  present  imperfect  state  of  knowledgo,  it  seems  most  advisable  to 
assume  that  the  atomic  weight  of  uranium  is  120,  and  that  the  formula  of  its  sub- 
chloride  is  ^*Cl',  vhila  that  of  uranous  chkrida  ia  #'01',  and  that  of  nanie  osyehlotida 
W"0"C\.  Aqueous  uranous  chloride  and  uranous  f-alts  in  general  have  a  marked 
mraen  colour,  but  furnish  a  red-brown  gelatinous  hydrate,  soluble  in  carbonated  alkalis, 
uaiffln  the  mi\}ority  of  dyad  aalti,  th^  am  completely  decomposed  hy  the  earthy  car- 
bonates, with  evolution  of  carbonic  :inhydride.  They  yield  ft  Hack  precijiitate  with 
anlidude  of  ammonium,  and  oxidise  readi^  by  ei^ooare  to  air.  Uranic  nalts  arc  of 
ft  wmm-ycnofir  eoloiir,  and  poaaeaa  hi  ft  eharaeteriatio  degree  tho  property  faintly 
shadowed  forth  in  a  few  trisalts  of  antimony,  chromium,  ^'c,  of  being  derived  fn>m 
their  leigpective  acids  by  a  subatitation,  not  oii  metal,  but  of  metallic  oxide  for  basio 


L  y  u,^  jd  by  Google 


974 


METALS,  ATOMIC  WEIGHTS 


hytlrocfpn,  •whifh  mf  tallif  ox\(\p  is  1r;iii>-fi Table  from  oneeompontiil  to  another,  thrniiph- 
out  th«'  t'utirt-  (scries  of  doulde  dfconipositions  to  wlxich  the  twili.s  iire  liable.  Tli<-ro  is 
MendiBglyno  tri.  Iil.ril..  fCl«  or  trinitrate  ^N0»)",  but  only  an  oxychloride  W  a 
and  oxA'nitratc  rO"N(  H.  The  oxyehlorido  in  n  jvllow  crystalh'np,  readily  fiisible  but 
difficultly  volatilisable  masii.  The  nitrate  crystallises  in  lemon-yellow  prisms  deoom- 
poiibie  by  heat,  and  yidding  in  suoccsskm  a  neaiiio  hydzato^  nnuuc  oodde,  and  mmom^ 
uranic  oxide.  Both  salts  arc  soluble  in  wat«*r,  forming  lemon-yellow  fbinrr  ccent  solu- 
Uona.  These  are  oonverted  into  unmona  aolutioiia  sulc^ureued  hydrc^en,  wit^ 
tuimniim  of  mlplrar,  ttd      etlMiiHbe  rmj  eMOj  ledMibla.  Tliey  give  a  duk 

brown  prcfTpitate  v  ith  sulphide  of  .nnm  ^nium  ;  form  Klhlttk  cryFtalll'jablp  double  MM* 
pounds  with  exci>s8  of  alkaline  carbooate^  the  iiiiliMililn  null  bavii^  the  feg— la 
1E*00'.(^)'C0' ;  and  yield  preoipitalM  tttSktmb  vnaite,  VO.W^,  te  immm^ 

with  OMustic  ulkidis. 

Gnorp  IX.  Platinum  Metals. — The  metals  palladinra,  rhodium,  rnthe- 
uium,  platinum,  iridium,  and  usmi am,  though  dit)ering  considerably  in  nuunr 
«f  their  chemical  babltadea,  are  neTCsCfaelMB  separated  from  aO  other  elemeata,  amd 
aasociated  with  one  another,  by  certain  very  distinctive  diameter'.  With  the  normal 
atomic  heat  6*2,  their  several  atomic  weudita  will  be  as  follows: — Os  199,  ir  197, 
Pt  107,  Pd  106  A  fin  104,  and  fih  104.  The  specific  gravities  of  the  first  three  mctahi 
having  the  higher  atomic  weights  are  about  21,  while  those  of  the  other  three  having 
the  lower  atomic  veigbts  are  between  ill  and  12.  Each  of  the  metala  of  low  atomic 
vcif^it  Mtmu  to  ba  move  eapcchlly  eunvlatfd  wltli  soma  partindav  ana  o(P  tha  awtaila 
of  high  atomic  weight,  pall. ilium  with  platinum,  rhodium  with  iridium,  and  ruthr  nium 
with  oemium ;  and  ail  six  metals  are  found  associated  together  naturally  in  the  metallic 
atata.  They  are  all  inftMobla  aate  at  tiia  bif^eat  ieutpetatuw,  aneii  as  tfiat  attainatia 

with  the  oxyhydrofren  blowpipe.  The  platimnn  inctaK  rc-^rmlde  certain  metals  of  thr  inin 
£uni^  in  the  po^chromatiam  of  their  salts,  the  ^rmanenqy  of  their  double  qranidei^ 
and  nie  perisartiad  aeiMoD  of  their  chkridea,  ondea,  &e. 

Pklladmm  and  platinum  belong  to  the  chiss  of  noblo  metals.  They  do  not  combiBia 
Erectly  with  oxygen,  even  at  the  highest  temperatures,  while  their  chlorides  and  in- 
directly produced  oxides  are  reducible  to  the  reguliuo  state  bv  heat  alone.  Their  di- 
and  tetrachlorides  are  the  most  characteristic  of  their  oombinations.  Palladium  is 
said  to  form  an  inferior  chloride  PdCl,  and  oxide  Pd-0,  analogous  to  those  of  cuprosum, 
but  its  ordinary  salts  are  typified,  as  above  remat  ki-'l,  by  the  dichloride  WCl*,  and  the 
tetrachloride  ^PdQ*.  The  former  is  cr)'stalli9ablo  and  sulul  >l«  in  water,  while  the  latter 
is  known  only  in  «nbition.  They  In  th  produce  crj'staUis able  double  salts  with  chloride 
<rf  potassium,  anuuouium,  <kc.  I'lalinum  forms  a  well-defined  crystalline  tetrachloride 
l*tul*,  which  by  a  rwulated  heat  is  convertible  into  the  dichloride  PtCl',  insoluble  in 
water  but  soluble  in  hydrochloric  acid,  and  also  in  solution  of  the  tetrachloride,  forming 
apparently  a  double  or  intermediate  chloride  i^t*01'  or  ^Cl*.  Both  the  di-  and  tetra- 
efaloridea  of  platioom  tnflu  erystaffiaabla  dovUa  saUa  with  the  ddoridsa  of  alkafi* 
metal,  &C. 

Bhodium  and  iridium,  though  peflnaiMDt  in  the  air  at  all  tmperaturea  when  in  tha 
maasiTa  statA,  aaam  to  be  more  readily  oaridiiabla  bf  treatmaDt  wHh  dimdeBl  aaarta 
than  the  metals  last  considered.  At  the  same  tinia  neir  several  oxides  are  redueiMeby 
beat  alone.  The  trichlorides  are  the  most  chanataristio  of  their  respectiTe  chlorides, 
aiidamtTpioal  oftbeir  ofdhunyaalta.  Rhodinm  ftms  an  inatAnbla  fiddorida  BbCP 
of  which  very  little  is  known,  and  a  .'soluble  di-liquescout  ro.se-colour-  d  trichloride  f?hn', 
one  atom  of  which  combines  with  either  two  or  three  atoms  of  ft<katin^>  chloride  to  form 
beantiM  OTatalUiia  aaka  of  amaa^ad  eobor,  wfaenea  tba  nama  of  tin  metaL  Udiiin, 
so  called  from  the  polychromatisra  of  its  salts,  forms  a  dichloride  IrCl',  insoluble  in 
water,  but  forming  solttble  red  coloured  salts  with  the  alkaline  chlorides ;  a  compara- 
tively stabla  tridunrida  irCI*,  whose  solution  is  of  an  olive>green  colour,  and  whose 
double  potassio-chloride  has  the  formula  SKCLfrC'l*;  and  a  tatiaehloridc  frCI^  known 
only  in  the  form  of  its  potassio-chloride  2KCLirCl*,  v  lueh  is  a  crystal!i«abl.'  salt  of 
almost  black  colour,  while  the  corresponding  hydrated  oxide  irO-.2H*0,  otvurs  an  an 
indigo-blue  precipitate. 

Ruthenium  and  osmium  difTt  r  from  the  other  platinura-metals  in  the  de.'jrHc  of  th^^ir 
OxidisHbility,  ruthenium  forming  a  trioxide  RuO^  corresponding  to  an  unknown  hexa- 
eblurii]<-  Hu('I^  and  asmium  forming  both  a  trioxide  OeO*,  with  its  corresponding 
ehliride  (^sCl",  and  a  sfnb],«  volatile  tetroxide  (^fiO*,  the  most  highly  oxidi.'^ed  com- 
pound of  any  element  wiiat,«oever.  liuthenium  and  oemium,  moreover,  are  directly 
oiidiaabl^  and  oven  combustible,  in  air,  at  temperatrtna  vaiying  with  their  atata  of  ag- 
gregation, nnd  tho  result inpj  oxides  arc  not  reducildc  by  any  increa.««ed  temperaturr  to 
which  they  Jiave  been  subjected.  Ruthenium  forms  three  chlorides  fiuCl',  ftuCl*, 
and  RuCl«,  with  the  corresponding oxxdeaBaO,  fiaH)*,«iid9ia0^oflridehtbatiieUoBda 
aadttioiiidaanlgrpicalofoirdiaaiyntfaaDiQBiayti.  Iba  dknida^  praducad  bj  faatling 
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ruUMniun  with  osmitun  in  a  enrrtnt  of  air,  though  not  volatile  jMT  Me,  is  carried  orar 
ligr  the  osmic  vapours  and  condenses  as  ft  crystallino  sublimate  of  weU-deflned  aqvam 
pcisms.  Fustxl  with  nitre,  all  the  above  oxides  of  ruthenium  produce  a  poluble  oranpe- 
yellow  salt,  the  ruthcuiate  of  potassium  K-O.ttuO'.  Oamiuui  lorms  four  chloridta 
OsCl',  OsCl*.  OflCl\  and  OsCl*.  all  of  which  voUtOfse  bgr  hml  and  produce  doublo  salts 
with  the  alkaline  eliloridcfl.  It  also  forms  the  corrospnndinfz:  oxides  OsO,  Of<-0',  OsO', 
OsO*,  and  an  miditioual  oxide  OeO*.  The  triozidf,  though  scarcely  known,  save  in  the 
iMBi  of  ilB  poliSitmMalt  E:H).OsO*.8H*0,  wlueh  cryBtaUisee  in  xoee-eokmndodbahadxn, 
seems  to  have  deciilcd  acid  characters.  Tetroxide  of  osmium  OsO*  is  a  very  remark- 
able bodj.  It  occurs  in  flexible  acictilar  colourless  crystals^  freely  soluble  in  water. 
It  Awes  at  a  gentle  heat  and  boils  at  100*,  with  ooDTemon  into  a  pungent  nosioiie 
Viipdiir,  whose  specific  p:ravity  is  the  half  of  its  atomic  ■weight.  It  seems  to  be  quite 
devoid  of  acid  properties,  since  it  is  evolved  from  its  solution  in  caustic  alkalis  hj 
simple  elnUitMi^  vhile  ite  ■olntioo  in  vater  hu  no  ut&cm.  npoo  fitmns  paper. 


The  nnmerical  relations  subsisting  betweflu  the  atomic  weights  of  the  several 
clenMOte  hare  for  a  long  time  past  excited  oooiidemUe  int*  rest  amoog  chemists,  and 

have  not  unnaturally  led  to  a  considerable  amount  of  speculation.  I'nm  is,  at  the  meeting 
of  the  British  Association  in  18dl,  first  directed  prominent  attention  to  the  subject, 
and  some  years  afterwards  pnblished  a  detailed  aeeoont  of  hia  conehniooa  tbaNOB 
(Ann.  Ch.  Phys.  [3]  Iv.  129),  of  whieh  the  f  >11owing  statement  vrith  regard  to  the 
halogen  elements  may  be  taken  as  an  illustration.  Calling  the  equivalent  of  fluorine 
a,  m  diflhreiiee  betiraen  that  and  the  equivalent  ot  dikniie  d,  and  •  eomplamentarf 

diflTerenee  whii-h  is  rrquirni  in  order  to  pass  from  clilorino  to  hvomineii  4^  tiMM  IB 
obtained,  for  fluorine,  chlorine,  bromine,  and  iodine,  the  serieiH— 

«  or  19   -  19 

a  +  d  „  19  16*€  .      .      .      .  M  86'ff 

a  +  2d  +  „  19  +  33  -i-  28  .       .      ,  =  80 

2n  +  2d  +2cr  „  38  +  33  +  50  .       .       .  =127 

It  may  suffice,  however,  to  remark  in  this  place  that  veiy  nuuay  of  the  elements  seem 
to  be  associated  in  groups  formed  of  three  tenna,  and  fnaf  tile  difftrenee  in  atomie 
weight  between  any  two  proximate  terms  is  always  v-  ry  n.  arly  40,  or  44,  or  48  ;  and, 
consequently,  that  tlio  difference  between  the  first  and  third  terms  is  nearlv  84,  or  88. 
or  92,  or  96.  Moreover,  to  several  of  these  groups  of  three,  there  is  appended  a  fourth 
term,  in  which  caao  the  difference  in  atomic  weight  betwaan  the  third  and  fourth 
terms  is  the  same  as  that  between  the  first  and  thlnl  terms,  namely  88,  and  in  ono 
instance  92.  Lastly,  to  several  of  the  groups  of  three  or  four,  there  is  pretlxed  an  initial 
term,  in  which  case  the  di£fereoaa  in  atomic  weight  between  the  initial  terra  and  the 
first  of  the  remaining  terms  is  iqnvoximately  16.  Allowing  chromium  and  manganese 
to  stand  proxy  for  the  iron  metals,  and  palladium  and  platinum  for  their  respective 
CongMiCTs,  the  following  table,  dightly  modified  from  one  pnblished  V>y  the  author  a 
few  months  back  (Quart.  Journ,  of  Science,  i.  643)  contains  a  list  of  all  the  well-known 
elements  arranged  horizontally  in  the  order  of  their  generally  received  groups,  and 
perpendicnlarjy  in  the  otdw  ol  thshr  aamal  atoodo  wnigfata. 


Mo  96 
9d  106-6 

W  184 
An  im 
9t  m 

L  7 
G  9 
B  11 
C  12 
H  14 
()  lt{ 
F  19 

Na  23 
Mg  24 
Al  27-5 
8i  28 
P  31 
8  32 
CI  335 

An  76 

Se  79o 
Br  80 

Ag  108 
Gd  113 

Sn  118 
Sb  122 
Te  129 
.    I  127 

Hg  200 
Tl  203 
¥h  2U7 
Bl  SM 

K  3 
Oa  40 
Ti  48 

52-5 
Mn  55  &c. 

Rb  85 
8r  87*5 
Zr  89  5 

Cs  i:{3 
Ba  137 

▼las 

Th  8S1 

U  is  ohaamMe  that  (Jhe  diflfatOMa  in  atonio  waight  of  16  anbaiat^  not  wSj 
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between  the  elements  of  the  first  and  those  of  the  second  colnmn,  bnt  also  betwe<n 
•odimn  and  potassinm,  magnasiDiii  and  oalehim,  and  srienhim  and  molybdenum 
respective! J ;  while  a  difference  of  about  20  subsists  between  tbe  ^omk;  veif^bta 
of  silicon  and  titanium,  sulphur  and  chromium,  and  chlorine  and  manganese  respec- 
tivelT.  Many  other  relations  of  interest  are  also  evident  upon  simple  imipection; 
ud  K  may,  perhaps,  be  woarthy  of  note  that,  wii«re  the  dMsrewse  in  atomic  weight  bft- 
tween  proximate  eleTnfiit.<s  rs  about  4fi.  the  rwmblancp  in  pmpertir's  is  ti.sualJr  more 
decided  than  where  tho  difFereDcu  ia  44  or  40.  DouLtleiis  aome  of  the  ariUimnticai 
t^btimt  flBMUpUllad  in  the  foregoing  table  are  merolv  aeddental,  but,  tai»s  mttO' 
tber,  they  nro  too  mmtmoB  and  deddad  not  to  depand  ugtm  wna  hith«rto  onreeog- 
nised  general  law.  W.  O. 

MMTA&P  M  TM  A.  This  name  is  applied  byGraham(  Chem.  Soc.  J.  xv.  2  4 )  to  the 
nolnble  dihydrate  <«f  alominium  (i.  159)  which  Crum  obtained  by  the  action  of  heat  am 
a  solntiou  of  thp  arptate.  Gratia m  h:xs  shown  that  it  mny  be  prepared  by  dialysing 
a  solution  of  the  licciute  alUired  by  heat,  nearly  all  the  acetic  acid  passing  through, 
and  a  aolntion  of  metalumina  wamaiag  on  tm  dnlgMr  (jf,  717)»  Tho  Mdntion  as 
tattt'I.'sa.  and  iiputral  to  test-paper. 

asSTAZi'7SX8.   T)ril>(>r<-:ni!r's  name  for  Catalysis. 


CAROAJUG  AOXBm  An  add  isomeric  with  margaric  acid,  C"H*H)*, 
mid  hyFr^my  (.\nn«  Oh.  Fhm  [V]  1x7.  131)  to  he  ehtained,  together  with  mtlt^ 

olt  io  acid,  by  tri^uting  with  cold  wat<  r  fhe  mixture  of  sulpli'iniarpjiric  and  8ul])lioloic 
adds  produced  by  the  action  of  strong  sulphuric  add  upon  olive-oil.  On  pceesing  the 
Monhuig  predpttale,  and  treating  it  with  aleohol  of  86  per  cent;,  llie  metamargaric 
add  is  dissolved  out.  It  is  white,  cnstaniiio.  insoluble  in  wut<T,  <  .i>.ity  solulde  in 
alcohol  and  ether,  melts  at  60^,  and  exhibits  the  composition  of  maigaric  acid.  Mo.st 
of  its  salts  were  also  found  by  From y  to  exhibit  the  composition  of  the  mar^aralc^, 
but  the  silver  salt  yielded  27 — 85  per  cent,  silver,  which  is  nearly  the  composition  of 
8((anit«>  of  silver.    Altogethor,  it  la  doobtfol  whirther  tho  acid  ohtamfd  aa  aboro 

yrna  a  di^tinite  compound. 

6feo  Immbhsh  (p.  415). 

8jnL  iritih  CoMoio  AoD  (L  1109)k 

ITAMOaVMUAi  An  opium-baae,  theh]fdMohIc<n\to  uf  which  is  obtained,  aa 

a  residue,  in  tho  preparation  of  o['i»nn-tin(Huri>  by  means  of  linu*  smd  Kal-nmmoniac 
The  h^rochloratr  is  soluble  in  2o  pti».  of  cold,  and  2  pts.  of  hot  wator,  reacts  neutral, 
andgltes  no  precipitate,  either  with  anunonia  or  with  the  £x(-<l  alkalis  or  tlieir  car- 
bonates. When  driod  at  100°,  it  contain^;  12-2  per  OMU  fid  (hjdnMhlootO  ot 
ni«|)hinc.  a"H"^'0'.UC1.3UH>,  contains  &■?  per  eent). 

Tne  fMb  base  separated  from  the  sulphate  dj  digemon  with  carbonic  of  bannm, 
and  exhaustion  with  aloohol.  crvstalll.s.^i  in  stollate  ^ups  of  prisms.  It  is  not  liitter ; 
diseolvea  in  600  pts.  cold,  and  70  pts.  balling  water,  in  330  pts.  of  alcohol  of  90  per 
cent  at  oidinaTy  temperatures,  ana  in  9  pta.  at  the  boiling  heat ;  it  it  neadj  inaolnblo 
in  etlicr.  It  dissolves  easily  in  caustic  potash,  less  easily  in  iimmouia  and  alkaNno 
carbonates.  With  nitric  add  of  specific  gravity  1*33  it  fonoa  a  yellow  solution.  Tho 
aqneona  aohition  is  gndnaUy  oouMwed  jeUow  bj  iodie  add;  not  attersd  hy  taeaa 
chloride.  Cliloritlo  of  pold  ftrst  forms  M'ifli  it  a  yellowish  colour,  then  a  floivulent 
brownish  predpitate^  but  pcodocea  no  blue  coloration,  (CL  C  Wittatein,  Arch 
Fharm.  [2]  er.  141.) 

acBTAMOSPBXsac  A  team  applied  to  lha  tmnafiynaotion  of  ninmhi  and 
Mbka  bj  phjaiool  and  ohondeal  action.  (8ee  GnoLoofr,  Gmmrnr  of,  ii.  831.) 

WKWt&t/TTTMTrgm,  A  compound  polymrric  with  amjdene,  probably  C^H**,  con- 
tained in  the  highrr  portion  of  the  diMiUate  produced  by  heating  amylio  alooh(d  with 
mlphttrie  add.  It  Ui  not  been  obtained  pazttt  ^nlnrd.) 

8aa  AmsMOMT  (L  824). 

SeoOonuon. 

An  oily  add  produoed  by  the  aotion  of  water  on  sulph- 
oleic  acid.    It  is  insoluble  in  water,  easily  aolnbla  in  ethef^  veay  ali^^litfy  in  akohoL 

(Fr6my,  Ann.  Ch.  Phys.  [2]  xv.  128.) 

MBTAFBCTXC  ACZO.    See  Pscnc  AOD. 
iwcTAf  SCTZSr.   Sio  PKcrm. 

BUnrAVSCMiVBOBIC  ACID.    8ee  PuoSFHO&ua,  OxTGBN-AdDa  OP. 
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9i  the  wa^  17P%  mO*  «  VO^. 

(Odling.) 

KETASTAJrif  xc  ACX9.   See  Stakkio  Acn>,  under  Tor. 

SESTAST¥]bO&.  Sjn.  with  MsTAConfAKiXB  (see  CuqiamikSi  i. 

See  TAJMAm  Aon*. 

See  Tiisnnnm> 

See  Tujcyetic  ^^rs 

Bmfhaujit'f*  name  for  a  fibrous  Tarii  ty  of  .lorpentinefiroin  Scliwnrz- 
e&beig  ia  S«xonj.    JbUudnesa  •  2  to  2*5.   Specific  parity  =■  2-62.  Greeaiah- 
irfiite^  wtth  veek  pee^  luetic.  OoDtuns,  according  to  Sikh n  (Ann.  Ck  IltfyBB. 
369X  43  48  per  ccnt.  lOiea,  41*00  ibi^immw,  2'SO  Uamm  oodde^  and  valet 

(«  99-63). 

MBTAJUNETB*  A  mineral  resembliug  metajdt«,  occurring  in  green  serpentine  at 
Lnpikko,  near  Pftlcinurta  hi  Mnlend.  Kvdneea,  UAwweu  caUspar  ana  gypsmn. 
Specific  f^nivify  =  2'58  to  2  61.  Colour,  from  gri^onisli -black  to  whitp.  »Sonu'tim<-H 
apparently  amorphous,'  sometimes  nuUo>fibroiui  and  sphericai  Contains,  according 
to  an  analysis  by  C.  O.  HlUatea  (JafaMab.  1862,  d.  749X  40*63  per  ent.  ailiea, 
lO*17dudba,0-78faflift  eadde^  1S*88  aucncaia,  irosfin^and  18-S8  water  (»  W  S7>. 


jwETEORic  mow. 

ITEOSZC  BTOVSS. 


SeelheiiaitaitiolB. 


Aerolites.    Uranolitt*.    This  name  includes,  not  only  thoea 
milieial  hodiee  whidi  are  hnowii  to  have  fallen  on  tiw  earth's  aarflkee  fton  1A« 

cel.  stial  spaces,  but  likewise  a  great  number  of  others,  -which,  thotigh  tlielr  origin  is 
not  actuary  known,  yet  ngn  t  ho  closely  with  known  meteorites  in  mineralogic&l  and 
ehemkal  eonetitntion,  m  to  ju-tiiy  thaeon^larion  that  thsjare  alsoof  sMteone  origin. 

Tlic  nmnerous  analyhra  which  have  been  ma^le  of  mrf.  i  t  it.  s,  both  the  older  oni  s  by 
Howard,  £laproti),and  VaQQttelin,andthoBeof  more  recent  dateby  Berzelius 
end  othen^  hat^denwoatiated  hi  them  tiie  prnesne^  of  about  18  etemsntuy  bodies,  all  of 
which  likewise  occur  in  terrestrial  minenil.s,  viz.  Hlumiiiium,  culcium,  carbon,  chronmm, 
cobalt,  copper,  iron,  magnesium,  manganese,  nickel,  oxygen,  phosphorus,  potassium, 
aSJeium,  smnhur,  titanium,  tin,  and  p^iaps  also  in  some  eases,  antimony,  arsenic, 
chlorine,  hyarogen  and  lead. 

Meteorites  are  divided  into  two  classes,  distinguished  n&  M(«t eerie  Iron,  and 
Meteoric  Stones.  Meteoric  iron  consists  chiefly  of  metallic  iron  alloyed  with 
nickel,  contains  no  ozidiaed  emnponnd,  and  has  in  general  the  characters  of  oixlinaiy 
bar-iron.  Met.  orie  sfnups  are  raixtun'S  of  several  tnineral«,  chiefly  silicatea  (fBls^ar* 
uugilti,  olivin),  which  alK>  play  an  impgrtiint  part  in  terre»Crial  mixierals. 

This  division  is  however  merely  artificial,  inaaniiidi  aa  numymeleodtes  areaahrtaxva 
of  meteoric  inm  with  masses  of  meteoric  ?stone.  or  with  one  or  more  of  Xhc  minerals 
occurring  in  uattHjric  Ktoucs.  If  the  mftallic  portion  predominates,  the  meteorite  is 
Massed  us  meteoric  iron,  as  for  example  the  so-called  Pallas  meteoeite,  Ihnnd  at  Kiae- 
nojarhk  in  Siberia,  or  that  of  Atucama,  both  of  w  hich  contain  larger  or  smaller  masm'S 
of  olivin  imbedded  in  cavities  in  the  iron.  If,  on  the  other  band,  the  earthy  portion 
(tiie  iilieatcs)  predominatea  ia  amoaat,  the  meteorite  is  called  a  meteorieatone,  althoi^ 
tlie  fine  splint  its  or  grains  of  meteoric  iron  difTuHed  through  the  masH  m;iv  give  it  an 
a{ipearance  auite  different  from  that  of  meteoric  stones  consiating  wholly  of  earthy 
Meteerie  atoBea  eoptaiiring  laalallia  han  ua  bumIi  naea  nuMNNia  than 


1.  Meteoric  Iron. 

A  nase  of  meteoric  iroo  is  always  a  mixture,  the  constituents  being  sometimea 
▼itfUe^aoiMtiiBearevealhigtheniaelTseoi^  Thednefpaitof 

the  mass  eonsist.s  of  iron  alloyed  with  nickel,  an<l  perhaps  always  with  a  snmll  quantity 
of  cobalt.  This  admixture  of  nickel  is  osoal^  rqiarded  as  a  proof  of  the  meteoric 
origin  of  numerous  maasee  of  metalUe  Iran  Airaid  on  or  a  little  hetow  the  snrfiiee  of 
the  Mrth,  whose  actual  fall  has  not  been  ob^r  rvcd.  The  auionnt  of  inm  in  meteccie 
iron  usually  varies  from  about  80  to  96  per  cent;  the  nickel  from  6  to  10  per  cent. 

In  many  cases,  sulphide  of  iron  is  visibly  di»enihu^rd  tiurough  the  mass,  sometimes 
in  the  Itann  Ckf  rather  large  cylindrical  grains.  This  sulphide  is  often  regarded  aa 
aiap7i<*tic  pyrites  W€&  (p.  401^  a^h  does  indeed  oocor  in  amae  meteonteaj  hot 

Vou  ill.  3  K 
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Iliu  iD  examir.'-.-^  hy  Tl:\TnTn(^!sheTg  (Pogg.  Ann.  cxxi.  nr>:n  containM  pri^t->sulj,hiik'  of 
iron,  iVS,  i*ftrt  of  this  sulphide  is  however  din tributotl  through  the  mass  of  the  irou 
in  io  minirte  a  itato  of  diTwioB,  that  it  omi  be  dstaoted  only  hj  tike  evolatin  of  mi1> 
phydric  ncid,  which  tak<^  j  lacf  un  dissi>!viiii:  t\u-  iron  in  arirl*;. 

MiKrai>\'^r  all  8pe4*iiiuma  of  meteohc  iron,  when  dissolred  in  hjfdrochloric  acid,  kara 
a  v««idiir>,  varying  in  Mdoviit  fton  a  tmeldoa  to  semai  ui!ta  per  out  Tim  twH— 
is  also  a  mixtaro.  :iu>l  ai^pcars  uiultT  tlio  niiori'-^ivip.- to  i^oii^Jist  olii*  fly  of  a  disHnctiy 
cryHt»!1t'«F<  i  compound,  vhich  chflmipai  analysis  aiiowB  to  contain  iron,  nickel,  am 
phosp!]  rns,  usuuUj  inlxfld  wHli  ctobon  and  ailiea.  Th«  ovboo,  a  rvij  mnaiUbla 
eonstituent  of  meteoric  iron,  ajip-  ars  fo  ocmir  thon  in.  ;is  in  pi^-iron,  in  two  liifierent 
states,  viz.  partly  as  graphite,  parUjr  in  <'.h)Bmical  ooiabinati<»i  with  the  iron.  Oa  tkit 
account,  the  entire  quantity  of  the  caAon  is  oarw  ibmd  in  tite  Mtdae,  ib«  eolntiott 
of  meteoric  iron  in  acids  being  attended  with  the  omission  of  the  same  offensive  odour 
that  is  evolved  in  the  solution  of  pig-iron.  The  silica  is  derived  from  silicide  of  iron. 
It  is  evident  from  those  considerations  that  chemical  analysis  can  never  afford  a 
ptrihetly  exact  piotsra  of  the  individual  con>pntra!s  pn  sent  in  meteoric  iron. 

Many  »«pf»ctm'»ns  of  meteoric  iron,  when  polishwl  aiul  afl»  rsvanl>  rtr-hr-'^  with  an  ai'ii!, 
exhibit  ou  their  surface  peculiar  crystalline  couCj^iuratiiin*,  Calkd  '  WiJmaastaJt"* 
flgrupos.'  These  figures  were  attributed  by  fierzclius  to  an  alloy  of  iron  and  nickel 
(lis-^.  tninated  through  the  njns<»,  which  alloy.  I"  [n;:;  l.  .is  soluble  in  acids  than  the  pure 
iron,  was  broueht  to  light  when  the  latter  w.is  r<«iiii)V«?d  from  the  surface  by  the  acid. 
Bateertain  eamplts  ttf  meteoric  iron,  viz.  that  of  the  Ctape(^  879),  and  those  fooad 
at  Qroenvilli-  in  Trnnossce  and  at  Clairb<*>rn<«  in  AlaMma,  all  xfry  rli'li  in  nii-k.l  feon- 
♦junin^  from  d  to  12  per  cent,  of  tliat  metal),  do  not  exhibit  these  tl^^ures :  hence  their 
XmaatlOBl*  mueli  nK>re  probably  due  to  the  phosphide  of  nickel  and  iron,  or  S^MIitt' 
giU  (8hr'pnr!'<;  T)ij:<fu!i!-').  ulii''!],  as  ;ilroa>!y  obeOTad,  ftmia  iJie ptiBid|Nd  paitof  tiM 
leaidoe  left  on  diasolvin';  tho  iron  in  acids. 

The  analTab  of  the  prin.  iiialmui  of  the  Iron  cftn  «ildbiii  audi  qoaatilM*^ 
pli'  sphorus,  doubtless  nvWuv^  flma'piitial  deooo^OMtiflii  of  Oa  pliOipMda  tj 
acid  need  to  diaaolTe  the  iron. 

Tlie  Mloviiiff  are  maxijmm  of  afew  fpodaMBS  of  ttetMcie  iran,  taken  from  Ran- 
molsberg's  Mhirrakh'  <^n'  fj,p.  002-9*20). 

1.  Found  at  Elbogcn  in  Bohemia,  and  known  as  'der  venriinachte  Bei^«;ra£* 
Spr,  iii.  gnivity,  as  detemfned  hj  difl^ent  olMPervan^  7*74— '7*§8.  In  the  w^otion  of 
this  meteorite  in  liy'liv)oliloric  acid,  Berzelins  found  traces  of  tin  and  copper.  The 
remrlnri  is  a  aiasa  lutviug  a  oarbomuMna  aapflct«  aad  ooniiating  paitlj  of  metalfa 
spaiigli-s. 

2.  Bohumilitz  in  Bohemia.  Bpw!iflc  gravity  ■»  7*14  (Steinmann);  7*61—7*71 
(Hum  1  orl    T)k':o!rt->B  in  livdrnrhloric  acid,  vithevoliiiMnof  ftdd^jdrogs  gaa;  tlia 

solutii  n  coiitaiui^  tracoa  of  phi""^pli'>ru3. 

3.  S.  t  liisf^on  nour  8ch\vi(  l/uj'.  .Specific  gmvity  •  7*i©  O?**^**^^)?  7*63 — 7*1, 
(I>uf  l  os) ;  (Rnm  niclsborg).  In  tho  mctnlUc  mass  are  enclosed  cylindrical 
pTiiiris,  of  a  sulphide  of  irun,  of  bruwniiih-yiillow  colour,  specific  gravity  4787,  quite 
ins  iluble  in  hydrochloric  acid,  and  contAinin|!,  according  to  Bammelsberg's  analysisi, 
7  3  :;  7  p.>r  cent,  ferrous  snlphide^  0*71  tolphide  of  oofper,  2*78  chromMrw,  and  19^ 

kol-iron  (-»  98*64). 

I.  Krainoj  arsk  in  Sibwfab  Discovered  in  1772  by  Pallas, and  hence  called  the 
I'lillas-  Tnri'5«?.  Tli(>  bo,«t  kno^m  mrtoorito  of  the  class,  ronsi.'iting  of  irif'tallu-  nick<'1-in>a 
mixed  wiih  oliviu  and  a  lit  lie  sulphide  of  iron.  Specific  gravity  —  7  7b — 7*84  (iiam- 
ler).  Hie  residue  insoluble  in  hydrochloric  am  c(»ibiin%  Wodts  dttMMd,  a  heavy 
substance  having  tha  aieldlie  faiitca  and  appeariqg  dtttfae^jr  mj^tiSISm^  taaUm  tiia 
miaxMcope. 

0.  Ooaby'a  Greet,  OddEaOoantj^TnuHMiea.  C^ieeMegmTity -t?*^  (Ramler); 

7'257(Borgomann).  Th.^  residue,  according  to  Brrgi^nninn,  is  ablack  jxiwder  aninunt- 
ing  to  2-075  per  cent,  contjuning  jellow  ahiniiig  magnetic  lasun»  and  a  black  ootHjf 
maM. 

G.  Tlratinan  in  Bohemia.  Fell  on  July  11.  1SI7.  J'peoifio  pravlfy  =•  TTM 
(Beinert).  The  insoluble  residue  is  a  mixture  of  on  amunphous  coaly  powder,  with 
greyiah^vlnfe,  meldlft^^liinuig,  ebt^ngly  magnetic  lamine.  u  the  maaa  ia  imbedded 
a  magnetic  sulphMc  in  in,  which  dissolves  in  hydrochloric  acid  withoot  tflinwitiBII 
of  Milpbur,  but  leaves  very  small  quantities  of  charcoal  and  chrome-iron. 

7.  Coahuila  in  Mexico.  A  mass  weighing  252  pounds.  Specific  gravity  —  7*81. 
/  Tha  phosphide  is  said  to  amount  to  \'5S  per  cent, 

8.  Atacamain  Chile.    Specific  grarfty  =>  7*89.    The  cavities  contain  a  limauiih 
white  silicate  of  calcium  and  iron,  containing  phosphoric  aeiil  (  perhaps  olivin). 

9.  Niakornak  in  Groenbind.  Specific  gmvity  a.  7  073.  .Whm  ^li^ntvad  it  givea 
off  hjrdzqgan  gaa  oontaining  nilplrar  and  carbon,  and  leavea  at  fii«t  •  c^fatadttaa 
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pofwdsr,  vliidi  aINrwaids  dHappfwm,  iMTing  nothiii^  Imt  onlMn.   This  cryitaDliMi 

pow-l.T  not  the  ordinary  phospliidr  of  nickel  uud  iron.  1>at  a  cnrLMe  of  iron  ron- 
taiuing  &om  7*28  to  1106  per  cent,  carbon.  The  residue  insolnble  in  hydrochloric 
acid  iJm  coulidiM  tnaet  of  cnths  fMcting  lik^ 

10.  Capo  of  Cood  TTopc,  near  fli.-  Sunday  nnd  Bushman  river.  Ppocifif  frraWtT 
-  6-03— 7-94  (Kumlori;  7-60  (Wehrle).  The  residue  constat*,  acconlinf,'  to  Ua^ 
eoeehM,  of  brDwiddi<7eIk)iv«ndoo]oa^  aMOidiiigtoBodling,  of  ^liosMLb 

vf  nickel  and  Inm.  This  nirf  ,nt>i  is  onn  of  those  vllioll  do  BOi  cdliUt  Wiumil- 
stattian  figures  when  etched  witii  adds  (p.  378). 


•  WHb  magtratluu. 
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11,  12,  13.  Fiv^m  tTio  VjilTt>y  of  Toluca,  n<»ar  Xlquipiloo,  in  Mexico,  vhen* 
nomeroott  maasee  of  Beteoric  are  Ibiuid,  of  Turioos  siz<»^  and  oftea  ef>nverk>d  iato 
llBniebjdx«to,eT«n  to  llw  middle  of  tliairinl)^^  Aeeomi^toKnuiz,  man^  of  tiw 
lumps  contain,  in  cavities  on  their  surfaces,  magnt  tic  oxidf  of  in>n,  Ixjth  massiv*^  and 
ciystallbed,  and  apparently  not  resulting  &om  recent  oxidation ;  also  graphitfl^  aolfiude 
of  iron,  and  lamina;  of  nickel-iron-phosphide. 

Analysis  11  is  of  a  himp  weighing  13  lbs.,  whidi  gSW  off  ad^jdrie  add  ^hm 
diiwiolved :  12  of  a  bum  vfl^gfaii^  2iKI  llN^iiradktaidM^  If  ftf  t  ma  fiTiriiirftii  mailt 
weighing  Ibti. 

14.  Zacatec:i«:  in  Memeog  with  sulphide  of  iron  disseminated  throogh  it  Specific 
prmrity  =  7'48  (B^r^PTn:inn) ;  7  ^5  (Bumler).  Diaaolvw  in  fagrdnebloDe  mad, 
with  erolution  of  f^-tiil  hydrogen  gus. 

10.  Also  from  /  I  I  u  e  c  lis.  iSoft,  tough,  dififiidt  to  break,  with  distinct  badiMitad 
structure  on  tho  surfaof.  Tin:' nsidiie,  insoluble  in  dilute  hydrochloric  acid,  Pon'?i5?s  of 
a  small  quantity  of  a  bliick  tlocculent  subbtHiice  resembling  graphite,  but  dis^olviug  in 
fliRMig  hydrochloric  acid  with  erolutioa  of  sulphydric  acid, — and  of  nickel-iron-pbosphido 
containing  7.'^-0'2  F.-,  1 Ni,  and  10-23  P.  Miillfr  (Ch.-m.  8oc.  Qu.  J.  xi.  23^5) 
regards  this  meteorite  aa  distinct  from  that  ficom  the  same  locality  analysed  by  iiei;ge- 
maim  (14),  innniMih  a*  flw  fclte  ooiiUbbi  nmAm  cartxia  aor  ohrMne4goa. 

2.  nceteorlo  Stones. 

This  name,  as  already  observed,  is  appUed  to  meteorites  consisting  wholly,  or  for  tho 
most  part,  of  earthy  minerals  (silicates).  The  older  analyses  of  these  stones  by 
Howard,  Klaproth  and  others,  determined  merely  the  entire  chemical  constitution 
without  regard  to  the  possible  existence  of  different  minerals  in  the  same  stone :  but 
the  later  researches  of  Berzelius,  Gustav  Bosc,  Rammclsberg,  &c.,  have  sliowa 
that  meteoric  stones  are  mixtnmof  Mrtain  silicates,  -viz.  olivin,  au^te,  labradorite, 
&c.,  with  or  T<ithnnt  mete<jric  iron.  In  somo  few  pa.«es,  th**  minonilogical  con^-titU'  nfs 
of  a  nnjtforite  can  bo  distinguished  by  physic^il  examimitiou ;  thus  Gui»lay  Kose 
showed  that  the  meteorite  ti  Juvenas  contains  voBgaUdo  pyrites,  as^pta^  and  »  ftla|)W 
XMcmbling  hd/rudorite,  aud  determined  the  form  and  othor  properties  of  thee© 
minerals,  liut  generally  speaking,  the  indiTidual  comrtituent^  of  the  meteorite  are 
not  recognisable  by  the  sight,  even  ostomicfosoopieal  ssDuniliatioa,  and  4MI  only  be 
determined  by  chemical  aiiaYy.sis.  If  the  stone  contains  only  two  minerals,  one  of  which 
is  decomposible  by  acids,  v,hil*i  the  otk@r  is  not,  the  determination  of  their  nature  is 
«ompantiTeIj  mn  and  certain ;  but  if  both  ars  attadrad  bjaeidi  vith  equal  &dlit/,  «r 
not  attacked  at  all,  or  if  the  r^tune  is  a  mixture  ofthreo  ov IINV6  ttiMnli^ dicmieal 
analvsis  can  only  show  what  minerals  probably  exist  in  it. 

The  2oUo«iiig  sm  cacamptss  of  aetcorio  alaiisi  iHrnso  sonstitatisft  liai  bm  mi 
«oettratelj  deCsmioMU 

a.  Containing  MeieoHe  Iron, 

1.  Chantonnay,  Depart.  Vendee.  Fell  r.ii  Augu.'^t  5,  1S12.  Oronn  l ni  i  partly 
black,  partly  grey,  with  black  streaks.  Specific  grayitj  3 "46 — 3*48  (il  u m  1  e rk  Tha 
iilioatss  of  this  metostito  eoariit  of  4H'l2  per  cent,  dfffai,  augite,  taxi  KhOl 
labradorite  (—  99-16),  (Rammelsberg.) 

2.  Seres  in  Maceikiiua.  Fell  in  June  181ft.  Dark  grev  mass,  of  specifle  gravify 
t*71  (Bvmler^  Consists  of  a  miztaie  cf  silioatea,  in  iMisk  an  imbedded  a  mineral 
resembling  olivin,  nickel-iron,  and^^agnetio  pyrites.  (Borzelius.) 

3.  Blansko  in  Horavia.  Nov.  ^  1833.  Dark  grey ;  specific  crraTi^y  =  3  70 
(B«mler).  From  an  analysis  by  BsfMlio^  Rrnimelsfasatg  oakuhOcs  the  oompositioa 
at  20*13  per  cent  nickel-iron,  2*97  sa^^ldda  of  IMII,  0^  dDOlna-ilOi^  S6*U  oMviB, 
83*89  aagite,  and  17*30  labmdorite. 

4.  Ohateau-Benard,  Depart.  Loiret,  in  France.  June  12,  1841.  Gr^;  Bpodfio 
OWfity  »3*66  (Dufr^noy);  3  54  (Rammelsberg).  Consists,  according  to  Dv- 
n^noy,  ofCiO  percent  olivin,  and  about  10  per  rrnt  nicfcol  ITKWI,  tfao  immsliiiliii  H>|isaiin| 
to  be  made  up  chiefly  of  au^te  and  lubnuiurite. 

6.  Utrecht (Ix>uvrt.]i  uitje  near).  June  2,  1843.  Groond-mass  neariy  white,  fusible. 
Sj^cific  pravity,  3  57— 3  65  (Banmhauer).  Consists,  aocordinc;  to  Baumhauer,  of  a 
imxture  of  olivin,  augite,  oligoclase,  nickel-iron  (10  per  cent.),  and  magnetic  pyriUsi, 

6,  Klein- Wen  den,  near  Nordhanscm  in  the  Bars.  Sept  16, 1843.  Grey  groaad- 
■mas,  intermixed  with  yellowish-green  and  black  grains.    Specific  gravity  =  .3-7no6 

Slammelsber g).    Consists,  according  to  liammelsbeig,  of  olivin,  augite,  and  labra- 
rite,  in  which  are  imbeddsd  idslcel-iron  (about  20  par  Oattt%  and  s  smaD  quantity  of 
pyrites  (magnetic  pyrites  or  protosulphide). 

7.  Moutff^jeau  (Glarac^  Ausson),  Depart  de  la  Hauto-Qaronne.    December  9^ 
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1858.  Oreyish-white  groimd-inass,  intenperecd  with  numeroos  brownish  round 
pauules  of  various  sizeit,  and  ereyiflh-white  magnetic  metallic  grannies  and  lamimek 
Specific  gravity  =  8*80.  fFilhol  and  Leraeyrie);  350  (Chancel  and  Moi- 
tessicr).  Contains,  accorning  to  tho  latter,  10  04  per  cent  matter  attract(Hi  by  th« 
magnet  (  =  8*36  Fe,  1*56  Ni,  0  07  metallic  phut^uhides,  0*05  adhering  ferrous  sulphideX 
1-71  chrome-iron,  572  fenraiN  m^pludflb  ounn,  tod  37*61  and  honiblnd«i 
(Jahmb.l8«),p.  860.) 

jS.  Without  Meteoric  Iron. 

1.  Stanncrn  in  Moravia.  M«j,22,18a8.  Specific goantj  »  3-19 (Vftliqael in); 
8*01.317  (Rnnler).  Oottidito, aeeorabg  to  %mmd^ 

34-92  anorthite,  0*98  mugnc-tic  oxide  of  iron,  and  0-54  cbrt^ino-ilOll  (a  101*59).  Tha 
augite  contains  1  at.  magnesium  to  2  at  calcium  and  3  at>  iron. 

2.  Jnyenas,  Dept.  Ard^be,  France.  June  3,  1821.  Specific  gravity  »  3-11 
(Rumler).  ConsibtM,  according  to  Rammelsberg,  of  62*65  per  cent  ati^nto,  34*66 
anorthito,  0*60  apatite,  0*26  titanite,  1*36  ohronM-uoo,  1*17  magnedo  asida  of  izoOt 
and  0-25  magnetic  pyrites  (=  100-83). 

3.  Jonzac,  n<-iir  iiarbezioux,  I)*>pt  de  la  Basse-Charoite,  France.  J-nne  11^  1919. 
SptK^ific  pravii^  M  8*08  (Bumler).  Beaemblea  the  pweeding  in  p«pfl>HM  aad 

compotiitiun. 

4.  LontaIax,near  Wiboig^b  Finland.  DecembwlS,  1813.  Sjpadfle  fpravity  « 
3*07  (Rumler).  Contains,  according  to  Berzdius,  magnetic  iron  ore,  and  silicates,  of 
which  93*55  per  cent  consist  of  a  silicate  decomposible  by  nitro-muriatic  acid,  and 
hsfbig  the  eompooitka  of  olivin  (containing  1  at.  iron  to  2  at  magnesium),  widi 
timt  of  copper,  tin,  and  alkali -metals,  and  6-45  of  a  siHttito  of  aluminium,  iron. 
maDnnese,  and  calcium,  the  composition  of  which  has  not  been  determined ;  also  a 
■maU  quantity  of  duome-inm. 

5.  Bishops ville.  South  Carolina.  March  1843.  A  very  peculiar  stonp,  conrflllng 
for  the  most  part  of  a  white  mineral  partly  crygtallised  and  apparently  moniK'Kinfe 
Snedlle  gnrvify  •>  8*110  (Shepard);  8*089  (WaUerahaii8en>.  Mem  hdom  tiie 
blowpipe  to  a  white  enamel.  Contains  also  small  quantities  of  magnetic  pjTrites  and 
ferrio  oxide  imbedded  in  the  mass.  An  analysis  of  the  white  mineral  Walters- 
banaen  gme  87*14  pw  ami  affifl%  1*48  ahnmna,  1*70  teie  ondc^  87*11  flHOMaia* 
18-2  lime,  and  0*87  intm,  uliiiMaift  appeaiB  to  eoaafirt  waanHiHy  «f  ohlftaaita, 

2AIgH>.36iO». 

A  mineral,  p<  r!i  ap<?  identical  with  tUs,  obtained  ftom  a  mass  of  iron  said  to  be  from 
the  neighbourii'Mxl     Qrimma,  was  described  80  years  ai^o  \iy  S^tromeyer. 

6.  Concord,New  Hampshire.  White  porous  mass,  which  melts  on  the  edges  before 
the  blowpipe,  colouring  the  flame  yellow.  Contains,  according  to  B.  Silliman,  84*97  per 
cent,  silica,  12*07  and  2*22  soda,  an  unusnal  oomposition  which  may  be  repreacolad  Ijj 
the  formula  Na*0.48iO' +  9MgH).4SiO*  ,*  considered  doubtful  by  U  animelsberff; 

7.  liokkeveld.  Cape  Colony.  October  13,  1838.  Soft  iLuk  mass  with  a  few 
B^'^y  points.  Emits  a  bituminous  odour  when  heated,  and  containK  a  resinous  or 
waxy  substance  soluble  in  alcohol,  which  easily  melts  and  cliar».  When  ignited  in 
Conlaet  with  the  air,  even  after  being  freed  from  the  resinous  substance,  it  burns  and 
shaa  off  a  qiiantity  of  carbonic  anhydride  equivalent  to  1*6  per  cent  carbon.  Itttop^ 
for*'  contains  carbon,  to  which  in  fact  its  black  colour  is  due.  It  contains  water,  evnB 
after  drying  at  100°  It  also  yields  when  heated  a  small  quantity  of  sublimate  coi^ 
taining  adpliate  of  ammomam.  It  acts  bnt  slightly  on  iSbm  magnetie  needle,  aad 
therefore  contains  but  little  mafrm  tie  iron.  It  contains  3*8  per  cent,  sulphur,  but  does 
not  give  off  any  sulphur  when  heated,  or  evolve  sulphydric  acid  gaa  when  treated  with 
bldraeUoric  acid:  Maee  il  oaimot  aoilate  aMur  iion  pyrites,  magnetic  pyrites,  or 
ferrous  sulphide.  Wohleraooaiders  the  sulphur  ns  belonging  to  a  sulphide  of  nickel 
and  iron,  Ni^S.Fe*S*,  whieh  laquiree  1*3  nickel  to  2*5  iron,  quantitiea  agreeing  with 
tiioaa  ftmnd  by  analyna.  Fran  aa  analysis  by  Harris,  aaada  mider  WdbM^a  difeeHoo, 
Rammelsberg  concludes  that  the  stone  contains  6  94  per  rent,  nickel-iron-sulphido, 
l-ll  chrome-iron  atone^  84*32  oUvxn,  6*46  nndaoompoaible  silicates,  and  1'92  carbon 
and  bitenuBona  matftara, 

8.  Kaba,  near  Debreczin,  in  ITun^^niry.  April  l/i,  18.37.  DaA my, earthy  ground- 
mass,  containing  white  and  greenish  grains,  resembling  oliTiai,  auo  nanaroaa  black 
q^Mrnks,  very  brittle,  holloir  -arithin,  and  consisting  of  a  aolttui'laaa  erystaUina  minacal 
and  a  black  ininoraL  The  groond-mass  exhibits  nothing  metallic,  but  yields  a  small 
anantity  of  iron  to  the  magnet  Ita  oompoeition,  accoraing  to  Wuhler's  analysis,  is 
maSSn  to  that  of  the  preceding,  with  addition  of  3*55  per  cent  magnetic  pyritea. 
When  ignited  in  oxycen  gas,  it  gives  off  carbonic  anhydride,  t(^ther  with  a  little  water 
and  a  crystalline  sublimate.  Alcohol  extracts  from  it  a  white  carboniferous  substance 
resembling  parathu  and  scheereritc,  very  fusible,  partly  volatile,  partly  diHwmposed  by 
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JuaL  with  iif^pftration  <rf  carbon.   When  the  pulverised  stone,  freed  from  thk  Bobsteaee 
alooliol,  ia  ignited  ia  cxygeu,  it  toni  brova  and  g^mes  off  wateiv  aran  «Ae»  h  ham 
Man  well  drie<L 

9.  Al"  i  s  Dept.  clu  Oaid,  France.  May  16,  1806.  Black  friable  ma-ss,  whioh  brc';iks 
up  in  wuior  to  a  grfyitth-green  pulp,  having  a  strong  argiilactous  (xlour,  aad  lt<  i  i^mes 
corcnd  with  eaUne  efflorosences  ^vhcn  exivO!^' d  to  the  air.  Water  dissolven  out  ll*f 
per  cent,  of  the  .^tonc,  con.si.stin;;^  ehit  lly  of  alkaline  and  earthy  .sulphate.*:  n-sulf  iug  from 
oxidation  of  sulpUida  of  iron  cuutaiiiud  in  tho  btouf.  The  {x)wdcr,  aft«ir  cxhauistioo 
with  watar,  yields  bj  distillation  0-96  per  cent,  grey  sublimate,  i  carbonic  anhydride, 
C  .'38  AFuter,  and  8S'15  fixed  residue,  consisting  of  effloresced  oli  via  and  partially  oxidis.'d 
magnetic  iron  ore^  together  with  a  lilicata  ondecomposible  by  adds,  and  containing 
magnaaia  and  finrana  oodds^  vith  amidl  qnaotitkB  of  almwina,  niokel,  tin,  and  ooppar. 


Prom  all  that  jg  at  preaqit  known  respecting  the  conatitationof  meteoritea,  HftmmeU- 
1m^^  draww  tha  ftHownig  aonoltBriona 

INIetftoric  iron  cuiisit-la  of  an  alloy  of  iron  and  nick-l  (the  latter  generally 
amounting  to  6 — 9  per  cent,  or  1  at.  nickel  to  10 — Id  at.  iron)  mixed  with  nickel-iron- 
phosphide  or  8chnmer»ite,  sulphide  of  iron,  carbon,  carbide  of  iron,  and  chrome-iron, 
iom'  t  lines  also  with  olivin  and  magnetic  oxide  of  iron. 

Heteoric  stones,  (a.)  Most  of  them  contain  more  or  less  meteoric  iron,  imbedded 
in  u  groimd-ma^i>,  prububly  cousibting  of  oHyin,  ai^te,  and  Labradorite.  Stones  of 
tbis  class  ore  rich  in  iron  and  ma^aainoi,  poor  in  eakanm  and  aluminium.  ^ 

0.)  A  f-maller  number,  eontainmcr  no  tTiff«>orie  iron,  may  be  subdivided  into — 

a.  Containing  oiivtn.  These  cumiiiit  oi  ulinu  probably  witli  augito  and  lahradorite, 
and  magMtiffl ffiideoif  iwn,  MlphHie iw>B  (*nf^*OTf*w  flf  Mmmiy,  "ffgkfcfrrtd, 

Kaba,  Alais). 

fi.  Not  containing  oiivin.  They  consibt  of  augit<>  and  anorthite,  together  with 
an^aIl  qoaiDtitiaa  of  aolphide  of  iron,  magnetic  oxide  of  iron,  and  chrome-iron  (motao* 
fites  01  .'^tannem,  Jiivenay,  Jonzae).    Tiuy  are  rich  in  caleium  and  aluminium. 

y.  The  meteorite  of  IJishopsTiilo  consists  mainly  of  a  silicate  called  cAladnttf^  having 
the  compoBition  m^.SSiO*. 

Shepard  (Sill.  Am.  .T.  [2]  ii.  377;  vi.  102;  xv.  3fiS)  mentions  abo  a  number  of 
other  minerals,  some  of  them  ^uite  new,  as  existing  in  meteorites ;  but  their  existence 
it  ^  no  naaaa  iBtioflwtori^  aatafeildiadk 


Meteorites  are  covered  over  their  entirp  surface,  except  where  recently  fra^.^tured. 
with  u  thin  l.'hiek,  more  or  leas  ahining  crust,  whieh,  on  eloser  examination,  presents 
a  fused  slag-liko  appaaganoa^  It  la  doubtleHs  pRKiuc«d  by  tha  ationg  but  transi^ii 
heating  whicli  the  meteorite  undergoes  during  its  rapid  tnin^it  throngli  the  earth's  .nt- 
moflphara.  This  rise  of  temperature,  which  is  further  indieat«^  by  the  luminosity  of 
thoaa  meteorites  wfaoae  ftU  has  been  observed,  and  by  the  fact  that  soom  of  tbam,  on 
reaehinfT  the  earth,  have  been  found  in  a  heated  and  even  inennde.'^oent  ptate,  may  b?- 
attributed,  in  part  at  ktu^t,  to  the  frietion  of  the  stone  against  the  particles  of  the  air 
triiieli  it  moeta  In  ito  rapid  passage. 

Liquid  or  gelatinous  masses  called  metcoricmud  (Ar(^n>r«rilMas)]iave  sometimes 
been  observed  to  fall;  but  theirchemical  et./n.sfitwtion  ha.'*  not  been  examined  :  thev  nrp 
said  indeed  to  consist  of  volatile  substanees  whieh  cannot  easily  be  prejierved,  and  alto- 
gether the  account*  respecting  them  are  v<  ry  vague  and  unsatisfactory.  A  mass  of  this 
kind  which  fell  nearGothain  theyearlSlo,  is  described  as  of  gelatinous  eonsisti-nee  and 
of  dark  grev  colour  by  mooDlight.  It  aniolt  like  liver  ot'  .sulphur,  aud  when  held  in  tlie 
Obaarrer's  hand,  melted  to  a  thick  liquid  which  quickly  evaporated,  diffusing  a  atcong 
odour  like  that  of  burning  stdphur  and  phospliurus.    (Haudw.  d.  ClK-m.  v.  224.) 

The  so-called  meteoric  daat  {MUcorstaubX,  which  has  sometimes  been  obaerved 
to  Ml  ftou  the  air  on  dnpa  at  a  oonsidwablo  diatanee  from  knd,  » in  all  probabOitT 
of  temstrial  oriLnn,  Oibbs  {Voizn.  Ann.  Ixxi.  3G7)  f^und  in  a  .'■j'.'cimen  of  such 
dust  which  fell  on  a  ship  in  the  Atlantic  Ocean  (after  deduction  of  IS'dS  per  emL 
walar  and  ocipuiie  matter),  46*A8  per  oent  eOiea,  SO'55  alnmina,  9*S9  fsnw  oxidfl^ 
4-22  manganiL-  oxide.  11  77  caiLii'  earbonut< .  2-21  magnesia,  3'646  potiu^h.  2*33  soda, 
and  0-31  cttpric  oxide.  Ekrenberg  has  detected  infusoria  in  some  qxecimens  of 
supposed  neteorfe  das(,  and  supposes  that  it  ia  transported  frxm  one  part  of  tibe  earth 
to  unother  by  violent  storms.    It  may  sometimes  awo  be  of  volcanic  origin  (i.  420), 

For  further  details  respecting  the  chemdeal  oonatitotion  of  meteorite^  aea  Bmin> 
melsberg's  MlnertiitSmiie  fpp.  901-9521 

On  the  phy.qieal'anS'dhtancal  oooatitntimi,  daaaiAeation,  Ike  of  nietaontea^  aea  tha 
IbllowiBgvro^;  ' 

Partacl|^— 2>«*9ff  AN>fipKM^  itdtr  dk  vom  Himtnd  gcfaUencn  &am  und  luat-ninasam. 
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C.  U.  8h<  pard.— Agitfrt  on  AmtriPtM  MettoriiMitHm.  BOHnin't  Jgmml)^  N«i»w 

haven,  1648. 

"Reiehenh&eh.— Anordnmff  und  EhMtUung  der  NkUorUm  (Poggesdorff  ft 

Annalen,  1859,  cvii. 

£L  P.  Harri*. — 7he  C^i^Mkad  Cuii.<tit>iik>n  and  Chronological  Arrangement  qf 
MeteorUm,  DiMertatioD,  Gottingen.  1859. 

Tru^t  !i  V  Ruso. — Im^'  inffund  Einth'  ih/itfj  <h  r  Mrf.-nrifnt  nvf  Hrvjul  dcr  Sti./u/n- 
lungim  mincralogischen  Musaum  sh  BtHtn  (nus  dea  Abhandlongcn  der  konigL 
Amvum  d«r  WincoMhaften  m  Braliii,  1868),  BeHia,  1M4. 

A  chronological  list  of  iiu'teorites  from  the  t-arlit^jst  rt-ronls  down  to  A.!>.  lf?21,  is 
given  in  the  Annaks  de  ChimUt  tome  xsx.,  and  ia  lire's  JHcUonary  qf  (Jhcmutrjf^ 
SnL  ed.,  pp.  A19*eM. 

BjiL  iritli  M msno  Aiooflaak 

AXiTTMnrxc.  AllC'TI',  or  AllMi-'.  (7^ u  c k  t  o  n  an>l  0  d  1  i  n  jr,  Ti-oc. 
Boyal  Soo.  ziv.  19.)  When  marcotic  chloride  uid  excess  of  ulnmminm  clippings  ooa- 
UraediawMbcltiiMi  aMlnsted  flvMnn*  Jknm  in  a  wftt«»<l»Ui,  Hm  merraiy  oom- 
pletaly  w|ilaeei  th>  alwinitihwn,  tiwi ; 

SHhgMe<  -f  AU*  -  2AII1[<^  +  Hhg*. 

By  rpctiflcation  otit  of  contact  with  nir,  tli»^  alaminic  niothido  is  obtained  asa  colour- 
lo88  mobile  HqniJ,  M  hicli  uL  a  litUe  above  U°  oougeals  into  a  transparent  crystalUne 
mass.  It  boils  steadily  at  130^.  At  and  abovo  220°  its  |  ir-density  wiis  found  to 
be  2  8,  the  theort  ti.Ml  density  calculated  for  the  formula  Aililo'  brinir  2  .5.  But  its 
density  corrected  lac  expansion,  increases  rapidly  with  evory  decrease  of  tem|»erature,  so 
that  at  160O— -leS"  itbeeomes  3 -96  or  4-1 ;  while  at  ite  boiling  point  180<»,  it  is  as  high  as 
4--1,  whidi  Hpproximat.'  s  to  the  theoretical  d.  nsity  f)  0  caloulilc.l  for  tlie  f -rmnTu  All-M.  '. 
Alumiiiio  metbido  tak.  s  fir©  spontaneously  on  exposure  to  air,  burning  with  a  very 
finoky  flame  and  pro  lnt  ing  abundant  flooonU  of  atnmina  disooloored  ■oo4»  Bjr  a 
regulated  exp^'^nro  tv>  dry  air,  it  absorl^s  oxjprfn.  with  produ<'tion  of  a  body  apprtr.  nrly 
analogous  to  boric  dioxyraethide  (p.  986).  it  is  decomposed  by  water  with  explosive 
Tiolence,  and  reacts  with  iodine  to  R>m  iodo^oiTitiTet  aad  lodicl*  of  motliyL 

Aluniinic  etbide,  AllEJ*,  is  mado  by  a  precisely  similar  prr)r'f>'!«:,  using  mrrcnric 
ethide  instead  of  mereoric  methide.  It  la  a  eoloiurleM  li<^aid  which  does  not 
•olidifyaft -18«.  It  boilB  at  194<>,  aiid  iti  mnmdsDilt^  takm 
bt^  l"'),  t!ie  theoretic^al  dcn.'fity  oalcnlat-  d  for  the  fornuila  AllEr'bfinp^  ^'0.  The  excess 
of  the  experixDcntal  orer  the  calculated  deaai^  was  obTiousIj  due  to  ^mo  ttuafoidabki 
oridi4loB<rft1ieMdwlaiiM  snuniiMd.  Alniinin  atfaida  takaa  <rr  ^pcntaaaOMiy  on  wc> 
posuro  loiiir,  and  in  it»  otlicr  chemical  properties  closely  resembles  th--  mothyl  foiii|  H  )iind 
C aho ars  (Ann.  Chim.  Phjs.  ^31.  Iriii.  6)  obaerved  tkni  alaBuniiim  was  attacked b>-  the 
lodidM  of  wfldi]^  and  •Unl  •ilO(»<»->180^,  and  that  thacradeaChjbtsd  psodaet  Maclad 
violently  v  lib  /:Inc-«lilafida  to  fittiB  a  vaqr  iirfjammiiMii  liqvid  vhidi  was  donbtlew 
alominic  ethide. 

It  is  worthy  of  note,  that  the  Taponr-rohimee  of  alamteie  sihide  (AllE*  *  2  vols.), 
and  of  aluminic  methide  at  220°  and  upwards  (AllMc*  <>  2  vols.),  are  discordant  with 
the  vapour-density  of  aluminic  chloride  as  determined  by  Deville  (AUCl*  ■»  1  vol.) ; 
but  that  the  vapour-volume  of  the  methide  taken  at  130°  corresponds  very  nearly  there- 
with. Hence  it  would  seem  that  the  only  obBt  rved  volume  of  th«  ehloride,  Uke  the 
volume  of  the  methide  at  130**,  is  snomnlons,  probably  in  conseqnenee  r»f  its  vapour  not 
having  been  suihcieatly  heated  to  acquiro  that  perfection  of  elasticity  under  which  ulone 
the  buUc  of  a  n^our  ia  xigalalad  Ijgr  tba  piiTml  lava  of  taaapMataia  and  |mni» 

aflbcting  gases. 

WSTKXXkC,  noaiC.    See  MTmnrr.,  Bohide  of  (j..  3R  H. 
BK£XjiZ]>£,  ia£KCXnUO.    See  M£itcuiiY*&ADiCLas,  O&aAXic  (p.  927). 

fl«a  LiA]>>XAiiiaLfeit  Qaoixxo  (p.  503). 
8eo  TDi-BAintua^  Oaoaiao. 

METUZOmC  ACTS.  An  acid  obtained  by  deooniposini^  neutrnl  siil[>!i,Tle  of 
etiijl  with  water  (Liebig).  It  has  been  shown  bv  Bucktoa  and  Hofmann  (Ann. 
Oh.  nana.  &  168)to  be  idtatiaa  with  disolphoawtbelie  acid,  GHW*.  (8ee  Bmxmh 
sors  Ethbbs.) 

ncBTBOXACETXO  A£ilB*  ^yv*  «ith  UsmK-OLTOouaD  AoiDb  (Sea  Ouooci- 


Lie  Ethjkks,  ii.  910.) 
OaoAjao,  p.  MS.) 


Syn.  with  Hnmbotrimetl^L  (Bm  IdUlMMsmuHk 

(&  Hardy,  iiuU.  8oo; 
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Clilm.  do  raris,  1802,  p.  29,  Jahresb.  1862,  p.  888.)  Those  are  bPOWB  ancrystalliBabla 
Bubstancei,  rcstuibling  the  ulmic  compounds,  produced  hy  tlie  action  of  sodium  and 
thylic  alcohol  on  chloroform.  The  immediate  prodiK^i  (rf  the  reaction  ok*  ehloromo- 
t  h  u  1  m  i  c  a cui  anil  its  sodium-salt,  together  inth        *»-g*^  oariwoie  aabj<dn6e,igm 

hydrogen,  aud  cliloride  of  sodium  : 

4CHC1"  +  6CH*0  +  K»»»  -  COTaO"*  <«HW«aO«  i-  CH«  -I-  CIO>  +H»»  ♦  lOKtOL 

Chloro<      Mcttiytlc  Oilnrowt  OiloiOBMilliMl 

form.       alcoboL  thnbirie       ml*  of  to- 

add.  diom. 

ChlorometkulMie  aeidkbl«d^  seniflnid,  haaapu^geaitodoariaDdisaolBbto 

alcohoL 

Sy  boiling  with  potash,  it  is  veaoMl  into  methiilmlc  fteid»  O^ffO*,  wad  diozj- 
methalri  i  «^  :i  c  i  d,  C»H»0« : 

2C^H'C10=  +  2KH0    «    2Ka  +  CH*©*  +  C*H»0*. 

Mothulmie  acid  is  dark  ^rHn'r,  soluV)le  in  etlior,  unrrystallis}ib!(»,  It  is  conrorted 
by  bromine  into  bkck,  Hcmi-ilui  1  dibrumomethulmic  iieid,  C*H'Br-0*,  whicLwhea 
toeated  with  sulphuric  twid  at  Gu'^,  is  ri'i^olred  into  wbonic  anhydride  and  dibromide 
of  b ypomethulmencs  C*II*]?r^  a  yoUow-brown  soli'!  F'!}^stanc(■,  soluble  in  ether. 

rXoxymethulmic  aci<l,  C*il*d*,  is  black,  uacrysiaUiftable,  iu&uluble  in  ethoi^ 
•oliiblf  in  alcohoL 

Chlorethnlm'c  acid.  CIPCIO-,  and  ehl oraniylulmi c  firid,  CH'^ZIO^  are 
produced  in  like  manner  by  treating  cLlurofonn  with  tiudium  aud  eihylic  or  amylic  al- 
oobol*  nd  tnm  IImm  may  bo  obtatned  derivatiTes  similar  in  properties  and  homologous 
in  composition  to  tho  metliyl-compounds above  described. — Dibromethu  Imic  acid, 
C^H'Br^*^  heated  to  60*^  with  iulphMrio  aoid,  is  resolved  into  carbonic  anhydride  aad 
dibromide  of  iii«tliiilin«B«t  0*H*Bi^y  ainown-yelloiw  wsbt/taatat^  nearly  iotolable  in 
alcohol,  but  soluble  iii  r**i--r.  Tt  is  converted  by  funiiuj*  nitric  acid  into  pah'  yellow 
nitrobromideofmethulmeue^  OH\  NO')£r,  precipitab  le  bjr  watet;  and  by  boiling 
foikuh4fft  into  'broinom«(hiilmene,  €ni*nv  ^  Uftek  ■nbttineo  <iwoilnb1<»  in  aeidn 
and  ill  alcohol,  Holublo  in  ether. 

Compounds  Mmikr  to  the  |^reoidisg  are  said  to  be  formed  by  treatiog  chlorofiocm 
wHlk  ■odium  in  MnQvaetioD  with  aldehydes,  acetones,  &c.,  and  ofen  wbcn  the  diloR»- 
form  is  replaced  by  certain  otlu  r  cojnpuunds,  especially  the  clJorides  of  carbcu.  It 
mitt  be  observed,  however,  that  the  composition  of  the  m^ority  of  the  compounds 
above  mentioned  has  not  been  e^«blish«d  bgr  analysis,  and  therefore  their  fotmnlsB 
must  be  considesed  doabtfiil,  «p«CMU|]r  M  auM  of  thom  hatvi  bedi  obtained  in  tha 
cn  stalline  form. 

lUrrJtlJte  CIP ;  often  denoted  b/  the  shorter  symbo!,  Me ;  is  the  fn  e  states 
Cfi*  «  TSi^.   The  ftmt  of  the  series  of  i]eohol*mdiaee,  O^H^^*,  bearing  the  «ana 

Yelation  to  wood-spirit  that  ethyl  (CH*)  boars  to  common  alcohol. 

Frankland  and  Xolbe,  in  1848  (Chem.  8oc.  Qxi.  J.  i  60),  by  decomposing  cyanide 
of  ethyl  with  potassium,  first  obtained  a  gas  haviiig  the  oompoeition  GH*  or  CH*, 
which  they  regarded  as  methyl.  Kolbe,  in  the  following  year  {ihid.  ii.  173).  obtained 
methyl  the  electrolysis  of  acetic  acid  ;  and  Frankland  {ibid.  ii.  297)  afterwards 
prepared  it  by  the  action  of  zinc  on  iodide  of  methyl  From  certain  differenceb  which 
he  observed  in  the  action  of  chlorine  on  the  gas  obtained  by  the  first  method,  and  tiiat 
obtained  by  thf  second  and  third  methojft,  Frankland  concluded  that  the  two  were 
not  identical  but  only  isomeric,  and  that  tho  latter  wiia  the  true  methyl,  wliile  the  for- 
mer consisted  of  hy^de  of  ethyl,  0*H\H;  but  the  recent  experiments  of  Schorlem- 
iner  {vid.  /;j/.)  have  shown  that  the  products  obtained  by  the  action  of  chlorine  on  the 
gases  prepar<^  by  th*«e  several  methods  are  really  th«  same  ;  whence,  a.s  no  ot-her  dif- 
SMOee  has  yet  been  observed  betweoi  the  two,  it  may  be  inferred,  m  most  probable, 
that  Tnfthyl  in  the  free  atate  is  not  only  MHwnerie^  but  identieel, irith  l\jdxido  of  etitiyL 
(SeefiTOBn)KB,p.  182.) 

Pnpanttion. — ^1.  JB^  the  electrolysis  of  Acetic  acid. — When  a  ooneenti^ed  ■olutioa 
of  acetate  of  potassium  is  subjected  to  tho  action  of  the  electric  current,  a  number  of 
gIMeous  products  are  evolved,  viz.  carbonic  anhydride,  hydrogen,  an  inflammable^  in- 
odOKons  gna,  and  a  gas  whieh  anMlla  like  ether ;  tlw  laat  in  completely  abaoAed  hf  aai- 
phuric  acid  (if  the  smallest  quantity  of  chloride  of  potassium  be  pn  s«  nt  in  the  solution, 
chiwide  of  metli^l  is  fanned).  The  gaseous  miaiture  thus  evolved,  after  being  &eed 
ftom  carbonio  aahydridev  contained  in  one  experiment,  in  100  vdunea:  0-7  foL 
oxygen,  63-8  hydrogen,  32-G  methyl,  2-1  oxiJe  of  methyl.  O  S  acetate  of  methyl  ;  in 
another  eocperiment,  66  voL  hydrogtu  ware  obtained  to  28  methjh  If  the  solution  of 
acetate  of  polaamm  be  dividra  by  a  porona  diaphragm,  so  that  the  gaaea  evolved  at 
the  two  pmes  maybe  collected  separately,  notliln^j;  but  hydrogen  is  evolved  at  the 
u«gative  poi«^  while  at  the  positive  pole  there  is  evdvcd  a  gaaeona  miJKtttre,  nrhkii. 
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after  being  trontwl  with  potnsh  and  wth  snlpliimc  acid,  leaves  nothing  hut  methyl 
uizad  with  a  gmali  quantity  of  oxide  o£  methyl.  Tha  decompoaition  is  expreawd  bj 
tlie  firiknrisg  equatios : 

2C-IPK0^  +  IFO    =    C-IP  +  C0»  +  K^CO»  + 

2.  By  decomposing  iodide  of  methul  with  «»nc,  the  mode  of  operating  being  exactly 
eimikr  to  that  amdy  deseribad  nr  tha  pcapaataon  «f  aOiyl  ftom  aCl^lie  iodUb 

(ii.  624). 

If  methyl  be  really  identical  with  hydride  of  ethyl,  we  must  add  to  these  methods 
thoae  abaady  giren  nr  the  preparation  of  tfaa  latter  (ii.  633).  Schorieramer  prepam 
it  by  the  action  of  strong  suiphimV"  toid  on  mercuric  ctliide  (p.  925) 

iVoper^^Methyl  ia  a  colourless  and  odonrlesa  gas  which  bums  with  a  bluiah 
UMj  InniBoiH  flama.  It  ia  ■omewbat  aolnhla  in  dSwAo^  low  aolaljla  In  maier  (aaa 
Gast-s,  Ausohptiok  of,  ii.  797).  It  is  perffotly  indiflr-  rcnt  to  the  gront-  r  mirnl  r  of 
rnagents.  Wh»n  mixed,  eitlMV  in  the  moist  or  dry  state,  with  au  equal  Tolume  of 
dUWIne,  it  yields  hydrodilorie  aeid  and  diloride  of  ethyl,  CH'Cl,  tc^tiiar  wHli  ft 
sniftll  quantity  of  monochlonn;\te(l  chloriJi'  of  <"thyl,  C-'HTP  (Schorlomnior,  Proc 
£or.  Hoc.  xiiL  226).  ^  These  reeolts  were  obtained  with  methvl  prepared  by  the  elec- 
trolysis ti  aeetus  add ;  and  asactfy^  flte  same  products  aie  rormea  by  the  action  of 
chlorine  on  pure  hydrido  of  ethyl  prepared  by  the  action  of  sulphuric  acid  on  mercuric 
ethide  (Schorlemmer,  Chem.  See.  J.  xvii.  962).  If  the  chlorine  is  used  in  esoaaiy  ft 
larger  quantity  of  the  monochlorinated  chloride  of  ethyl  is  obtained. 

MJBXaVJU*  JUWZM0WZ9M  OF.  Sea  AjmHOHT-BASiOLSfl^  OfiOAmc  (i  3i4). 

MESTBn,  BOmZBE  or.  Boric  Methid€.  Borituth/l.  B(CH*)K.  (Franklan  d, 

Phil.  Trails.  1862,  p.  176;  Chem.  Soc  Qu.  J.  xt.  373.) — A  gnseoiip  compound  homolo- 
gous with  boride  of  ethyl  (ii.  526)^  produced  by  the  action  of  zinc-methyl  on  borate  of 
«diyl: 

B(C«H»0)»  +  3CH^    -  B(CH»)«  -t-  ZOWZnO, 
boM         «Md>jL  MMfctda.  oTiW 

JVipi0fwllMii>" About  two  onnesa  of  botia  iAkk  wcm  mliad  in ,  ft  aniill  Haak  with 

rather  more  than  their  own  bulk  of  un  ethereal  Kdntion  of  zinc-motlni,  of  such  strength 
as  to  be  spontaneously  inflammable  in  a  high  degree.  The  flask,  loosehr  corked,  was 
placed  in  ice-<»)ld  wator,  and  aUewcdto  ftaud  ftr  •  eonle  of  bonn  until  the  waction 
m»  complete:  it  was  then  furnished  with  a  bent  tube  passing  through  a  cork,  to 
conduct  the  ga»  into  a  second  flask  placed  in  a  freezing  mixture  of  ice  and  salt ; 
£rum  this  flask  the  ^aa  passed  into  a  third  containing  about  half  an  ounce  of  strong 
aolation  cf  ammonm.  The  air  in  the  whole  of  the  apparatus  was  now  dispJaoed  by 
nitrop-en,  and  the  flask  containing  the  boric  ether  and  zinc-methyl  removed  from  the 
ice-culd  wtttwr.  A  slow  evolution  of  gas  immediately  commenced,  and  wua  kept  up  at 
ft  eoBimBMiit  ii>eed  by  plunging  the  generating  flask  into  cold  Wftter,  to  which  neat  was 
Terr  slowly  applied.  The  pis.  in  pa.?sing  tlirou^li  the  fh»cjring  mixture,  deposited 
neitrly  the  wliolo  of  the  ether  and  zinc-methyl  vuucur  with  which  it  was  contamuiated ; 
and  on  reaehing  the  solution  of  ammonia,  the  Doron-componad  w  iMtantaiieoaalj 
ahsorlje^l.  whil-st  Other  gnaes,  if  present^  passed  tlirongh  the  ammonia  unacted  upon, 
and  escaped  into  tlie  atmosphere.  The  solution  of  ammonia  »oon  became  covered  with 
ft  abfttmn  of  a  light .  r  liquid,  which  iuMWiad  in  qnantity  until  the  stream  of  gaaeeftMd 
to  pass  through.  Tli^  ammonia-flask  was  now  disconnected  fr<Dm  the  r<  .st  of  tlie  nppnr:i- 
tos,  and  re8er?ed  for  the  next  operation.  The  residue  in  the  generating  flaak  sohditied 
to  ft  orvabaffiBo  nuM  on  cooling. 

To  aisen:x:ii;e  the  gaKr-on."?  loron-compound  from  its  combination  •with  ammonia,  the 
ammonia-tiask  wa.«  titted  with  a  funnel-tube  terminating  beneath  the  surfact*  of  the 
liquid,  and  a  gaa-deUYeiT  tube,  the  latter  leading  to  ft  liebig's  potash-appamtoft 
ehiin^ed  with  eoncentrated  sulphuric  aeid;  finally,  the  opi)Osite  extremity  of  the  latlor 
apparatus  was  oonnected  with  a  mercurial  gas-holdex.  To  joeTent  dangerous  explosiom^ 
Oft  llio  dtmhMttKm  of  tbo  qiontiiMOiii^udaiiuftftblogulhiaiita  ainiwwn>HBflmpoimd, 
th.  whole  of  the  air-fpaces  of  the  appimtus  were  filled  with  nitrogen.  Evi  rythlng  heing 
thus  prepftred,  dilute  sulphorio  add  was  gnidually  poured  into  the  ammonia-flask  throng 
tfie  fhnnet-tube,  the  eoi&iBti  of  the  flaw  Keins  frequently  a^tated.  No  gas  w«a  tfolTed 
until  the  excess  of  ammonia  was  satunit«-<l ;  then,  however,  it  was  givt-n  off  abundantly, 
and  the  addition  of  a  few  dn>ps  of  siUphuric  acid,  from  time  to  timeu  through  tho 
Ainnel-tube,  served  to  keep  up  a  eonvenieiit  emrent.  Tbo  gaa  mm  allowed  to  peaa 
freely  through  the  depressed  niercurial  gjuH-Iiohh  r  xmtil  a  sample  of  it  proved,  by  \i% 
perib^  aoli^Oft  in  immoniai  that  all  nitrogen  had  bean  swe^.  fioin  toe  mggnai/m. 
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The  exit-tube  «C  the  gM-jmldw  wie  tken  eloaed,  end  the  giiwnin  base  methide  wu 

CoUecUtL 

JVoperlfat.— Borie  medude  is  ut  ordinary  tempemtaree  a  colourless  and  treMfieiiet 

ga»,  jKJBsossing  u  p<*culiar  and  inf<»lt'rably  pungent  odour,  irritating  the  mucous*  m-^m- 
brane,  aod  provoking  a  copious  tiuw  uf  tears.  Its  npi'ciilc  navitjr  is  by  experimeiu, 
1-9108  i  hy  eaknlation,  1-93137.  It  letane  its  gMeons  eoBCUtioii  vhea  espoefd  to  • 
cold  of  16°;  ^Tit  nt  10^,  and  under  a  pressure  of  three  atmosphere^  it  condense 
to  a  colonclesst  transparent,  and  very  mobile  liquid.  It  is  very  sparingly  solnUe  ia 
watrr,  Iwt  vity  etiUbw  in  «Mof  eaid  in  rtier.  In  eonteet  win  lUmotipArrio  air.  It 
t;il?cs  fire  yj'oiitanooH.sly,  burning  with  a  bright  frr-  cn  fl:inu\  whidi  is  vor)-  fiilipinonsif 
the  voluuiH  of  the  flauo  be  oonuderable.  If  the  gas  issues  into  the  air  through  a  tube 
•jl^of  enindb  in  diameter,  the  emonnt  of  emoke  ia  emprieiDgly  great,  two  or  fhrra  enliie 
UK-lios  of  gas,  wbon  oousurat'd  in  this  way,  filling  the  atmosphere  of  a  cj»p;ieiuus  roo« 
with  lacge  oomel-liie  liocke  of  carbonaceous  matter.  This  eflfoct  is  probablj  doe^  a 
part  etlsnal^tothefcmwtiimofnffttMsAeiilooati^  enrela^dia 
particles  of  carbon  and  prevents  their  combiUition.  Whoa  suddenly  mixed  with 
mmphfric  air  or  oxygm,  boric  methido  explodes  with  greut  violence.  In  contact  with 
air,  both  boric  methi'dc  and  the  vapour  of  boric  ethidc  exhibit  two  distinct  tdnds  of 
spontaneous  combustion.  Thus,  when  these  bodies  issue  very  slowly  from  a  gbu^s  tube 
into  the  nir,  they  bum  ^ith  a  lambent  blue  flame  invisible  in  daylight,  an  J  the  tem- 
perature of  which  is  so  low  that  a  finger  may  be  held  in  it  for  some  time  without  much 
inconvenience.  Under  these  circumstances  partial  ooddation  only  takes  place,  and  it  is 
to  the  products  thus  formed  tliat  the  peculiar  pungent  oilour  of  l^tric  ethide  and 
bone  methide  is  due.  When,  on  the  other  hand,  these  bodies  issue  into  the  air  more 
Mpidly,  t  he  laiibent  hhie  aadneariy celd  ftameehangeato  tiiegneD  andhet  flaaM  aboie 
mention«'d. 

Boric  methide  is  not  acted  upon  by  nitric  ojci<lc  or  by  iodine.  Sfjlution  of  acid 
t^tnmate of  poiassium  scarcely  affects  it,  but  the  addition  of  concentrated  sulphuricacid 
at  onco  determines  tlie  rMluction  of  the  chromic  ncid.  "When  boric  methide  is  allowe-i 
to  babble  through  water  into  chlorine^  each  bubble  bums  explosively  with  a  bright  flash 
of  light  and  sepamtiein  of  carbon.  It  has 'no  tendency  to  unite  with  aeitU.  Ooa- 
centrated  sulphuric  acid  has  no  action  uj>on  it ;  when  mixed  with  hydriodic  acid  g;is,  if 
suffers  no  change ;  but,  on  the  other  hand,  it  is  freely  ub.sorbed  by  solutions  of  the  tixed 
«Mafir,  and  by  ammemia.  JS^ywy  rapid  enfmt  of  the  gas,  mixed  with  half  iln  Tolnaie 
of  marhh-gu5,  be  pass<-d  thr<'>ug1t  a  stratum  of  strong  solutioil  of  nttBMMiacnty  half  an 
inch  deep,  not  a  trace  of  boric  methide  escjip^s  absorption. 

Ammottl»-Borlo  Methide.  NH*.B(CH')*. — When  dry  ammoniacal  gas  is  mixed 
trith  an  eqnal  Tolume  of  dry  boric  methide,  both  gases  instantly  disappc^ar,  with 
eVOlvtiOD  of  a  considerable  amount  of  heat,  and  production  of  a  Mhite,  volatile,  crystal- 
line eomponnd  The  latter  is  also  formed  when  boric  methide  is  possed  into  solution 
of  ammonia. 

It  is  deposited  from  its  ethereal  solution  in  magnificent  arborescent  crv'staN.  whieli 
rapidly  volatilise  without  residue  when  exposed  to  the  air.  They  have  a  caustic  and 
bitter  taste,  and  a  very  peculiar  odour,  in  which  both  the  smell  of  ammonia  and  of 
boric  methide  can  be  recogniseil.  Arinnonia-lx)rie  methide  fuses  at  56**,  and  U-ils  at 
about  110°.  In  a  current  of  air,  or  better,  of  carbonic  anhydride,  it  sublimes  at  a  ver}- 
gentle  heat,  and  condenses  in  magnificent  arborescent  cx^itals. 

ItBTnpou^denaitjiafiyiaidlijcaqpcxime&t  to  bo  1-25,  indicating  that  the  aoleealein 

tha  atata  of  vapour  oenpiae  «Bor  idnnaa  ^il^tJLl±J;£  k  <HM98  -  l-M^ 

ft  malt  probably  due,  as  in  other  caata^  to  the  deeomporition  of  tha  ^tspomt  at 

temperatures  {i.  469 ;  ii.  816). 

It  scarcely  abeorbe  a  perceptible  amount  of  oxygen  at  ordinary  temperatorea,  efOD 
after  veral  days'  exposure  to  the  gas,  bat  tacea  flrs  below  100^,  when  heated 
in  contact  with  the  air.  Its  vapour  is  also  very  intfamm.nble;  thus  when  ammonia- 
boric  methide  is  placed  under  the  receiver  of  an  aiT'pamu,  and  the  air  is  being  with- 
dtavB,  the  explosion  of  the  mixture  of  and  Vapour  in  IM  qrHnders  of  the  pump  is 
fteqnently  determined  by  the  rise  of  temi>crature  conaeqMnt  vpon  the  deptewioM  of 
the  pbtons  when  the  ran  faction  has  become  cousiderabla. 

Boric  methide  is  also  absorbed  bj  onfliM  with  gnat  avidi^.  Aoidi  ei^  tha  gM 
from  tliis  compound  unchanged. 

Trthydridf  of  j>hospht)rm  has  no  action  noon  boric  methide.  A  mixture  of  e^jual 
volumes  of  the  two  gases  is  s^ntaBeOWljrinWHnmable,  burning  with  a  yellowish- wliite 
i1ani<-,  in  which  the  charactemtio green  tingB attending tfie eonSwationof  bone nwthide 

is  no  longer  perceptible. 

Compounds  of  Boric  Methide  with  fixed  Alkalie* — Boric  metihide  combines 
with  potMbbaoda^liiM^  and  baiytft.  The jfolm$ifm  comftmi  VOSB(fSBf%  obtainad 
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T<y  saturating  a  solution  of  oiuistic  potush  with  bono  nu  thtdo,  dries  up  in  vacuo  to  a 
gummv  ma»n.  It  maj  also  be  prepared  bjr  deoomjpowiig  anuBOQUkbozio  nethido  witli 
•looholic  potash,  ud  eniponitiiig  in  twdo. 

The  8o<lic,  hurytic,  and  calcic  oompounda  are  also  prepared  by  poising  borio  nifUude 
into  the  caustic  solutioDB  of  the  iMpectiTe  alkalis;  they  are  aolttwa  in  water,  and  hare 
an  alkali nq  reaction.  '  '  ■ 

BIZTSn»  SMMXBS  OV.  OH<Qr.  Mcihyl-hydrohromtB  Hh§r,  I^f^oknmoU 

of  Mtthylrnf.     (Pir  rr.',  J.  Pharm.  [3]  xiii.  l  ')r>;  Jahresb.  1847-48,  j..  671— 
Bunsei^  Ajui.  Ck  PhaniL  xlvi  44.  WPrepimKi  bv  iiii^^ 

1H>  pt&  of  braiqb»e,  300  of  methybe  alooool,  and  7  of  phosphoraa.  The  (empomtnee 

tln'ii  ris.-s  sTiontaiU'uu^Iy,  and  tho  phosphorus  melts.    Tho  inixfurr  nuist       cooled,  • 
dtH^anted  aod  very  cautiousW  distilled.  As  thus  obtiuned,  it  is  a  colourless  liooid,  of 
pmetmttng  and  slightly  albaeeotis  odour ;  boils  at  18^  uidev  a  praMiue  of  O'TW  mat  • 

(Pii  rrt  ).    It  acts  viuK-nfly  on  cam<1yl.  firming  bromide  of  COOOdyV  Md  braUide  Of 
tetramctiiji-arsonium  (CahourH,  Jahresb.  1!S61,  p.  551): 

A       haying  the  oompoiitioii  of  btmnide  of  methyl,  is  evolved  on  gontly  heating 

basic  {iiTljnniii  j,'  of  c^u'Oflyl.  If  lias  a  density  of  3'2-j3  (T5uubL-n,  Cu.i.',,ii  tr)/,  p.  I  Jl ), 
by  calculati<»,  3*224 ;  a  UisA  ethereal  odour^  and  condenses  at  — 17^  into  a  thiA,  traus- 
pttent  eoIovtleM  liqidd.  It  bma  widi  a  ytUovish  Heme  when  mixed  widi  air,  and 
ioqilodaB  Ttolently  with  oxygen  on  the  application  of  flam r. 

MBTHUJU,  CB&OmSDB  OT.  CIl'C'L  Aff(/i///'hydroch^orte  efftf^.  fftf.-fro- 
chlorate  of  JMHhykne.  (Dumas  and  Peligot  ( IH.'J,)),  Ann.  Ch.  Phys.  Ixi.  193).— Pre- 
pared by  haatiBg  a  mixtiuv  of  2  pts.  cldorid<'  ot  sodinm,  1  pt  of  wood>spirit^  and 
3  pts.  of  stronp  .'^uljthuric  acid.  CliL-ride  of  methyl  tin  n  pas*«!r«!  ovcras  a  gas,  which  may 
be  collected  over  water;  it  is,  however,  contamiouUMi  wiik  wood-spirit,  sulphuxoius 
anhydride,  and  hydride  of  raetbyL 

Chloride  of  methyl  is  a  ct>lourlfs^<  ^x^,  luiviiig  an  othm^al  odour  and  «aocharino  tact^". 
Specific  gravity  1*736.  It  does  not  condense  at  —  iS^.  Water  dissolTefl  2*8  times  its 
volome  OT  this  gaa  at 

Chlorido  of  mi-tliyl  Ijurns  with  a  wliifo  (lame,  groon  at  the  edgeg,  producing  water, 
faydioefalorie  acid,  and  carbonic  anhydride.  Passed  through  a  red-hot  tube,  it  is 
lesolved,  with  alight  deposition  of  eiiaiFooal,  into  a  mixtiire  of  meChylBDe  and  hydi^ 
chloric  add:  CIPCl  CH»  +  HCl  (Bumiis  and  P.Iigot).  According  to  Per  rot 
(Ann.  Ch.  Pharm.  cL  375^  it  deposits  charcoal,  and  yields  Indrochkne  add,  nuinh- 
^as,  ethylene,  carbonm  ooade,  naphtbalenev  and  a  sab^anee  wniehimttM  with  bvouine 
into  a  crystallised  compound,  melting  at  40*^  and  Uoiliiii;  at  220°.  AMien  j-assod  over 
hrated  ^(Mfoiyb-'MRftit  yielda  temate  and  ehloride  of  potaaginm,  together  with  hydiogsn 

gas:   

GH«Q1  ^  8KHO  *-  GHKO*     TO  -f  SH*. 

When  ]>assf  d  ov»  r  |)hof5phide  of  calcium  at  200"  or  30n<*,  it  yields  a  number  of  pho«- 
phoTOtted  products,  some  of  which  appear  to  b<<  organic  bases.   (P.  Thenard.) 
A  gas  iMving  tlie  same  composition  and  physical  projpt^rtiea  as  tiw  pneeding  waa 

obtained  by  Bunseu,  by  the  action  of  heat  on  basic  perchloride  of  cncouyL  Kolbo 
und  Varrentrapp  (Ann.  Ch.  Pliarm.  Ixxvi.  37)  also  obtained  a  gns  of  the  same 
composition,  by  leu  ring  u  mixture  of  equal  volumes  of  manh-gaa  and  chlorine  exposed 
to  diffused  dayliuht.  Gerhardt  {T/<;if<',  I  566)  vegaidea  tito  flnt  only  of  thMO 
product*  aa  CH*Ci.  t!i.-  t^vo  Ldt.  r  as  ("ir-UI.H, 

Baeyer  (Anu.  CL.  I'harm.  eviL  181)  finds  that  tho  gas  produced  from  basic  per- 
chloride of  cacodyl,  eahibits  the  same  degree  of  absuibability  in  water  as  that 
prodnr*'d  hy  lu-atin^r  wood-spirit  with  salt  and  snlphnric  acid,  the  coefficient  of 
absorption  for  buili  ibese  gases  being  6-034  at  7*^ ;  41 72  ut  14°;  3*462  at  20°;  and 
8*034  at  26°.  Moreover,  the  gas  obtained  by  either  of  these  methods  forma  a 
crytalHiK^  hydrate  when  passed  into  water  cooled  below  6°.  Ou  tho  crnfrary,  tlie  grts 
proiluci  d  by  the  action  of  chlorine  on  marsh-gas  does  not  form  a  ci-ysUilliue  liViirute, 
and  has  a  much  smalkr  ooeflicit ut  of  ab'^orption  iu  water  (0  08  at  14°).  Hence  iJaeyer 
conrlndi  -.'  that  the  gas  prudncrd  by  th*;  dceomposition  of  l.asic  p*  rclil(;ri<l.'  of  cacodyl 
is  identical  with  cliluride  of  methyl,  but  that  the  gas  rttiulling  from  tli.  iiction  of 
ehlorbe  on  marsh-gas  is  a  snbsiitnHon  prodnct  isomeric  but  not  ide  ntical  therewith. 
Accnnling  to  T>crtli  (.  lot,  on  tho  othrr  hand,  tho  last-mcntioned  pas  is  really  chloride 
of  meth^'l,  and  mav  be  converted  into  mcthylic  alcohol  bv  the  action  of  potash.  * 

Cailonde  «f  nethyl  is  not  attadced  1^  ddoaine  In  oiiRised  dayHghtf  hot  when 

Caqpo^t  d  tr.  'lu<  din-ct  rays  of  the  8un,  it  yisldt  •MOMl'Vai^Uia  tfavcOOOmpound':— 

Mouochloriuat.  d  Chloride  of  M.  thyl  CH'Cl' 

Dichlorinated  Cidoride  of  Metliyl,  or  Chiorutorm  .       .  UUCP 

Triditamitod  CMoride  of  Methyl,  or  Tattachloridtf  of  Carbon  .  Cd* 
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MonixMoriuat'd  ChJoridr  of  M,  thi/J,  CITO'  =  C(IPCl)n.  is  a  veiy  rolatile  liquid 
of  exciting  odour,  similar  to  tliat  of  I)utch  liquid.  It  boils  at  3U  <>^.  Specific  graTitj 
wm  1*H4  ftt  18^.  VapooP^eiMity  S-OIS.  TMed  with  alcoholic  potMh,  it  yi^  bol 
•  dl^(ht  precipitate  of  chl'iriilo  <»f  potassinm.  :ind  distils  almost  without  nlt^mtinn, 
(For  the  other  chlorinated  compoundii,  see  CiuoBUFOiUC,  and  Cahbok,  CsLosmss  us) 
(L  766  ud  919). 

tpirii^  Woo«t4Mphtka,  Pyroxylw  spirit,  EfprU  dt  Bpw,  HoUgeUt,  HoUfSf^ggdsL— 
This  comjxmud  Wiis  first  u^'•«  rvi  d  by  Taylor  in  1S1"2  (Tillocu'p  Phil.  Mag.  bt.  315) 
among  the  raoducta  of  the  di^  ditiiUliation  of  wood,  afterwards  more  paitiealaci|}' 
•minM  by  Dnmai  )«iid  PeligoHn  1836  fAnn.  Ch.  FhTS.  hiii.  5  ;  Ixi.  198).  It  r 
atitutes  about  1  per  cent,  of  the  watery  proauets  of  the  dry  distillation  of  wood ; 
in  combination  with  salicylic  acid  (as  methyl  saliorlic  add),  it  forms  the  chief  con- 
stituent of  the  essential  oil  of  winter-green  ((rau/^AmajMvciimAefM).  According  to 
Bert  helot  (Ann.  Ch.  Pharm.  cv.  241)  it  may  be  pnxluced  artificially  from  marsh-gas 
(that  compound  when  treated  with  chlorine  yieldiug  chloride  of  methyl,  which  by 
boiling  with  caustic  potash  is  converted  into  metUylic  alcohol);  and  as  marsh  •gu  itself 
can  be  furmod  syntheticully  from  inoiganio  Mtarialt  (p.  8M]t  it  MliiMl  alll^  ttffc 
methylic  alcohol  can  bo  obtained  by  synthesis. 

Priparation.  1.  Of  Commercial  Wood-spirit, — The  crude  watery  liquid  (pyvolig- 
neous  ucid)  obtained  by  the  distillation  of  wood  is  dacintad  ftom  the  tarry  pocmi  nt 
the  di'-tillate  and  redistilled;  the  first  tenth  which  pa.e9es  over  is  rectified,  once  or 
ofteuer  over  slaked  lime,  whereupon  a  largo  quantity  of  ammonia  is  given  off;  iml- 
phnie  add  ia  then  added,  wfauh  vnites  with  the  remaining  ammonia  and  preci- 
pitates n  certain  quantity  of  tw;  Mid  tha  Ugiud  ia  ladMtifiad,  a»d  Anally  watiied 
eereral  times  over  quicklime. 

Tha  erode  iiood<4fMiit  tiraa  obtained  haa  a  atrang  aranalle  odour  and  tanalsowii  «tt 
keeping.  It  contains  considemble  (luantities  of  acetate  of  methyl,  a-^etone^  and  a 
liqiud  called  lignone  by  Weidmann  and  Schweiaer,  anrUteby  Vol ck el,  the  nature 
crvlddi  luH  giTCB  file  la  eonaidfltalile  diamiioB,  hot  which  has  lately  been  ehownbj 
Daseer  (Chcm.  Soc.  J.  xvii.  222)  to  consist  essentially  of  diin<  thyl-acetate  of  ethylene. 

S.  Qf  Pure  Methylic  alcohol.  To  obtain  nearly  pure  methylic  alcohol  from  commer- 
dal  irood-spiritv  advantage  may  be  tahm  of  the  property  imUtt  ft  poaMMaof  ftming 
with  clilorido  of  cal  iiim  a  compound  which  is  not  decomposed  by  merely  heating  it  to 
100°,  but  ffiTee  off  the  methylic  alcohol  when  distilled  with  water.  The  crude  wood- 
apirltia  nravated  witih  hma.  diloride  of  odeinm,  and  luafted  ow  Hw  WBlct4«l]i 
long  as  anythiiij?  v  ilatilf  is  given  off ;  it  is  thus  freed  from  the  acetone,  diniethylate  of 
ethylene,  which  do  nnite  with  the  chloride  of  cahaam.  The  residue  is  then  diwriUed 
with  watCT,  and  the  aqneoiui  methylie  alcohol  time  obtaioedle  leeHiedofTer  qakl^aaa 
(Kane,  Ann.  Ch.  Pharm.  xix.  164).  According  to  Gould  (Chem.  Soc.  J.  vii.  311)  it  is 
adviaable  first  to  distil  the  wood-spirit  with  an  equal  volume  of  strong  potash  or  .s^hU. 
lye,  in  order  to  decompose  the  methylic  acetate  contained  in  it^  sometimea  in  ter)'  Lir^e 
quantity,  then  to  dehydrate  with  cariwnata  of  twtflBiii,  and  taaSlj  ■■taato  via 
chloride  of  calcium  as  above. 

To  obtain  perfectly  pure  methylic  alcohol,  however,  it  is  neceonxy  flnt  to  prepare 
a  methylic  etner,  and  then  aeparate  the  alcohol  fh>m  it  by  distillation  with  an  alkali : 
a.  Oxalate  of  methyl  i.s  prepared  by  distilling  1  pt.  woo<l-spirit,  1  pt  sulphuric  add,  and 
2  pts.  oxalate  of  potassium  ;  the  crystals  of  this  ether,  after  being  purifitnl  by  pressure, 
are  decomposed  by  distiUatioo  with  water,  and  the  distilled  methylic  alcohol  is  dehy- 
drated by  rectification  over  ouicklime  (Wiihler,  Ann.  Ch.  Pharm.  IxxxL  376). 
fi,  Benacoate  of  methyl,  prepared  by  passing  hydrochloric  acid  gas  into  a  eolation  of 
henaoia  add  in  voodH^nrit,  distilling  and  precipitating  the  portion  collected  above  100^ 
with  water,  is  decompcsed  by  several  hours  l>oiling  with  fodapJIjV^  the  laqaid  ia  thett 
distilled,  and  the  distillate  rectified  over  quicklime. 

Hethylic  alcohol  may  also  be  obtained  very  nearly  pure  by  distilling  oil  of  winftev> 
green  (methyl-siilieylic  acid)  with  potash  or  soda-lye,  and  leoti^ri^g  the  dinHllata  Off 
quicklime ;  it  retains,  however,  a  slight  odour  of  the  <nL 

PtopfriiM^ — Methylie  alcohol  isaooloinieaiBiobile  liquid,  having  a  purely  spiritnona 
odtmr,  U\io  tliat  of  common  alcohol  (the  empVTeumatic  odour  of  crude  wootl-spirit  arifn>s 
from  the  impurities}.  Specific  aravity  »  0-8142  at  0^.  It  boils  at  60°  to  66  d'^,  according 
to  the  natine  of  the  Tfasd,  and  immpe  strongly  daring  botUng.  It  boms  with  a  pala 
flame,  mixes  with  watrr,  alcohol,  and  rfhi  r,  dissolves  oils  both  fixed  and  volatili-,  al>  > 
the  greater  number  of  resins,  and  is  therefore  much  used  as  a  aolvent  in  place  of  com- 
noB  alcohol.  It  is  also  aaed  Hvr  haming  in  8piat>Iaai|a. 

The  following  taMt'  exhibits  the  strength  of  pure VOOCMIlirilt  aoeoriiBgt»itidBM^f» 
as  detmnined  by  Urc  (Phil.  Mag.  [^3]  six.  61) ; 
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op*  (r« 

Pti  cant. 

»p.  gT. 

Per  ccnU 

Sp.gr. 

tSp.  gr. 

Per  owvu 

0-8130 

mooo 

0-8674 

82-00 

'  0-9008 

69-44 

0-9344 

63-70 

0-8216 

98-U 

0-8713 

80-64 

0-9032 

68-60 

0-9886 

6l'6i 

0*82M 

98-11 

0-874S 

70-88 

omo 

67-67 

1  0-9414 

60HH) 

0-8320 

94-34 

0-8784 

78-18 

0-9070 

6CG6 

0-941S 

47-02 

0-8884 

92-22 

0-8822 

77-00 

0-9116 

66  00 

0-9484 

46  00 

0*8418 

M>iH> 

0*8843 

78-76 

0-0164 

63-30 

0-9618 

43-48 

0-8470 

SS  30 

0-8870 

74-63 

0-9 1S4 

61-73 

{)■[).')  W 

41 -60 

0-8dl4 

87-72 

0-8918 

73-68 

0-9218 

60-24 

0-9664 

40-00 

0-8664 

86-20 

0-8880 

72-46 

0-9242 

68-82 

0-9684 

38- 16 

0-839G 

84-76 

0-8960 

71-13 

'  0-9266 

67-73 

0-9600 

37-11 

0-8642 

88-88 

0-8984 

70-42 

1  0-9298 

6618 

0-9020 

86-71 

.  Methylia  tleolM)!  unites  directly  with  some  substancee,  forming  compoiinds  like  the 

ftlcoholatps  (i.  80),  in  which  if  takes  the  place  of  water  of  cr}*«tallisfttion.  A  solution  of 
Huliy«lruui»  buruta  in  wood-tipirit  leaves  on  eyajxirationcrybtalfl  containing  Ba*0.2CH'O. 
Chloride  «f  calcium  is  diesolred  hy  wood-spirit  with  gnat  rise  of  temp-'mture,  and  tba 
Bolnti'nn  on  cooling  di']x>sits  larpe  crr»tals  of  the  componnd  CaCL2C&*0,  which  mty 
he  heated  to  100"  without  di;couijK:ifiitioa,  but  is  decomposed  by  water,  even  at  tempers* 
tares  below  100**,  yielding  a  distillate  of  methylic  alcohol. 

I)  I  nmpGiition$.—  \.  Vapour  of  methylic  alcohol  passed  through  a  red-hol;  tube  yields 
acetylene,  together  with  other  products  (Berthelot,  Compt  rend.  1.  805). — 2.  Pure 
Buwylie-aleohol  \m»  in  the  air  witli  u  flame  like  that  of  common  alcohol,  without 
smnko.— 3.  In  contact  with  piatinitm-l/ari-  it  i-?  nx-  l't  ^1  to  fonm>  nr-d. — 4.  Putoj^h 
and  soda  diBsolve  in  it  readuy,  forming  eolutious  which  turn  brown  in  contact  witii 
fba  tSr,/^.  Methylic  alcohol  mixed  vith  tal-^mmom»tt  and  heated  in  a  aaalad  txh» 
to  300*',  yit^lds  thf  hydpofhlorates  of  methy]nn)inc,  dimofhylaniim-,  and  trlmcthylaniino 
(Berthelot). — 6.  jljmocAloriUi  qf  ealeium  (bleaching  powder) converts  it  into  chloro- 
Ibrm  (CHa*).  A  Mlntiaii  at  potadi  in  neChyBa  atoobol  trsatad  villi  hrwHku  e» 
iiHlini\  yields  bronjofurm  or  iooofbrm. — 7.  With  ,  /  -rv  ,  ir  gives  off  hydrogen 
and  is  ooiiT«rted  into  ntethylata  of  potassium,  CH'^XU ;  similarly  with  todium^ 
8.  HMlad  idtb  «IMiw  Ayirasi^  it  giT«a  «ff  hydrogen  and  yisldi «  temate  «f  tlw 
alkali-aNttl: 

CH^O  +  KHO  -  CHKO«  +  H*. 

At  liiplif-r  tempcTntnTes  and  with  excels  of  ulltuU,  as  w!inn  '.v  ,n;l  ppirif  is  passed  over 
red  hot  \yr>\  aiih-lime,  the  formate  is  converted  into  ojuUatc,  and  ultjiiuateiy  into  carbonate, 
aadi  change  Itoing  attended  widi  OToliition  of  hydrogen  (ii.  688). 

9.  ^tviiw^  ^tilphiric  acid  acts  upon  methylic,  pHmy  in  the  '•  mo  manner  as  npr.n 
etbylio-alooholt  producing  methyl-sulphuric  add,  GH*.H.SO^,  which,  when  heated  in 
MOtaet  witli  «ieeaa  or  ipood-spirit,  ^dda  oxide  of  methyl  Tae  aetioD  whuA 
takes  place  at  hiL^Vjer  temperatures  dilfors,  howevor,  from  that  which  takes  place 
under  uimilar  circumstances  between  oil  of  vitriol  and  ethylio-aloohol  in  this 
respect,  that  no  mati^ene  (CH*)  appean  to  be  pvodvoed,  but  neutral  m^liate  of 
metliyl,  (CH«)?SO*,  pass*^  over. 

10.  Chlorine-gaa  passed  into  anhydrous  wood-spirit  acts  upon  it  with  eonadcmble 
energy,  each  bubble  of  gas  sometinieit  produeingflsme  and  dstonatibii,  andftnns  hydro- 
ddoric  add,  togethor  with  several  chlorinated  products.  [The  chluracctones  sometimes 
obtained  in  this  r<»acfton  r«»ult  in  all  probabiLty  from  acetone  contained  in  the  wood- 
spirit].  According; to  Cloes  (Comptrend  xlviiL  642 ;  Jahresb.  1869,  p.  434)  the  dual 
pndiwtof  tba  mm  ii  •  fliyatiDiiie  anbataaci^  pfttMltlosalidab  O^OPO : 

2CH«0  +  Cl»  -  C?»HCrO  +  HH)  +  6HCL 

Jkommc  ncta  in  a  similar  manner,  produdn^  parabromalido,  C^HBrK).  Biche 
(Awn-  Ch.  Sham.  es!L  823),  by  snlgecting  a  mtxtore  of  wood-spirit  and  hydrochloritt 
H>-id  to  the  aetiioii  of  tiie  eleetrie  emnnti  obtained  a  ffihTnrinatiad  iiqnid  wmtaining 

c»a«cio. 

II.  Wlwa  methylic  deolidl  is  added  brdrepatobRmB  chloride  of  sulphur,  SCl^  a  vio- 
lent action  takes  {ilaoe,  hy-lmchloric  and,  stilphtirtjus  anhydride,  and  vapnr  of  methylic 
ch^<»»^*  are  evolved,  a  small  quantity  of  chloride  of  thionyL  S0C1\  passes  over, 
and  tiia  laiidiu^  after  betqg  beated  to  80^  oooaat*  of  ehlonde  of  aol^lnii^  SHS*. 
The  bim  ddorido  of  aolpbiir,  SOP,  aiipean  bidecd  to  ae(  Bice  • 
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BC9*,  the  fomer  wmahitog  nuMlad  ^on,  irinle  the  ktUr  pnduoet  the  fdBcmiag  de- 
ffompoiitiffli : 

sa*  +  cH*o   «  Hci  -h  8oa«  -i-  ch*ci 

SCI*  +  2CH«0       aHCl  +  80«     ♦  SCHKIL 

Chloride  of  UiMitfl  also  acta  violoatlj  on  methyiic  alcohol,  producing  hydroeliloric 
acid  and  neutral  ralplude  of  methyl,  togoOir  vith  ddoEidB  of  med^l  and  netfajl- 
ralphtuous  acid : 

2SOC1'  +  -ICH'O  -  3liCl  +  CH»C1  +  (Cn»)^SO«  +  CH'.H.Sn«. 

Protochloride  qf  sulphur  {or  chloride  of  tulphotJuoiwL  SSCi')  likewise  acts  strong 
on  metliylio  alcohol,  ly&oduafle  mM  fuid  nicftii]rlto  duonds  being  erolwd,  while  • 

•mall  quantitjr  of  metiivl-m*  rrai.tau  jiassos  ovi  r,  and  the  rr-sidiic  contain.'^  nirthyl- 
fiulphurous  acid  and  neiitxal  methylic  sulphate^  besideo  •epanOedgulf^ar.  Tho  first  te> 
action  is  probably 

ffCt*  -I-  OHK)   -  80CP  *  CE% 

and  tho  chloride  of  thi",vjl  thru  :jcts  on  tLr  3net!i}l-nii  ro:iji{an.  and  probably  iln  on 
figurtlMr  qiiautities  of  metiiylie  alcohol,  ns  shown  by  the  following  t-quntion  : 

3S0C1»  +  4CH«S  =  4HC1  +  2CH»01  +  (CH»)2SO»  +  S*, 

and  by  tho  last  equation  bat  two.   (Carius,  Ann.  Ch.  Pharm.  ex.  209,  cxi.  93.) 

Ethyl-sulphurous  chloride,  C*H*C1S0*  (tho  product  of  the  action  of  pcntflchloride 
of  phosphorus  on  ethyl -sulphites),  acta  on  metbylie  alcohol  (or  more  *1. :  -  .n 
methylnto  of  «r  bum),  prodadi^  hydxochlorie  SfCid  (or  chloiide  of  aodram)  and  mctiiyl* 

ethyl-HuIpbunnis  ;u  id  : 

CH'.H.O  -r-  C'IPCISO-  -  IICl  +  ^I^,|S0».  (CariuP,  .A.nn,Ch.  Pharm.  cxL  93.) 
ISSTBTX.,  HYDRIDE  OT,   Ryn.  with  MabsB-Gas  (p.  834). 

MSTSYZi,  ZOX>ZI>B  or,  Cli'I.— Obtxiiued  by  diatillinp  1  pt.  of  phosiihoru.*, 
8  pts.  of  iodine,  and  12  or  15  pta.  of  wood-spirit,  or  according  to  irofmann  (Chem. 
Soc.  J.  xiii.  69),  1000  pjms.  iodine,  500  mcthylic  alcohol,  and  GO  lihosphomn.  Tho 
distillato  is  mi&cd  with  wator  wkick  separateti  the  iodide  of  methvl,  and  me  product  is 
rectified  in  the  water-bath  over  chloride  of  calcium  and  oadde  of  kid.  It  is  a 
colonrlcsf!  lirjnid,  slightly  coniluistible,  so  that  it  does  not  bTirn  wpII  pTc^ptino^  in  th« 
flamo  of  .1  lamp ;  it  then  diffuses  abundance  of  violet  rapours.  Spi  cifie  gravity 
m  2  237  iit  22^;  2-1992  at  OR  ^Pierre).  Boilo  ot  48-2°  under  a  pressure  of  0-751 
met.  (Andrew f-);  af  13-8^  \ir\\vr  0'760  met.  prossnre  (Piorte).  Vaponr-daontj 
4'883.    It  Va  not  attacked  by  hydrochloric  acid  gas. 

(SUorine  converts  it  into  chloride  of  methyl,  with  deposition  of  iodina  Bestod 
with  metaUio  one  in  a  fealod  tube,  it  yield*  kdomc  thylidi-  of  nno : 

CH>I    +   Zan    -  ZznTHI. 

Hpntt^d  with  nrfvii^r,  antimonide,  &c.  of  ju',tir'<siu/n  or  ^njlnm,  it  yields  thf"  ar«enidf*s 
aiitiiuouidtia,  tScc.,  uf  methyl.  Heated  in  u  spukd  tube  wiili  aqiuouB  ammonia,  it  forms 
the  iodides  of  ammonium,  methyl-ammonium,  di-,  tri-,  and  tc^-mothyl-ainiiioiniiini, 
the  first  and  last  df  tliesc  iodides  being  produced  in  proatcsf  quantity.  With  Tnafrrff'ivm 
it  yields  magnesic  methide  (p.  7oO),  the  action  b<>ginning  even  at  ordinary  tcm- 
pemtnrefi  with  alwrniMtm^  alnmiikio  nothido  (p,  988). 

MBTHYZ.,  oauSB  OF.  Mcth/Uc  (fher.  C»H«0  =  (CH»)«0.  (Dnmas  and 
Peligot,  Ann.  Cb.  Phys.  [2]  Iviii.  19.) — Produced  by  heating  a  mixhirf  of  !  pt. 
wood-spirit  and  2  pts.  strong  sulphuric  acid,  and  washing  the  gaaeouii  pnn^uct  vritli 
potash-lye.  At  ordinary  temperatures,  it  is  a  gas  having  a  pleasant  ethereal  odour, 
Tery  soluble  in  alcohol,  ether,  and  sulphuric  aci^  less  soluble  in  water  (\vhie)i  discolv  «s 
87  times  its  volume  of  the  gas  at  IS**).  By  cooling  to  —36°,  by  means  of  a  mixture  of 
now  and  chloride  of  calcitnn,  it  is  condensed  to  a  liquid  boiling  at  —20**.  (Berth  elot.) 

Metlivlic  etbor  nnifc-?  directly  with  iiUphnxio  anl^ydjekk^  £oiaiiiitt  noatnl  Bwti^]^ 

sulphate,  (CH')^0.8U'  or  (CH'j-SO«. 

MVl'MIXi*  miMUmMH  0V.  See  laa^roj/vtxm,  Osoanic  (p.  563). 

MBTBT^  SBXAirZBB  OF.    Selcnmtthyl.  C'H"Se  -  (CH')''Se.  (W5hler  and 

Do  an,  Ann.  Ch.  Pharm.  xcvii,  6.) — Obtained  by  distilling  a  sohition  of  methyl-j^nl- 

{)hate  of  barium  with  selenide  of  ^taasium.  It  is  a  reddish-yellow  very  mobile  liquid 
letwicr  than  water,  insoluble  therein;  ofinton^ely  disagreeable odoor;  TeryinflimmODls, 
and  1  tiniing  witli  a  Muislrflmno.  Strong  nitrir  a. -id  dissolvr .t--  it,  with  ris-'  of  tempera- 
ture; tho  solution  is  not  precijpitated  by  hydiwlxioric  acid,  but  8ulj[>liuroua  add  throws 
down  aeloDjdA  of  methyl  from  It.  Onottamptingtooonoaitzotetho  hquid  by  oTN|Nnatioi^ 
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%mm  ttod  TBI^  Tiolent  roai^tloti  in  act  up,  nitric  oxide  being «votn»d,  uid  tfMtiaii|wratara 

tomrtimes  rising  so  high  is  to  set  firi'  to  flu'  mixtun-. 

Til.'  product  of  tliis  reaction  in  methy l-soleuious  ucid,  CH*SeO*,  which,  by  cau- 
tious tn-aporatioa  and  cooling,  may  bo  obtoiiiied  as  a  crystalliae  maM.   It  formn  s.iltui 
with"  l>as<'9,  and  is  converted  by  hydrochloric  acid  into  methy  l-solonious  chloride, 
which  crystallises  in  Lrutisparetit  prismsi  and  is  converted  by  hydro- 
Iwomieaiidlqrdriodio  add  into  th«  comq^iiqiiig  tamdM-  and  iodine-oonpoaada. 

SCBTBYX,  B17XiPBZI>B8  OF.  Methyl  forms  three  sulphides,  repr^^sented  by 
the  formula?  (CH'j'S,  (CU*)-S<  and  (CE*)*S*,  and  a  snlphjrdcata  or  meraiptaii,  Cii*B, 

homologous  with  othyl-mcrcaptao. 

VMtoaulplilde  or  Weffevl.  0*B!¥l«(CH*)*S.  (Ragnanltt  Ann.  Ch.  Phys.  [21 

Ixxi.  301.*) — Tlii.H  cAinpatind  »<<  Pfi«?ily  obtained  liy  passiii;^^  p;a?r>ou»  chloriJf  of  mcffiyl 
into  u  solution  of  protosulphide  of  potassium  in  wood-spirit  contaioad  in  a  tubulate 
retort  '  The  gaa  ii  absorbed  in  larg«  quantitr,  and  if  the  retort  be  then  heated  ttad 
tlio  rt'ci'ivi T  kopt  cool,  suljiliiJf  of  rncthyl  distils  over.  It  is  a  oolonrlcss,  rery 
mobile  liquid,  bavicg  an  estremelv  disagreeable  odour.  Spedfic  gravity,  omb  at  21*'. 
Boiling  point  41^.  Tapow^denaitj  2'115.  It  is  readilv  attaeked  bv  ehloHm.  On 
lettiii'T  a  t'l  w  dr<4>s  of  It  f:dl  into  a  Vi'flc  fillod  with  dry  chlurino,  a  nd  flame  is  j>r(> 
docsd,  and  a  large  quantity  of  hjrdiocblodc  acid  is  obtained,  together  with  a  deposit 
of  duocoal ;  bat  if  ^  temperatare  1m  ki|it  low,  the  f»lIowing  snletUiilion'piwHiata 
are  obtainc-d : 

a.  MonochlorifiaUd  vuUwUa  sulpAidep  Thia  is  the  product  of  the  action  of 

ehlorine  on  sulphide  of  methyi  at  a  low  temperatvreanduidartbe  inHnraoeof  dlfiWd 

daylight*  It  is  a  yellow  oil,  heavier  than  water,  and  having  a  very  offensive  odour. 
When  heated  in  a  retort,  part  of  it  distils  over,  but  a  considerable  portion  suffers  alters 
tion  and  leaves  a  carbonaceous  residua   (Richo,  Ann.  Ch.  Fhys.  [3]  xliii.  283.) 

$.  Jhchiorinatcd  mcthylk  sulphide,  (CHC1')*S.  Produced  by  exposing  the  preceding 
compound  to  the  action  of  ohlorim\  takinpf  care  to  cool  the  vessel  at  tho  b('pnTiin<:'  to 
prevent  the  actiuix  from  bt'oominji;  too  violent.  It  is  a  heavy  yellow  lii^uid,  j>artly  d«?- 
COmpoeed  by  distillnt  ion.    ( J{  i  c  h  o. ) 

y.  P-^rchtormatcd  nu  thyUc  fvlphide,  (CC1*)*S,  is  the  product  of  the  action  nf  chlorine 
on  the  dichlorinated  compound  under  the  influence  of  direct  sunshine.  ItLs  a  limp  id, 
amber^lonred  liquid,  having  a  strong  penetrating  odour.  It  boils  regularly  and 
without  allt^ration  botwren  166°andlG(P,  Its  ob!*erved  vapour-df  nsify  is  .rtlS  ;  t!i© 
formuiii  C*CPS  gives  9 '41  for  a  conden^utiuQ  to  2  volumes,  and  4*7  fur  &  coud<  nidation 
to  4  volumes,  indicating  diioffiitinn  (i.  469)  ;  but  the  specimen  operated  upon  was 
probably  impim'.  The  compnnnd  is  quite  insoluble  in  wat>  r,  but  aissalTOa  eaailjin 
alcohol  aud  ether.    It  does  not  appc*ar  to  bo  altered  by  aqueous  potash. 

The  crude  liquid  resulting  from  the  action  of  chlorine  on  aichlorinnted  methylie 
[  sulphide,  has  a  red  coluur  and  (vmtnins  oid'>ridc  of  sulphur  and  totrachloridp  of  i-.ipbon, 

which  pass  over  with  the  first  portic^  of  tho  distillate,  and  are  more  abundant  tu  pro- 
i>ortion  as  the<^chlorinated  sniphide  was  lea  completely  dried.  (Riehe.) 

IVotosnlphid''  of  methyl  unilt  s,  like  sulphide  of  ethyl  fii.  54.'il  with  utfrcuric  cV'-r'alt 
I  and  platinic  chlorids,  forming  the  oompoonda  CH'S' JIhg''Ci*  and  C^li*S«PtCl',  both  of 

s  whien  areeryatalline. 

SlanlplUde  of  MefliTl.    CW^qvC'W^\   (Cahonrs,  Ann.  Cli.  Tliys.  [.'?]  xviii. 
\  167.) — Prepared,  1.  By  passing  gaseous  chloride  of  methyl  through  an  alcoholic  solution 

t  of  disulphido  of  potassium. — 2.  By  distilling  a  mixture  of  aalplMmetbylate  of  ealdnm 

■ad  diaufluda  or  potaaihim: 

i  2(CH*)C^Sa*  -I-        •  (CH^  *  Oa«0«  -i-  Sn90*. 

i  The  yellowish  distilhite  is  rectified ;  and  tl^  portion  vfaidi  dblfla  over  between  110^ 

and  112^  in  dried  1^  chloride  of  calcium,  and  again  partially  distilled. 

\  It  is  a  transparent  colourle«*«?  liqtiid,  having  great  refracting  power,  and  a  density  of 

1-046  at  18^.  Boils  between  IIG*  and  118°,  Vapour- density  at  196°  =  3'29a  Haa 
a  very  persistent  and  intolerable  odour  of  onions. 

f  It  is  liut  ver}'  sparingly  soluble  in  fm/^r,  bnt  nevertheless  imparts  its  odour  tO  that 

liquid.    Mixes  in  all  proportions  with  tdevhol  and  ether.    (Ca hours.) 

This  compottpd  may  be  set  on  ftro  by  a  n  d-hot  body,  and  l^nrns  with  a  blue  fiane;, 
enufting  a  stroni;  <  .d  air  of  sulphurous  acid.    Cldorinr  acts  violently  upon  it,  producing 

'  attirstasulwtaucf  which  cry.-^tallisofl  in  aml>  r-c-luuredrhomhic  tables,  aud  is  converted, 

1^  the  ftarther  petion  of  the  chlorine,  into  a  yr!K  w,  und  ultimately  into  a  red  liqtiid, 
ron^i'-tlii^'  of  a  mistnrf  of  TTI'S  and  SCI*.  Bromine  likewise  forms  stibstifution- 
products.    Abxkratcly  strong  nUric  add  acts  strongly  on  the  comp<3und,  producing 

^  anlphlirie  add,  and  a  peculiar  acid  irilieb  forms  with  potash  long  slender  needles ; 

wiut  bniyta,  ihining  eolowieii  taMna;  and  with  lime  and  oat>4(»  of  lead,  eolnbb 
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oqfifedlisabld  mUl*  Sulpkurie  aeid  dissolves  tka  wmganA  at  ordinaiy  tempemF 
turn;  bnt  (Ie<*oTnpo«K>.s  it  when  hMtid.  Tlw  «aapend  ii  aot  allawd  bj  diftilkrina 

9W  Mmoentrated  potatk-tUutitm, 

»ltoMlilhMu  er  Mkyl.  (CH>)9.— If  Am  din^iUd*  of  potaMfam  In  «• 

prrocilinj^  pn-par.ition  is  replaced  by  pontusulphide,  a  considerable  quantity  of  mt  thylic 
disolohide  is  likewise  obtained,  but  at  Uie  ena  of  the  dietillation,  at  about  200<^,  a  Tel> 
lowiui  prodnct  It  oUftined  lisriiig  the  Mmp  Itbehsvoi  fib 

iSbi^ma^^mlh^t^mwaAiMbLMiwM,  (Cahours.) 

FlmBl.  ST.  239.)— Formed  by  distilling  in  dw  water-bath,  with  efficient  condeosatioo, 
%  mixture  of  1  pt  of  a  solution  of  sulphomethylate  <>f  calcium,  and  1  pt.  of  a  solution 
of  ■^phjrdrate  of  calcium  (both  solutions  harins  a  donnity  of  l*2o),  and  agitating  the 
diitOM  vith  onulitt  polndi,  to  ft<M  it  ftM 

9(GH^)0i80«  +  IKHS  «  9(CnePAS)  -l>  ]RK>«  <f  OMBO*. 

It  If  aHqiiid  Hgliter  Umi  water,  boiling  at  21^,  and  Inring  flie  edoor  of  OMfeaptan, 
bat  eren  moro  off«  nsive.  It  is  -lij^^Iitly  solublo  in  vatfr  .  f  tttis  with  acdnte  of  lead  a 
ytlkm,  and  with  mereuric  oxi<U  a  white  compound  (C&'HgSX  whioli  cqrabdlises  fitMn 
%  hotalooliolie  folatkm  in  diining  lamiiuB  aoi  flinbld  at  IWfi 

MMim,  VnaUOBIM JWhwo  wirfl^.  0*H*r»  «-  (CH*)^e.  (Wohler 

and  Dean,  Ann.  Ch.  Pharra.  xciii.  233. — Ilecren,  Vchfr  Tellurathi/l-  and  Tdhirmrikyl- 
fMrbrnduatgeH,  Gottingenp  1861.) — This  compound  is  obtained  hj  distilling  telluhde  of 
poliniiim  witfi  nhilloBMtlijplabe  of  bixfam,  liM  dirtilktSaii  being  oootaawl  Mlaqg 
drops  of  oily  liquid  pn.<:s  oror  with  the  watei^  wdtfiepNOOH  Mwdmled  llftagattcr  M 
for  the  preparation  of  tellurethjl  (ii.  550). 

.n«jwrw«;---Tdhmmntiqd  u  a  pale  yeDmr  raoMle  liquid,  whMi  rfnla  ia  imtar,  nd 
does  not  mix  with  it.  If  boils  at  82°,  forming  a  yellow  vapour  lilc  tellurium  itsett 
It  has  an  extremely  disagreeeble  alliaceous  odour,  which  is  so  intense  and  peniatait. 
Chat  «fTen  the  bNatfi  ig  aflbcted  by  it  after  some  taeM.  It  ftames  ia  tfw  air  ftom  osi> 
d;ition.  Wlien  set  on  fire,  it  Imrns  witli  a  bright  bluish-wliite  fl;inie,  difFusing  white 
fumes  of  tellurous  add.   Strong  nitric  acid  orioiaes  it,  with  evolution  of  nitzie  oxide. 

Tellinoaiethyl  bdiavea  to  oxygen,  chlorine  and  oditt  «U«RMi  ndiekik  Kke  •  noli^ 

forming  a  ba.syIou.s  oxide  and  a  neries  of  Halts,  whidl IK  fBOdnoed  llJMltmdl^  llw 

•olution  of  the  oxido  with  acids,  or  by  precipitation. 

cubes,  which  have  an  unpleasant  odour,  rmmble  to  a  white  amoTj)hous  powd?r  when 
exposed  to  the  air,  are  insoluble  in  cold  alcohol,  bat  dis^lve  easily  in  water.  The 
aoiution  is  neutral,  ffttes  with  •olplnuous  add  a  yellow  predpitata  of  taUarometfqfl; 
with  hydrochloric  acid,  a  wUto  ppedpififi  of  tlia  cUoade;  irith iodida  of  pnhMwnnv  no 

precipitate.   ( II  f  e  r  e  n . ) 

The  bromide,  (CII')'TeCl«  or  MeTeCl*. is  obtained  as  a  thick  white  precipitate 
resembling  bromide  or  chloride  of  lead,  on  adding  hydrofarooiie  add  to  a  solution  of 
nitrate  of  telluromethyl.    It  ftoBt  ■*T****TH  OoloodaM  (KMBM  which  melt  89^> 

(Wohler  and  Dean.) 

The  carbonate,  ^^l^^y  \  [^y>  «  difficult  to  crystallise.  (Ilecren.) 

The  chloride,  Me'TeCP,  is  obtdir.ed,  on  a*lding  hydrochloric  acid  to  a  solution  of 
the  nitrate,  as  a  thick  white  precipitate  resi^mbling  chloridu  of  lead  (Wohler  and 
Da«li);  as  a  colourless  heayy  oil,  which  solidifies  crystalline  on  cooling ;  rfmilii^y  bj 
adding  hydrochloric  acid  to  a  snlution  of  the  oxychloride.  (Heeren.) 

It  redis&olves  when  heated,  and  orystallises  on  cooling  in  long  thin  prisms,  like  cor* 
rosive  sublimate.  It  appears  to  ba  llOMorphous  with  the  bromide  (WShle rand 
Dean).  It  melts  at  97 ■•')°,  but  appears  not  to  be  volatile  without  deeomprmition. 
Solidifies  from  fusion  in  a  mass  having  a  highly  cn'stalline  structure.  Does  not  distil 
orer  with  water,  but  its  heated  a^^ueous  solution  has  a  faint  alliaceous  odour.  Dosf 
not  form  any  precipitato  with  platinio  chloride.    Di.ssolves  readily  in  aloohoL  * 

HO  •  cry***^®*  '°  deliquescent  colourless  ne^dleih 
forming  a  neutral  solution  in  water,  from  which  hydrochloric        pfoty;^^^ flhlniHf 

of  telluromethyl  in  the  form  of  a  colourless  oil  (Heeren.) 

•  Muipratt  (  Cht'in.  .Sor.  Qii.  J.  f.  5.11  care  to  thi*  aciJ  tho  n«mf  of  Bisulpkifnelhylic  acid,  rpprMCUtlnf 
fU  mIU  bv  Ihi-  f.trtn        C-ir  MFTUr  ,  iriorc-  ricint  v.  li  i»ri(T    Cluftn.  .Soc.  QiL  J.  iii.  »'.'),  hr  hai  foniM 

ttat  U  U  identical  witii  iii«tli/Uulpburoiuaci<l,tb«  (uriauU  oC  wboss  salts  is  C*WMSm*t9t  Cli*IO0>. 
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Iodide,  MeTcS'. — "When  culourless  hrdriodic  acid,  or  iodide  of  potassium,  is  dxopt 
fato  a  solution  of  uitruto  of  t(>llarotnethyi,  a  |neeipitat«  is  formed  of  a  bright  leoioii* 
yellow  colour,  but  changing  in  u  fow  seconds  to  vcrrnillion-rcd.  If  tho  solutions  are 
mixed  warm,  the  precipitate  exhibits  at  ouce  a  red  colour  and  crystalliae  structure. 
When  dry,  it  forms  a  Termillton-oolQiued  powder.  The  compound  di88(dTe8  sparingly 
in  cold,  nit'.cli  iih  Tf'  fr<'«'ly  in  hot  water,  and  abundantly  in  hot  alcohol,  forming  a  nd- 
4iah-yellow  boLuiiua.   Jb'rom  both  solutions,  it  cxystalliscs  in  small  shining,  Termiliion- 

are  laigest  when  they  separate  flrom  the  aleobolie  lohitiaa. 
They  yield  an  orangc^yellow  {"••wder.  Under  the  raieroscopo  they  upjii  ar  orange- 
yellow  by  transmitted  Ught,  but  certain  £aoes  exhibit  a  fine  blue  surface-colour.  The  salt 
appears  to  be  dimraplieiw,  like  iodide  of  meKorr ;  ftr  on  ndxiag  tho  eooled  alooholio 
solution  with  about  an  f  tjnal  vnlume  of  watt  r,  the  iodidf  is  j'recipitated,  of  a  Ii  mon- 
yellow  colour ;  but  in  a  few  minutes  a  movement  (tf  the  particles  is  obsenred  throughout 
the  liquid,  and  the  precipitate  toon  aeMunet  tiw  dianwter  of  Temriffioa-eidovred  ny^ 
talline  lamina'.  The  yellnw  variety  cannot,  however,  be  obtained  in  ;i  jiormant  nt 
form;  for  the  alcoholic  solution  yields  red  crystals  by  evapontioii,  and  the  compound 
aumoi  be  melted  vitfiovft  doeooipiMitioii.  Brsft  nt  it  it  aoawited  iito  MiA 
lodidaof  taUarioiii.  (WSkler  and  Doas.) 

mtraU  ]b>T^NO^(W5hl6raiidD0aii);l[m|^^.  ^••m>-Td- 

Inrometliyl  heated  with  moderately  strong  nitric  add,  diseolres  partially  at  first,  with 
reddish-yellow  colour ;  but  after  a  while,  a  violent  reaction  ensues,  attended  with  evo- 
lution of  nitric  oxide,  and  a  colourless  sobAion  of  the  nitrate  is  obtained,  which  by 
careful  evaporation,  yields  the  salt  in  huge  colourless  prisms.  Sometimes,  however, 
probaldy  when  the  acid  is  to<j  strong  or  in  too  great  excess",  the  salt  is  obtained  on 
evuponuion,  not  in  crystals,  but  in  the  form  of  a  tninspiirt'nt  amorphous  mass  contain- 
ing tellurous  acid,  mixed  or  combined,  and  wamag  probably  from  decomposition  of  a 
portion  of  tlif  ti  llunjmethyl.  Tho  nitrate  decompo<es  with  explo«*ion  when  heated.  It 
diiMiolveH  n  H(iily  iu  water  and  alcohol.  The  at^ut-oua  soluliou,  mixed  with  hydriodic, 
hydrobroniic  or  hydrochloric  acid,  yieldl  ft  JWfJfWjrtf'  of  iodidl^  tooaiid*  OK  duOBdtof 
tellagOittethyL   ('Wdhlor  and  Dean.) 

The  0M9lat$,  (ai«^e)^|  ^^^^  $  oyiliOlaMin  nononcteiD  fmtu ;  it  Is  ainrtnlaiid 

loss  soluble  in  water  thaa  in  alcohol ;  the 
acid  a  precipitate  of  the  chloride.  (Ileereii.) 

Oxide  of  Ttlluromethyl,  Mt-TeU,  is  obtained  by  decomposing  the  chloride  or 
iodide  with  <»dda  of  «Bfer.  Either  of  these  compounds  is  moistened  with  water,  and 
ande  of  silver,  recently  precipitated  by  bar\-ta-water  and  well  washed,  is  added  in  ex- 
cess, whereupon  decomoosit ion  begins  immediately,  and  tho  mass  becomes  sponta- 
neously heated.    The  filtrate  contains  the  oxide  in  solution. 

Oxide  of  telhiromethyl  is  indiilinctly  crystalline  when  dry  ;  has  an  abominable  taste, 
but  is  inodorous  ;  deliquesces  in  the  air  like  potash,  and  absorbs  carbonic  acid.  Its 
•qoMW  loliitian  is  strong!^  tlkaliiM  to  teet-paper ;  eliminates  aanaoiiia  fkom  tal<4Utt- 
moniac,  even  at  ordiuaip'  tempenituroc,  and  forms  a  blue  precipitate  with  sulphate  of 
copper.  Sulphurous  acid  added  to  the  solution  immediately  throws  down  teiiurome- 
thvl  in  the  form  of  a  stinking  oily  liquid ;  hydrodikcie  aold  precipitates  the  vbito 
chloride;  hydriodic  acid  the  red  iodide.  On  siiturating  the  aqueous  oxid--  with 
•ulohydrio  acid,  a  slight  milky  turbidity  is  produced ;  ana  on  distilling  the  liquid, 
ivblte  anlphur  separatee  out,  and  a  yellow  oil  passee  ever,  whieh  nppem'e  to  be  merelj 
reduced  telluromethyl  (Wohlerand  Dean). — Ileeron  did  not  siu-ceed  in  preparing 
the  oxide  in  the  solid  state  ;  the  strongly  alkaline  solution  obtained  by  decomposing 
11m  ajcUovIde  with  veeently  predpitrtraaihmHttide,  quickly  became  tomd,  and  when 
•nqpetated  in  a  vacuum,  kn  nothing  but  tellurium. 

The  f'Tf/chforidr,  (Me*Tc)'(n*0.  is  formed  by  dissolving  the  chloride  in  ammonia. 
On  evaporating  and  digesting  the  residue  of  sal-ammoniac  and  osnrchloride  in  alcohol, 
the  latter  dissolves  and  separates  from  flte  acintiaa  in  abort  colofnrfem  prisma.  Hydro* 

dilorie  aeid  added  to  the  f-olution  precipitates  the  chloride.    (Wohlor  aadDaftB.) 
The  oxt/hro  m  idr,  (Me-Te)-Br'O,  is  obtained  in  a  similar  manner. 

Phosphate. — On  dropping  phosphoric  acid  into  a  solution  of  the  oxide,  a  lemon- 
yeUow  preoipitste  of  tellurcowthylic  phosphate  is  produced,  insoluble  in  water  and  1m 
alodhol ;  it  turns  grey  when  exposed  to  light,  and  melts  when  heated  to  a  brown  sub- 
itaooe  (TeF*  ?).  It  dissolvee  in  excess  of  phosphoric  acid,  forming  a  colourless  liquid, 
which  yields  eelonrlem  envtak  by  evaporation.  From  Uie  aqueous  solution  of  these 
cry>-t:d>4,  ammonia  throws  down  the  JSUOW  IMOhlble  phosplmti^  SSd  hydrochlorio 
the  white  chloride.  (Ueeren.) 

▼ot.  m.  t  s 
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Thf'  snip  hat    (Ke^eYj^^Qy  (Hceren),  is  obtained  hj  utmatiiig  the  base 

with  Bulphurli"'  acv\,  or  by  dccoinjKtsing  the  sohiti  n  rif  thi^  oxychloride  with  salpbate  of 
silver.  It  crystallisicji  iu  largo,  very  regular  iraiispart  ut  cubes,  easily  soluble  in  water, 
iiisolubl)^  in  alcohoL 

Sulph'uhfuritJ'-.  (^re"T«'')ri-S?  Sulphuric  add  passe  1  tlirough  aaolution  of  the 
chloride,  forms  a  whit.'  llocculeut  precipitate  whicli  iilterwards  turns  yellowish^  the 
liquidmt  the  MBM  time  acqniringan  extrenn  ly  repulsire  odour.  If  it  bo  then  distilled, 
fht-re  passes  orer  with  the  water  a  heavy  oily  li  jui  ],  li;!',  iiiL'  .1  r«"ddi>h-yelIow  colour 
uud  extremehr  offensive  odour,  and  yieldiug  Siulpliunc  acid  wht-u  oxidised  with  nitxo* 
fllttriaUeadd.   (Wohlar  and  Dean.) 

Arwrding  to  Heeren,  sulphydric  acid  forms,  in  solutions  of  telhiromethylie  mILs,  an 
orangt^yellow  precijtitate,  which,  when  heated  or  strongly  ignited,  cakes  together,  and 
■inks  to  the  bottom  in  the  form  of  blade  heavy  oily  drops,  from  which  aUm 


SMMmxAB  at 

Bet  AoRon  (L  31> 

CH"0*.— A  product  of  the  oxidation  of  meUiyiie  eloohoL 
a  mixture  of  wooil-spirit,  sulphuric  acid,  and  peroxide  of  mangaurso  is  distilled,  there 
^6»es  over,  amonght  other  products,  an  ethereal  liquid,  miacible  with  water,  to  which 
Dumas  (Ann.  Oh.  Pharm.  xxvii.  135)  gave  the  name  formomethylal,  reg^uding  it 
as  ii  df  finite  compound.  ]Mal  ngut  i,  liowever  (Ann.  Ch.  Phys.  [2]  Ixx.  390),  showed  that 
it  is  a  mixture  of  metbylic  formate  anduethylal,  of  variable  composition  and  boiliagpoin^ 
and  ia  reeolTed  }aj  boiUng  with  potash  into  formic  acid,  methylie  alcoM,  aad  im^IbL 
Methylal  is  a  limpid  liquid  smelling  like  acetic  aoitl,  of  specific  gravity  n-S.'iSl, 
boiliiw  at  42®  under  a  pn^ure  of  0761  met. ;  its  vapour-denaitjr  ia  2'6aU}.  It  diaeoive* 
ih.  9-velwMeef  iratar,  eM  iawMnrted  therafhm  aolalifeilee^aleDlMlnid 
ether.  When  g*  ntly  hoated  with  slightly  diluted  nitric  acid,  it  decorapoaea,  eliminating 
nitric  oxide,  without  carbonic  anlnrvide  or  carbonic oxide^  and  jieldiaffaeofaUio&  ooa- 
taimng  a  eonaidmble  qoantitT  of  fbmie  aeid.  It  ie  likeviee  ondieea  to  ftnoie  actd 
by  a  mixture  of  sidj  Jm r;c  (wiir  aiuJ  chmniatc  of  potasaiuvi,  and  by  alcoholic  potasK^ 
CAkfiiu  acta  yery  slowly  on  it,  producing  formic  acid  and  trichloride  of  (  * 

C«H«0»  +  6a«    «    CH»0«  +  C^C1«  +  6HCL 


EOWXUm,     Oxgaaie  base* 
liomologoinfl  with  the  eUiylnmiiei^  ftnned  on  the  tjpm  KH*  aad  SH*  mpeetively,  by 

the  partial  or  total  substitution  of  methyl  for  hydrogen  ;  viz.  m  ethylamine^HiB'.CH' ; 
dimethvlamine,  N.U.(CH*)'i  trimethy lamina,  2{(CH')*  and  tetramethyl- 
immonium,  N(CH')*.  tht  net^riamines,  like  the  ethyhuniaee,  an  known  in  the 

free  state;  but  tetrethylammorjiiim  i.'^  known  only  in  its  s;ilt>,  which  are  analogous  in 
eonatitution  to  the  ammonium  salts.  There  arc  ako  amines  and  ammoniums  in  which 
the  hydrogen  is  replaced,  partly  by  methyl,  partly  by  othag  aleotwlntadideB,  aa  etl^V 


the  hydrogen  is  replaced,  partly  by  methyl,  partly  by  othag  aieMwiHtadideB,  aa  etl^l 
amy],  phenyl,  &c,  e.g.  methyl-ethy  l-amylnmiafb KGH^OVXPH**;  methTl 
triethyl-ammoninn^  N.GH*.CG<H*)^^ 

=  H  In. 

CH"J 


was  discovered  and  ftilty  examined  by  Wurtz  in  1849  (Compt.  rend.  xxviiL 
223  and  323  ;  Ann.  Ch.  Phys.  [3]  xxx.  443).  It  ispioduced  by  reactions  analogous  to 
thosi'  which  give  rise  to  the  formation  of  ethylamine  (ii.  663);  viz.  1.  By  the  action 
of  potash  on  cyanato  or  cyan  urate  of  methyl  (Wurtz). — 2.  liy  the  action  of  potash  on 
inethjl-earbainida  (methyl-urea)  (Wurtz). — 3.  In  the  form  of  a  salt,  by  the  action  of 
ammonia  on  various  methylie  ethers:  thu8  iodide  of  methyl  heated  in  a  M-aled  tube 
with  anunonia,  yields  hydriodate  of  luethyiumiuf  or  iodide  of  methylammonium,  to- 
gether with  iodide  of  ammonium  and  the  iodidea  of  di-,  tri-,  and  tein-methyl- 
ammonium  (Hofmann). — 4.  By  heating  chloride  or  iodide  of  ammonium  with  wood- 
spirit  in  seali-d  tubes  (Berthelot). — 5.  By  the  action  of  cuifltic  alkalis  on  morphine 
and  codeine  (Werthei.m,  Ann.  Ch.  Pharm.  badfi.  S10X  and  hj  heating  |^|feadM 
irith aalqpdzDiMi baxyta  (Oahours,  iL  903): 

C'H»NO»  +  Ba'O  =  Ba'CO»  +  CH»N. 

6.  In  combination  with  hydrodilorio  acid,  by  the  action  of  chlorine  on  theobromine 
(BoehledevandHlaeiwett,  JahieaK  ISAO.p.  437)or<mea£R^efBoehleder,»5*dL 

131).-  7.  By  the  jiction  of  nascent  hvdnjfrcn  on  hydrocyanic  acid:  CIIN  +  H'  =» 
CJl^N  (Mcudiufl^  Ann.  Ch.  Pham.  cxxi  129).— 9.  ULetLjlamine  occurs  in  btfi»-oil 
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u  (Andftrsoiii  JTahrcth.  1861,  p.  476^  and  ia  nnaU  qoantihr  among  the  piodocta  of  tha 

distillatioa  «r  erode  aoetite  (iTidUgDeto)  of  cikiun.  (6,  Q,  Williftmib  <ML  1853, 

■  p.  467.) 

■  ^vparaHen,   I.  Bj^Ht  aetion  of  pottuk  on  Ogamiitatt  of  MetiM. — ^The  cyanmmto 
is  heat(>d  with  potash-Iej  in  a  flask  surmounted  with  a  worm-tube,  to  condense  the 

:  aqueous  vapours  und  separate  the  methylauiine,  which  then  passes  on  into  a  receiror 

i  confialning  u  small  quantity  of  pore  water,  which  disaolres  it    The  deoompoeition  of 

t  fhe  methj'l-cyanuric  cthtr  by  potash-ley,  which  is  very  slow,  may  be  accelerated  bj 

ftp  fizBt  meltuig  the  ether  with  solid  potash  mixed  with  a  small  quantity  of  water.  The 

e  aqueous  solution  of  methylamine  in  the  xeoeiver  is  saturated  with  hydrochloric  acid 

uud  evaporated  to  diyness.    ( W  u  r  t  z.) 
J.  2.  By  the  action  of  Nascent  Hydrogen  on  Hydrocyanic  acid.    M  e  n  d  i  u  s  mixes  the 

^  hydrocyanic  acid  with  hydrochloric  acid  and  alcohol,  adds  granulated  zinc,  and  when 

g  th-'  11  t ion  is  ended,  distils  off  about  halAithe  liquid,  and  again  subjects  the  distUlat^^ 

which  contains  a  considerable  quantity  of  unaltered  prussic  acid,  to  the  siction  of  the 
zinc.  Bv  repeating  this  treatment  a  certain  luinilx-r  of  times,  a  bulutiou  is  ulti- 
matdir  ootained  containing  liydrochlonte  of  methylamine  mixed  with  chloride  of  lllie; 
and  this  solution  distilled  with  lime  or  potash,  jields  free  methylamine,  which  may 
be  condensed  in  water  and  combined  with  hydrochloric  acid  as  before.  Debus  (^Ciiem. 
I  See.  J.  xvi.  249)  effects  the  combiaalion  of  tiie  l^dfogen  with  tito  prussic  acid  hj 

t  means  of  plutinum-black.  A  stream  of  hydropen  is  passed  tlirongh  a  mixture  of  1  o  prms. 

{  cyanide  of  potassium,  15  gmis.  sulphuric  acid,  and  o  oz.  water,  contained  in  a  ri-tort, 

t  and  then  conducted  successively  throueh  an  empty  vessel,  a  tube  oontaining  fused 

chloride  of  calcium,  a  tulx»  containinsr  rTatinum-blacK  and  immersed  in  a  paraffin  bath 
heated  to  110°,  and,  finally,  througli  a  Liebig's  bulb-apparatus  filled  with  dilute  hydro- 
chloric acid.  As  soon  as  x\v  mixture  of  prussic  acid  and  hydrogen  comes  in  contaet  wMl 
the  platinum-bUick,  dense  white  clouds  nf  hydrochlorate  of  methylamijie  b'^eoTne  pr-r* 
crptible,  filling  the  apparatus  from  the  platinum  to  the  acid.  The  prussic  acid  mixture 
is  jxradoallj  heated  to  the  boiling  point,  and  kt  pt  at  that  temperature,  with  a  current  of 
h_vdn>gen  continually  passing  through  it,  till  the  process  is  completed.  The  acid  li'juid 
in  the  bulbs,  when  evaporated  on  tlie  water-bath,  leaves  a  white  residue  almost  wliully 
eolnWe in  alcohol,  and  the  alooholic  solution  leaves  on  evaporation  a  colourless  crystal- 
line mass  of  hydrochlorntf  of  methylamine.  Part  of  the  methylamine  produced  in  this 
reaction  unites  with  the  hydrocyanic  acid,  forming  cyanide  of  methylanunonium,  and 
this  acts  on  the  platinum  in  such  a  manner  as  to  ibnn  a  double  cyanide  of  platinnm 
an'l  mi  tliylammoninm  (p.  997),  which  surrounds  th'-  particles  of  the  platinum-black,  and 
after  a  while  prevents  further  action.  If  its  formation  could  be  prevented,  this  method 
would  domhwae  aflbrd  the  readiest  means  of  preparing  methylamine. 

To  jm  parf^  pure  methylamine,  the  hydroohlorate,  perfectlydried,  is  mixed  with  twice 
its  weight  of  quicklime,  and  the  mixture  introduced  into  a  Ions  tube  closed  at  one  end, 
in  wool  qnantitj  as  to  half  fill  it  the  other  half  being  iuled  with  fragmente  ck 
potaaeium-hydrate.  From  this  tube  a  gns-delivery  tube  p:i'^'-rs  to  the  mercurial 
trmu^  On  applying  a  gentle  heat  to  the  tube,  banning  at  the  closed  end,  the  gas 
ia  diaengaged,  and  may  be  oolleeted  eter  the 

Prt^terti' s . — ]\I<nhyIamine  is  a  colourless  gas,  having  a  strong  ammoniacal  odour, 
like  ammonia,  it  turns  reddened  litmus-paper  blue;  ftmies  strongljr  with  hydrochloric 
acid;  eombinea  with  own  To3nme  of  that  gas,  and  half  ita  vohmw  of  eazbonie 
anhydride;  is  rapidly  absorbed  by  water,  and  also  by  charcoal.  It  is  distinguished 
from  ammonia  by  talung  fire  when  brought  in  contact  with  a  lighted  taper ;  it  then 
bnma  with  a  ETid  TeOewiah  Hame,  |i«odncing  water,  eaibonie  aahjdxid^  and  nitrogen, 
mixed,  if  the  combustion  Ite  iiieomplete,  with  cyanogen  and  hydviMjfa&ic  acid.  Sp<K;ifi(! 
gravity  113  at  2d°,  and  1  08  at  43'='.  When  cooled  a  few  degreea  bolow  0^  it 
condeoaee  to  a 'very  niolnle  liquid,  whidi  doea  not  aolidify  in  a  nuztnre  <^ 
acid  and  i  thcr.  (Wnrtz.) 

Hethyiamine  is  the  most  soluble  in  water  of  all  known  gaaea.  Water  at  26°  abeorbe 
9d9  tiBMi^  and  at  IS*f*,  IIM  Innea  ita  wlnme  of  the  gaa.  The  eolation  haa  the  power- 
ftd  odflmr  of  the  gas,  and  is  extremely  caustic;  it  gives  off  the  gas  when  boiled.  It  is 
dceoniDoaed  by  iodtne^  bromw,  and  cUorme.  Iodine  added  to  it,  not  in  excess,  forms 
hydzioaata  of  mfthgriaadae  wmeh  diaKlvee,  and  di&iodomatbylaAine,  G(H^')N, 
mdi  lammM  nadttaolTad : 

SGH<N  +  I«   .   OCH«P^  *  9(0EPSm). 

Bromine  and  elilorla.'  appear  to  act  in  a  similar  numner. 

The  action  of  aqueous  mett^lamine  on  metallic  salte  ia,  for  the  most  part,  similar  to 
that  of  aaoMnhk  The  aalta  of  magnftimu,  mangmum,  iron,  blamutk,  ekromium; 
uranium^  taA  tin  are  precipitated  by  methylaialBe  in  the  same  manner  as  by  ammonia. 
With  tim-MlU  methyianune  fimna  a  white  precipitate^  aoluble  in  a  huge  exceaa  ol 
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the  mifteaU  With  Mfftr  ialt$,  a  biainh- white  precipitate,  easily  soluble  in 
«ii(lft»miB|r*d^^^*)hitkML  With  nimiim  laHfs, > irtete  precipitete,  faaohiMe 

In  f XC'  Mfj.  With  nirJcd-  an.l  cofyalf-saffs,  i'  f  ^rrriM  pr^ripitateH  iusolublo  in  exress. 
These  kst  three  reactioos  differ  firom  those  produced  bjr  ammonia.  AottaU  of  lead  is 
•oanely  dooded  by  methylamine,  b«t  the  nHrmh  Is  Mnpfetafy  predpitrtsa.  Wttik 
«i^rrun>f,«  s,rV>',  ni.  thyluminp,  lik<'  ammonia,  forms  a  black  precipitate;  with  w*  r  :.  >  fc 
chloridr,  a  whire,  flocculeut  proci^itot^^  insduble  in  excess.   Nitrate  ^  tUver  is  oom- 

{>I(>tely  precipitated  by  metl^lamine;  tnd  eorfde,  wfatdier  premirfttled  \j  tiki  aOEa* 
oiM  itself  nr  l>y  potiwth,  dissolves  readily  in  excess  of  the  former.  The  sohitioa, 
abandoned  to  spontaneous  erapoxatioii,  deposits  a  black  sabstanoe,  which  contains  ear- 
bon,  hydrogen,  nitrogen,  and  surei;  and  is  pvofaably  the  anakcne  of  AdminatingsilTer ; 
but  does  not  explotlo  either  by  heat  or  by  percusHion.  Chloride  of  silwr  is  also 
dissolred  byaqn  '  i'^  methylamine.  With  trichloride  of  gold,  methylamine  forms  a 
brownish^yellow  pr>  ipitate,  which  disaolTiO  tailily  in  an  ezeeas  of  the  precipitant, 
fonning  an  orange-red  solution.  A  oottosptrated  solution  of  plutinic  chloride  forms  with 
methylamine  a  crystalline  precipitate,  consisting  of  chloroplatinate  of  methylamine, 
in  the  form  of  orange-yellow  scales.  The  formation  of  this  precipitate  is  prevented, 
•ran  hj  sli^t  dilution .   ( W  u  r  t  s.) 

Decomposition!*. — 1.  Jlcthylaraino  passed  through  a  red-hot  porcelain  ttibe,  fillf<l 
with  fragments  of  porcelain,  is  complett>ly  decomposed  into  free  hydrogen,  marbii-ga^ 
MiWMii^Mdhydioqyiaieadd: 

MH*N  M  SB!*.GRH  -¥  CNH     GH*  -¥  tB*. 
If  thr  gaseous  mixture,  as  it  issues  from  the  tube,  be  passed  through  water,  and  then 
^liected  in  jars  over  mercury,  the  water  aoqnires  an  alkaline  reaction,  and  is  foond  to 
Mttteb  hydrocysMle  of  anflMiiii,  tnd  the  gas  in  the  jan  eoariMik  iBl60  MllMUH%  of 
J8'77  vol  hydrocyanic  acid,  Tl'OS  hvdr^^^en,  and  marsh-pms. 

2.  Two  vol.  meit^laaune  exploded  with  Itjk  voL  oxygen  produce  2  voL  CO*  and  1  voL 
H.  Wwr  t  fd.  OOr  ooatrfa  t  toL  or  >  •!  O.  «id  thswiate  1  afc.  O;  aad  tta  wmaining 

fl^  VOL  O  must  have  beOB  •OUnimed  in  buminrr  thi-  hydrogen,  which  th.  rpforeamnunLa 
S  1«L  Henoe,  since  tht  ivlnmes  of  elementary  g^ses  are  as  the  numbers  of  atoms 
eoiittincd  hi  tibem,  it  IhOtfwt  that  1  noleeala      9  ytA.)  of  nelfajlanfaM  fifintah» 

1  at.  carbon,  5  at.  liydn>^'(  n,  and  1  at.  nitrd^i  n.  that  ih  to  say  its  formula  is  CTT'^N'.  To 
obtain  complete  combostion,  it  is  neeessaiy  to  mix  the  sss  with  3  times  its  volume  of 
dry  oxygen,  and  to  add  to  the  mhctore,  aemdfaig  to  H<yiiH*i  Tnnnmimlitinn.  * 

certain  quantity  of  d.tonating  gas,  d^rivrd  from  th«  ilaoMgrri*  tiyukm,  ■Uuffcllllj 
4iy.   (Wurta,  Ann.  Ch.  Phvs.  [3]  xxx.  461.) 

9.  nUtmImm  heated  in  tho  gas  decomposes  it  eompletely,  yielding ft«e  l^drogen  and 
cyanide  of  potassium:  CH»N  +  K  »  CXK  +  H\  31-6  voL  methylamine  yielding 
81*6  vol.  pnre  hydrogen,  numbers  which  are  nearly  in  the  ratio  of  2  :  6.  The  action, 
however,  exhibits  two  stages.  At  first,  while  the  heat  is  moderate,  the  volume  of  gaa 
increases  but  litth^tad  the  residue  probably  contains  C(H*K)N,  a  compound  analogooa 
to  amide  of  potassium ;  and  this,  at  a  higher  temperature,  is  resolved  into  hydrogen  and 
cyanide  of  potassium,  the  latter  decomposition  being  accompanied  by  the  considerabla 
increase  in  vohUM  whieh  is  obMrwd.   (Wu rt s.) 

4.  With  gjweons  chloride  of  ryanoffen,  it  f  irms  h ydr .^chli-trute  of  met]^|ltBiB%  tad 
«7anmethylanuds(Cahours  and  does,  CompU  rvud.  xuviii.  36i) 


MSni  •!>  CHOI  m  OBnUBXA  *■  V 


f  ^ 

JCH». 

(  CN 


MRTHTLAHrn!-sjLi.T8. — Methylamine  is  a  strong  base,  neutralising  acids  oompletelj, 
forming  well-defined  crystalline  salts,  and  procipitatiBgaotallie  oxides  firam  th«ur  mAk 
tions  (p.  99.5V  Its  salts,  like  those  of  ethylamine,  may  be  regarded  as  compounds  of 
methylamine  with  seids^  or  of  methylammonium  with  the  radidcs  of  the  same  aeids,  r.  g, : 

Hjy^ortiBisIs  ef  MethyliMli  I  CUotMssrUsihyUiiUBealaM. 

CH^.Ha  -  CH^N.a 

intrale  nf  M«4hvlaataM.  WilMs  of  Mathrl 


UeOxjUmkm-wOm  wn  soMila  m  vatar,  mad  mMt  of  ihcm  also  hi  akobdl;  th»  kMtr 

property  aflbrds  a  means  of  separating  them  from  ammonium -salts,  when  the  two  wcur 
together.   They  are  decomposed  bj  haating  with  fixed  alkalis^  giving  off  gaseous  me- 

SromkjfirmU  or  Wpdr^hrpwutie  of  Methylamine,  OH'NBr.  is  obtained  by 

the  action  of  bromine  on  aqueons  methylamine.  It  is  very  soluble  in  water  and 
in  alcohol,  and  cxystailisea  ^'^^i^^^^^^^^^^  solution  in  large  shining  plates  having 


Digitized  by  Google 


BfETHTLAMINEa' 


997 


Curbonaie.  (OH'N)>00'.— ThiA  salt  is  prepaced  hj  diatilUug  the  fmod  b^dro- 
ohlaife  witii  CHVooate  at  eaUimi.  The  prodaet  at  to«  ^Krtilhfloa  is  a  fay  thidk 

liqulil,  bu^^ng  a  quantity  of  solid  niatttT  in  the  uilJdlo :  the  liquid  is  .'i  liiglily  oonoen^ 
triitod  solution  of  carbonate  of  meth^bunine ;  the  solid  is  metiwl-carbamio  ackL  Ob 
gently  heating  the  eentente  of  tliA  feon'ver,  the  melliyl-^aHwinle  add  partly  d^wdree  and 
partly  volatilisi'S.  The  liquid  portion,  iis  it  cooU,  depo-"t>  t :  jsuils  of  the  carbonate* 
which  is  h^hljr  deli^aeeoeut  aiid  vola.tiliaee  even  ut  ordiuacgr  ^paxMturea.  It  is  dilfi* 
enlt,  faowerer,  to  ob&ia  tMs  Mdt  tm'iktm  nethyl-aufbaanie  add. 

Giu^eous  in*  thyl.imint«  unites  with  its  own  volume  of  carbonic  anhydride,  forming 
methTl-oarbamic  acid  (the  so-called  aa^ydrooa  carbooate  of  methjlanuneV 

OH'ir.CO^  ^  CO"  ^    (8e*  CtfOAxn  Aasa,  i  761.) 

CIV  j 

Chlorhydrate  or  Ht/drochiorate  of  Methylamine.  Chloride  of  Metkvt- 
ammon turn,  OH'K.OL'—Oaseotts  methylamuie  unitea with  ita  o'wb  ToloBe  of  hjmia* 

chloric  acid  ga.v,  fonninp;  ii  white  solid  salt,  wliieh  adhi  res  Wkc  (Sid-iimrauniiic  to  tho 
aides  of  the  TesseL — The  lialt  is  prepared  by  satorating  aqueous  methylamine  with 
hydvoehlorie  add,  and  arapovating  to  dryoeaa.  The  naane  oiawlvea  eaauy  in  bcnting 
alcohol,  and  rrj-stnllisos  on  conlin^  in  tine,  largf  lamin.ie,  which,  at  the  moment  of  their 
fonoatioD,  appear  iridescent  by  reflected  light.  It  is  deliqaescent ;  docs  aot  fuse  till 
iMated  abone  100^.  H««tod  in  an  open  Tesael  to  a  very  liigh  tempnatore,  it 
volatilises  in  very  dense  vapours,  which  condense  to  a  wliite  jx>wder  on  tlio  surface  of 
cold  bodies  (Wurtz).  When  a  solution  of  this  salt^  either  ia  water  or  in  alcohol,  is 
tMBted  with  amal^wn  of  poCaarinm,  hydrogen  ia  efoWad,  and  the  liquid  becomea 
alkaline.  "Wurtz  did  not  succeed  In  uhtaining  hj  this  reaction  an  amalgan^  of  methyl- 
anuuonium  corresponding  to  the  ammoniacal  amalgam  (i.  186).  Neither  is  such  a 
compound  produoM  by  pTadng  mercury  in  a  cavity  m  a  lump  of  hydrochlorate  of  mfr> 
thylamine,  and  connecting  it  with  the  voltaic  battery. 

Chloro-auratc  CH,*NCLAuCl*. — On  mixing  a  solution  of  hydrochloratf  of  me~ 
thylamine  with  a  solution  of  trichloride  of  gold,  no  precipitate  is  formed  ;  but  on 
ovaporating  till  the  liquid  becomes  very  concentrated  and  then  leaving  it  to  eool,  tht^ 
double  salt  ia  obtained  in  iilandid  golden-jello v  needka»  aolaUe  in  water,  alooho^  and 
ether. 

OkUr^mweurate.  CH<NGLHg01  or  3CHnrGlHIi9^Cli*.«-Fonua  hf  orapontix^ 

n  mixture  of  1  at.  hydrochlorate  of  methylapiine  nud  1  at.  corrosir*^  sublimatah  Hm 

solution,  when  highly  concentrated,  yields  bulky  crystals  of  the  double  salt. 

OJUoroplatinate,  CH«NCl.PtCl»  or  2CH»NCLPptCI*.— Beautiful  golden- j^eUow 

•Mlet  which  are  insoluble  in  alcohol,  but  diaidive  in  boiling  wster  and  ciyrtdliM^oa 

rooling.  When  heated,  they  blarken,  emitting  very  copious  fiunes  and  Isaving 

uf  platinum  mixed  with  charcoal,  which  burus  m  the  air. 
Fot  the  ocunpoands  of  methylaiaina  with  platinoiit  diloriiiis  MS  Itaninnt^ 
8ulphfrt(\ — Very  soluble  in  water,  insoluble  in  alcohol,  uncrystalllgable.  When 

evaporated  with  cyanate  of  potasiium,  it  yields  methyl-carbamide,  NIU^.CH'.CO*. 

Cyanidt  of  Metht/lammonium  and  Platinum,  CiPNPtCV. — Formed  iu 
tliie  iwqpamtion  of  methylamine  by  passing  a  mixture  of  hydrogen  and  hprdrocyanic 
add  vapour  over  heated  platinum -Hark  (p.  09')V  Part  of  th»>  motbylnmine  formed 
vnites  with  the  hydrocyanic  acid,  and  the  cyanide  uf  methyiaiumonium  thus  funned 
aotn  on  th«  platinnm  in  the  manxwr  rqpMae&ted  by  tho  cqnation— 

On  washing  the  platinum-bbick  with  water,  eooewntrating  dia  aohMioa  ofor  the  water- 
bath,  and  ttien  h  aving  it  over  oil  of  vitriol,  th.^  r!  ,i)ble  cyanide  s.  pnnites  in  long  pris- 
matic ciyrtals  liaviug  a  slight  brown  tint.  They  are  easily  soluble  in  water,  ana  leave 
a  grey  reddne  of  platinnm  wlwn  itrongly  heated  in  the  tat,  (Dabnii) 

lodhydrate  or  Ht/driodt^i^tCSB'IB^L — ^Produced,  togtthcrinfh  dimodoooethyl- 
amine  by  the  action  of  iodine  on  aqueous  methylamine. 

Vitrat€,  CH'N.NO*. — ^^'ormed  bv  stMnzating  aqueoos  methylamine  with  nitric 
add.  The  adlatiott,  irfien  eviqtonited,  yields  betuitiral,  right  rbombt^al  prisms,  very 

much  elongated,  and  closely  resemblinij  the  cryt-tals  of  nitrate  cf  ammonium.  Thi  v 
are  deliquescent,  and  dissolve  very  readily  in  water  and  alcohol.  They  are  decomposed 
bj  disHllwtitw,  yielding  gHeous  products,  and  drops  of  an  oily  liquid  inaohible  in  watee. 

BnnKil>OMSTHTt.A.]fQm,  C(H'P)N.    This  base,  formed  by  the  action  of  iodine  on 

aquwuw  methylamine,  \n  a  ganu-t-coloured  powder  rt  liich  dis.solves  in  alc(jhol,  but  appears 
to  be  decuinpoeed  tliereby.    It  is  Uecootpuoed  by  heat,  but  does  not  explode  like  iodide 

ofaitiOBeB.  It  it  ilttr  4tmrirn^  *t  r***S       **r»-«i.>i>  -rrf  iflrili^ff  irf  pmimim.  % 
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▼oLitU«i  pvodlMi  having  u  vcr)'  pungent  odour,  and  a  slight  insoluble  flooeulont 
(Wwt%  Aan.  Oh.  PIqn.  4M.) 


Ine,  Cn^N  =  N.n(Cn»)».  This  base,  isomeric  with  ethylaminp.  i« 
produced,  as  a  hydriodat«,  together  with  other  similar  compounds,  by  heating  fo  lidc  of 
methyl  with  ammonia  (Hofmann,  p.  994).  It  is  also  formed  by  heating  the  .so-caUed 
sulphite  of  aldehyde-ammonia  (i.  108)  in  a  imlllil  tobe^  or  lijdecoiBpod^g  ttwtth  Ifatft 
(f  eUvfea,  Ann.  Ch.  Pharm.  cii.  317): 

C=n»(NH*)>SO«  =  CH'N  +  .SO'  +  O. 

Gds8mann,who  first  noticed  this deoompoeition (t/hV^.  zci.  122)^  suppoeedthat  the  re- 
sulting base  was  ediylamine  ;  bvtPeteraenhMMovBtiiatlqrpMibgUMffi^^  gas 
into  ioaido  of .  thyl,  and  ImOag  tlM  ttqpdd  m  •  mM tab% Mite  of&wl^Mfativl- 

ammnniom  ia  pruiluced  : 

NH(CH«)»  +  2C'H»I  =»  HI  +  N(CH«)»(CH»)*I. 

The  quantity  of  dimethylamine produced  in  this  reaction  is,  howerer,  very  small,  and 
Hofmann  (Proo.  Roy.  Soc.  xii.  380)  finds  that  this  base  oa^rbo  obtnine<l  wMmndl 

rter  facility  by  treating  the  mixture'of  the  i<-Klidos  of  ammonium,  mcthylammnniuiB, 
produced  by  the  action  of  ammonia  on  iodide  of  methyl,  with  oxalate  of  ethyl,  in  thm 
■aimeralreadydeseribcdfbrthe separation  of  the  corr^pondingothjl-bu8os(ii.  ^oo.  359% 
An  alcoholic  eolution  of  ammonia  pently  heatpd  with  iodide  of  metliyl  in  a  fl.isk  pro- 
Tided  with  a  condenser,  solidifies  into  a  en-stalline  mixture  of  the  iodides  of  ammonium' 
and  of  methyl-,  dimethyl-,  trimethyl-,  and  ti  tnimethyl-ammonium.  The  more  •ofarite 
iodidee  sepamtml  fptni  th*-  '^pnrinpjly  soluble  iodide  of  tetnimelhylammoninm  arw 
OTaporateU  and  distilled  witli  iH)ta8h;  and  the  b.ises  evolved,  afttfr  being  carefully  dried 
by  passing  OTer  hydrate  of  potassium,  are  made  tu  p<i.«H  through  a  powerfully  refriger- 
ated worm-tube,  in  which  dimpthylamine  and  triraethylamino,  toLro»h.-r  with  n  p<->rti(jn  of 
the  methylamine,  condense,  the  ammonia  and  the  rej*t  of  the  methylamine  b.  ing  c;irriod 
off  as  gas  and  condensed  in  water.  The  mixture  of  the  three  methyl-bases  is  thsa 
treated  with  oxahite  of  ethyl,  whereupon  the  methylamine  immedintely  snlidiH.M  into  a 
crystalline  mass  of  di  mcthyloxamide,  N*H'(C'0*)"(CH»)*,  and  the  dimt  thyljunine  ia 

CQBfCrtad  into  dimelhjloxamata^f  athyl,  (CO')    5;.  a  liqvd  hoihag  bctwBV 

CH»  J" 

S60°  and  260^,  while  the  trimetih^limine  remains  unchanged  and  maj  be  expelled  hf 
gently  heating  tho  mixture  in  a  wnter-biilh.  The  diraethylnxnmate  of  ethyl  in 
aasily  8Gpamt4.'d  frum  the  mixture  by  solution  in  cold  water,  and  when  distilled  with 
h[fdmte  of  potassium,  yield^^a  mixtonof  aleohol  and  dimethylamine,  oxalate  of  potassium 
remaining  oehind.  The  distillate  eyaporated  with  hydrochloric  aeid  yields  a  crystallised 
xeaidne  of  chloride  of  diniethylammonium,  from  which  pure  dimethylamine  may  be  ob- 
taOMd  by  distillation  with  potash.  (Hofmann.) 

E.  Lucius  (Ann.  Ch.  Phorm.  ciii.  IO.t),  by  distilling  guano  with  limo.  obtained  a 
small  quantity  of  a  base  which  he  regarded  as  dimethylamine  (from  28  lbs.  guano.  0*5 
grm.  of  a  platinum-salt  having  the  composition  C'H'!m«LFtOP)L 

Dimethylamine  is  a  highly  alkaline  liquid  having  a  strong  anunoniacal  odour,  easily 
soluble  in  water,  and  boiling  between  8°  and  9°.  Its  gold-Mlt,  CH'NCLAuG*,  and 
platinum-salt,  C*H^Cl.PtCn*  both  crystallise  wdl,  theltttar  in  kng  splendid  needles^ 
ahootinp  thr<->ugh  the  liquid  fipom  one  side  of  the  Teasel  to  the  other.  (Hofmann). 

Trlmetlaj'lamine,  C'H*N  ->  (CH*)'N.  Discovered  b^  H  o f m  a n  n  (Chem.  Soe.  Qo. 
J.  iv.  804).  Produced,  together  with  other  methyl-bases,  in  combination  with  hydriodie 
tflid,  by  the  action  of  ammonia  on  iodido  of  methyl,  and  separated  by  treatmrat  with 
oxalic  ether  and  subsequent  distillation,  as  described  und(>r  Docbthtxavccb.  It 
occurs  ready  formed  in  many  organic  subetances,  especially  as  a  product  of  deeom- 
noMtion.  Hofmann  (CSiom.  Soe.  Qn.  J.  t.  2881  found  it  in  herring-pickle.  Acoord- 
Mg  to  Dessaiffues,  it  occurs  in  human  urine  (Ann.  Ch.  Pharm.  c.  218),  and  in  the 
blood  of  the  calf,  twelve  hours  after  it  has  been  taken  from  the  animal,  but  not  in  the 
perfoctitffiMlll Mood  (J.  Pharm.  rsl  xxxii,  43;  .Tahn>sb.  1857.  p.  382):  in  thellowenof 
Cratagm  cxyaeantha  (Wicke,  ibid.  1864,  478;  1862,  p.  330).  also  of  Crattt^  monO' 
gynOyPi/nis  Aiu:upana,  and  Pji/inu  communis  (Wittatein,  ibid.):  in  the  stinking  goose- 
mol;  Chenopodium  vulvaria  (Dessaignes,  i^/id.  1851,  p.  47^:  Wittstein,  Wicke); 
in  craw-fisn  (Wittstein\  and  in  erj^ot  of  rye  (Walz,  Jahresb.  1S;V>.  p.  552; 
Winckler,  ibid.  553  ;  Rithausen,  Kep.  chim.  pur.  1863,  p.  420).  It  ha.s  been  found 
also  in  very  small  quantity  in  guano  (Hesse,  ibid.  1867,  p.  402),  in  putrefying  yeast, 
(A.  Mil  Her.  if>id.\  and  in  putref\nii|Cj  wheat-douph  (Snltivan.  i^'id.  1858,  p.  231). 
It  is  also  produced  by  heating  narcotine  with  potassium-hydrate  to  260-' — 300°(Wer» 
t  h<  i  m),  or  with  water  to  260° — 260°  (Reynoso),  see  Nabcwtixb;  probably  als4T  ia 
thedeoompoaitkmof  oodeina  kf  potaah^ima.  (Andaraoi^  Jahrab.  1860^  430.) 
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The  triraetliylamine  obtained  from  sevpr.il  of  these 
for  tritjlamme,  CHMi*.N,  with  which  it  is  isomeric. 

Trniwdiylamim  if  as  oiW  alkfdine  liqnid  having  a  strong  odour  of  atalc  finh.  It 
boils  at  9^  (  Tlnfniann),  -which  i»  but  littio  ab(iv.>  the  boiling  point  of  dimothylnmine. 
When  a  lapid  bucc«>ssioD  of  electric  sparks  ixom  an  induction-coil  ia  passed  through  the 
rtipaar,  it » ilowly  deoompoeed,  yielding •  tany  deposit ;  but  0fm  ft  long  continuMiea 
of  the  n<nion  docs  not  t^iffice  to  sat  Uw  nhok  of  tlM  vUxOgmtm.  (HofmftBII 
■ad  Bttf  ^  Ann.  Ch.  Phann.  cxiiL  129.) 

It  onitM  with  aeidi^  Ibcming  exjtitmmhki  Mita.  Tha  mdnUU  adzed  vith  tulpkaU 
Iff  dumiMiitin  forms  Ittga  oTatala  of  triaaathyUmiaa-ftUai,  probablj  baviog  tha 

ooBipoaitioa  (80<)P.19H>0,  MMOogona talhatol  aBiBoaiaFalan;  fhiy aialt at 

100^  and  give  off  thrlr  watr-r  ( f  <  rvKtalli«rtioii  with  trtaaiaBeMBea  at  UO^.  (Baafcaa* 
BohnsB,  Ann.  Ch.  Pharm.  liniii.  343.) 
Trimethylumine  unites  direetty  with  lodida  of  nM4:hyl,  Ibnninff  iodide  of  tetiaaMUiyl- 

ammonium,  (CII»VNI.  and  with    tliVn  nnia.'  of  pfhylenp,  yuldiag  tha  OOaqpOOad 

CMr'NI^r-  -  i  '  'n'i^irni«];r)Nr.r.    (llofmunn,  see  p.  1000.) 

Tetrametbjlaiamoniiun,  C*H"N  -  (CH^/N.  (Hofmann,  Phil.  Trans.  1850, 
p.  93 ;  Chem.  Soe.  Qn.  J.  it.  891.)  Tha  iodnda  of  tint  htae  ia  iffodvead:  1.  By  tha 
aetion  of  iodide  of  methyl  on  trini'  tlivLin.inc,  the  two  liquids  immediately  unitii.tr  into 
a  crystalline  maw:  (Cfl»/N  ♦  Cli»l  -  ((Jli*/NI.— 2.  JBj  the  action  oif  ammonia  on 
iodide  of  methyl  Of  tha  «Te  iodidea.  H«NI,  (H«Me)NI,  OHWe»)NI,  (HMe»)NI,  and 
Me*NI,  produced  by  this  reaction,  the  f5r.«t  and  last  are  the  most  abundant ;  and  when  an 
aloohoLic  solution  of  ammonia  ia  used,  and  the  iodide  of  methyl  is  in  aiceoi^tha  aetion 
is  completed  in  a  few  hours,  tha  hot  aohition,  as  it  ood]a»  depositing  oyakalf  of  iodide  of 
tetramethylammonium,  which  aa^  ha  pvn0ad  hj  waaldng  with  odd  water  tad  laoTa* 
tallisation  from  hot  water. 

Hj/drate  of  Tetramethylammonium,^^^'^'^^  0,  is  obtained  by  digestiag 

oxide  of  silver  in  the  aqueous  solution  of  the  iodide.  On  filtering  to  separate  iodide  of 
silver,  a  strongly  alkaline  solution  is  obtained,  which,  when  evaporated  in  TaoooOTar 
sulphuric  acid,  yields  a  white  crystalline  mass,  rcBembling  hydrate  of  potaarima,  aad 
absorbing  water  and  cjirbonic  acul  with  aridity.  When  heateil,  it  intumesces  strongly, 
and  is  completely  volatilised,  yielding  a  strongly  alkaline  di«itillate.  According  to  the 
decomposition-pro* iui  ts  ofataiaad  with  other  bodies  of  similar  decomposition — hydrate 
of  tetrcth3lammoniura,  for  example  (ii.  561),  it  might  bo  expected  to  yield  triniethyl- 
amine  and  methylene,  CIP  ;  but  it  apjieara  to  be  decomposed  in  a  diflereut  manner, 
as  not  a  trace  of  permaneut  gas  is  given  off. 

Ncntndised  with  acids,  it  yields  crj  stidlisable  salts.  The  sulphate,  oxalate,  nitrate, 
and  hydrochlorate  have  been  prepared.  The  nitrate  crystallises  in  long  shining 
•aaadleB;  the  cM4)ropl8Unatr,  (CH»)<NCLPtCl*,  in  well-defined  octahedrons  of  a  deep 
orange-yellow  rolonr,  partially  deenmposed  by  bailing  with  WfttS^  IQca  the  platlBBm* 
salts  of  many  other  ammonium- bases.  (Hofm  ann.) 

lo'didet  of  rstrams<>yya<aw<>«rfwiii>--»Tel»amathyhBMawirfBm  aaitag  with 
iodine  in  several  proportions,  a.  The  /iio/in-h^rh'dr,  (Cn')'N'T,  pr»^pared  as  alwvo,  crys- 
tallises in  hard  flat  naedlea  of  dawling  wixiteneea ,  roaringlr  soluble  in  cold,  more 
soluble  in  boiling  watar.  Ite  aolalkBi  la  aaatial  and  bitten  Hia  crystals  are 
nearly  insoluble  in  alcohol,  qjoiU  iaaolnhla  IB  aUiar,  iparmgiy  aohiUe  In  n  aDcaliaa 
liquid.   (Hofmaan.)  ^ 

fi.  An  alcoholic  solution  of  iodine  added  to  a  hot  solution  of  the  mono-iodide  of 
tatrametbylammoniura,  forms  an  abundant  crop  of  shining  crystals,  consisting  of  tha 
penta-iodidf,  (CK')*NI*.  This  compound  is  decomposed  by  boiling  with  water,  yielding 
the  mono-iodide  and  probably  iodides  containing  larger  proportions  of  iodine. — y.  On 
adding  iodine  to  a  boiling  solution  of  the  penta>iodide  in  dilute  alcohfll,  a  melt«^  aaaaa 
is  formed  at  the  bottom  of  the  liquid,  which  on  cooling  solidifies  to  a  crystalline  mass 
consisting  of  the  deca-iodide,  (CH*)*NI".— 8.  A  solution  of  the  mono-iodide  mixed  with 
an  alcoholic  !>oIution  of  iodine  containing  as  i:m  i  iodine  as  is  required  to  form  the  tri- 
iodide,  yields  at  first  crystals  of  the  penta-iodiili',  rif>erwards  a  mixture  of  the  tri-  and 
penta-iodides,  wliich  may  bo  separated  mechanically  and  purified  by  recrystallisation. 
The  iri-iodSdt,  (CH')*NP,  forms  rhombic  crystals  having  a  deep  violet  colour  and  strong 
lustre ;  it  is  more  solnble  i&aloohol  thanthspsota-iodidsw  (Waltaiaa,Aaa.  Gh.  Phana. 
xci.  41 ;  xcix.  1). 

lodotiurcuratee. — a.  The  salt,  (CII*)*NI.TIligT,  is  obtained  in  small  Ug^t  ysDow 
prisms  moderately  soluV)le  in  alcohol :  1.  by  adding  mercuric  iodide  to  an  excess  of  iodide 
of  tetramethyhunmonium  in  hot  alcoholic  solution ;  2.  bv  the  action  of  metallic  mercuiy 
on  thatri-iodida  of  tatsaaMChgrlaanBoaiaia,  or  on  tha  ftfbwiqg  aalt 
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fi.  2(CH')*Iil.3Hlig''I*  Tluit  eompoand  is  obtained  in  fine  lemoD-jellov  waxy  scales 
Ivjf  iddiii^  ft  hot  ■leMolio  aointioa  ot  iodida  of  tabBmetbjIaixiaxHUtun  to  aa  nft^  of 
riM'ri'iirit'  lodi'lo,  or  by  tho  uction  of  metallic  mercinTiMi  |rTtl1l-i<riidg  of  tittHMth^ 
amniumam.    ^li.  Kimie,  Ana.  Ch.  Phann.  cvii.  2*23^ 

Ckloriodidti. — A  tetrachhrtudidc,  (CH»)'XI  (;i«,  analogous  to  Filbol's  chioriodidf 
of  anmonium,  NH'ICIV  is  obteined  by  h.  atintr  the  tri-  or  penta-iodide  with  oiide  dT 
wlrrr  ;  ioJide  of  !silv<  r  \s  then  immediately  formed  (togftfior  with  *n..<hitc),  »n-3  a  colour- 
less strongly  aikaiiue  solutioQ  is  formed,  oontaiuing  hydrate  and  iodate  of  t^zametiiyl' 

UCtPym*  ♦  iA«^  +  HK)  -  (CH^O*  +  t((CH^«N,H.O)  +  8A«I, 

and  CO  ^c\\\\y  Ii^^iting  the  filtered  liquid  with  hydrochlorie  Mid  (beat  after  BMtnliiiiig 

it  witli  iodic  ucid),  chlurino  is  ev-lvr  1.  and  trtracliluriodido  of  tetmmetbylammoniara 
is  deposited,  as  a  vety  loosely  cohem^nt^  lemon-yellow  anbstancei  ■mftlHtw  atroaglj  of 
iodiDo*  " 
iCWY'm^  +  «Ka  wm  (CH»)'NIC1«  +  tBfO  +  CR 

Iodate.  CblorfoiMd#. 

TIu'  irkhhriodidi'y  (CU')*NICP,  is  obtained  as  a  lemon-yellow  substance :  1.  By 
mtxiog  chloride  of  tetrametfaylammomom  widi  flUoride  of  fodiao.  2.  By  passing 
chlorino  into  II  Kohition  of  th«'  niuno-iodide;  a  precipitate  of  tin- j>«"nfn-iodulo  is  tlun 
formed,  and  afterwards  a  colourless  eolation  whieb  yieUa  the  tn-iodide  by  e^agaor 
Hon. 

The  dichl  or  iodide,  (CH*)*XTCT,  is  depositrd  from  an  aqueous  solution  of  the  tri- 
ohloriodide  in  shining  yeliov  inodonooo  eiTstals  Monging  to  the  Jim«»H4*  mtOB. 
(WoKiUBt  lofc  oM.) 

Methyl-bates  containing  Ethyl  and  Jmfl. 

a.  BI«tliyl^trl«tliyl-Miimoiilmn.  (CH*XCnT')'N.~The  mono^did*  of  this 
base,  obtained  by  the  action  of  methylic  iodide  on  tri^  tUyluuviuc,  r«  S4mble8  tho  iodide  of 
tetretbylammonium  (ii.  662) ;  it  is  very  soluble  in  water,  forming  a  neatxal  rery  bittor 
solution  wliifih  is  diwimpnoml  by  potaah,  Ibe  iodida  bsii^  pvoofitated  without  altssap 

tion. 

The  lodida  doooinpOMd  by  moist  oxido  of  sih-or.  yields  the  hydrate  whieh  dziM  up 
to  n  <*ry8t«lline  mass  r<»seml)ling  hydrate  of  tt  tn^'thykimmonium,  and  forminpr  m'«tidHn6 
salts  with  sulpiiuric,  liydrochioric,  nitric,  and  oxalic  acids.  The  chloroplnttnate  is  a 
beautiful  crystallino  pnoipitito  wmt«miiig  UeEVCLPtCI*.  (Hofmftnn,  Ghom.  Sue. 

Qu.  J.  iv.  313.) 

Thfl  tn-iudidcy  MtJi'Nl*,  obt^ued  hx  the  manner  described  below  for  the  correspon- 
ding compound  of  trimethyl-ethyl-ammonhim,  oijihilliisi  in  bihiiih>Tia]ei  quadiatie 
laminse,  dark  rcddish-ydlov  hj  tnamittod  lights  BMltiag  at  62^.  ^  X t  Uoi^  MlOL. 

Ch.  Pharm.  eriii.  1.) 

/3.  atmtnyl-dtotHyl— mmwriwiM.  (CH')'(C*fi*)*2?.— The  iodidt  obtained  bj 
passing  die  Tapoor  of  diethyUnuBe  into  iodide  of  elhjl,  and  hearing  the  iwHlitlug 

liquid  to  100**  in  a  .vaVd  tuVn-,  forms  whit.>  tabular  crystals  easily  solnbTe  in  wat- r  iirsd 
in  aloohoL  The  chloroptatinatt,  ^re'E*NCLPtCl',  icHrma  jeUowiah  prisms  or  tablets 
modoeatdy  aofathla  In  vaSer,  sparingly  in  aloohol  aaH  atbar.  (PataraaA.  Aaa.  Ck. 
Phaan.  xeL  183.) 

7.  Trlmetbyl^etlijl-ammoiiliim.   (GH')'(C'H*)K.~The  mono-iodidt  of  Ihia 

base  is  obtained  by  thf  direct  union  of  triTnethylamine  with  iodide*  of  fthyl. 

On  adding  2  at,  iodino  to  a  warm  alcoholic  solution  of  1  aU  of  tkis  mono-iodide, 
and  loaiving  the  solution  to  cool,  the  tri-iodide,  Me^ENP»  in  very  brittle,  rhom- 

h\o  pr5«m«<,  which  nro  in^sfantly  resolved  hy  wrttcr  into  the  mono-iodid.'  and  tlif  tnren 
pcutu-iodidt) :  iu  olcohuUc  solution,  on  tho  othor  hand,  lliese  two  couipounds  rt:uuite 
and  form  the  tri-iodide.  The  cfjyatals  of  tin-  latter  are  dark  brown,  or  in  thin 
Fplintwrs,  brownish-T'dlow,  and  pomc-whiit  diL-hroniatic ;  their  t-ur face-colour 
bluiith-Tiolet;  they  melt  at  04'^  without  deoompofeitiun.  ^K.Miilior,  Ann,  Ch-Phiirm. 
cviii.  1.) 

The  pf^ifa-huh'd*-,  Mc'TTN'I',  ohtained  by  trratiiip  tho  mono-  or  tri-ioilid.-  in  alffiholic 
solution  with  excess  of  iodin^i,  or  as  above  mentioned,  by  decompoaiag  the  tri-iodide 
with  water,  ciyalaniaes  in  quadratic  laminse  exhibiting  the  combination  oP .  esFa»  .  F 
(thf  lafttr  f;  very  .Hul>onlijiato).  An;zlooP  :  P  141°  0'.  The  orys-tals  are  opaque 
with  metiiliic  iuatre,  yellowish  in  very  thin  lavers  when  polished,  yellowiah-brown  in 
thicker  layers ;  aoifliea  aolonr,  aalalfie  atee%  beeoBung  daik  Una  on  auwaana  to  tiia 
nir;th9aw]ta»«8».  (B.  HtUai^  Jbe;  oX.) 
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«.  Trimetbyi-bromettiyl-ammonium.  C*H"BrN  =  (CII')\C^n*Br)N .♦— Tho 
bnmiid*  of  this  bus. .  C^Il'»NBr»  =  [(CH»)»(C*H«Br)N]Br,  ia  partMluced  by  the  acUoa 
of  nqneott?!  or  alroliolic  trimethylamiiir  on  l<romide  of  eUiylene,  best  in  s^tl.-d  tulps  at 
40  C^IPN  +  CH«Br»  =  C*H'»NBr^  It  is  Ten?  soltAk  iu  boiliug  jJcohol, 

^'  1i  iK'>  it  crvstallis'-s  in  wlii to  needles,  less  soluble  in  cold  alcohol,  insolnble  in  ether. 
Nittrat*'  of  silvor  a  !(li*<l  to  the  solution  of  this  salt,  thnjwn  down  onlj  half  the  bromine; 
and  the  tiltrat**  freed  fn  in  excess  of  silver  by  bydroehloric  acid,  yield*,  wilh  platinio 
e}i]orid8,Bp«iriii^dy  soluble  oct.ilit'dral  CTjrstab  ofthechJorojJitiinaU',  C»H'»BrNCLPtCl* 
The  cnrrrspoiidin];  (joij-mli,  C'll^BrXCLAnCaL*,  <Ky<tiiHifwi  ia  goldMi-ydlow  MadlMi 
(Hofmann,  Compt  rend,  xlvii,  688.) 

«.  MBMIbyUvlByKMUBOillan.  0*H»N  •  (CH*)'(C'H*)K— The  Immudft, 
OH'^NBr*,  treated  with  oxide  of  silver  piv  es  up  the  whole  of  ita  brominf  and  yields  a 
strongly  alkaline  liquid  eontnining  hydrate  of  trimi  thyl-TiDvl-ammoninm,  (J^H'^NO  = 

jy[0,  whieh,  when  n<  «itraHspd  with  hydrochloric  acid  and  strongly  concentratf  d, 

yield*  with  platinio  chloride  octahedral  crystala  of  tbe  platmum'SeUt,  C*ii'^CLPtCl% 
and  wirti  attrie  cMoride  the  gotd-t^  0*H!>*I7C!LAiiCP. 

Tli<'  hro/niJt'  of  this  base  is  al*!©  formeil,  togetlier  witli  the  prec»xllng,  by  the  action 
of  trimethylamine  oa  bromide  of  etl^ylene,  part  of  the  lattersplitting  up  into  hydro- 
htomie  add  and  bioiiild«  of  Tiqyl:  C^ffBi*  *  HB^  -i-  C^*Br.  (Hofmami,  loe. 
eit.) 

C  Trlmethyl-omyl-Ammonlum.  (CH'j'i'r^TT"  jN.^  Thponly  known  salt  of  this 
ba»e  is  the  fri-ii'dide,  which  is  obtuiDed  by  heating  a  mixture  of  tn-methylainine  and 
amylic  if>dide  f.jr  some  time  to  160°,  and  treating  the  product  with  tincture  of  iudiue. 
It  ciystalliaes  in  dark  liroxrn  flattened  rhonil  ie  prisms,  exhibiting  the  e(jnibiiiation: 

ooP  .  poPoo  (often  pr«dujuiimiit),  s/^l^co  .  !'»  .  ,^P:c  .  Angle  ooP  :  P  ce>  =2  104^28'; 
P«e  :  Poo  at  the  principal  axis  -»  112'' 4'.  The  crystals  exhibit  trichroism  ;  if  thay 
•re  placed  upriglit  and  viewed  so  that  the  liglit  may  be  transmitted  at  right  angles  to 

ocPao ,  the  ordinary  ray  is  dark  brown  or  nearly  black,  tlip  extraordinary  ray  light 
red-brown,  tho  fhixdtint  being  beCwm  the  two.  Thi-y  melt  ;it  .80'',  diM<Av«  mmiy  in 
a!  ')hri!,  but  aro  nearly  insohilTo  in  water.    (R.  Miiller,  loc.  eit.) 

This  salt  and  the  peroxides  of  the  other  bases  above  mentioned  form  with  mcrcuiy, 
coroponnds  aoalogoiui  to  those  already  described  as  prod^f^od  hj  tiie  action  of  mnearj 
on  the  j.criodides  of  tetramethylaminouliun.  (Mi'iller.) 

U.  Mattoyl^tbyl-Amylamlne.  C»H'»N  -  (CE*X^^'H*xeH")N.— This  baue  it 
obtained  by  the  dry  distiUation  of  hydmte  of  madijlodiethyl-amyl-ammoniiun,  water 
and  «tliyl«ne  gpa  being  girea  off  at  the  aame  time: 

(OTXOT)^C»H")N.H.O    *   (CH»XC*ffO(C*H")N  +  H»0  +  OH*. 

It  is  a  tmnsparf  nt  cjil.  having  a  fragrant  taste  .ind  smell,  sparingly  soluble  in  water. 
After  drying  overpotash  and  reetin<aifjon,  it  boils  con-stantly  at  135°.  It  diaaolvee 
alowly  in  acida  The  pUUinwrn-tatt,  O^NCl.PtCl*.  which  ia  rfrj  eolnUe  in  water,  ie 
prer-ipitafed  on  mixing  its  enrnponent  salts  in  strong  Holuti<jn.  or  on  ernpnrating  the 
mixture,  in  orange-yellow  oily  globules  which  gr^uaily  solidity  in  ajpiendid  needles. 
(Hofnann,  Chem.  Soe.  On.  J.  nr.  S17.) 

0.  BKetbyl-dleUkyl-amyl-ammonlnm.  C'"H««N  »  (CH»XC»H»WC»H")N.— 
Obtained  aa  an  iodide  by  gradually  adding  metbylie  iodide  to  diethylamylamine  con- 
tained in  a  tnbnlatediHort  provided  with  a  eondeneer,  the  miztnre  solidifying  on  cooling 
into  ;i  hard  whiff  erystallino  maas.  This  salt  is  very  soluble  in  water,  forining  a  very 
bitter  solution,  from  which  it  ia  pi<ecipitated  by  potash  in  oily  i^obttlea  which  solidify 
tmt  dowly. — By  digMtion  witii  oztae  of  stiver,  it  is  eonTerCed  into  the  hydrate, 
C'*H'*X.n.O,  in  the  form  of  a  strengly  alkaline  solution  which  when  evaporate  to 
diyneM  and  distilled  is  resolved  into  water,  ethylene-gas,  and  methyl-ethyl-amylamine. 
The  sulphate,  nitrate,  chloride,  and  chloroplatinate  are  crystalluie.  (Hofmann, 
Ghem.  floe.  On.  J.  ir.  SKI.) 

See  Phkntlajiinbs. 

Ogid4  4tfM$tMmitdJiMl,GE*J(yia}KO,  Sea 

AXYL  (i.  206). 

See  PHEimLAifdKa. 

See  AamO'MuaaLaBf  OaMom  (L  400). 

S|yn.  witli  SIsnncxpAiRiao  Btds. 

See  BnR&m  ov  H^nMst,  uder  SrnU)  Qmi 
ov  (iL  £42). 
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METHTLATE  OF  ETHYLENE. 


Ch.  Pltanu  eriii  84),  by  distitlbtg  s  mixture  of  methyUe  tad  cid^lie  alcohol  with  sul- 
plnaBa  add  and  peroxidt^  of  maagtaut^  obtaiaod  thia  cnmncwind  mfaKad  vitli  mkhjU 

(CH*)") 

Imw  noentlj  been  obUined  hy  Dancer  (Chfw.  Soc.  J.  xviL  222)  from  crude  irood- 
nifit^  nd  calladtiylttmdiiuothyl-Acetftl;  hot  itisby  w>«Maaaeaetatatluit«it2Mr 

tnis  or  Wvirt/'.s  compound  is*  really  a  dcriTativi-  of  ao*  tal  (soo  Acttaj.  i.  4).  Pant'er 
prepared  hiM  comp<Huid  m  foUows : — Crude  wood-spirit,  well  dried  over  lime,  was  dis- 
IOIm  vmnuda  far  aometime  with  a  eoiumtMted  aolntum  of  oaastie  aoda  todgeoMpoaa 

the  nK'ftiylic  acotatf  {iri-!<rnt  ;  the  distillnto  was  rcpr-at.  Jly  tivat.  il  with  clilorido  of 
as  long  as  Umt  compo\uidooutuiu^to  take  up  methjlic  alcohol  from  it»  then 
with  a  omwonlfalsd  aolntioii  of  acfd  ralphlto  of  iodlvui,  to  mbiovs  tiia  aMtoBo^  and 
aftorwards  di^tilJfd  npwarda,  with  oaustlc  potash,  fo  inMire  the  complcta  decomposition 
of  the  remainiug  mMhjirlio  acetate,  the  laetbjUc  alcohol  £anxMd  hj  the  decompoaition 
of  thii  otter  h3at(  mnorad  by  chktida  of  oaLiltdn,  and  the  mnaiiiing  liqnid  finaDj 
purified  by  a  few  aistillntiuns  on  sodium.  Th«^  f  nxluc  t  thus  ulitainr-il  had  veryneaiiy 
the  composition  of  dimethylat*' of  ethyl. no  (53*3  percent,  carbon  and  U*l  hydn^en)^ 
boiled  at  63°— 64°  ;  had  a  spccitie  ^Tavity  of  0-8787  at  6°  C.  (compjirod  with  wat«rat 
4°C.)ainl  vapour-density,  by  experiment  3*165,  calc.  3"114. 

The  liquid  called  liqnonc  by  Weidmann  and  Schweizer,  and  xylite  by  Volckel,  wns 
probably  a  mixture  of  this  compound  with  some  of  the  other  consUtucnta  of  cnulo 
wood^^iNrit. 

mTR-SXATB  or  POTASSIUM,  CTT'IvO,  and  IICETH7X.ATI:  OX* 
flMmzUSK,  Uii*JSaO. — Compouucia  similar  in  properti^  and  reactions  to  the  ethyiatos 
of  tba  aama  met^  (ii  643, 643) ;  they  af»  ooCamed  tij  tha  action  of  polaaai«maiMl 

sodium  on  methylie  aloohoL 

Mirr» « x-B'wnwtifMi  or  mmmKnaano  anas,  fiaa 

Eiasaa»  (i.  677). 

6o9  8l4Xiicnso  Svmshil 


-BKVCnrB.    C»*H"N»0«  -  C«ir-^(rH»)N'0«.  (Stahlschmidii 
Pog^.  Ann.  criii.  rK)3  ;  Jahn  sb.  1869,  p.  398.)— Obtaiued  as  a  hydriodaf*",  hy  treating 
brucine  with  iodide  uf  liit-tiiyL^The  hvdriodalc  cnstallises  from  Ixiiliug  water  in 
shining  lamina  containing  O^H^iBW.Hl. 8H'0,  and  not  fiirthor  alf.  red  by  treatment 
with  iodido  of  mctliyl.    By  decomposing  this  salt  vrith  oxido  of  silver  (or  the  sulphatn 
with  baryta-water)  a  solution  of  methyl-bruciue  is  obtained,  which  is  eoiourle&i  at 
&at,  but  aooo  decomposes,  turning  Tiokt;  and  dark  red  whoa  ovapotatod,  giving  off 
carbonit'  aidiydndo,  and  It  living  a  solution  containing  a  base  diffr  rfiit  fr<ini  nii'tnyl- 
Itrucine.    The  htfdrobromate,  C*H*X*0* JIBr^H'O,  is  obtained  b^  piixiu^  the  solution 
of  the  hjdroehioTftta  with  broraide  of  potasniun,  aa  a  eryatalluie  procipitata,  easily 
fioluMo  in  wat«'r  and  alcohol,  and  frvstallisin-;  from  tlio  latter  in  Hmall  shininir  }'ri>nis, 
which  give  off  t  hoir  water  at  130°.  the  hydrocMoraU,  C^H^N'O^.HCl.'.H-C),  obtaiiied 
hy  Bcotnliting  the  baaa  witt  the  aoid,  fioraM  small  diining  crystals  tusWx  solvUe  in 
water  and  in  alcohol.    The  ofatipuu.-sa^f,  r-'IT'^\'0'.lK'l.rtCr-,  is  a  y.  iW  precipi- 
tate insoluble  in  ether,  ^uy  soluble  in  alcphol  and  in  water,  and  cxystallisiua;  m 
needles  from  the  lattiw.   The  go/dsaJf,  C*H*'K*0*.H'ClAiiCI*,  fa  an  omnge-ytSW 
precipitate,  sparingly  suluble  in  cold  water.    Mercuric  c/j/"a-/V<  added  to  tb<'  '•olution  of 
the  bjdiycblOTate^  forma  a  white  curdy  precipitate.   The  neutral sulohaU,  (C^H^NK)*)* 
mCr.SH^O,  ob^ned  by  deeoinposing  the  hydriodate  with  anl^hate  of  sflver,  Ama 
a  radio-crystallini-  ma'-s,  t  a.-ily  soluble  in  water  Knd  in  alcohol.    An  acid  stdphate^ 
C«iIwNiO*.H"«0«.2H*0,  obtained  by  treating  the  neutral  salt  with  dilute  mlphttrio 
acid,  forms  indistinct  crystals  somewriat  less  soluble  in  water  and  alcohol. 

Mi  thyl-hrucine  does  not  appear  to  be  puisoti  jua;  10  gntBaoftheait^^tiei^Tan  to 
a  ral'l'it  did  not  ^.'.'"d'l'''^  anv  poisonous  ctVcfts. 

IMLMTH K li-aPTYBAl-  C*II'O.CU'.— A  compound  produced,  together  with 
butyral  C*H*O.H(L  689%  ethyi-butyral  C*H'0.(7>H*  and  bntVrone  (i  697X  by  the  dry 

distillation  of  butyrate  of  calcium.  It  boils  at  ahont  111",  has  a  ppicific  grsTity  « 
0-827  at  0°,  and  vapouinienaitir  Z'l^—Ethi/l-btUj^nU  boils  at  about  12«°,  has  a 
apedfto  grarity      0*838  at  0%  and  fapoii]>4enn^      8*581  (FHed«l,ikJia,  Ch. 

Vhnr  Tdiresb.         p.  205.) 

SdliXaYi-CiiMPHORic  ACID.    Bee  CAMTTromc  AcTO  (i.  732). 

BSBTBTXrKJAMPB&BlfBt  C*E'*(C1I')0.— A  product  obtained  Igr  the  action 
aodimn  and  iodide  of  metbjrl  on  cainphraie  (i  783).  A  mixtofo  of  equal  parts  of 
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oamphrene  and  benzene  is  treat«d  with  sodium  in  an  atmosphere  of  hydrogen,  till  tho 
Bodium  remains  unalt«  re<l  oven  on  heating,  and  the  solution  is  then  cohobatid  with 
excess  of  methylic  ioiJide.  On  adding  water  to  the  j-esulting  liquid,  a  brown  oil  is 
thrown  down,  which,  after  repeated  rectification,  yields  mcthyl-camphrene  as  a  colourless 
iiromatic  liquid  boiling  between  226°  and  230^.  (H.  Schwanert,  Ann.  Ch.  Pharm. 
cxxiii.  298.) 

Camphrene  is  an  oily  body  produced  by  heating  common  camphor  with  sulphuric 
acid.  Chautanl,  who  discovered  it,  assigned  to  it  the  formula  C*H"0;  but  according 
to  Schwanert,  it  has  tho  composition  C*H'*0,  isomeric  with  phorone  (q.  v.). 

METHTXi-CAPKZirox..       ^g,   J  .—This,  according  to  Harbordt  (Ann.Ch. 

Pharm.  rxxiii.  293),  is  tho  rational  constitution  of  the  essential  con.stituent  of  oil  of 
rue,  n^'rinl'  d  by  C.  O.  Williams  as  euodic  aldehyde,  C'H^'O.H.    (See  Run,  Oil  of.) 

METH'TXt-CAPRO'n.    Seo  METnTL-HRXTL. 

METHYIi^C  A » "R  A  MIC  ACZB.   See  Cabbahic  Acid  (I  751);  also  Mbthyl- 

AML.\R  (iii.  99).  .  ^ 

1«STBni-CASBAMZI>SS.    See  Cahbavtdb  (i.  754). 

Accurdiiig  to  Liter  .  xj-eniuciiu  by  Wurtz  (IWp.  Chim.  pure,  1862,  p.  199),  dime- 
(Cll»)») 

thyl -carbamide,  (CO)"  N',  prepared  by  the  action  of  mothylamine  on  cyanate  of 

methyl,  raelta  at  102-5°  and  boils  between  268°  and  270^ ;  the  (identical)  compound 
obtained  bv  treating  cyanute  of  methyl  with  water,  melts  at  99-6'*,  and  boils  between 
273°  and  2'88<'. 

CH'.CHM 

Methyl-ethyl-carbamide,     (CO)"         molta  at  62*  or  63°  and  boils  bo- 

H«  j 


N. 


tween  266°  and  268°. 

MBTHYXi'CiUlBOn'ATES.    See  Cabboxtc  Ethers  (i.  801). 

MX:tuyz*-CHX(OSACETOZn    CH*CI'. — A  compound  isomeric  with  chloride 

of  tritvleiif,  {ipixluoed  \>\  flie  acti(.n  of  pentachlorido  of  phosphorus  on  acetone  (i.  27). 

BKZ:thtx.-CZTRZC  ACZBS.    Si-o  Citric  Ethers  (i.  1001). 
METBTX.-CHZ.OROSAZtZCrZ.ZC  ACZB.    See  SauCTLIC  EthSRS. 
XKZETHYXi-CONZlffE.    See  CoNIXR  (ii.  6). 

MSTHTZ.-CTAirAM[Z3>ZL  C«H*N'  =  (H.CH'.Cy)N.— Produced,  together  with 
hydrochlomto  of  methylaiuine,  by  tho  action  of  gaseous  chloride  of  cyanogen  on  methyl- 
amine  (Cloez  and  Cannizzaro,  Ann.  Cb.  Pharm.  Ixxviii.  228): 

METUYli-CTAirAmxnrZ.    See  Phexyi-AHIKBS. 

METHYZ.-DZSXrZ.PH0PH08PB0&ZC  ACZ9.    See  PHOSPHORIC  ETHns. 

METHTZ..Z>ZTHZO]ariC  ACZX>.  CII*SO^  (J.  T.  Hobson,  Chem.  Soc.  Qu. 
J.  X.  243.) — An  acid  preKluced  by  the  action  of  sulphurous  anhydride  on  idnc- 
mctbyl.  The  dry  gas  paused  into  an  ethereal  solution  of  zinc-methyl,  kept  cool  to 
moderate  the  action,  is  rapidly  and  completely  absorbed,  and  in  a  little  while,  n  white 
crystalline  substance  is  formed,  which  is  the  ziuc-salt  of  methyldithionic  acid,  Cll'ZnSO''. 
This  salt  may  be  freed  from  ether  and  the  last  traces  of  sulphurous  acid  by  evaporation 
in  vacuo.  It  may  be  converted  into  a  bariuni-palt  by  treatmg  it  with  excess  of  caustic 
bar}'ta,  and  from  this  the  acid  may  be  prepan>d  by  precipitating  tho  barj'ta  with  dilute 
sulphuric  acid. 

Methylilithionic  acid  is  a  liquid  having  a  feebly  acid  taste  and  reddening  blue  litmus. 
It  decomposes  in  a  short  time,  with  deposition  of  sulphur,  even  in  a  very  dilute 
solution. 

The  Methyldithionatfa  cannot  bo  conveniently  prepared  by  digesting  the  free  acid 
with  oxides  or  carbonates,  on  account  of  the  fiudlity  with  which  the  acid  decomposes; 
but  they  may  be  obtained  by  decomposing  the  zinc-salt  with  the  corresponding  basss^ 
or  the  barium-salt  with  sulphates.  Their  general  formula  is  CH'MSO'  for 
those  containing  monatomic  metals,  and  C^H*M"S'0'  for  those  containing  diatomic 
metals. 

The  mothyldithtonatMare  all  very  soluble  in  water,  but  insoluble  in  alcohul  and  ether. 
The  biirium-satt,  CH*BaSO'  or  C^ll'IibaS-O',  is  prepared  by  treating  the  solution  of 
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1  ho  /itic-ttlt  witli  excess  of  caustic  baryta,  filtering  to  sepaiate  oxide  of  tine,  precipiut- 
ing  the  exMM  of  baryta  by  a  itraaiB  of  eaiboido  Mid,  and  erqMiatiBf  the  flterato  affc 
thf  h«'nt  of  the  watrr-bath.  It  is  a  colourless,  inodorou/*,  crystalline  salt,  which  i^* 
predpitafced  from  its  strong  a^tieous  solutioa  bj  alooliol  in  the  form  of  a  white  grumlar 
powaer.  A  maeratnted  aqvtOM  mAiSkm  kil  to  Tapowito  n  'meao,  depoiilt  tiui  ttM 
in  cnbea  MiMyd  m  octdwM  iniWBft  lit  withif m  •  h-t  af  170^  wMiort  d<eo«y»» 
ntion. 

The  oaleium-MUfCSPCaSCP  or  C*H'Cca'^-0*  prepared  in  a  rinflcr  mamia^  remains  a* 
a  solid  nneiTBtallisable  mas8  when  its  concentratea  eolation  is  left  to  eTiponte  in  a 

Tacunm.  The  copper-salt  is  obtaiii«i  iis  a  grass-green  solution,  which  is  decomposed  by 
•  deposition  of  sulphur.    The  magnesium-salt,  CH'MgSO'.^HH)  or 

0'!n''ibi|f8*0\H*0,oblaiMd  by  deeomporfngthr  barium-salt  withsulphuti'  of  magnesium 
or  the  jnnc-salt  with  raagnfsifi,  forms  minute  colourles*s  onstals.  The  nickd-saJt  is  ob- 
tain <h1  by  double  decompositiun  as  a  grass-green  solution  which  dries  up  in  a  Tacanm, 
with  partial  decomposition,  to  a  dirty  buff-coloured  amorphous  mass.  The  tilner  §M  ia 
obtained  by  dissolving  carbonate  of  silver  in  the  free  acid,  but  the  solution  (Womposes 
and  blackens  when  exposed  to  bght  or  heated  to  100°.  The  sinc-salt,  CH*ZnSO*  or 
CU^Sn'BH)*, prepared  as  aboTe  described,  separates  by  p%-aporation  from  a  verr  coiiMA* 
trated  aqueouH  »>o1ntion  in  small  crystals  soluble  at  100°,  but  blaciteBUg  tad  deeaB> 
posing  with  nn  offensive  odour  at  a  somewhat  higher  temperature. 

Mrtkylditkionate  of  Eth^l.—A  Bizton  of  the  barinm-salt  with  ethylnsolphate  of 
potassium  distilled  at  a  hi^'h  temperature,  yields  an  oily  liquid  together  with  large 
quantities  of  sulphozous  anhydride.  The  product  washed  with  water,  dried  over 
cliloride  of  calenni,  aad  redistilled  in  a  Tacuum,  forma  a  li|^t  etravKioiisvved  liquid 
slightly  heavier  than  water  and  having  apoeoliir  fllhj  odoar.  It  dtK<Mm|Otm  at  tiM 
<      hii^  temporatore  required  to  prepare  it. 

V        Bthyltritliioiiie  aeld,  iw90*,  ii  prepared  fai  a  iliBllir  nanaer  to  ■elli^l* 

«.      (lithionic  acid,  tfia  line-salt  being  obtained  by  the  action  of  sulphurous  anhydnda 
on  Kinc«ethyL    Ito  ealts,  which  have  the  general  formula  C*H'*M*S*0*,  or  iior 
>.r        dktofttie  metala  0*H*^i!P9K)*,  are  Ibr  tiw  noet  part  lao^ 

tallisablr-  tlian  the  mo!l;vl  rlttln'onaffs.  The  hnrium-sa^f  dried  over  oil  of  vitriol  i  .n. tains 
....  ^  '«l{bu"8»0Ml*0,  gives  off  its  water  at  100°,  and  bears  a  heat  of  170°  without  deeom- 

»\;.  iipsition.  The  cojyper-salt,  C*H'*CcuS*CH  (at  100°),  crystallises  from  aqueous  or  alcoholic 
'  «•  solution  in  greenisli-blne  deliquescent  needles.  The  silversaU  dried  over  oil  of  vitriol 
iix  ^acuo,  contains  OH^Ag'S'O*.  It  is  white,  crk-stalline,  very  solnble  in  water,  aad 
highly  d»'liquescent.  It  is  not  docomposod  by  light  or  by  heating  to  100^,  but  com- 
plt  telv  at  a  somewhat  hiaher  tcmporaiure.  The  sodium-salt,  OH"Na'S'0*JI*0,  ob- 
taiiKcl. by  dissolving  canonate  OX  aodian  ia  the  aqueous  ncid,  separatea  flram  tfia 
alcoholic  solution  by  evaperation  in  a  vacuum  in  small  ill-di  fni<  d  crv«itnl«4. 

Ziiir-m/f.s-. — The  salt  obtained  by  the  notion  of  8ulj)hurous  anhydride  on  zinc-ithjl, 
is  a  basic  8alt  conytaing  &n''0.2C«H>«Zin'^H)«.3n'0,  the  excessof  zinc-oxide  arisinj^ 
from  the  action  of  watci'  on  the  nndecomposcd  zinc-ethyl.  By  cryntallising  this  salt 
first  from  alcohol,  then  from  water,  the  normal  zinc-salt  C*H"*Zzn"8*0*.U'0,  is  obtained 
ia  Buaate^  oolourless,  needle-shaped  oyatals  having  a  peculiar  odour,  and  soraetdMt 
bitter  taste.  It  retains  its  water  of  crystallisation  at  lOO'^,  dissolves  sparinply  in  water 
either  hut  or  cold,  also  in  ether ;  is  nearly  insolublo  in  cold,  but  moderately  soluble  in 
boiling  alcohoL 

Kthyl-tritkionate  of  etht/l  C*TT'«(r=n5V-S»0«,  prepared  by  distilling  the  crj-stalUsed 
barium-salt  with  ethyl-sulpliate  of  potassium  in  an  oil-bath,  is  a  yellow  oihr  liquid 
iwaifier  tiuai  irnln  having  an  ofifensive  odour,  insoluble  in  water,  bat  ariwrfWa  ia  all 

•proportions  witfi  tieohol.    (Hobson,  Chom.  Soc.  Qn.  J.  x.  55.) 

MBTMTUnnL  CH'. — This  compotmd,  the  first  of  the  series  of  hydrocarfaoa% 
OH*",  ethylene  being  the  second,  is  not  known  with  certainty  in  the  (kve  ilito. 
Dumas  and  Peligot  in  1836  (Ann.  Ch.  Phys.  Iviii.  28),  by  passing  chloride  of  methyl 
throoffh  a  porcelain  tube  kept  at  a  cherry -red  heat, .  obtained  a  gas  which  they  re- 
garded as  methylene.  After  being  agitated  with  water  till  quite  free  from  hydro* 
rhlorit'  acid  ^:is  and  nndocomposed  chloride  of  methyl,  and  no  longer  yielded  hydro- 

.  chloric  acid  when  burnt,  it  appeared  as  a  colourless  gas,  having  no  reaction  upon 
vegetable  colours.  It  burnt  with  a  yellow  flame,  and  2  Tol.  of  it  exploded  with  excess 
of  oiTgen,  oonsomed  3  -toL  osygen,  and  pnxluced  2  vol.  carbonic  anhydride.  Nov 
mpposing  two  volumes  of  the  gas  to  contain  CH',  that  is  to  sny  2  voL  hydrogen,  this 
quantity  of  hydrogen  would  consume  1  vol.  0,  and  the  remaining  2  voL  O  would  form 
S  voL  00*  with  the  1  at.  C  in  the  2  vol.  of  the  gas.  The  gas  could  not  howfW  hare 
been  qnitc  pnre,  as  charcoiil  was  deposited  in  tlio  tube  during  its  formation,  rerrot 
obtained  no  evidence  of  the  formation  of  mcUivkne  in  the  decomposition  of  methyUc 
ehkaMa|]7hML  (8eepiM7.) 
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Begnanlt  doubts  Um  existence  of  meAylme,  inasmuch  as  it  is  not  obtained  bjr 
troiitiii^.'  methyl-«ther,  or  wood-spirif,  with  excess  of  sulphuric  acid.  Again,  Hofm  Ann 
finds  that  it  is  not  produced  by  the  decomposition  of  hydrate  of  tetramethy Uuamoa ium 
\ry  heat,  though  the  hydmle  of  tatNtfajkmnunihunt  wntnttmM.  in  ]lk«iuutiiaF,7i«ld« 

abiuidance  of  ctliyl**!!?. 

Methylene  is  a  diatomic  radicle  £»ming  ethers  analogous  to  those  of  ethylene.  The 
•cetete,  l»omidp,  chloridei  iodide^  oodd^  sulphide,  and  sulpho-carbonate,  hare  been  ob- 
tMnedylwttheierieiiaatpeient  lanch  le«  eoiiplctotJunthstof  theefehykiucelihm 

XISI:THYI.BKIB,  ACETATB  of.    C*IPO«  =  ^J,[j^|[^'jj|0'.      (Bull crow, 

Ann.  €b.  Pharm.  exL  242.) — This  compound  is  produced  by  the  action  of  iodide  of 
methjlene  on  aoeteto  of  aihrar: 

CH*P  +  2(FH*AgO*   —   2AgI  +  CH^O"H»0)W. 

An  intimate  mixture  of  the  two  substancfs  in  equivalent  quantities,  with  the  addi- 
tion of  crystallisable  acetic  aoid.  is  In  aied  to  100^  for  some  hours;  the  resulting  mass 
is  distilled  in  an  oll-butli ;  thi-  distillate  is  rectified,  the  portion  which  tlistils  above  150'' 
being  colli  ctcd  apart ;  this  portion  in  saturated  with  lime ;  and  the  acetate  of  calcium 
is  dissoktxl  out  by  water.  Acetate  of  methylene  then  iepaxates  as  an  oil,  which  is 
dried  by  chloride  of  calcium,  and  frt  cJ  from  the  Inst  traces  of  iodide  of  methylene  and 
acetic  acid,  by  distillation  over  dry  acetate  of  silver  and  a  small  quantity  of  quick- 
lime. 

It  is  an  oily  liqi^^^  heavier  than  water,  and  having  an  aromatic  tasto  with  pungent 
after-taste.  It  diiwolvus  in  water  to  a  certain  extent  without  decomposition ;  but  when 
IndLooed  in  n  eaalad  tube  with  a  quantity  of  water  not  snffldenl  to  diraolve  it  at  ordi- 
nary temperatures,  and  heated  to  100°  for  twenty  honrs,  it  is  dissolved  and  completely 
decomposed,  yielding  acetic  acid  and  a  solid  volatile  substance  which  dissolves  readily 
in  irater  md  renuuns  m  n  white  nmdne  when  the  adatiofn  if  evefiorated  in  tmqo. 
Acetate  of  methylene  boiled  with  aqueous  nlkaliK  (|>otaNh  or  baryta-water)  or  heated 
with  them  in  sealed  tubes,  is  decomposed,  yielding  an  alkaline  acetate,  and  perhaps 
else  a  emaU  qumtttgr  of  ftcmatew  Neither  m  this  deoomporitian  nor  in  fbat  by  water 

is  any  hydrate  of  niethylene  (mefhyl-glycol)  formed. — When  acetate  of  methylene  is 
heated  with  water  and  oxide  of  lead  in  a  sealed  gkss  tube,  acetate  of  lead  ia  formed, 
tqgwIlMririth  oodde  of  methylene : 


+    mo     «     4C»H»PbO«    +  C*H«0». 


Xtii  alio  deeompoeeA  hy  but  nmlUba  in  thie  ease  i»  aqy  neOgrlnM-^bfeol 

fenned.  Theaa  aetar  Meni  to  ahov  thait  mtilibjlmt^f^ijtKiL  hu,  no  fflriatemee.  ^ut- 

lerow.) 


boasniB  or..  GS'Br'.— Pxodooed  bj  the  action  of  bromine 
on  the  iodide.  (Bntlerow.) 

MSTKTXiBArx,  CUOSIBB  OF.  CH>CI*.— Flfoduced  bj  the  action  of  chlorine 
on  iodide  of  methylene  (Butlerow,  Ann.  Ch.  Pharm.  cvii.  110;  exL  342).  When 
chlorine  gas  in  passed  into  iodide  of  methylene  covered  with  water  in  a  retort,  and 
the  retort  is  gently  heated,  a  very  Tolatile  uquid  nasses  over  into  the  receiver,  and 
iodine  separstes  in  the  crystalline  form.  The  oily  liquid,  which  is  cliloride  of  OMtli;^ 
lene,  is  (mrified  by  heating  it  with  ehloiine  and  a  iaw  dropi  of  pcAaahrljc^  diying  over 
dlloride  of  calcium,  and  reetifying. 

It  is  a  oolourlsoa liqidd,  heavier  than  w  it  r,  1  ut  lighter  than  the  iodide.  It  has  n 
penetrating  odour  very  much  like  that  of  chlocofigsm.  Doea  not  aolidi^  IB  •  XUaEtOM 
of  snow  and  salt.    Boils  at  about  iU°. 

According  to  the  known  boiling  points  of  the  chlorides  of  tetiyleno,  trity lene,  and 
ethvlene,  that  of  chloride  of  methylene  should  be  66°  instead  <>f  40°.  Now  according 
to  Wurtz,  the  difference  of  boUiug  point  between  chloride  of  ethylene  and  the  isomeric 
body  chloride  ofethylidene(ii.  699)  w  25°.  If  then  this  same  difference  between  the  boil- 
ing points  of  chloride  of  methylenr  ;5nd  r-hloride  of  methylidene,  is  also  2.')'^,  the  latter 
sbottld  boil  at  40°,  as  the  compound  now  under  consideration  actually  does.  Hi  uco 
Bndwov  thinks  it  not  improbable  that  this  compound  is  really  chloride  of  methylidene, 
and  consequently  that  the  iodide  of  methjrlene  above  d.  scribed  is  also  really  an  iodide 
of  methylidene ;  but  till  this  point  is  satwfitctorily  ascertained,  it  h  bciit  to  designate 
tiiese  bodice  as  metlu^ene'^xnnpoanda* 

Oikcideof  metMene,  or  ita  iaoner,  mopochtotinatod  methgrUa  ehioaide,  CBHSLd, 


I 
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is  produced,  togetiier  with  chloroform  K^HORCl),  by  briij^ng  chionde  of  methjl  and 
cfaMktne  togvtlMr  in  avnaUno^  and  eeoaeiMriDg  the  prodnets  hj  r^Hgeanation  (p.  9SSy. 

(Rpgnault,  Ann.  Ch.  Phys.  ['!]  Ixx.  377).    The  compound  thuB  obtained  h^a,  hnw- 
errr,  a  much  lower  Ixtilinigc  pointy  viz.  B0'6°  (fiegnault).    It  miitea  with  triethji- 
pbo««nhine,  forming  hcrrtSOXMmmt  oiMaaum 
CH^CP  +  (C'H'yP  -  (CH«C1)(C»H»)*P.CI.  (Hofmann.) 

Chloride  ofDinitromcthijlcuc.  C(N0-)=C1'.  prari^nac,  Rev.eeientr.  37-5.) 
— ^Thia  compound,  which  ia  closely  rcLit«i  to  cUluropicriii,  C(N0')C1*  (i.  922X  and  is 
eonmonly  Imown  bj  the  name  of  Marignacs  oil,  is  obtained  by  condensing  the  gaseous 
products  of  the  action  of  fhlorlno  on  naphthalene,  and  purifying  th'-  pnxlurt,  wliicli 
separates  after  a  while  from  the  acid  hquid  in  the  nMieirer,  by  djstiUalioQ  with  water. 
It  if  A  oolourlesa,  transparent  liquid,  hsTing  a  specific  gravity  of  1-685  at  Id®,  a 
pmigfnt  odour  liko  that  of  chloride  of  oyjmogen,  and  pn)during  gr>  at  in-Itation  of 
eves.  It  is  neutral  to  TCgatable  ooiouia.  Water  dis8olv««  only  traces  of  it,  but  huM- 
dent  to  impart  the  odour.  It  is  rtTj  aolnUe  in  aloohol  end  ether,  very  slightly 
holubli'  in  hydrochloric  acid.  Its  boiling  point  is  Hhovo  100°,  but  it  Mt-tiU  witii 
Tapour  of  water.  Metallic  mercuir  absorbs  the  rapour,  producing  a  Tnixt  hk  oi  chlorine 
eamnie  anhydride,  and  nitm  oxide.  It  if  not  Mtod  on  by  aqueous  jx^tash,  but  aieo. 
hoh'c  pjtiush  dissolves  it  easily,  the  odonr  disappfMring  after  some  time,  and  a  ctj||nl« 
line  salt  being  precipitated  wliicbi  ii>  doeompui^sd  with  deflagration  when  hfatiHl. 

mmrammmm,  X09Z9B  or.  CW.  rButlerow.  Ann.  Ch.  fharaLCrii. 
110 ;  on.  Mi.)— ISdi  compound  it  poduoed  hj  the  aetiaa  of  iodolbm  Ott  oti^jklo  of 

CBSf     OSFSbO   ■*  CSPP  ■¥  €FB*0  +  KaL 

The  best  result  is  obtained  vhon  9  at  ethjlate  ol  fodinm  (ht  cot  too  concentated 

solution),  and  not  turned  brOT^n  by  pxposxire  to  th<»  air,  arp  gradu^y  addel  to  i  at, 
pulverised  iodoform.     Ou  addiug  water  to  the  product,  iodide  of  methylene  separates 
as  CB  oily  liquid  which  must  be  washed  with  water  and  rectified  0T<%r  chloride  of  cal- 
cium.   It  is  a  yellowish  strongly  r.-fractint*  liquid,  of  sjteoific  gravity  8*348  at  + 
at  *■  2"^  it  solidities  to  a  mium  of  brtod  bUiuing  crj'stailiue  laminae;. 

l>ntl<-row  regards  it  as  probable  that  the  substance  which  Serullas  obtained  (Ann. 
Cli.  riivfi.  XXV.  311),  Tiy  the  action  of  penhichlondo  of  phosphorus  on  iodofurni,  waa 
iodide  of  methyleni; ;  uku  tlie  compound  which  liruning  produced  (Ann.  Ch.  Phann. 
dv.  187),  by  treating  iodoform  t^tn  aloidiolie  potaab. 

lotlide  of^inethylent' is  not  decomposed  hy  potassium  at  ordinary  t<*mpf'ratiir>  s,  but 
on  applying  heat,  un  evolution  of  gas  immediat^'ly  takes  place,  ending  with  a  violent 
OZplonoiD.  &>dhm  arts  in  a  similar  manner,  but  the  explosion  is  less  violent.  When 
sodif'w-amnfga^n  containing  \  of  sodium  h  rubbed  to  powder  and  hc-atod  with  iodido 
of  methylene,  a  combustible  gas  is  evolved,  and  iodide  of  sodium  is  formed,  together 
vith  a  bladdsh  carfaonaoeona  anbatanoe  vhidi  glimmers  away  when  set  on  Are.  llna 
gas  is  chiefly  hydrogen,  but  appears  tn  contain  a  small  quantity  of  methylene:  for 
when  it  is  passed  into  bromine,  after  haring  been  fre<>d  from  vapours  of  iodide  of 
methylene  and  of  aloohol  by  passing  first  through  alcohol  and  then  thnragh  water,  and 
tlie  bn  mine  is  aft^■r\^•a^^s  trr-ated  with  potash,  a  small  quantify  of  oil  islef^  undissolved 
haviug  an  odour  like  that  of  J>utoh  liquid.  Heated  with  metallic  copper  and  water  in 
sealed  tubes,  it  yields  cuprous  iodido  and  a  gaaeoas  ttixtaza  ooirtaiiiiBg  caibooie  anhy- 
dride, carbonic  oxide,  ana  niarj;h-pns,  to,zethcr  with  ethylene  and  some  of  its  hi^dior 
bomoktgues,  but  no  methylene  (iiutlerow,  AnPr  Ch.  Phann.  cxz.  366).  Iodide  of 
methylene  traatad  with  moetaie  <tr«Umt  if  eonvartad  into  aoetata  «f  aMthiylBBe  (Bmt* 
lerow).  WithM^^AoyAiMitzaadteaimilariytothadikK^  (Hofteun.) 

wammnamm,  wim       Dioxym^thj^         «  (^"^^ 

lorow,  Ann.  Ch.  Pham*  eiL  348 ;  csx.  88jk)— Thia  oon^tovnd,  iaooMvio  vflii  aeatio 
acid  and  mcthylic  ftnnat6b  18  praduMd— 1.     tha  actioD  of  oxaktaof  idltcff  on  io^Kda 

of  metiiylene : 

+  2Cn'V    c-    C-IIV)-  +  4AgI  +  2C0«  +  2C0. 

2.  By  the  action  of  oxideof  .'•ilver  on  iodide  of  methylene. — 3.  By  that  of  lead-oxide 
on  acet&te  of  methylene. — 4.  By  the  dry  distillation  of  ethyl-glveollic  acid  (iL  916). 
(Heinta,  Jahresl^!  1861,  p.  448.) 

Preparation. —  Wi^-n  1  at.  iodide  of  methylene  U  intim:it«'ly  mixed  with  1  at.  oxalate 
of  silver,  and  heat'-d,  a  violent  explosive  tictiua  Lakes  place  ;  but  if  the  mixttire  be  pre- 
Tionsly  triturated  with  twice  its  weight  of  pounded  g1a«s — or  bt  tu  r,  if  it  behratad 
ander  a  layer  of  roek-oil— a  alow  and  regular  decomposition  takes  plao» ;  gaa  ia  ahn- 
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tiantljcvolTcd,  ooniistingof  c^irbonic  anhydride  and  eorbonic  oxide ;  and  dioxy methylene 
aubtuMB  in  the  neck  of  the  retort,  or  passes  over  with  ;  I  aijonr  of  rock-oil  into  the 
receiver,  and  thfro  condenses  in  a  thin  wliito  layer,  which  aillu  ri'.s  clowt  ly  to  the  sides 
of  the  receiver.  It  i»  purified  hy  jire.ssurc  l^  twccii  paper,  and  washing  with  ether, 
l^cohol,  and  water,  thi  n  with  uk'oliul  and  ether,  in  the  Otdw  htn  USntioiM^  wd 
lai«tly  dried  over  oil  of  vitriol  and  sublimed  in  sealed  tubt^s. 

Fto^Um. — Duu^ethylene  ^orms  transluci'nt,  hard,  crystalline  crusts  harinj*  an 
indistinct  crystalline  structure.  It  is  odourless  at  ordinary  temperatures,  but  emits  a 
peculiar,  sharp,  irritating  odour  y^tm  heated.  Tasteless.  Neutral  to  litmus  paper. 
May  be  sublimed  irithoat  previous  fusion.  Begins  to  volatilise  at  100°,  but  is  not 
completely  vaporised  till  hetttod  above  160°  ;  at  about  162°  it  rneiu*,  and  inmicdiiilcly 
afterwards  begins  to  buiL  A  lump  of  it  quickly  heated,  melts  and  boils  at  the  same 
time.  Vapour-density,  obs.  =  2  07 ;  calc  «»  2-08,  It  does  not  dissolve  in  water, 
alcohol,  or  ether  when  mcrelv  boiled  with  them ;  but  whtu  heated  with  water  to  100°, 
in  a  seakd  tube  for  seveoral  noon,  it  diasolvW  oomi^etely,  forming  a  solution  which 
when  pvaponitf'd  in  a  racnum,  leaves  a  rrsidtif  con««i?tinfr  chlofly  of  th*>  unalteml  oxido. 
This  compouud  docs  uot  therefore  behave  witli  wuler  Uko  oxide  of  ethylene,  C-'ll'O, 
and  inidaed  cannot  be  regarded  &&  the  etker  of  the  hypothetical  meti^'liiie-^ljoid,  inas- 
much m  that  I'thi  r  .should  have  the  composition  CHH);  botit^ppoicsXKtlMK  tO  bo  tht 
homolo^ie  of  dioxyeihyleue,  (C*H*)H>*  (ii.  699). 

Ikcompo.Hiiimii. — 1.  DiQsir'incthykae  has  *  gi—t  farfWtfwi  *ft«^lMinp  mi  mAAUSt^ 
qiuintity  of  oxf/gcv,  licing  iht-rcby  convcrti'd  into  carbonic  anhydride  and  wat-  r.  and 
sometimes  partiaUy  into^ionuio  aod  oxalic  add.  It  roduces  the  oxides  of  silver  and 
nisi'cuijr  ivnstt  heated  tham.  NUtto  ntd  asd  a  nbfnn  of  tt^fAuHt  mU  and 
ehromat':  (if  ixiitjiisiuiii  converts  it  into  oarbonic  anhydride  and  water.  Inclosed  together 
with  spongy  platinum  in  a  sealed  tube  containing  osyp;eii,  U  oxidism  slowly  at  ordi- 
nary, quickly  at  higher  temperatures,  yielding  earbonio  add  and  water.  Heated  to 
lOO*'  for  about  10  hours  in  S'^ah  d  tuV)os  uitli  wator  and  ptroxidr  i>f  h<nl,  it  yields 
carbonate  and  formate  of  lead.  In  the  preparation  of  this  compound  by  the  process 
abore  given,  part  of  it  appears  to  be  oxidised  by  oxygen  derived  from  the  oxalate  of 
^i^ver:  for  the  volume  of  carbonic  evolved  is  grtator  than  that  of  the  carbonic  oxide 
(they  ahouid  be  equal  according  to  the  above  equaticm) ;  and  towards  the  end  of  the 
opentkm^oiaKe add snbHmee  in  crystals:  0»H*0«  +  0»  -  C"H«0«  +  HK).— 2.  With 
red  iodide  of  phosphorus  it  yields  iodide  of  methylene,  and  is  at  the  same  time  partially 
carbonised. — 3.  When  ammonia-f^  is  passed  over  pulverised  oxide  of  methylene,  heat 
is  evolved,  a  watery  liquid  is  separated,  and  a  volatile  oystalline  substance  is  formed 
possessing  basic  properties. — 1.  It  is  decomposed  by  ir*l|g  WlOl  Um§  wattr  ot  dUnta 
poia$k4j/«f  into  fixnnate  and  methylenitaa  (p.  1008)JV 

KSTBTUBVS,  SUXPHXSS8  OZ*.  (A.  Husemann,  Ann.  Ch.  Ph arm.  rxxvi. 
293.) — Monomethvlenic  sulphide^  CWo,  is  obtained  by  heating  monosulphide 
of  sodium  with  iodideof  methylene,  as  a  looee  wMte  insolable  pewder.  When  heated 

to  150**  it  is  converted  into  a  Mililiinalih'  body,  consisting  of  d imethjfl i  n  ic 
tulphide,  (CH^%',  and  probablv  identical  with  the  compound  which  Girard 
(Ann.  Ch.  Pharm.  c.  306)  obtaineii  by  the  action  of  naaeent  hydrogen  (from  ainc 
and  hydrochloric  add)  on  sulphide  of  carbon.  When  obtained  as  above,  it  crystallises 
in  long  monoclinic  prisms  having  an  intolerable  odour  of  onions,  melting  at  a  tem- 
perature above  200°,  but  volatilising  in  considerable  quantity  at  a  much  lower  tern- 
persitnrt  .  It  is  sparingly  soluble  in  most  liquids,  most  rea<lily  in  benzem  and  tvlpkith 
carbon.  It  forms  cr}'8talline  double  salts  with  the  cJuoridet  of  mercury,  p'>ld, 
iiud  platinum,  also  with  nitrate  of  silver,  and  unites  directly  with  iodim,  forming  n 
crystalline  compound,  but  not  witli  bromine.  Fumic  nitric  add  attacks  it  violently, 
givingoff  nitrous  fumes  and  forming  a  compoand  which  crystallises  in  acute  rhombohe- 

druns,  and  probably  coDsists  of  dimethylenic  oxj'sulphide,         ^0*  (Husemann). 

Girard's  compound  resembles  that  just  dt  siTilx  d  in  its  In  lianour  vrith  solvents  (from 
benzene  it  cirstallises  in  quadratic  prisms),  and  iu  I'ormiug  crjbtuiiine  comjx>uud»  with 
idtnste  of  silver  and  the  chlorides  of  gold  and  platinum  ;  it  was  dissolved  without  de- 
composition by  hydrochloric  acid,  slightly  also  by  dilute  snlphnrio  acid  ;  when  heated 
with  stroug  sulphuric  add  it  decomposed,  with  separation  of  sulphur.  Hot  nitric 
add  dammpoaea  it  eovflatdj^  wiUt  noMrtioii  cf  mlplnirie  add,  eatbenio  add,  and 
tratar* 

heating  an  alcoholic  solution  of  dkxymMiiyleDe  wiUi  eidpAjiocarbaDate  of  sodium,  as  n 
jreUowiab-vhite^  amosphoas,  iaodarona  powder,  inaotabla  is  vatet;  and  oonrerted  by 


looe 

fiumoff  nitric  acid  ioto  methrlene-salphurous  acid  {Uuiuuion  and  Bucktoa'a  dmilyho- 
■aCholie  Mid ;  iMb^ ■  BMihionie  aaid)^  (HMomaiin.) 

8m  SounRwm 


C»H»«0«.   (Bntlerow,  Ann.  Ch.  PhMm.«&  295.)— A 

•taeclianuL-  substance  sonu'what  resembling  nuiwiite,  {MTodaeed,  tOgvBtliflr  with,  famiie 
acid,  bjr  the  action  of  atmu^  bases  on  dioxymethylene : 


Dkncymethylrae  dissolrws  when  boiled  with  excess  of  baryta-  car  lime-wster,  and  if 

limc-wator  bt»  gra'lually  ailJeJ  to  tin.'  boiling  wjlutiou  till  it  assumes  a  iltM-p  y<  llr\r 
colour,  the  liquid  renmina  neutral,  in  noiuoger  precipitabie  bj  carbonic  acid,  and  whea 
eTHponitad  in  a  vaemnn,  yi«lcbi  a  yeUoiraa  ayrup,  connsHng  of  methylftnitaB,  mind 
with  crystallino  raloio  formato.  On  trfatiiijjc  tlii--*  rfsiibu-  wifli  absulute  alc'-hnl.  *he 
meth^lemtan  dissolves,  and  remains,  on  evaporating  the  alcohol,  as  an  amorphous  bod/ 
(odntHniiig  a  little  Hme)  haTiiig  a  Mcduame  taste,  and  a  fldnt  odour  uke  diai  ac 
caraTTH:!.  The  s«..lution  hiis  a  hIIi^IjI  aclil  ivacfion,  is*  eoluuml  yt-llow  by  alkalis,  and 
decolorised  again  by  acids;  it  reduo  s  au  alkaline  cupric  suiution  almost  instantir 
vbea  Kcatsd  wkh  it;  h$»  no  TOtntory  jniwcr;  and  doM  not  appear  toKmacntvitk 
jeast.  Whrii  ht-ati-il  fur  sev«  ral  hmirs  ti>  100°,  with  om'cis  of  biiryric  aoi'l,  if  forma  an 
oiljr  bitter  compound,  probably  C'il"^C*il'0/0',  ktving  an  odour  of  cher-sc-,  iaeoluye 
ia  water,  jpartiaU/  TUatUiaed  i&  a  eoneoi  of  air  at  150^,  and  yiddbg  butjrata  of 
barium  iVBao  aape 


See  TiN-nADici  F.s,  Ouoakio. 

aCSTBTIt-STHYX-AIVIYX^MZKrS.    Scr  p.  1001, 

MSTBXZi-BTarVX-iLnr7ZiO->VBairTXr-^lttBSOJfZUM«  )  Bee  rasxrtr 

licaTRTZi-BTBirXi-Airzz.nra.  )  nama. 

M1:thtx..XTBTXiA.TE  op  ETBTXEITS.    gjjJ^7'|o».~-OLtaiiu'd.  to- 
gether with  dimetb/late  of  eth>l«iw  (p.  1002^  hy  distilling  a  mixture  of  m«t^^ 
«tlljlie  alcolid  Willi  Bulphurio  aaid  and  piMoo^  (Wurtz.) 

8m  Oabbamidbs  (i.  7H}. 
Sm  Comkb  (ii.  6). 
Bm  EnnxoiamsKio  Bmt  (iL  MS). 
SMtamivniM. 
Sjn.  with  Itmmh'WamtCAMgMBaM. 

Sjn.  tnfh  SBmsi-imjDCuo  £ther. 


nxz:TBn.HBXTl.,  or  !\fttMfUaprof^   cqp*  -  CEP.CJTI".— Obtained  by  the 

electrolysis  of  a  mixture  of  acetate  and  oonftnthylafc  of  potassium,  but  in  small  mnin- 
tity  only,  probably  because  oBnanthylic  acid  is  much  more  easily  eleotroljsod  than  acetic 
aoid.  On  ret  t  i  fy  i  ng  the  rcMmlting  oily  liquid,  the  poirdon  irindi  diatOa  at  85°  is  found 
to  consist  chiefly  of  mcthyl-hexyl,  havinc  a  fmouUfdaiAs  of  S<4a6  fttle.  A>4M1 
(Wurtz,  Ann.  Ch.  Phys.  [31  xHv.  275.)  — — v  i—fc  •^j. 


mSTHYZiZik.    .>yn  with  Methti.ami.vb, 
MZSTH-rX.ZBSBTE-COaKPOimS.    See  p.  1006, 


ITHirxi-z&lsXBri;.   A  violet  compound  obtained  by  v.  BaboL  bv  the  a^^iaa 
orBellijUo«iapliato<molii]iol!Da(i871X  — ^     we  aoooa 


SmLaoiio 
Sm  Lvmnm  (p^  788)^ 

8m  Kauo  Bmu  799). 


Sm  lRii09Viii& 

^  wdh  Nmtunnoiiini  (i  804). 
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C-H'-O  =.  CH«.0»H»*O.  (Btideler,  J.  pr  Chrm. 
IxxJi.  2 IR.) — componnd  acetonp,  isomeric  with  eaptylic  alaehjde,  obtaioed  by  dia- 
tilliiig  a  mixture  of  equi^'aleut  qiuuilitiee  of  acetate  and  oenaatbylate  of  sodium;  also, 
together  with  luiptylic  or  octylic  alcohol,  by  dietilling  lidnoktito  of  potassium  or 
sodium  with  fxppss  of  CMUstic  alkali  (so.-  Hkityl,  TIvnnATT:  or,  p.  144).  It  is  a  tliin, 
colourless,  neutral  liquid  of  specitlc  gravity  U  bl?  at  26^ ;  boiling  between  171^  and  , 
171*6^.  Its  ibmII  tcmUs  titatof  oilof  nie;  taste  ifaiiflir,  and  slightly  Imnbg.  Ik 
malcps  grea8e-8pot«  on  paper;  doos  not  turn  :w  i  1  on  expotnre  tn  t!i  ur, eren  in  contact 
with  platinum-black;  bums  with  a  bright  veliow  Hame.  It  is  msoluble  in  voatcr^  but 
adzM  in  all  propoitioiM  with  ^deohol  and  Hher;  mizaivitii  sulphuric  eeidt  vnMoM 
heat,  and  is  prccipitattd  from  the  ytllr^v  f  Irfinn  by  water,  a]  ]  anntly  unchangea 
With  ammoma,  potash,  sUoer-uxide,  and  chromic  atid^  it  bebAves  like  capiy^c  aldet|yd» 
(i  liH),  With  pmhMkl»Hde  of  phosphartu,  it  jiaub  oUoride  of  oolgrlfloa,  (HB^H*. 
(Baehauer,  AmLdLTfammen.  2M.)  ^• 

(iii.  H9). 

taSTRir2>-0XMa.X>lc  n.CX]>.    Sec  Oxalic  Ethers. 

See  OxAxic  Ethbbs. 

SMClMumora&o  (L  9M). 

ra.  fijva.  with  Axnnan(i.  804). 

See  Lb4I>-sadiclb9,  Oboaivtc  (iii  503^ 

*  8m 


8m  OABUmnt  7<7)> 
SeeSujonaa  BnooM. 

Ethtrs. 

METHYIt-STANTJETHTl..     See  Tnf-RADICLKS,  Oroakic. 

zanTHTXr-STZBiil'llH.    See  Aitttmokt-radiclbs,  Oaxixnw  (i  344), 

See  ST&TCUNiNSi 

8m  Bnmnnuo  BflDBfl* 
^oyp»  8m  SoxmocunoHio  Biwit 
ovBsmo  Acm  or  anvmjkmtaomixo  MS». 

An  aciii  nVtaincd  hy  dissolvinr:  in-^rl  "n  "Strong  sulphuric  add  (see  i.  806)» 

METBYZi-TAJtXARXC  ACID.    8oo  Tartabic  EmXBik 

See  Thiosinajcimb. 

C*H'N*.    (Dessaignes,  CoiBpt.r«nd.zzxviii.  839.)— 
A  1mm  prodneed  by  heating  an  aqueous  solution  of  ctMiiM  or  WMtinine  with  mer- 

CTiprte  oxide:  carlwnic  anhydride-  is  then  evolved  without  a  trace  of  ammonia ;  the  oxida 
of  mercury  is  partly  n-duced ;  and  oxalate  of  methyluiamine  is  obtained  iuci;j8taU: 

2C^U»N'0»  +  0»    =    (C«H'N»)«C»IPO*  +  2C0«  +  H«0 
tinartM.  OxaUtr  ,,f  Metlql- 

urAmliie. 

CreaUne. 

If  the  quantity  of  oxide  of  mercury  ib  too  small,  the  cnrstals  of  oxalate  of  methyl- 
nnunfai*  aa»  nlaed  witli  «tyaCilf  «f  er«&tine;  but  when  a  sufficiant  qnuttiej  of 

rin  rriiri '  nxt(!e  n^-d,  the  oxalate  of  methylamine  is  obtained  in  large  qnantity  and 
quite  free  from  creatine.  To  sepiaeate  it  completely,  the  tolution  mu&t  Le  repeatedly 
tiMted  with  akobol  ■ad  «v«poratad.  It  may  tHao  be  produced  by  treating  cnstiiM 
with  jK^roxiile  of  lead  and  sulphurie  aeid ;  l>ut  this  mewod  does  not  TkldiOflQre  H 
prodoet  as  the  preceding.  (Dessftignes,  Com^  rend.  xli.  1268.) 
You  UL  ST. 
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M'  thyltiramine  is  obfainod  in  tlu  frco  state  bj  boating  tbo  oxalate  with  a  slk^ 
excess  of  pure  milk  of  lime^  and  evaporating;  the  tiltnUe  in  Tacoow  It  is  a  white  mood 
body  having  a  crystaSBaB  mftee,  ofve  p<  rhapH  to  abaorption  of  earixmio  mad;  'Wtaj 
deliquescent.  Its  to-ste  i'^  catistiL*  nnd  aniinoniacal.  IIeat<xl  OB  platUHHtt-lbii^  It 
volatilises  completely,  exhaling  a  strong  odour  of  burnt  creatine. 

Methjrloxaimnd  oontana  tiwelsmeote  of  una  and  of  nelbyiaiBli«b  wdmu  1  flb  wtdtt 
(Botasigiiaa): 

tnVS*  +  H'O    =    CH«N»0  +  OTN". 
It  mar  also  be  regarded  aa  foimaed  from  2  at  ammonii^  hj  the  rc«placement  of  2  at.  U 

%j  1  at.  49aMgn  and  1  at  Aillgrl  i«|paelrra|j:  OV*l(*  •  K*  j  CH*.  (Oorhftrd^ 

fVaitS,  in.  941.) 

Methylurumine  heated  with  baiyta-water  is  decompostvl.  rriv'np;  off  ammonia  "wnth 
an  odour  of  aea-water.  It  eliminates  ammonia  from  ammuoical  salia  at  ordiaaij 
ttnupemturea.    wilJi  tiia  cbVnideB  of  tiariaui  and  ealeinni,  it  flma  eopiona  ptr^ 

ripitat*  8,  which  are  soluble  in  a  birgo  quantity  of  wafi  r,  and  in  dihite  arttic  acid. 
With  sulphate  of  aluminium  and  ferric  cbloiidt^  it  fbcms  preenitates  which  re- 
dissolve  in  aa  ezeeas  of  the  prndpitaat  It  precipttaftM  tlM  aubi  of  had,  ci^p«r,  and 
mcnmiy;  formg  a  whitiah'jaBfliF prwifHali mtk aahato <f rihw; and rtinlfaa oaida 

and  chloride  of  silver. 

Methjlnramine  combines  wHih  adds,  Ibming  ciystoIBne  alts,  which  have  a  digbt 
alkaline  reaction,  and  when  laatod  with  caiistic  potash-solution,  give  off  copioaa 
alkaline  vapours  consisting  of  ammonia  and  methylamine.  The  aulpkatt^  k^dtth- 
ekloratt,  ana  nitrate  may  he  easily  obtained  by  decomp<jhing  the  oxalate  with  the  eoc^ 
resjx)nding  calcium-salts. 

The  chloroploHnatt,  C'H^*.HCl.PtCl',  is  obtained,  by  mixing  a  concentrated  soln- 
tkm  of  the  hydrochlorate  with  platinic  chloride,  in  splendid  orange-ctdoured  rhomboids, 
whidi,  whoa  redissolved  and  reciystallised  by  ooolinff,  often  take  the  form  of  Hat  piams, 
amn^d  in  parallel  groups.  The  salt  when  caldned  emits  an  odour  of  trimt  thylaminei 

The  <*ja/a^£^jprepar'd  a.s  above,  forms  flattened  prisms  arranged  in  parallel  gronpa^ 
aonlakdBg  f0*H»IPy.C'^H»O<.2H»0.    It  ^nvos  off  its  water  <tf  oystaUisation  at 
it  TMTaolunle  in  water,  has  a  disagroeablo  tustc,  and  blues  reddened  UtaUM  alil^lfcly. 
Hertfld  OO  platinum-foil,  it  exhales  ihc  sumo  odour  as  creatine. 


See  ItegnHuamimw^  ander  OkaMUtnm  (i.  751). 
Sea  XAanoo  Bmaa. 
SbnuvithMaMBBimLAMiin.  See  BniiLiifiiai  (L  ^ 
MSTBTSTXCzar.   A  cr>'btallino  snbataaae  olHaiacd  tat  SaiMoa^  the  not 

id  Piper  Methysticnm  (see  Kawa,  p.  445). 

BIMt1»PMwa»»lMii  M.  Mart  i  U8  (Arch.  Phaim.  [2]  ex.  39)  obtained  from 
S  Iha.  of  meaereom'^eeda  {8tmm  toocognidii),  betwetn  SO  flad  26  o&  of  »  ftttj 
ve.sicating  oil,  nnd  about  S  doBB,  oC  a  anhalMf  nhidk  eqMaUiaad 

white  cauliflowor  like  masses. 


A  Bulphantimonite  of  silver,  Ag»S.Sb*S*  or  AgSbS',  found  at 
Briiunsdorf,  near  Freiberg  in  Saxony,  assodated  with  ai^gentiferous  arsenical  pyritea. 
It  forms  thick  tabular,  pyramidal,  or  short  prismatic  crystals  belonging  to  the  mono- 
clinic  system.  Ratio  of  axes  a:b:c'.  =>  0-3505  :  1  :  1  037  7.  Angle  of  inclined  ax«a 
-  81°  36' ;  ooP  :  ooP  »  S90  S8';  ftP  :  (P«o]  -  1000  9*.  The Istsml  pkaea  aie 
deeply  striated.  Cleavage  parallel  to  ooPoo  and  [Poo  ].  imperfect  Hardness  =»  2. 
Specific  gravity  »  5-2  to  5*4.  The  crystals  are  opaque,  with  sub-metallic  adamantine 
loetre  am  iroa-Uaek  eolonr;  tiiia  mlinten  appear  blood>ied  by  traasiniltod  Itf^ 
Streak  dark  cherry-red.  Fracture  subconchoidal.  Very  scctili-.  Cont.iiiis  aeeoHUg 
to  IL  Boso  (Pogg.  Ann.  xv.  469^  21*95  per  ceut  sulphur,  3914  antimongr,  Sd'M 
ailTBP,  VW  copper,  and  0*62  iron  (■•  09*17);  the  formula  reqnhM  Sl*i  aalphm;  4S*0 
antimony  and  35-9  silver.  In  an  opnn  tube  it  melts  easSyr,  givea  off  aatfMBOW 
ai^dride,  and  yields  a  sahltmate  of  antimonious  oxide. 

TkaHypargyriUfit'BnS^QxKB^ttBi^^  to  Plattner,  85  per eent.  «Qver, 

and  is  prooably  a  variety  of  miargyrite.    (Dana,  ii.  lb.) 

KZASCXTS.   A  granular  slaty  rock  consisting  of  orthodaie^  aieai  and  eisolitet 

sometimes  with  quartz,  albite,  and  hornblende. 

MICA.   The  generic  name  of  a  numhsr  of  idneral  species,  indnding  Maeeofits^ 

Phlogopite,  nnd  Biofite,  di'-f inpni'-lifd  by  a  more  or  less  laminated  structure,  henco 
called  miaicrous.  Thev  are  usually  divided  optically  into  nni^^iftl  and  biaxial  micas, 
bat  in  reality  thsjaiv  all  biaiaa],  and  ai^Mirat^triaMl^  bBtiBaovMSTia.tiiehieltt«% 
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thf  finale  T*otwrM  n  iho  opt'o  axes  is  smtill,  not  amOOlltuig  to  vluk  in  Othfnm  tUL 
the  musoovitca,  it  varies  between  45°  and  65°. 

OhemieaQj,  ndcas  may  be  diTidMt  into  potasli^mioas,  containing  little  or  no 
ma^esia,  these  being  again  subdivided  into  those  which  contain  lithia,  and  those 
which  are  free  from  that  alkali ;  and  maff  nes  ia-micas,  containing  for  the  most  part 
^ra  20  to  30  pr  cent,  of  magnesia.  The  micas  wldck  do  not  oontiEun  magnesia  aro 
those  in  which  the  optic  anglo  of  the  azM  is  the  lazgeat :  hsnoe  thej  are  oonuncMilj 
distinguished  as  biaxial  micas. 

The  micas,  even  of  the  same  subdivision,  present  sach  diiTcrences  in  chemical 
composition  (at  kaat,  according  to  the  analysts  thut  have  hitherto  been  made  of  them), 
that  it  is  not  an  m»y  matter  to  bring  them  under  general  formuls.  According  to 
Bammelsborg,  however,  they  may  bo  represented,  with  considerable  anpioach  to 
ttoeuM^,  as  teSlinn,  H  dwiofting  a  moii-atanue^  and  B  a  aeaqwhatomie  melal:' 

Potash-mioa  2MK).3K;0- +  7;(2n'0l35^;O') 

Maimfsia-niiow       ....     SM'O.SiO-  +  ?i('Jli'0».:{SiO') 

According  to  these  formula^  the  magnesia  micas  are  orthosilicatcs,  both  terms  of  the 
■Mond  fotmda  beiiiff  wdiicibia  to  t&  farm  M*8iO*,  viiereas,  in  thd  ftnatila  ot  tha 
potash-micas,  only  ua  aaegnd  tam  can  be  flnia  rednaed,  tha  flat  wmtaimiig  S  at. 
silioa  in  addition. 

L  PoTAtK-lbai. 

MMMVlta.  Common,  Oblique  or  Bieudal  Mica.  Mvscovy  g^m.  Ferre  d»  Muteotku 

Gfi/nffii^,  in  pnrt. — This  mineral  occurs  in  trimetric  forms,  nsttally  heinihednil.  nnd 
having  a  mouoL'limc  aspect.  ooP  :  ooP  a  120°.  Cleavage  basal  eminent ;  occaaionaUy 
alaoat  right  angles  to  two  opposite  sides  of  oP;  separating  in  fibres.  It  alaoftcna 
twins,  oft.'ri  ob*«*'rTabIe  by  internal  niarkinj^s  or  by  {Xibirised  light;  fjMX*  of  cnmposition 
paraliel  to  aeP.  I^'ulia  ^-  imetijues  aggr^ated  iu  stelW  or  plumose  groups.  Hardness  = 
S  to  2'S.  ^^MiAc  gravity  —  2*76  to  8*1.  Lustra  motv  or  less  peadj.  Cblanr  white, 
grey,  palf  pT<»m,  nnd  violet -yellow,  fK)mctinics  brown  and  dark  oUre-preen ;  polr>«r8 
dinercnt  in  iliu  axial  aiid  diametral  d inactions.  Btreak  unoolonred.  Transparent  to 
tsaaduBNit.  Thin  kaainie,  flexible  und  elaataa  Ynj  temf^  Saetile  Bianal;  aag^ 
between  optir  fixen  varying  fn>m  4o'^  to  7')"^. 

When  beal-ed,  it  eives  off  more  or  liihH  water,  which  exhibits  with  ghiss  the  reactbn 
of  hydrofluoric  acio.  Melts  before  tlie  blowpipe  more  or  b  hs  oa^aly,  to  a  grev  or 
yHlowish  tnmofladgkMB.  CKmiritb  floM  tha  naotboa  of  ailioa  aad  ifoa(aoiii«^^ 

vt'  in;tngunes«<). 

An,!hfm»:  a.  From  Litchfield  in  tho  fltata  of  Maiiia:  vfaite  (Smith  and  Brush). 

— A.  Connfy  of  Carlow,  Ireland:  grey:  .mgle  of  .ixrs  =  72''  18'  (TTauphtoii\ 
<f,  GlendHiougb  valley,  County  of  WicJtlow :  angle  of  axets  =>  7U-'  4';  spccitie  f^niviry  aa 
8*793  (HaughtonX—dL  Oeu;  near  St  Etienne in  the  Vosges :  gr.  yisli-white,  veddiah 
by  transmitted  light;  sppcific  gravity  =  2-817  (Pel«-KKe). — e.  Zsidovacz.  in  Jlurpniy: 
wliiie;  ftpeciflc  gravity  —  2-817  (K.  us  sin).—:/.  Schwan^istcin,  Zillerthnl  ^chrome- 
mica;  fiich<;ite):  green  (Schafh&ntl),p-;^  PtSb  Swadw;  goldan^jdlow  (H.  Boae). 
Ochotik,  Siberia  (H  Boaa). 


A 

»'« 

i. 

Fluorine    •  , 

0-35 

0-53 

0-28 

Silica       *  • 

44-60 

44-64 

44*71 

46*33 

48*07 

47-95 

47  "60 

4719 

Alumina  . 

36-23 

30-18 

3013 

33-03 

38-41 

34-45 

37-20 

88*80 

3-96 

Feme  fluids  • 

1-94 

e-w 

4'M 

S'48 

.  « 

1-80 

8*80 

4-47 

Mnn^nous  oxide 

0*81 

Mat'nesia  , 

0-37 

0-72 

0-90 

2-10 

0-71 

1  2-68 

J  .  1  r  1  1  r              ,  . 

0-60 

1-09 

0-59 

.  • 

0-13 

Potash      .  • 

6-20 

12-40 

9-91 

8-87 

io'io 

10-75 

•  0 

8-36 

Soda .... 

410 

1-37 

1-45 

0-37 

Watar     .     .  . 

4*18 

V4a 

•  • 

4'07 

98*60 

99-61 

98-92  1 

99-28 

10000 1 

100-92 

|l01-47 

100-87 

CoDMncm  mica  k  a  eoBsfitocnt  of  .grnnita  and  itt  amoetate  tocIcs,  gneiss,  sjcnito  and 

mic.n-^Lif c.  If  r)c('ur?<  al^o  in  ii;or«'  n't^t  tit  afzfzre^'iif c  ivn-ks  ;  also  in  inib'  <idod  crystals 
in  fipwular  limoatone^  wacke,  trac>byte  and  basalt.  Coarse  lamellar  aggregations  of 
it  man  fimn  tha  matrix  of  crystals  of  topaz,  towmalins^  and  ' 


8  T*8 


othat  mineral  species. 
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Mictt  is  sometimos  altered  by  the  action  of  water,  losing  its  eUsiicitj  and  tmas^eem^, 
ftnd  oft«n  some  portions  of  it«  alkalis  and  forric  oxide.  Margarodite  (p.  853)  app^rn 
to  bo  a  mica  thus  altered;  also,  perhaps,  Daimwrtfo  (ii.  303);  CrUbertite^  a  tiiitK  ml 
frand  at  Stonagwyii,  near  St.  Jiurt  in  Cornwall,  containing^  according  to  Lriiut,  451 5 
pf>r  cent.  •;i!ira,  40-11  alaauiia,  9r4%  Aerie  ioide^  417  wim^  1*9  m^fmut,  and  4*2« 
water ;  aud  SerioUe  (j- 

0.  Containing  LithUu 

X»epidollte.  Trimetrie,  often  occurring  in  oVilique.  rhombic,  and  six-sided  prisms  of 
1 19<^  to  ISO® ;  also  in  coarsdT  gnuralar  masses  consisting  of  foliated  scales.  Cleavage 
basal,  highly  eminont.  TT.irnnoss  =  2*5  to  4.  Spfcific  qriivity  =  2  84  to  3.  Lostre 
pearly.  Colour  n^su-reil,  viok-l-grty,  ytllowiiih,  wliitiah.  Traufslurent.  Angle  of 
apparent  opt  i     \  s  »  TO**— 78®. 

When  heat^,  it  giyes  off  water  f»xhibiting  a  strong  reaction  of  bj  drofliionV  noi.!. 
Heated  before  the  blowpipe,  either  alone  or  with  a  mixture  of  flut.r  spar  aad  acid 
salphate  of  polassiam,  it  colonrs  the  flame  red  (in  the  latter  case  sometimes  also  grvm 
from  thi"  prt^cncp  of  borun,  C.  G  m ftlin).  Melts  easily boforo  tho  liIowpi{x^,  am!  cxhnn'f  s 
the  reactions  of  iron  and  manganese.  It  is  attacked  with  difficulty  by  hydrochloric 
Md  Ml{iluaie  «eid;  aftw  fluiaiv  the  toAj  polmiad  uanl  geuttniMS  vith  the 
acid. 

Atmlyses:  a.  From  Zinnwald  in  the  Erz^birse  (Lohmeyer);  b.  From  the  same 
locality  (Rammelsberg);  e,  Altenberg  in  the  Engebiiipe  (Stein);  d.  Onomdl 
(Tnrnor);  r.  Rocena  in  Moraria  (RamTnr>l8berg) ;  /.  I'to  in  Sw.'di-n  (Turner); 
g,  Chutsdozf  la  Suoqy  (C  Qmelin);  h.  Joschakowa  in  the  Ural  (Eosales). 


m* 

k 

«. 

/. 

i. 

Flaoiine  . 

6  a5 

7-47 

1-48 

4-56 

712 

'  3-90 

4-81 

10'.>2 

ChloiiM  • 

0-21 

0-40 

116 

'Silica 

42-97 

4*6-52 

47-01 

.50-8*2 

61-70 

60-91 

52-25 

48-92 

Alumina  . 

20-69 

21-81 

21-33 

26-76 

28-34 

2U30 

ForzisoiUb 

14*18 

4-68 

14-84 

1009 

l-'orrons  oxide  . 

•  « 

6-80 

1-28 

1-20 

4-06 

4'G7 

M  iingnKMui  odd* 

0*88 

1*96 

V99 

0-40 

•  • 

•  • 

012 

Magnesia  «  « 

0-44 

0*24 

PotMb  . 

10-02 

9-09 

9-62 

9-86 

10-29 

0*60 

6-90 

lOM 

8oda  .... 

1-41 

0-39 

116 

2-23 

Lithia      .  » 

1-60 

1-27 

4-33 

4-05 

1-27 

i-67 

4-79 

a-77 

Water 

•  • 

1-9$ 

•  • 

0*18 

•  • 

«  • 

0*10 

98-38 

100-66  j 

100d4 

100-711 

100-38  j 

99-36  1 

100- 15 1 

101-36 

The  lithia-mioas  contain  a  larger  pnipoiljbiii  of  manganese  than  those  in  the  |ii,eetft 
ing  dirision.  BuMmnhfaoig  wUriiti  tlM  naaM  UpidoliUto  Omm  wJyeh  am  tm 

from  iron. 


2.  Maokssul-Hicas. 

IhB  micas  of  this  divisioB,  mositly  of  dark  |[reen,  brown  or  black  coloaz;  contain  onlj 
about  40  per  cent  silica,  often  a  laj*ge  quantity  of  iron,  and  wiagniMiia  as  aa  cwfntial 

constituent^  sometimes  to  the  amount  of  30  por  cent. 

Potash  is  also  present,  but  in  comparatively  small  quantity.  Mun^ovcr  thc^o  micas 
almas  t  always  contain  fluorine,  and  fireqaently  water.  Bsine  the  blowpipe  they  melt» 
for  tho  most  part  with  difficulty,  to  grey  or  blacki.sh  glasses ;  i^'ith  tluxps  they  gd'^ 
a  strong  iron-reaction.  They  uro  uttaeked  with  difficulty  by  hydrochloric,  but  oom> 
pletely  dfy^omposed  by  sulphuric  add,  the  siliaaxanuBiuiig  in  tba  tern  ef  the  ■ 
with  white  ct»!otir  nna  molher-of-pearl  hr^trp. 

moKOi^te.  MAembUt  Miea. — Trimetn<^  oocurriog  in  rbombie  or  bexaggoal 
pvinui  via  triizial  lefraefion.  ooP:  obP  ^  IMP.  CfalM»jelliivoreQ]ni»«id;  aha 
white  or  colourless  and  different  shades  of  ImnPlL   diaTagS  at  ia  inuaCUtUa.  Aaf^ 

of  appan&t  optio  axes,  5^  (or  lew)  to  20^. 
Aimfymr  a,  h,  c.  fVom ^wardi^  St  Laimam  County,  K«irToik:  a,  9aA y4kfw» 

1  rv.v!]  ,  i'.  Old  c.  (l  iOurloss,  with  silvery  lu<-tre  (Craw). —  (/.From  tho  Vosj^rs:  in 
granular lime>aUnia :  greenish; speciflo  gravitj,  2-746  rDeleaae). — e.  J<sffbiaQn  Coantjt 
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New  York;  browu;  fuses  eattilv  b*  fore  the  blowpiDe  to  a  white  eoamel,  and  oolottzs the 
flwM  md&h  (Meitieador f  f).— /.  Sda  in  Svcdai  (STaaberg). 


A 
tr. 

m* 

mm 

J* 

Flaoiuie     •      •  • 

4-20 

trace 

trace 

0-22 

3-30 

0-62 

Silica  .... 

4014 

40-36 

40-3 

37-54 

41-30 

42-64 

Aluiuiua  . 

1608 

19-80 

15-35 

13  05 

1-80 

1*77 

7-90 

Manganoas  oside . 

0-10 

106 

MagQesi*    .  • 

28-10 

29-60 

30-25 

30-32 

28-79 

Lime  .       •       •  . 

Potash         .  • 

10-56 

7-23 

6-07 

717 

9-70 

603 

iSoda   •      .      .  • 
LoM  bj  igDitioii  • 

0-63 

494 

4-39 

1-00 

0-65* 

«  • 

0^ 

048 

ri7 

100-99 

99*48 

99-80 

10016 

10114 

100-45 

•  WMk 

This  kind  of  mica  ia  c^peebOy  characteriBtio  of  gnavlar  limestone.  The  phlogopitei 
are  Terj  liable  to  change,  losing  their  elasticity  and  becoming  pearlr  in  lustre,  often 
with  brownish  spots,  as  if  from  the  hydration  of  the  oxide  of  iron,  in  aome  cases,  an 
altanitioii  to  ilMtile  baa  becnobMrfod. 

Bfotite.  Ihxagonal  Mica.  UniaTial  Mica. — Probably  trimetnc,  formerly  sup- 
pofted  to  be  hexagpnal.  Oocnn  oBoal^  in  tabolar  prisma  with  basal  cleavage^  high]/ 
cnmMot  {  euBuuffli  ii  ftliatad  vumiml  BsAwcCuq  bfartil  *,  ai^iIa  batiwMii  tiie  axes 
less  than  5°.  Hardness  =  2  .5  to  3.  Specific  pravity  =  2  7  to  3  1.  Lustre  p.  ;ir]y, 
often  submetallic  on  the  tenninal  faces  of  the  priam.  Colours  Tarious,  aa  in  the  pre- 
ceding species ;  usual]/  diric  green,  brown,  €t  wmAf  bitflk;  ■wKimM  iMm  or 
ooloudsM.  Btnik  vneoloaBid.  TnamgtsMA  to  ofofpik  TUn  ]aiBla%  flidUa  tad 
elaatia 

Analym:  a.  From  lakeBaOcal  in  Siberia  (H.  Bose).        Teavrina:  /eOowiift 

green  ;  crystallised (C.  Bromeis). — c.  Monroe,  Now  Yurk:  dark green  (v.  Kobcll). — 
d.  Greenwood  Furnace,  near  Monroe :  dark  green  (t.  Hauer). — e,  Scbwanenst^  in 
the  Zillerthal:  green  (chrome-mica)  (Schafh&ntl). — /.  ISfel:  pinchbeck  brown 
(Kjerulf). — g.  From  the  protc^yne  of  the  Alps :  dark  green;  specific  gravity  8-127. 
Difficult  of  fusion  before  tne  blowpipe :  peif^ctl/  daeoovcaibla  h/droMtloriA  add 
(De lease). — h.  Abbexfoaa  in  Finlana  (Svanberg). 


a. 

h. 

rf. 

e. 

k. 

Flaocina  •     •  • 

0-60 



0*80 

traw 

1*88 

0*88 

Silica       «  . 

3*9-7*5 

40-00 

40-21 

47-68 

4*3-10 

41-22 

39-44 

I6H»6 

16-99 

1616 

19-09 

1616 

16-06 

18-92 

9-27 

FcbIo  Qsida 

4*98 

8-SO 

7*80 

7-08 

878 

S8*84 

96*00 

87*89 

5-90 

Ifangpawa  oxide 

106 

109 

2-67 

MagiMwia  •     •  • 

sm 

84-49 

tl*18 

11*68 

10*89 

4*70 

8*89 

LUM        •  . 

0-87 

1-65 

0-81 

2-68 

0-75 

Potaab  , 

8-78 

6-22 

7'2'7 

4*62 

6*06 

6-06 

• 

0*00 

1*17 

0*88 

1*40 

•  • 

3-00 

2-89 

2-86 

1-50 

0-90 

0-20 

•  ■ 

•  • 

1-03 

•  • 

0*10 

97-16 

99-02 

99-73 

98-97 

98-38 

'l03-.59 

100-34 

98-06 

l^iia  sj^eciea  is  perhaps  identical  with  the  preceding ;  indeed  no  definite  line  of 
demarcation  can  be  drawn  between  them.  Since  the  percentage  of  iron  decreasea, 
for  the  moat  part,  as  the  magneaia  increMai^  part  of  the  koo  mart  be  jwaentaafcewwia 
oxide.  ^Bammelsberg.) 

VeauTian  biotite  ooeon  in  hriTliaiit  weD-deAaed  cr/atals ;  that  fttmi  Greenwood 
Furnace,  New  York,  in  large  Tery  n>j]::ul!ir  rhombic  prisms,  nx\<\  totrahedral  pj-ramirls. 
Biotite  occurs  altered  to  rubellan  and  steatite ;  it  has  aLo  been  obeenred  altered  to 
■  «baT>nL 
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For  ftirther  details  roepectijaff  tiie  optical  nropartiflB  of  mica%  see  Dana's  Mhun' 
logy,  ii.  217,  and  Ibr  a  nil  mawrioii     tba  dimkri  Ibnnvlss,  Bammels'bei^s 

Mineralchemie,  pp.  G')6-672. 

iincA»sxjkTa.  AiodEaiiilariaMutitatisnto^BniU^lmfcv 

foliated  structure. 

mCBABUra.  A  idiite,  fibrous,  pearly  varietj  of  opal,  £com  the  island  of 
8t  JfkluMl  In  tbe  iMCM. 

mcSOBSOMZTB.    A  variety  of  bromochloride  of  silrer.    (See  ftCTER.) 

XZCAOCXiXH'.  a  riirit  ty  of  orthoclase  from  Art  ndal  in  Norway.  Breitbaupt, 
however,  regiirds  it  a.s  tricliuic,  although  the  angle  between  the  principal  directions  of 
cleavage  differs  by  only  22'  from  90°.   Aeoouihtg  te  BnithMpIt  alao^  tiia  iBili|Mr  fif 

niiascite  (p.  1009  '  <  t  i  -ists  of  microclin. 

MCZ0X0008MZC  SAZiT.  Ammonio-sodic  phosphate,  (NH*)NaHPO*.4H-0, 
used  as  a  flux  in  Uowpipe  experiments.   (See  Blowpct,  L  624,  and  P]u>sFi[ATBS.) 

mOMUnu  A  yvnutj  of  pyroddon  ftom  tlw  aDiito  ttfn  in  OliMtaillel^ 
MiiMohniettti  (See  PntocsLOBB.) 

mSSZiETOSrZTZ.  A  fossil  resin  found  in  the  coal-seams  at  the  Middleton 
collieries  near  JLeeds,  and  at  Newcastle.  It  is  brownish-red,  of  specific  gravitj  1*6^ 
hmoIj  ineoliilile  in  aloobol,  eliiei;  and  oH  of  toxpentine,  and  contnna  86-43  ps  eent 
carbon ,  H  OI  hydrogen,  and  5*56  oagrgen.   (Johnston,  fUL  Xi^  [S]  ziL  S61.) 

Syn.  with  Dolomitk. 
Syn.  with  FiTjoMoKPHiTR. 
•m/m.-m  the  liquid  secreted  }n'  the  nuimmary  glaudd  of  the  class  of  animals  called 
MammtU*.  Its  colour  le  gfmmtilSj  white,  often  bluish- white^  mace  maij  ydiowish  ; 
it  is  opaque,  has  b'ttk-  or  no  smell,  a  pHtrlitly  sweet  taste,  and  in  general  an  alkaline 
reaction.  The  specitic  graN-ity  of  milk  varies  between  1018  and  l'04d  (Scherer); 
ikB  average  specifle  ^ritr  of  hun  milk  m  IHWS  (Simon);  «  1H»8S67  (IHMtfei 
— r04648).  (Vernois  and  Bo equerel.) 

Chemists  differ  as  to  thu  react  ion  uffresh  milk.  Berzoliu8,Peligot^und  Lassaigne 
ascribe  an  acid  reaction  to  normal  milk ;  Simon  and  others,  an  alkaline  reaction,  and 
OOOsiderthat  when  it  is  acid,  that  quality  is  due  either  to  the  milk  ha\-ing  been  allowed 
to  atand  before  testing,  or  to  disease.  Moleschott,  however,  found  that  in  two  case^ 
eow'a aft (sldMbd)  which  had  jwt  been  drawn  was  acid.  Elsasser  exanuned  18# 
diffen^nt  ppfvr'imens  of  human  milk,  some  disea-^t  d,  but  most  healthy  ;  of  tlicse  -|5  weio 
neutral,  and  the  rest  alkaline.  Battenmann,  out  of  272  specimens,  found  oo!^ 
two  add,  and  that  piobably  owing  to  some  extmneoua  cause.  On  the  eontxary, 
out  of  94  specimens  of  fresh  co-vr's  milk,  Rueff  found  44  acid;  out  of  46  specimens 
of  mare's  milk,  19  add :  sheep's  milk  as  often  acid  as  alkaline  or  nentral ;  and  the 
wHk  of  oanuTonnie  ■i**™*^*  (dogs  and  cats)  always  acid.  Dumas  rsmiirked  that 
dog's  milk  coagulates  by  heat  like  turned  cow's  milk.  Peligot  found  ass's  milk 
alwajs  acid  (16  caaos).  The  reaction  of  the  milk  seems  in  some  measure  to  depend 
vpoB  the  natuo  of  tho  food.  According  to  D'Arat  ud  Petit,  the  nouc  ef 
stall-fed  animals  is  always  acid,  and  becomes  alkaline  only  when  they  are  turned 
out  to  grass.  Hermbstiidt  found  milk  that  had  remained  long  in  the  udder,  acid. 
FroM  eaoeed  •  oow  to  be  milked  six  timee  in  a  day,  and  fimnd  we  milk  in  eadi  case 
Ibob^  alladine ;  after  an  interval  of  24  hours,  the  cow  was  again  milked,  when  the  first 
pOftun  ef  the  nulk  was  found  to  be  alkaline^  the  last  add.  Schlossberger,  bow- 
aver,  feimd  tile  milk  of  a  oowwhieh  had  not  beenmilfcidteUdiar^ailil^  In 
some  experiments  the  milk  was  as  often  aoid  M  ilkaliafl^  Imt  tfnA  diiwn  in  themooEn* 
ing  was  more  often  add  than  evening  milk. 

^Vhen  m3k  has  alood  Axr  some  mne,  a  tfdek  jreDowllrii-whiie  ■traton,  ridli  in  ttt, 

collects  on  its  Burfaee  (cream);  while  tho  lower  portion  becomes  bluinh-white,  and 
poorer  in  &t,  and  at  the  same  time  increases  in  specitic  gravity.  If  the  suroondiaig 
temperatoxo  be  not  too  low,  the  miDc,  when  Bntriously  alkaline,  acquires  an  add  loo^ 
tion,  but  remains  homogeneous  for  a  timo>  It  then  coagulates,  fresh  milk  more  quickly 
than  boiled,  and  more  rapidly  if  the  tenmeeatore  be  rather  elevated,  and  the  atmosi^here 
charged  with  electricity.  Milk  is  immediately  coagulated  by  mnoet,  ff  it  be  rapidly 
evaporated,  a  dense  white  film  forms  on  its  surface. 

The  spontaneous  coagulation  of  milk  appears  to  bo  caused  by  part  of  the  miUcHRiratf 
undergoing  acid  fermentation,  and  thus  yielding  lactic  add,  which  precipitates  tae 
casein.  A  solution  of  pure  casein  is  not  prcdpitated  in  10  hours  by  rennet,  and  milk 
rendered  alkaline  by  aadition  of  alkali  is  not  coagulated  by  rennet  (Denis).  Selmi, 
however,  coagulated  alkaline  milk  in  tea  minutes  with  rennet,  and  the  mother-liquor 
was  still  alkaline  after  the  predpitation  oftho  oMdn.  (SeeQMnr.) 
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Viewed  under  the  microscope,  fresh  niilk  appears  as  a  cli^ar  liquid  in  which  tho 
■o-eilM  m^Jt-i/foft'iffji  are  HiLxpeDdtHl.  They  \ary  considerably  in  size  (diametar  «m 
bctwoon  O  OOlf"  and  0  0018  '),  and  rarely  in  fresh  milk  attain  the  diameter  of  0*00S8^« 
Without  the  addition  of  reagent^  tboy  appear  merely  as  globules  of  fat. 

Henle  first  proved  the  existence  of  an  extwmil  MTelope ;  he  added  atretic  add  lo  the 
n>ilk,  and  found  tha'  i!h  '-hapt'S  of  the  globules  were  then-by  distorted.  Mitscherlich 
found  that  the  globules  were  not  ditfsolTed  when  milk  was  shaken  up  with  ether,  which 
voald  hsre  been  th«  mm  if  tim^  voe  a  simple  emnkion  of  Iht ;  if,  howerer,  caustic  potash 
or  carbonato  of  potjuHsium,  which  dissolves  the  rnvclopo,  was  previotisly  added,  tne  fat 
was  then  dissolved  by  ether.  Lehmann  also  remarked  that  the  surface  of  the 
gtobwlee  in  milk  niereljr  tneted  widi  ether,  appeared  Ism  tmiepueBt,  turbid,  and 
wrinkled,  as  if  it  had  be^^n  coii^'ulati'd ;  the  ether  took  up  the  fat  on  tho  addition  of 
phosphate  of  sodium.  Moleschott  acted  on  the  coagulum,  obtained  by  adding 
aleohol  te  nflk,  with  aeetie  add,  and  extracted  the  ftt  with  ether;  l&ere  remained 
many  uahroken  f  it  <  nvclopcs  in  the  form  of  litrl--  vr^ielcf*,  which  ho  was  able  to  fill 
with  an  ethereal  solution  ol'  chlorophyll;  they  coutained  no  fat*  ITrom  this  ho  not  onJ^ 
pfToTed  the  existence  of  the  iht  eoTelopes,  but  eomeladed  aleo  that  they  are  organiaecU 
{Z^itschr.fr.  Vfii/si..l.  /fnU.  xL  y.  696-708.) 

Another  kiud  of  morphological  elemmts^  the  so-called  oranular  bodies  icorpa 
gfWMdnatt  OoloBtrumJkSrperchm),  occurs  in  the  eolofltram  (the  milk  eeereted  daring 
the  first  two  or  three  days  after  p.irturiiion).  They  consist  of  irregular  eriiiplumenitionH 
of  ytty  small  fiit-Tesidee,  united  by  an  amorphous  and  somewhat  granular  substance. 
Their  dinneter  »  about  (hOlll"  (Henle).  imt  rariM  between  0*0069*  and  0'03S2*. 
Their  fat  iis  much  more  easily  di-«solved  l>y  ether  than  that  of  milk-globules.  They  arc 
destroyed  by  potash  or  by  acetic  add;  iodine- water  imparts  an  intensdy  yellow 
colour  to  them ;  hence  they  consist  of  tair  small  globnles  of  itit  imbedded  in  an 
albuminous  suli-tance.  They  ore  found  in  human  milk  up  to  the  third  or  fourth  day 
after  child-birth,  sometimes,  howerer,  as  late  as  20  days  after.  Moleschott  found  in 
the  colostrum  of  cows,  together  with  milk-globules,  lire  different  hinds  of  grannlar 
bodies  and  globules  (/<>c.  cit.). 

Human  colostrum  is  at  first  yellow,  on  the  first  and  second  day;  it  then  becomes 
lighter,  and  on  the  third  or  fourth  day  becomes  white.  According  to  O.  Veit,  in  the 
passage  of  colostrum  to  milk,  the  milk-globules  (which  cohere  in  the  colostrum)  lose 
this  property,  and  the  largest  (above  0  00166"  in  diameter)  disappear,  when  a  richer 
secretion  is  formed,  and  albumin  ceases  to  be  present  in  the  mUk.  The  secretion  of 
normal  milk  begins  on  the  faatlk  dej  at  tb»  eadieit^  hot  gmenUj  between  the  eixlb 
and  tenth  day. 

Epithetium-CflU  and  mxicus-globidM  are  of  only  accidt  utal  occurrence  in  milk. 
Fibrin  occurs  only  when  the  milk  contains  blood. 

Sometimes  i>i/i(.*'>na  or  plants  low  in  the  scale  of  organisation  arc  found  in  blue 
cow's  milk,  and  in  that  of  women  (Vogel).  T.  Fuchs  ascribes  the  blue  colour  of 
mUkto  an  infasorinm  which  heeaDe  TOffe  qfOwywisiM  /  Baillanl  aaeribaa  It  to  a 

Analysis. — The  analysis  of  milk  is  attended  with  considerable  difficulties.  It  is 
almost  impoesible  to  obtain  a  perfectly  dry  rendue  by  evaporation,  since  the  eaaein, 
saturated  with  fat,  forms  crusts  which  are  imiM>rmeablo  to  steam,  and  tlie<»e  are  often 
burst  asunder,  thereby  occasioning  loss.  The  casein  is  not  oompletdy  precipitated  by 
•eetieadd,pBitzanaiBii«in  aohrtiett;  neithsr  does  dried  «aaflto  pait  with  aD  its  flit 
taether. 

The  casein  may  be  approximately  estimated  by  evaporating  milk  on  a  water-batb  or 
in  vacuo,  almost  to  dnness,  adding  aeetio  tflldt  and  extracting  the  drie<l  residue  succes- 
flively  with  eth<r,  alcohol,  and  wattr  (Sehererand  Dumas) — orone-fiftb  of  itx  weight 
of  powdered  gy  psum  is  stirred  up  with  the  milk  before  evaporation,  whereby  spirting  is 
amided,  the  casein  becomes  insoiiible  in  all  aolrentfi,  and  the  dried  residue  is  rendered 
easily  pulverisaVde.  The  /"..-Mnay  then  bo  e-Xtracted  by  ether  and  aleohol.  Tho  solid 
residue  is  determined  by  evaporating  1  to  3  grammes  of  milk  in  vacuo,  or  in  a  water- 
bath,  and  dryings  tiie  lendae  in  an  air-bath,  or  in  t«en»al  120°.  In  order  todstmnlne 
the  a.sh,  the  dried  substanee  mu'it  l  e  ignited  in  oxygen  gas.  (Haidlen.) 

Sugar. — The  milk  for  this  ^jurpose  must  not  be  add.  To  determine  the  sugar,  the 
Hqnia  may  be  em^oyed  which  is  left  whio  casein  is  predpitHted  by  sulfate  of 
magnesium  or  chloride  of  calcium,  and  the  excess  of  base  precipitated  by  potash ;  or  the 
aiooholie  extract  obtained  in  Haidlen's  method  of  estimating  casein  may  be  used.  The 
aOMont  ef  sugar  is  daCennined  bv  FeUing's  sugar-test,  or     polMlaed  l^jht. 

BauTiihauer  ( J.  jr*  Oham*  nBDT.  \Ah;  .tahresb.  1861,  p.  873)  eva|>oratc3  tho 
miUt  in  paper-filteia  tMoij  flOad  trith  pure  sand  or  Dulverised  ouarta^  previouiily  well- 
waabad  with  hj^ochlorie  add  and  Ignited.  Tha  flttera'  are  Ibat  driad  by  exposing, 
than  to  a  eooaBl  ef  air  at  110^,  on  a  ataad    paeoiliar  eonatnctiQii  wtaioh  aDmra  the 
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entire  sni&ce  of  the  paper  to  b«  expot»ed  to  the  RctioD  of  the  air :  10  c  coi  each 
auorpU  of  sulk  it  then  fMMured  upon  them,  taking  can  to  dwtrilmta  m  ttOkiiirilbnnly 

over  the  surface  of  the  sand  aud  not  to  w.  ;  outer  edge.  The  stand  with  th<-  filffr 
is  then  expoeed  in  the  drying  chamber  to  a  cuneat  o£  air  heated  to  60^ — 70^,  till  th« 
cacKpfai^  air  no  kuigir  deponta  Buiilim,  aftw  wbiA  the  tanpnvlnrB  m  cnuliuilly 

rais.  d  to  lO'p  ami  kopt  at  that  point  for  h  ilf  in  hour,  ami  th<-  fiftere  ari»  finHTlyl-  t"t  to 
cool  foe  an  hour  over  chloride  of  caldvm,  and  mj^ed :  thia  determinea  the  total 
aMMmat  ot  wttM  eonsHttrntti  in  the  nOk.  To  esdnate  tha  Iht^  tlw  dried  Ulteta  are 
dn  nohfd  with  mihydrouN  cthor  in  funnt'la  doeed  at  top  with  ^^hiMs  plates  and  haring 
their  beaka  prorided  with  spnn^-clamps ;  the  ether  after  half  an  hour's  digestion  ia 
aOowvd  to  nm  by  opening  the  spnng-dampe,  this  operation  being  twice  repeated;  and  the 
filters  are  rinerd  two  or  three  timee  with  ether,  then  dried  and  weighed ;  the  loss  gires 
the  quantity  id  &t.  The  sugar  and  solublo  salts  are  next  disaolTed  out  in  a  8imi> 
]ar  manner  vMl  tram  water  (about  90  c.  c),  and  the  total  quantity  of  matter  thus 
removed  is  determined  by  again  drying  and  weighing  the  flU«r.  The  quantity  of  sogw 
in  the  aqueous  solution  is  then  determint'd  by  titration  with  a  siandanl  cupric  poln- 
tion,  and  the  difference  gives  the  amount  of  sulublo  salts.  The  siuu  of  the  jimouota 
ti  nitk  sugar,  and  soluble  salts,  deducted  from  tho  tot^l  quantity  of  solid  mattor 
prerionsly  detprminod,  gircs  the  quantity  of  inF  ibil  l  *  pahs  and  casein  (the  casoin  is, 
howerer,  slightlj  aoluUu).  To  determine  tho  toUii  qwintity  of  iuoraanic  oaustituenti^iy 
»  knom  quantity  of  the  milk  (slightly  addulatod  with  a«etie  mm)  k  av^otttod  to 
dryness  over  the  water-bath  ana  the  reodne  is  concentrated. 

The  following  Are  nnfilycof;  of  )inauHi  Biik      diffecMit  puriodi  aAttt  ckjU-libfl^ 

alao  of  thu  milk  oi'  diHeruui  uniimus. 


Water 


Casein  and 

Batter 

fidtiCash) 

am 


Ternoii  wad 

Kormai, 

889*08 

26-66 
1*W 


Clenm. 

4th  day  afl«r 

Stmon* 

delivery. 

9th. 

ISIh. 

883-8 

879-848 

886-818 

•06-809 

48-S 

4i*m 

34-8 

86-833 

36-912 

29-111 

25-8 

42968 

86*318 

88'464 

1-«91 

i*m 

IW 

1M*18» 

Water 

Sugav 

Caaein 

Batter 

Salts  . 

Solid 


Water 

Sugar 

Caaein 

Buttec 


100(HH> 


Herltfer. 
870-6 
63-4 
9-5 
620 
4-6 


ClwUkr  mad  Omiry 


mad  H«Qij. 

879-8 

650 

16-2 

35-6 
4*5 
120^ 


Cbcvallkr 
and  Henry. 


600 
4-60 

0*68 


Pay  en. 

Mare. 

89*33 
8-75 
1  62 
0*90 

t 


Human 

colostrum. 

8280 
700 
40*0 
60*0 
8-1 


'  Com. 

Ju. 

87  02 

91*66 

4-77 

608 

4 --IS 

183 

rvi:i 

on 

0-34 

0-62 

100 'oo' 

100-OQ 

Filhol  and  Jo 

^iouth- 

i>aurA- 

Merino. 

82*60 

78-40 

6-36 

4-37 

4*16 

7-90 

9-02 

8-30 

VMO 

0-55 

0-61 

0*1« 

100  00       lU-000      1 72*0  (Solid  constituents.) 

Ewe's  milk  ia  thus  the  richest  of  all  milks ;  that  of  the  goat  iabnt  little  infarior  to 
Haman  md  cow's  milk  sbwd  pretty  dosa  to  ona  anotihei;  and  haiMa  tiia  bat  nuKf  b» 

easily  suV^titn*'.-^  for  tho  first;  cow's  milk  is,  however,  decidedly  richer  in  casein  mid 
sugar.  The  milks  of  the  asa  and  mare  are  the  poorest  of  all;  thej  wirtain  veigr  small 
ooiatitiM  of  Imttcr  nd  ThaBUkof 

vxe  camirora  difit>rs  from  thatcf  tllft  hlvlHTaM     Ml  iOMIl  Mil  llMnB 

by  a  greater  proportion  of  fat. 

•  Mean  of  fourteen  ana^SM  made  at  diAraot  periodi,  vltb  the  milk  of  the  lama  wxnnaa. 
t  Thcins.  iubieMltiwamwilgtoi  wtthftocudii^Mioh^  ' 
alKiut  0-4  per  cent. 
I  KoFp  m4  Will  '1^  JIdrab,  Mmjt^. 
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ComtUuenU  of  Milk. 

Casein  i.  810).  Siiuou  found  4  0  pto-  cent,  caa^in  in  human  colostrum,  and  2-15 
pop  cent  in  tlic  milk  six  days  after  ddivery.  Milk  vaxiM  in  composition  at  difif>rent 
timps  of  the  day.  In  the  case  of  two  r^ows  fed  with  hay,  oat-straw,  beet-root,  oil-oakt% 
and  Wan-^ds,  the  milk  obtained  in  tiie  morning  (4  a.m.)  contained  2*56  and  2'ol  ptr 
cent,  casein ;  mid-day,  2  23  and  2*88  respectively.  In  another  case,  the  milk  contained, 
in  t'i.>  morning,  2-24  and  2*25 ;  at  mid-day,  2  37  nvl  '2  :i6  ■  in  tli<'  evening  (7  p.m.),  270 
and  271  per  cent,  casein  reapectively  (8truckmanu  and  Biideker).  HeynRiua 
found  the  first  pOTtion  of  floVt  milk  riober  in  eMun  than  the  last  port  ions.  Aiv  ord- 
ing  to  Vprnois  and  Becquerel,  tho  amount  of  ea.«?ein  in  human  milk  varifs  din-ftly 
witli  the  quantity  yielded ;  in  cow's  milk,  inversely  aa  the  quantity.  The  niilk  of 
bruiu  ttos  contains  about  0*8  per  cent,  more  casein  uian  that  of  Uondes.  \Voni(  n  of 
feeble  constitution  yield  alnioi't  normal  milk,  while  those  of  vigorous  cnnt^titution  yield 
milk  poorer  in  castiin.  In  aeitie  diseeucs,  out  of  lli  ca8ei>,  tin-  iiverage  percentage  of 
MMtn  was  0*040  per  <»nt  (3-291 — 5-671)  ;  and  in  27  cases  of  rhronic  autfaset,  8*2<7 
Mr  cent  (2*521 — 3-989)  (VerBo is  and  Bocquerel).  The  milk  of  nursfis  between 
16  and  20  years  old  contains  5-674  per  cent,  casein  and  extractive  matter;  20 — 26, 
S'SrS  per  cent ;  36—80,  8-963  per  cent. ;  80—35,  4  233  per  cent. ;  35—40. 4*207  percent 

An  alhuminons  Fnbstance  has  been  met  with  in  milk,  and  espt  cially  in  coloytnim, 
which  is  not  coagulated  by  rennet,  bat  is  precipitated  by  boiling.  This  is  supposed  to 
be  athumiiiL  G.  Veit  remarked  tliat  mb  auostmm  of  women,  up  to  the  uurd  daj 
after  deliver}-,  coapilatiKl  entirely  or  in  part  on  heating.  It  afterward.'^  lof?t  this  pro- 
perty. The  filtrate  obtained  £rom  the  add  colostrum  of  the  cow,  after  addins  ehlonde 
of  sodinin,  gava  no  toMtdSty  wifk  aaetio  aeid,  but  fielded  a  pn  cipitate  irita  tannin, 
with  alcohol,  and  by  heat:  on  adding  ammonia  and  boiling,  an  abundant  precipifato 
was  fiurued,  bat  the  Uquid  remained  unchanged  when  treated  in  the  same  way  with 
aeetteaeid.  Henoe  dottninninst  hare  been  present  (Molatchott).  Yarnoisand 
Becqucrel  found,  in  the  milk  of  the  buffalo-cow  and  of  the  gnat,  1*3  porcf-nt.  albumin. 
Heynsius  found  0*5  per  cent  albumin  in  cow's  milk  previously  coanilated  with  acetic 
add;  it  was  preci|>itatM  by  boiling  ;  bat  if  the  ailk  was previoaslT  ixrfled  and  coagu- 
lated by  aectie  aeid  at  40°  C,  no  turladity  was  produced  in  the  filtmte  by  acetic  acid 
or  by  boiling.  Albumin  ia  also  found  in  milk  ia  inflammftti)Ty  diseases  of  the  mammary 
fflairas,  and  when  it  contsina  b^)od  and  pas.  Kareftheleas,  ft  nast  be  TmunlKed  thai 
^eherer  prepared  a  kind  of  casein  from  normal  milk,  which  cuigulated  by  heat ; 
while  canine  milk  sometimes  becomes  thick  on  heating,  but  returns  to  its  previous  state 
on  Oooling.  (Dumas.) 

Fat.  The  fat  of  hiunan  milk  luv-s  not  been  examined  qualitatively  with  any  degree 
of  ezaotaesa.  The  butter  of  cow's  milk  has  however  been  more  particularly  investi- 
gated. Fan  nuUt*ilit  is  a  eelonriass  or  very  pale  yellow  snbstence,  solidityiug  at 
26-5°  wlu  reupon  the  temperature  rises  to  32**.  It  is  soft  and  sticky  above  18°. 
I>issolve8  in  28*9  pts.  of  boiling  alcohol  of  specific  gravity  0*822.  It  readily  becomes 
rancid  on  exposure  to  the  air,  yielding  volatile  fatty  acids,  and  then  decidedly  reddens 
litmus.  It  may  be  completely  saponified,  and  then  yields,  together  with  glycerin,  mar- 
garic,  oleic,  capric,  caprylic,  caproic,  and  but^e  acids,  or  instead  of  the  two  last, 
vaeeinic  acid  (Lerch),  or,  accoraing  to  Heintz,  oleic  and  butic  (C**H**0,  melting-point 
■> 60*75°  C),  stearic,  palmitic,  and  mjristic  acids  (CheTreul,  8ur  U»  Corp§  fffrtm, 
1822 ;  Bromeis,  Ann.  Ch.  Pharm.  xlii.  46,  &c. ;  Heintz,  Ann.  Ch.  Phann.  ixxxviii. 
800,  304 ;  Pogg.  Ann.  xc.  137X  Bromeis  reckons  the  composition  of  butter  according 
to  the  quantities  of  acid  found  —  68  per  cent  margarin,  30  per  cent  elain,  and 
Spar  cent  peCtUiar  butter  £sti  Knt  th^  «nm>p>vn«nfai  nf  hwTfaw.  mm»atk  *tf,  ymmj  i»ffrtf4iiimHy. 


Peroentagi  qf  Fat  in  different  kinds  of  MUk. 

JTuman.*  3*90  (BouseiuKault). 

2-  63— 8  88  (Simon ).  **W  (Po®?i»l«).  ( Avwago of  10 analyses.) 
t4*297— 3*632— 8-815  (Clemm),  ^'^  (Buffulo  cow.)  [(Vemoisand 

3-  6.5  (Clievallier  and  Henry).  3*61  (Paa»  COW.)  >  feo^uenO^ 

2-  666    (0-666—6  642)    (Veruois  and 

Beotpml)^  Man, 

6-9o'2  (Clemm). 

3-  80— 5- 10  (Simon).  2*44  (Yecnoia  and  SeeqMiilX 

3-13  (Chevallier  and  Henry). 

*  Four  dAyi,  nine  ilajg,  .^nd  twelve  dtys  rtfler  blrtb  renecUvelj. 

t  Schlo(sb«TKer  (Ann.  Chem.  Phann  04)  feOM  IB  IbS  ■!&  AWS  tlM  Salaii|S4  tlHil  Of  a 

VAman,  Um  CDomoitt  aoMMUit  of  XS*&  per  ceot.  laU 
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1-21  (Simon). 
1-29  (Peligot). 

1*96  (Vemois  and  BeofooKl). 


4  20  (Cli'  vallicr  and  HenryV 
6  13  ^Vcrnyis  and  Bocquerol). 

Som, 

1  y3  (iL  ycheTen). 


4  UJjl  (jPftjcni 

8*81  rChevalliw  ind  Hcmylk 
6*69  (Vanioia  and  Bee^qawt). 


18*8  (Simon). 

7-^2— 12  10  (Dumas). 

b'HQ  (Vcruois  and  Bcc<^uerel). 


Simon  foun  1 .')  00  per  cent.  Ikt  in  human  colostram,  and,  as  well Bonpsinfrnnlt. 
2*60  per  cent,  iu  tiio  oulustrum  of  the  cow.  According  to  L'Horititr,  tiie  milk  oi 
brunettes  ooBtilaa  6*63— i6'48  per  cent  fat,  while  that  of  blondes  contains  only  8*M^ 
4'05.  Vernois  nnd  Bccqncrol  found  the  contrary.  According  to  thern,  thr-  p^rwnt- 
Hge  of  fat  Taries  with  age  ;  ihv  milk  of  women  froiu  Id — 20  contains  'S  l'-i^  p>'V  cent-  ; 
20—25,  2-821  par  cent. ;  26— SO,  2*348  per  cent ;  90— 2*864  per  c  ;  and  bm 
35 — 40,  2*233  per  cent  It  increases  by  noarly  0*3  per  cent  during  the  jK-riod  of  mrn- 
struation.  The  percentage  of  butlt*r  varies  iuversely  as  the  quantity  n£  milk  prtKluced. 
It  deereaset  with  haperMt  mfcri'  ion. 

Milk  rr,ntnTn»(  rtiffrrr-nt  pmportions  of  fat  according  to  the  tinn'  of  day  nt  which  it 
»  obtained.  Tli^  n^iik  uf  a  cow  cuaUined  in  the  morning  2*17  per  cent. ;  ai.  midday, 
8*68  par  smt,  and  in  the  erening,  6*42  per  cent  (Struckmann  and  Bodeker),  II 
has  been  rfmnrkrd  that  tln'  first  [loptions  of  milk  art-  Icsm  rich  in  fat  thaJi  the  last  por» 
tioiM»  from  which  it  i»  cauciuJoJ  that  milk  deposits  cream  in  (he  udd*^r,  aiid  that  the 
^-f^hidt*  adban  to  the  sides  of  the  milk-yaaasges  in  the  smaller  g^dular  caiiili  d 
tfit'  \u\i\or  and  t<\itH.  Tliis  ditf'.TfnL*f  has  not  bffn  ()1-s<tvi  i1  in  human  milk.  Parmen- 
tier  found  the  tirst  portion  uf  cow's  milk  three-fourths  poorer  in  butter  than  the  Uut. 
Aeeording  to  V^moia  and  Becquerel,  the  amoiintof  fKt  in  IraBMUi  iikiUc  inerrMM 
dnrinir  thf  fir.-^t  tu'o  months  jin<T  deliTeiy,  but  Jet-reascs  bftM-.N-n  thf  fifth  and  Hxth,  as 
well  as  between  the  tenth  and  elerenth  tmaHh.  The  kind  of  food  has  alao  a  consideiuUo 
iiitn«neeimt]iepei«mtagftoCilrtiiinilk.  TiMadUtofacoviMliqxni  ofdraaiy  fcod 
rontaiiT?  3*5J5  per  cent,  fat  ;  on  .s.'saino  hnin,  4  87  per  cent.  Dtiinas  fr-nnil  that  ranine 
milk  waa  on  the  whole  richer  in  &t  when  the  animal  waa  fed  with  T<^t4*ble  than  with 
aannal  Ibod.  Jn  diieaM,  Terttoia  aad  Baeqvarel  fevnd  Aat  the  percentage  of  M 
was  sometimes  incrcasin!,  sometimes  diminished.  A  con.Humptlvo  oow  yi<'ldi\l  10*73 
per  cent  butter,  in  enteritis,  homaa  milk  was  fotmd  to  contain  3*1^3  per  cent  fat; 
m  pleurisy.  2  77  p«r  cent ;  in«ilitlii^  f*«lS  per  MBt;  ill  dcGzim  nd  Jm,  0*5M 
cant ;  (Tphns,  0-909  per  cent 


PflNMitaga  of  Sugar  in  dUfennl  kindi  ofXaL 


8*2 — 6-24  (Simon,  Clemm,  Haidlan). 
4-364  (2-622— (Vflaow  and 
Becquerd). 

*8  (SinMm,  &c). 


4-26— 4-Gl  (Struckmann  and Boddker). 
6*28  (average;  Pc^giale). 
8*80  (VaHMIM  and^ecquarel). 

6-06  (V^moia  and  Bec^miclX 
4-6  (Simon,  dt&). 

8-7  (Simon,  &c,). 

8-28  (Vecnots  and  Bao^aaral). 


4*4  (Simon,  &c.). 

8*69  (TanioiB  nad  Bee)iMnl> 


4*2  (Simon,  Ac). 

8*84  (Venoia  and  Bwj^mtk), 

Sow. 

8H»»-8iM(fifihm)» 


Canine. 

1-63  (VcmoTfi  nnd  BeoqaeBel)b 

2*40  (Poggiak  ). 


The  milk  of  brunettes  contains  7*00  and  7  12  per  cent  miik-touuMr,  that  of  blaate 
8-86  and  6*40  per  owt  (L'Hontler).  Aoeocdun  8»  Ycmoii  and  BMratnL  thit « 


I  per  (MDt  (L*Hentl«r)i  Aoeocdug 
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Innnettes  oontaina  4'56 ;  blondes,  4*47.  Simon  fbnnd  7  per  ocnt.  milk-sugar  in  haman 
colostrum;  in  the  milk  six  days  aft«r  birth,  6*24  percent. ;  tift«>nrards  the  qnantify  (In- 
creased. The  kind  of  food  inflnences  the  percentage  of  milk-sugar  to  a  certiiiu  ixt«>nt. 
Beasch  found  that  it  almoif^  du«ppear(»l  &om  canine  milk  wImii  the  animal  whs  fod 
exclusively  with  meat;  on  substituting  Tp<rHjiT>1o  food,  the  quantify  of  milk-sn«r:!r 
increased  considerably.  Po^ginl''  fnund  in  tin  milk  of  u  bitch  fed  with  meat 
and  bread,  2*89  per  cent,  mtlk-stj^ar,  but  after  the  animal  had  been  fad  mdwdrtij 
on  mt-at  for  21  Jays,  only  182  per  coiif.  Ai'onrdinp  to  the  ob^^rrations  of  »**imon 
and  uf  Veruois  imd  Bocquprul,  rich  or  jK>or  nourisluueut  dom  not  sensibly  aft(?ct 
the  percentage  of  lactin ;  it  varies  as  the  quantity  of  milk.  The  milk  of  womtn  from 
lo  fo  20  years  old  contains  3  .32.1  p. t  ct'iit.  inilk-Mitrnr  ;  fi-om  20  -25,  1'f72  prr  c^^nf.  ; 
26 — 30.  l:')77  yer  cent ;  .'iO — 3j,  3'Ji>^  per  cent. ;  ao— 40,  aytiO  percent,  in  the  tirst 
month  nt't'T  birth,  the  quantity  of  sugar  in  thA  uflk  decreases^  Mt  it  increases  oon- 
hiih-rahly  from  tlic  ( iglith  tn  the  tenth  month  (Vf-rnuis  iind  Bocquorel).  The  milk 
of  a,  cow  yit  Ided  in  the  morning  4'3u  yt-x  cent,  sugar ;  at  midday,  4*72  par  cant. ;  in 
eraning,  419  rstruckmaan  and  Bddaker).  Heynsimt  Ibnnd  t^  ilw  hat 
portions  of  cows  milk  contaimd  l.*^s  snpir  than  tlu"  fir>t.  Aeoordinp;  to  Simon, 
I>  o  n  n  6  and  others,  the  pen^uta^  of  sugar  does  not  aensit>lv  vary  in  disease.  Accord- 
ing  to  Vernoit  and  Baeqnarel,  tliia  ia  tiia  oaaftonly  pknmie  diMaMUL  whacMf 
in  27  cases  t2ia  «v«n^  wmat  wu  AW  per  «nt ;  in  acuU  diMiaoi,  oo^  3*310 
(19  cases). 

flWift.  Hm  mhAU  faUa  «f  uOk  eonaut  of  ehkride  of  sodium,  clUoride  of  potassium, 
alkaline  ph<».phat<  M,  an<I  Koda  und  potash  combined  with  the  caaein;  tha  iN«a> 
^t(M(^  of  phosphates  of  calcium  and  ma^esium,  chiefly  rombincd  with  caspin  ;  snlphnrio 
ndd and aaunonia  aalts  ux^  not  contamed  in  fresh  uiilk.  liaidleu,  iSchevvu,  and 
oUmm  ]un«  iDiiiid  n  Uttla  haaia  codda  ia  aillEi 

Pueentaga  of  Ash  in  diftrent  Unda  of  MiJk. 

Human. 

O'lG — 0-25  (mo.^t  chemists). 
01 38  ^O  Ooo— <J  33S)  (Vemoifl  and 
BaeqianlX 

Com, 

a-6o— 0-85 

OiM  (Vamofa  and  Bae^^uerel), 
Bitck. 

1-2— 1-5 

0*78  (Ypmois  and  Beo^pMNl). 
1-63— 208  (Poggiale). 

Goat. 

0*62  (Vemoia  and  Se<^neTel). 


1-09  (Sehafco). 

Am. 

0-63  (Tamoia  and  Beeqtimi). 


Mare. 

0*62  (Vexnoia  and  JBecqnerel). 


072  (Yanda  and  BMqnerel). 


Vprnols  and  Becqupmlfoundin  the  milk  of  womm  from  15 — 20  ymrs  old,  OlSO 
per  c*>ut.  mh;  20—25,  0  143;  25 — 80,  0*146;  30— 3d,  0144;  35—40,  0  106  p.r 
aent 

The  milk  of  a  cow  yielded  in  the  morfline  0*88  per  cent,  ash  ;  nt  midday,  072  ;  and 
in  the  evening  0-78  ititruckmann  andBoaeker).  H^^ynsi us  found  slightly  less  st^^h 
in  the  last  than  in  tha  ftrst  j^ortiait  af  amv'a  adDc ;  but  the  soluble  and  inaoluble  salts 
rf-ni  iimxl  in  the  same  relations  to  ortp  anothpr.  The  first  portions  contained  O  TS 
per  cent  salts;  the  hut,  0*69  per  cent.  Vernois  and  Beequerel  found  that  the 
penality  of  aaHa  iMiaiiad  ootlt  in  dvwio  tad  In  acute  diseasea  (0*178  and 
0163  ptt  ant);  in  nanta  antatiti^  0*174  pcv  matLi  aanta  jimdtf,  01)70;  ^phiH^ 
0-320. 

Ilw  qaantibf  of  aohiMa  aalla  ia  geoeialfy  nearly  6w  aame  aa  if  inaoinblft.  In  Iranian 

milk  were  found  0'4 — 0  0  iht  cent.  (^>lul»le  salts  ;  in  cow'.s  milk,  0-21  p.-r  cent.  s^oluM'  ,  and 
0*28  par  eeat.  insoluble  salta.  According  to  W  e  bcr 's  ana^sis^  the  ash  of  cow's  milk  eon- 
tdlna  14*18  per  esnt  ddntida  of  potaaaram,  4*74  par  eent  eUorida  of  aodinm,  1M*46  per 
cent,  potash,  6-96  p<  r  cent,  noda  (combined  with  pho^phorie,  sulphuric  (?)  and  carbonic 
adda),  28*4  per  cent,  phosphoric  aad,  I7'8i  per  cent,  lime,  and  2*20  per  cent,  mamiflaia. 
Afanoat  aB  tne  phoepboiie  add  is  trfbaaia.  Yarnoia  and  Beeqnerel  fcand  in  the 
ash  of  human  milk  6*9  per  cent,  carbonate  of  cih  ium,  70  G  p^  r  cent,  phosphate  of  cal- 
cium, 9-8  pi'T  cent,  chlocidn  of  aod^im,  7*4  pec  ooot.  sniphate  of  aodium,  and  5*3  per 
cent,  uf  other  baits.  * 
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MilTc,  at  lt>a.st  that  of  lite  cow,  contaioa  nll-aHv*  carf>&natr.<>.  When  milk  is  tronfr-<^ 
with  acetic  acid,  it  evolrvs  more  gas  (carbouic  acid)  in  vacuo  than  tlm  aame  xnilk  witbr 
mt  Mid  (LehmasB.) 

Thr  aniount  of  rxtractvy  matter  in  milk,  iis  vrrW  ns  its  nature,  is  nnknown. 

lactic  acid  is  not  snppoaed  to  exiat  ia  &esh  nuik.  Whether  the  milk  owi«  its 
oeeaakmally  add  raction  to  lactie  or  hniyna  add,  or  to  wad  piios^iatM^  ia  immttalu. 

Bees  f(nin<l  urfa  in  the  milk  of  :i  woman .stiffcrin^  from  aUMOBBUMBiftfabo  PieM^ 
in  the  miik  of  a  woman  who«e  urine  contained  no  albninizu 

Vtm  gaaes,  especially  ca^ikie  oeid,  are  ahmys  proMiii  inftcdtttflk.  (LolimftBa.) 

T.   Inn  an  n  con.sidors  alhtmiin  to  \»'  an  tibuormul  constituout  of  milk. 

Marchand  foand  ktmatm  dissolred  in  the  milk  of  a  aick  oow,  but  no  blood  calk. 

Olmotm  appem  to  paaa  into  the  mOk  ftom  llie  blood,  hat  eovfoetod  ioto  laetiB ; 
iodide  of  putusdum  and  frp<^  iodine  pass  irt  t  the  milk. 

Milk  is  coa^lated  hy  uddM,  alam,  and  Taiiotui  othor  mUs;  also  by  tauun^  alcohol, 
and  vood^apinL 

{htottrmn  generally  forms  a  tazfaid,  ydlowish  liquid  reaembliog  soap-eudi^  of  alidky 

con«f«tpnce  and  Htmiij^Iy  alkaline  reaction.  It  undergoes  lactic  formentation  mor^ easily 
than  luilk,  and  coutaius  more  solid  constituenta ;  in  the  nulk  of  cows,  a^es,  and  goats, 
oaaeui  It  ebiefly  in  excess ;  in  human  iDiDCr  loetbi.  It  OOOlains  albnmin  to  a  can«idar> 
able  amount.  Vernois  and  Becquerel  found  in  human  colostrum  1— o  days  after 
deliyery,  12'28  percent,  solid  residue  (4  64  per  cent,  ca.vin.  3  o8  per  cent,  fat,  4  01  per 
cent,  lactin,  and  0*15  per  cent  salts).  8imon  ibund  16  per  cent,  solid  residue  in 
the  colostrum  of  a  cow,  and  14  to  15  p«r  cent  in  the  milk.  Crusius  found  in  the 
eolostmm  of  a  cow  immediatelT  after  caiving,  3b-4  per  cent,  diy  residoe ;  the  next 
daif,90*l  perMoMtlieaacQiiddR^,  fiS'lpflront;  and  aAarwaidi  in  the  nSlk,  IM 
per  cent. 

Hu?naH  milk  is  more  bluish  tliau  cow's  milk  and  has  a  sweeter  taste,  reacts  strongly 
alkaline,  and  aeidilles  lees  easily  than  other  milks.  Specific  gravity  ■>  butfwun  litM 
and  1034  (102561  and  1'04648,  "Vernois  andBecquerrll.  It  contains  from  11  to 
13  per  cent,  solid  constituents.  It  is  less  eaailj  and  completely  coagulated  hy  rennet, 
the  coBgulum  is  not  so  gelatittoiia,  nor  ao  flnn  and  solid  aa  trat  of  oow'e  ndu,  and  it 
IS  .ilso  more  digestible.  It.s  fat  contains  more  elain  than  common  butter.  Healthy 
children  of  both  sexes  discharge  from  the  seventh  to  the  twelfth  day  of  their  birth  a 
white  sacNtioo  ftom  the  breast  (^Hexwmilch),  Mther  alloiliBe  or  nentnu,  and  eontatniM 
milk,  but  no  colostrum-globules.  Aooindiiig  to Gidllol^  this  ■iMTftion  hw  ptttty  mnek 
the  composition  of  human  milk. 

Cow's  milk  has  generally  a  pure  white  or  jdlowiilb'ifliHe  eokmr.  Its  specific  gravity 
varies  between  1  030  and  1-039  (Simon),  1  0302  and  1  0396  (V.  and  B,),  Dteontlina 
ou  an  average  between  13  and  14  per  cent  solid  matter  (12-29 — 16'6). 

IfonPs  mflk  ia  wUte.  Speoifie  gravity  •  between  1-OM  and  l-04ft  (l-OSOS,  Olomn; 
1^837,  V.  and  B.).    It  yield.s  lG-2  jier  cent.  (0-57,  V.  and  B.)  solid  residue. 

Ass's  miXk  is  white :  sweeter  than  cow's  milk.  Specific  gpikvity  between  1*023 
and  1-08S  (-  l-OUfi^  7.  and  Containa  between  9*1«  ai3  9*6%  per  oenl  aolid 
matter  (10-99,  T.  aad  Bb).  It  MaditytOBMi  a«i^aBd  eaaltyttiKtesaeadealMlieliv 
mentation. 

Ooaf$  mOk  ia  white,  ot  iniraid  aweetish  taate  and  peenliar  odour.  £^ieojfie  gravity 
about  1-036  (1  0325,  V.  and  B.).  Contains  between  13  2  and  14  5  pereenb  aoM 
residue  (16'61,  V.  aad  B.).    On  ooaguktion.  its  casein  forma  thick  dots. 

EM*  milk  ia  thieUah.  white,  of  ogreeaUo  taato  and  antalL  fi^eeiila  gmtilgr  - 
betwei  n  1  035  and  l-Ml.  OoalaiM  14*88  par  osnL  (18^7  put  oesit,  Y,  and  B.)  aaSd 
confrtit\iftntWi 

Ant^a  milk  eonfama  between  14*61  and  11*88  aofid  mattor. 

Canine  milk  is  rather  thiek,  and  becomes  thicker  on  warming  when  it  does  not  co- 
agulate. Specific  gravity  —  between  1  033  and  1*036.  Contains  between  22*48  and 
27*46  aidid  reeida«.  On  evaporation,  the  latter  is  converted  into  grape-sugar,  and  the 
solid  residue  absorbs  much  oxygen  from  the  air.  (Bensch.) 

The  milk  of  women  confined  for  the  first  time,  contains  more  water  than  the  milk  of 
womra  who  have  had  sevoal  children.  The  milk  of  cows  varies  much  according  to  tta 
locality;  that  of  cows  in  the  neighbouriuod  of  Fari^  contaiu.s  from  3*6  to  3*7  per  cent, 
fiifc;  of  Tyrolean,  Swiss  and  Dutch  cows,  between  7*0  and  9*8  per  cent  The  compo- 
sition of  cow's  milk  in  the  first  third,  fourth,  fifth  an4  sixth  months  is  pretty  much 
the  same,  varying  between  12*27  and  14*20  per  cent,  aolid  matter.  In  the  first  month 
it  contains  13  29  per  cent  residae,  4  80  per  cent  casein,  4  25  per  cent  butter,  3*67  p«f 
cent,  lactin, and  0  66  per  cent  salts;  in  tJie  second  month,  17  32  per  cent  solid  residoe, 
6*81  per  cent  casein,  7*06  per  ceart  hotter,  3  .S7  per  cent,  lactin,  and  0*57  per  ceo^ 
■altit ;  in  the  eighth  month,  2473  per  cent,  residue,  l  l-fio  percent,  ea.sein,  4*41  per  cent, 
batter,  7*67  per  t^t.  lactin,  and  1*16  per  cent  «ali«.   (Vernois  and  BccqueroL) 
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The  milk  of  a  conmmptiTe  cow  jielded  a  lai^  quantity  of  oieam,  but  did  not  coagn- 
lite  eitiier  hj  nmwt  or  oa  lwilu]|^  It  oontainM  34*97  p«v  MOt  Mlid  renduc,  1013 
per  cent,  casein  and  inioliiUff  wm,  10*78  par  Mat;  trattor,  4^09  per  maL  laotia,  tad 
soluble  salts. 

Milk  is  the  most  {ndigaitiUe  of  all  mteoagulated  allNiminoids ;  its  solubility  in  the 
gastric  juice  depends  upon  the  consistence  of  its  co:igulum.  Human  milk  is  more 
readily  digested  than  cow's  milk.  Frerichs  found  that  2^  hours  after  he  had  fed  a  dog 
irith  milk,  all  had  disappeared  from  the  stomach  except  a  few  flakes,  very  rich  in 
&t.  iVIilk  introduced  into  the  stomach  was  iustantly  coagulated,  and  the  serum  waa 
npidly  fibsorbeii,  whilo  the  coapilum  formt  d  bulky  and  more  or  less  hnrd  clots.  Thn 
digestion  of  milk  doe»  not  begin,  properly  spciiking,  until  the  liquid  portion  has  been 
absoivbad. 

Thom<«on  hfut  9hnwn  that  the  percentagB  of  fttinmilk  ia  in  ao way  dqpandml 

upuii  the  amount  of  sugar  in  the  food. 

Bensch  lias  romarkad,  and  his  experiments  hare  been  confirmed  tjPoggiale, 
that  the  milk  of  bitches  fWi  cxdn<;tTe1v  on  mi'ut  htill  coatainad  JBSObSOgaif  ahowiag 
that  sugar  is  formed  in  the  oiganism  fioiu  albuminoids. 

Cow's  milk  contains  30  pts.  annilrogcnised  substances  for  cvc«iy  10  pltistic ;  human 
milk  40  pts.  unnitrogcni'^'^r!  for  orcTj  10  plaiitic  (Licbig).    Cow's  milk  contains  ^  78 
per  cent  nitrogen;  human  milk  IHQ  pir  cent.   A  cow  yields  m  24  hours  about 
litres  or  about  6  kgr.  of  milk. 

With  r«spect  to  the  generation  of  milk,  Lehmann  nnd  others  do  not  suppose  that 
the  constituents  of  milk  are  derived  directly  from  the  blood.  Neither  casein  nor  iactin 
has  been  cb-teotc  d  in  blood.  The  sugar  of  blood  ia  fnonentable.  Fat  might  transada 
from  the  blood,  but  it  is  not  probable  that  it  docs  so ;  since  cholestfriTi,  which  tran- 
sudes with  much  £adlity,  is  not  found  in  milk,  and  little  if  any  butyrin  is  found  in 
blood.    Tlwaoaqmilionof  ttian^HMdtaalao  dilftia^^ 

blood-sorum. 

'l\*Ufor  mUik  :  adttlkraUona. — Fresh  milk  ou^t  not  to  dmoge  its  appearaxM»  on 
boiling.  Bonrinilk  dapoaita  dots,  or  partly  coagolaifecs  an  boiIiB^  A  anapla  iaalni- 

nipnt,  c-allcd  ;i  1  ictometcr,  for  ronfjhly  estimating  the  amount  of  cream  in  milk, 
has  been  constrocted  by  Banks.  It  egtaista  of  a  djua  tuba  haidn^an  internal  diame- 
ter of  4  oaatiinoUaa,  and  about  17  OMrtnnsCwa  Ingn.   A  dfcaHar  nng  acftttalifld  on  tlia 

glass  indicator  a  cajiaclty  of  two  decilitres.  Al  this  line  30  Kmall  dinsions  are 
made,  «&ch  indieating  ngth  of  the  total  capacitor  of  the  vessel  up  to  the  highest  division 
maikedO<*.  ThaTeasdufiUed  up  toO^and  allowed  to  atandibr  94  boan 
the  stratum  of  cream  may  then  be  read  oflF.  Another  nii  thod  ih  t  hat  of  D  o  n  n  t'.  11.-  lias 
invented  an  instrument  called  a  galactoscope,  which  measures  the  opacity  of  milk; 
the  greater  opacity  indicating  more  fat-globules,  and  thus  a  greater  amooat  of  batter. 
It  consists  of  a  tube  with  a  glass  plate  fitted  at  one  end,  and  at  the  other  a  movable 
glass  plate.  The  milk  is  introducea  by  moans  of  a  small  ifunncT,  and  the  tube  i8lenp;th- 
ened  by  screwing  out  the  movable  piste  until  the  liquid  no  longer  transmits  the  light 
of  a  lamp  jdae^  at  a  certain  distance.  The  plate  is  then  screwed  in  until  the  light  of 
the  lamp  is  rendered  just  visiblf.  Acconling  to  Do nn 6,  milk  which  removes  the 
pkte  by  27°,  indicates  3  527  per  cent,  butter;  31°,  2'89  per  cent,  butter.  40°  to  36°  of 
the  galactoscope  =  5  per  cent,  cream  (poor  adlk);  M**  to  30*^  <-  5*10  per  cent,  cream 
(common  milk) ;  30°  to  25^  =  10  to  16  per  cent,  cream  (fjtjod  milk);  2.5°  to  20'^  = 
(15  to  20  per  cent,  cream  (very  rich  milk) ;  and  20^  to  15'^  iudicates  an  exceedingly 
rich  milk,  the  laat  portien  from  the  cow. 

The  most  common  adtilt orations  of  milk  are  the  following:— Milk  obtained  the  day 
before  is  creamed,  in  order  to  sell  the  cream  separately;  sometimes  tho  creamed  milk 
is  mixed  with  fresh  milk,  and  about  half  its  own  vtdnme  or  more  of  water  ia  addad  to 
the  mixture.  Somrt  Imes  a  colouring  matter,  mr-h  ?i«  brown  extract  of  ehicoTT,  caramel, 
&C.,  is  added  to  disguiae  the  bluish  colour  of  luilk  tlius  adulterated.  Tho  colomiu^ 
matter  remains  in  ^e  serum  when  the  milk  i.<)  coap^ated,  and  may  then  be  detected 
(Pay  enV  Flnnr  ntarch,  and  fineIy-powderc<l  chalk  are  ab<o  used  to  adulterate  milk.  ^ 
As  tne  cnaUi  readily  subsides,  it  may  then  bo  recognisad  by  its  effervescing  with  by- 
drochloric  acid.  The  staK-h-pmnules  may  be  readily  dafeaetad  ander  the  microscope, 
and  distingnished  fnnn  the  milk-globules  ;  if  a  polarising  appanitns  be  ai^'usted  to  the 
microscope,  each  of  the  granules  will  ^pear  marked  with  a  black  coxm^  The  addition 
of  tincture  of  iodine  will  also  ladieate  the  presence  of  starch,  by  imparting  to  it  the 
chatnctfristic  Itlue  colour.  The  macerated  brains  of  sheep  and  other  animals  arc  raid 
to  be  iiomeiimes  added  to  milk.  In  this  caue,  the  uiieroscope  would  readily  detect  tho 
pnsence  of  fragments  of  nerve  and  other  organised  structures,  which  are  not  present  in 
pure  milk.  The  addition  of  water  is  not  ko  easily  d  t  r  t  <!,  since  if  cream  ha.<5  been 
taken  from  the  milk,  its  specific  gravity  will  increase,  while  the  addition  of  water 
again  lowaca  it.  It  mi^  aowevav  be  detaetad     tiha  ga]a«lgaedp^  ff  no  ataMh  or 
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brains  hax<^  been  adtltnl.  Tlv  millc  nf  disr-.-tsoc!  animals  i<»  sonutlini'H  f«:.lil.  If  goner:t!ly 
has  a  diangrooblw  U«to  imd  smdJ,  m  wdl  m  a  elightiy  risoid  a^pMimiUie.  Tiu  <»> 
nmeuH  globalM  ^ipill  \»  defrwted  in  ft  «ad«F  ttm  ndcroscope. 

According  to  Baum ha  u  !■  r  C^'t'.  cvV.)  iill  dcterminntions  uf  tho  comparative  purity 
of  milk  bj  ittstmnienta  like  theme  above  deBciibed,  ace  veiy  iaaceor&U' ;  he  give*  m  Um 
xvMdtof  detwim'Mrtrww  mdabjlui  own  awlhod  ■iborfB  dfwribed  (pi  1016),  tluT  all 
milk  may  be  regarded  as  adulterated  with  water,  which  giTPss  le«H  than  1 10  grms.  of  Rolid 
n-siduc  per  litre  (or  1928  gra.— about  3  oz.  trov — per  quart).  The  minimum  quantity 
of  butter  in  normal  oow**  milk  is  22  gnna.  per  litre  (or  38J  gn*.  per  quart).  MUk  may 
be  regarded  aa  MeMMd»whiatlii>i»qp<»tM«  of  lwttBrialMithMi|thQf  tketotal-pright 
of  solid  matter. 

Further  information  will  be  found  in  the  following  works : 

G  reel  in,  Bmitb.  (J.  Chfmus,  viiL  [2]  ]ip.94«>273;  Lehmann,  Lfhrh.  >1.  Phi/t. 
Chan.  1863,  ii.  pp.  2«7-30l,  the  samo  translated  hy  G.  Day,  vol.  ii.  pp.  832-34H*  ; 
Scherer,  Handteortcrb.  d.  PkysioLW.  •14S>-47<'> ;  Simon,  Di«  Frauenmilck,  ^c,  Berlin, 
IMS;  Ternois  and  A.  Becquerel,  Arm.  ttht/<nhir,  April,  1863,  and  Dnlait  ches  la 

frmmf  (^nns  t lint  (!>•  ^'n^f--  (t  dans  fliat  dc  mtUadir,  Vi\T\»,  l^'i'^  :  Payen,  Substance-t 
alinuntairi« ;  Bowman,  Medicai  Cketautrv',  Pelouae  et  irremj,  'Ira*t4  d«  Chimis 

GMrale,  2me.  od.  Btti%  IWf,  a  1Mb  8i»  abo  Ika  Mftnl  TvloMi  of  KW« 
Jakn»6$riekL  CKU 

8aa 

C'-H^O".— Called  Tjoctin  by  Rurteur,  Laeiose  by  Duma*. 
P:t«trnr,  on  the  other  hand,  appliM  tho  term  laeto$$  to  a  ncodnct  of  the  deomnpoiitioii 

of  milk-bugar  (see  p.  1022). 

This  compound,  the  saccharine  constituent  of  milk,  was  first  fcopared  by  Fabrizio 
■Rart'li  ol .  1 1  i,  ill  1619,  from  whoy,  thence  called  Mannn  or  Nifrtmi  srrdartfx, 
and  afientarils,  Galacticum  Barihukiti.  It  has  been  chiefly  oxamimxl  by  Bouillon 
Lagrangeand  Vogel(J,Phy8.  IxxiL  208),  Berzeliuf  (Ann.  Cliim.  x<.v.  G7X  Bensch 
(Ann.  Ch.  PJiarm.  Ixi.  221),  Vohl  {ibid.  Hx.  .160),  Winckler  (l^-pt-rt.  Phjirm.  xlii. 
46),  Krause  and  Siadelur  (Mitth.  d.  uaturf.  G«sell8eh.  in  Ziirich,  l^tm,  p.  47S), 
Lieben  (J.  pr.  Chem.  Ixviii.  407),  Pasteur  (»W<f.  Ixviii.  427),  Dubrunfraut  (tW, 
Ixviii.  422),  luV  oldt  {ibid,  bcxvii.  282),  and  Bertlielot(A]m.€aL  Pl^  [t]  fir.  83; 
Ix.  98);  sec  hLk>  Gm.  xv.  217  i  Qerh.  il  Md. 

Hift-sugar  has  be«B  Ibiuid  only  in  tho  mflk  of  nmnnlia ;  it  may,  however,  havo 
been  confounded  in  somn  rnsrs  witli  gluftose,  the  prrscnce  of  which  hns  bt  t  n  dot.  otod 
in  tho  blood,  in  the  liver,  and  iu  tiie  eggs  of  bird^.  It  hm  not  yet  been  formed 
aittfldaUy  frrai  any  other  eompoand. 

It  is  extracti'il  Ly  tr<'atin^  milk  with  dihitc  .sulphuric  acid,  or  calf.^  rrnnrt,  to  prf»- 
cipitate  tho  curd,  then  filtenng,  and  evaporating  the  whey  to  the  crystallising  pomt. 
Tnis  psodnet  ia  purified  Vf  trMtment  with  animal  diuvoal  and  repeated  OTctallmliatt ; 
fnally.  aconrfling  to  Krause  and  StMch-lrr,  Ity  rocK^ntoilly  prrcipitatin?;  tlio  aqueous 
Kilution  with  akohoL  In  aome  localities,  especially  in  iSwitzeiland,  milk-sugar  is  pre- 
pared on  tha  Iim  mlo  fton  llio  idiey  obtamed  in  the  Mvleitioii  of  dueoe^ 

Milk-Mgjtfiodapovfcedftoiaita  aqneont  iohiliflsiia  heuQiedMl  trimotrie  tiyitakk 

eiMbitiiigtaiocombiBatMai  ob^ao  . f . flP .  Aqglo  eiP: 2f  «>  -  109«  W\  oP:  ^ 

=  lOl**  41*.  Ratio  of  axes,  a :  5  :  o  -  0  6216  :  1  :  0-2193  (Schabus).  It  is  white, 
•oni-tjrauisp'ircnt,  hard,  and  gratea  between  the  teeth.  Tho  crystals,  which  oootain 
C'*H"*0".H*0,  do  not  give  off  any  water  at  lOO®,  but  the  whole,  amounting  to  fi-OB 
per  cent.  (1  at.  —  6-00  per  cent.)  at  ISO®,  or  more  quickly  between  140*>  and  150°, 
The  nnhydruus  milk-sugnr  which  remaim%  jbmia  a  colourless  melted  mass,  which  soli- 
difies  in  the  crystalline  state  on  cooliug. 

Crystallised  milk-sugar  is  slightly  hygroscopic,  and  dissnlvos  in  5  or  6  pta.  of  cold,  and 
2J  pts.  of  boiling  vatrr.  Tho  s;iturated  solution  produced  by  prolonged  contact  of 
Wiiter  with  excess  of  milk-sugar  at  10°,  has  a  density  of  l  OS.'S,  contains  14-66  per 
cent.  crysta!hV.Kl  milk-sugar,  nn.l  wh.  n  loft  to  evaporate,  begins  to  deposit  cqntabl  ao 
soon  as  it  attains  the  density  of  1  063  and  contains  21*64  per  cent,  milk-sugar.  The 
aqueous  solution  turns  the  plane  of  polarisation  to  the  right  iVrtro-rotatorv  power 
for  the  transition-tint,  [a]  »  09*8^  (Bertholot) ;  eo-2«*  (T  i  Aceoidtng  to 
Popgiale,  201*9  pts.  of  milk-sugar  produce  the  same  d*  vijition  ai  ]<;i  7  pts.  cane-sugar. 
The  dextro-rotntorj'  power  of  a  recently  prepared  solutiuu  oi'  uiiik-»ugar  xh  greater  in 
the  ratio  of  8  :  tlian  that  of  the  same  solution  after  standing  Ibr  Knno  time  or  after 
being  heat e<l.  Tl«e  rotatory  jiower  diminishes  slowly  at  0'',  more  qniclcly  <>n  Iiealinj;, 
and  ut  the  boiling  heat  it  diminishes  iu  tvru  minutes  to  66'4-'  for  crynialliat^  toilk- 
engtr.  (EL  O.  Brdmana,  Jahmbu  IMtf.  p.  671.) 
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"tr*  u.  uwobblA  in  alcohol  end  in  «^A«r,  Imt  ^motrm  fMj  m  dNMii^ 

titttgar,  crystallising  ont  nnitlt*  n  d  on  pvripnmtioTi. 

Decompositions.—X.  Dry  milk -migiir  turns  brown  when  hotted  to  alont  160'^,  without 
ftwing,  and  at  175°  gitw  off  mtar,  and  yields  lactocsrftmel,  C"'H  ''0'<'.  At  203=>  it 
mf  Its,  iuxl  at  :i  liii;licr  tcmpomtnT^  yieMs  Jmrnu'^-like  stihstanoes. — 2.  Miik-sugar  bulled 
•m\\k diluU  iiuiphuric acid  iti  courtirtvd ioto lactose  {md.in/.);  the  same  trani^ormation 
appears  abo  to  be  produced  by  prolonged  boiling  with  water. — 3.  Strong  stUphurie 
or  IffdrotliJoric  arid,  ami  alkalis,  decompose  it,  ('Specially  when  heatoo,  witli  for- 
mation of  brown  or  black  products. — 4.  Milk-augai  ia  esiiilv decompoead  hyoxidmng 
agent*.  It  reduces  metallic  silver  from  niTer-aohitiona  (Liebip,  Ann.  Ch.  Fhaim. 
xcviii.  n2\  A  .•"'iliittoii  of  milk-fmffar  mixed  with  p^jtash  flis.solvos  ntprie  hpdrate, 
forming  a  deep  blue  solution  which  OMDosits  cuprous  oxide,  ereu  ia  the  cold.  From  a 
•ointioo  dUpottuth-eupHe  tartraU^  it  vnom  down  a  mtiUkt  quantity  of  cuprova  «dde 
(abont  ,'),  than  clu('ri.s<»  (ii.  860).  Di«tf!!-  1  ^vitli  oxidiKing  nnxtiirt-'H,  such  an  if  ■  • 
aeid  and  peroxide  o/  mangamstt  it  jrielUt»  formic  acid.  With  uiiric  acid,  it  fonuB 
nracic,  «u!cfaarie,  tuterie;  andAMoallqiifliilityol^  nomno  Mid,  tod  tomOj  osdie  ftrfd. 

V<  ry  t'triinij  mtric  acid  ur  a  mixtur«>  of  nitric  find  sulphuric  adds  eonrertw  milk-sngar 
into  a  substitution-product  called  nitro-laotin,  which  ia  preo^tated  ft<m  the  a«id 
eolvtion  hy  watw,  and  a^vtalHMi  from  almhdio  aolotioii  in  naaraow  1mum»  defcon- 
atiiiii  when  liL-nt«'(l.    (ReinHch;  Vohl,  Jahrt'sb.  1819,  ]?.  470.) 

When  miik-^ugar  ia  heated  to  10(P  fas  aome  houzs  with  broimne  and  watery  thero  ia 
Ibnn^,  probably  by  ^net  addition  of  bioaiiBe,  a  bimninated  eompoond,  wbieh  wlwB 
de<"otinM^.sc(I  Ly  l>;iy«'s,  yn-l'ls  iwodiglyeoletliy lenic  or  lactonic  acid  (p.  414). 

Milk-sugar  ia  not  brought  immemately  by  ytast  into  tho  state  of  alcoholic  fermen- 
tation ;  but  when  it  ia  lell  fbr  some  time  in  oMitaet  with  yenst,  fermentation  gradually 
«et»  in.  When  cheese  or  gluten  is  used  as  the  ferment^  the  milk-8ti^r;ir  is  converted  into 
lactic  acid  (ii.  631  ;  iii.  455).  Alcohol  is,  however,  always  formed  at  tho  same  time, 
cmpeeially  if  no  chalk  is  added  to  neutralise  the  acid  as  it  forms;  the  quantity  of  alcohol 
formed  is  greater  also  as  the  solution  is  more  dilute. 

Comhinati-ms. — Milk-sugar  unitea  with  bases,  but  the  eompoim<lsi  have  not  bo^n 
much  exaiuiueU.  It  differs  from  glucose,  in  not  funnixig  u  dt-fimt*'  compound  with 
ddflrido  of  aodinm.  It  ■ibeorba  about  12  '3  pi  r  cent,  ammonia-gas,  which,  however, 
it  a^iin  gives  np  on  pxprwnn?  to  the  air.  It  dissolvi  .s  in  strong  cau^-tic  pvttuh,  fomiinf» 
a  thick  liquid  from  wliicJi  alooln'l  thnjws  down  white  flocks  oontAiniug  1 2  4  ixx  cent. 
HK).  1m  compound  is  easily  decomposed  by  acids,  even  hf  cUbonic  acid,  the  milk* 
sugar  separuting  from  it  uualteved.  With  toda  a  aimilar  oompoand  ia  SoimaA,  con- 
taining 8*3  per  cent.  .'^oda. 

MiUc-sugiir  dissolv.  s  easily  in  milk  o/Umey  forming  a  solution  in  which  alcohol  pM>- 
dn(v»«  tnrhi<lity,  and  if  the  liquid  is  eoncrntratcil,  tlirown  down  a  white  pivclpitat/'  mn- 
tniuiiig,  when  waiilied  and  driwl,  from  112  to  10  7  i><;r  cent.  lime.  Jliin/la  luruis  a 
gimilar  compound  containing  40  1  pure  baryta. 

^Tilk-jiiipir  gently  heatod  with  oxids  of  t'-ad,  trivet  off  wafer,  (^n  dipjesting  the 
aqueoua  solution  with  l*ad-oxido,  at  a  tempemturc  below  50**,  part  of  the  oxide 
d&MdT«9,  and  an  iiiNoliilik;  compound  remains  raspanded,  oonUuning  when  dried  63*6 
pPT  f*ent.  lead-oxide.  Tlic  .li---t)hed  portion  evaporated  in  n  vacnani  lo.'ivos  a  gummy 
soluble  mu£a,  containing  Ib  l  per  cent,  lead-oxide:  ammonia  added  to  the  Mlutioa 
throws  down  an  insoluble  compound. 

Estimation  of  MUk-Sngar.  Milk-saf»ar  may  bo  estimated  like  glucose  (ii.  8G5). 
Poggialo  (Compt.  rend,  xxviii.  605)  pivpares  tho  test-liquor  by  diaaolving  10  grms. 
of  enpric  sulphate,  10  gran,  of  cream  of  tartar,  and  30  grms.  eanstio  potaab  in 
200  prm,«.  distilled  water.  Tho  filtered  liquid,  which  ha.**  a  <lecp  1,luo  colour,  is  titrated 
by  determining  tho  amount  of  pure  milk-sugnr  rc^j^uired  to  decolorise  a  circn  volnme 
«f  ^  To  determine  theqoantity  of  augar  in  milk»  it  ia  neoao—ty,  in  the  l»t  pImn^  to 
separate  the  fat  and  the  eaeeia  (g*  1018)b  MiHrHWtgMr  augr  alto  be  ettinialea  by  ^ 
rotatory  power. 

1.  IdUifoeB  or  OAi^AirrosB,  G*H*H)*  (Paetenr,  Compt  tend.  zliL  847).  A  Und  of 

snnr-ar  ifomerie  witli  glucose,  and  bearing  consideraMe  resemblaiieL-  to  it,  produced  by 
boiling  milk-sugar  for  aevcral  hours  with  4  pts.  of  water  and  2  per  cent,  sulphune 
add,  nentmlLsing  with  ehalk,  evaporating  the  filtnte  to  a  syrup,  and  thco  leaTing  it  to 

CTTstallise. 

Lactose  crystallises  more  readily  than  grape-augur,  in  nodules  conaiating  of  miczo- 
aeopic,  limpid,  rectangular  pristas  semiwated  at  the  endp, — more  gmerdlj  of  six* 

titled,  rutind-edgcd  lamina-  liavinp  a  pen-shaped  protub'jranco  In  the  nnMlIe.  Dextro- 
rotatory power  tut  the  traoaition  tint,  [a]  ai  88-22°  at  16°  ^  in  the  recently  prepared 
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solntbn  it  is  stron^r,  [a']  =  139  66^  bat  iUw  to  A«  ftnocr  ■'•gr**'^  ibwlj  ii 
Qtdiiiazy  fcemjperaiurefl,  iostantlj  on  boiiing. 
TiMlow  aiMolTM  ill  wuttt,  chmi  sot  oonUno  vfA  ^Uortttt  of  todhmtf  tuH  dimlra 

hut  very  spariDgly  in  cold  alcohof. 

htO/m  jrieldi  with  nttrie  ootj  twice  as  moch  mudc  acid  as  milk-sugar.  From  aa 
Aa&M  iDtttlfoa  il  radaoM  m  nm«h  eapHi»  oaM^  as  grape-sugar.  It  frrmrats  in  cob> 
tact  with  If  tho  f»'m\t  ntution  be  nifiTmpted  before  it  is  com pIot«>,  the  liquid 

'•till  contaiiifi  mustered  lactose^  which  therrfore  has  noi  imdergooe  anj  diriakHi  or  for> 
ther  altegmtioB  daring  tha  ftfineatation.  In  this  ftnntiotatioD  the  mate  ptodnels  an 
fomed  M  ia  fhtt  ihiKBlrtwa  of  aaiie  nmr,  (Pftateur,  Ann.  €9i.  Vim.  [SI  hui 
SM.) 

S.  LAcrocARAXKL,  C*H'*0*.  Pkodooad  wIm  niOc-angar  is  heat^  far  aome  time  ta 
180^.  It  is  a  dark  brown  substance,  soluble  in  water,  insoluble  in  alcohol,  and  capable  of 
combining  with  the  ozidea  of  i«id  tiul  oopper.  (Lioben,  Wien.  Akod.  Ber.  xfiiL 

180 ;  Om.  XV.  227.) 

'S.  I  •KiA.JL.cmc  and  PwTroxuxmc  Acids.  These  names  are  given  by  Bodeker  and 
8truckmann  (Ann.  Pharm.  e.  264)  to  two  acids  produced  wh<  n  milk-sugar  is 
oxidised  in  alkaline  solution  by  cupric  oxide.  Both  are  syrupy,  and  furiu  uncrystalli»> 
able  salts,  respe^lii^  the  supposed  composition  of  which,  aea  Oin.  xr. 

4.  yTTKor.ACTTX  IS  bcst  prt'parcd  by  trcjitini*  milk-supsr  with  a  Tntxtnrp  of  nitric 
and  oulphurie  acid,  audpreapilating  with  water.  It  erysUUlises irom  alcoholic  bolutioD 

in  oafiNOOi  la«ia«k  whwh  daloiiKto  vhcB  hMtcd. 
MEndUttm»  VatiTe  sulphide  of  nidcel    (See  NsoKB.) 

VtHtltTKOVOMXAm    Tlie  bark  of  Millingtonia  hortfnsin  L.,  usc-<l  in  .Tara  as  a 
remedy  against  fever,  contains^  acflording  to  xi.  Hollandt  (Jakresb.  1861,  p.  767) 
-—Iwoidsi  olsKh,  gum,  sugar,  firt^  iMix,  aad  Ml  iiioa-greeiiii>||^  taonin-^ 
of  a  bittrr  siibstanoo,  and  certain  bodifs  deooilMd  aa  hoBUO  aoidt  tO  vhicb  tha  fiir* 

Biulr-  (."'//-'"O-''  and  C**n"0**  arc  lus.'iijj^ned. 

MiXtOSCBXlv.  A  compact  chrumiferous  mineral,  probably  a  mechanical  niixturp, 
containing,  according  to  Kersten  (Pogg.  Ann.  idrii.  485),  27'50  per  oeot^  aUica,  45*01 
alumina,  3  61  chromic  oxido.  0  30  lime,  0  20  magnesia,  and  23-30  water  (=  09-92). 
Colour  indigo-blue  to  CflandiQe-green.  Hardness  »  2.  Spenflc  gravity  «  2'13. 
Yields  wat42r  when  heated  in  a  tube.  Infusible  before  the  blowpipe ;  partly  dissolved 
by  hydrochlons  ooid.  Found  at  Budniokin  BaniM,  aMnriitBii  ouh  fHite  aad  taron 
iron  ora. 

KitmptjJitr,  Hcd'/phajif .--Thin  name  is  applied  to  BPvoral  minerals,  isoniorphous  with 
pyxomoxphite,  conaistix^  either  of  pore  araenato-chloride  of  lead,  or  of  iaomorohotts 
snfxtiiTCS  of  ^is  compound  with  tM  eoweapoading  phosphato««it1ar{d«!,  and  wmi  tha 
analogous  calcium-wnipoundH.  Thi^  crystals  am  hcxupunal  prisma.  exf)il.itin«r  the 
combinations  P ,  oPC^.  239,  ii.  789),  P  .  <»P .  oP  0^.  240),  ooP  .  oP .  2P2  O^r.  241), 
and  P  :  oP  .  o»P  .  aSft.  l>nwCh  of  pnnapal  tadB  »07SM.  Anglo  P :  P :  (terminal) 
=  142°  20';  (lateral)  «=  80^  26^.  Ch-ava^o  imporf.-ct  pandkd  to  P  and  oeP.  Hard- 
naas  •  3-&  Speeiflo  gravity  -  7't9to  7*36,  mimet4>De;  6-3  to  6*5,  hedyphaae;  6  8  to 
6*9,  fcampTlitfli  LostnTCSinoas.  Oolonr  pale  yellow  passing  into  brown,  somsHnso 
onin^c-yellow  (kanipylito)  from  the  presenee  of  ehromnte  of  lead;  sometimes  wFiitish 
when  containing  much  caldc  phosphate  (hedyphaaeX  Btreak  white  or  nearly  so. 
Snh^nsparaat  to  ■sbtnuishi«ent  Seetile.  mm  iMfotre  the  Howptpe  on  charcoal, 
but  less  eaailf  than  pyromorphite ;  exhibits  a  aystalline  surface  on  cooling  und  is 
easily  reduced  to  laM-|^obiilM  with  OTolatioo  of  arseoicai  iUnMMk  Soluble  m  nitiio 
acid  and  in  potash. 

Analysis. — a.  From  the  Aznlaqnes  mine  ne^ir  L.-i  Blanca,  Zaeatecas,  Mexico :  yellow 
needle-shaped  crystals  on  wulfenito  (Bergemann,  Pogg.  Ann.  Ixxx  401). — h.  Phsmx- 
ville,  Chester  County,  Pennsylvania:  colourless  or  yellow  crystals  (Smith,  Sill.  Am. 
J.  [2]  XX.  342). — c.  Johann-Oeorgenstadt :  yellow  crystallised  (Wohlcr,  Poag.  Ann. 
iv.  161). — d.  Caldbeck-fell,  Cumberland  (Bmithaupt's  kampyliU)  (Bammelsberg, 
ibid.  xci.  316).— «.  Horrhausen  in  Saxony  (Bufr^noy,  TntiU  4t  iiL  46).— 
/.  Cornwall  (Dufr^noy,  ioc.  cit.\ — Preobn^ansk  mine,  Siberia:  OTstals  yeUow 
within,  but  black  on  the  outside,  m>m  a  coating  of  pyrolusite  (Struve,  RommflsUr^s 
Mineralchfmie,  p.  382). — h,  L&ngbanshvtta,  Swwlen  (Breithaupt's  kedypAane) :  mas- 
sive, greyish-white  (Kersten,  Bchw.  J.  Ixii.  1  >.  Mina  GnmK BOOT AcqMNi  ^ 
C3hil» :  yaUov,  aorthj.  (I> o  m  ey  k o,  Ann.  Miu.  [i]  xiv.  145b) 

I,  Oimtahiing  onltf  Arsenk  JoU, 

a.      APo*.  Pii>o. 
a,   9-44      SS-Oe      74*96    -  100'46. 
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II.  OaHtaiiiiiMf  Artenie  and  Phosphoric , 
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id  .  . 

61*08 

14'0» 

2^1 

12H)S 

€*8e 

1-94 

68-46 

8-81 

0*96  m  89*(K».« 

The  mineral  L  ii  ft  MBpomkl  «f  diliondtt  fl€  lead  and  pore  triptamliio  i 

PbCLSPVAaO*.   

ThoM  iiiiid<tid0d  mcfof  IX,  MM  liOBMnplion  ml<tin«  ct  tmv  niiiMitorfts  ufl  pynt* 

morpl'it  (]  hospljato-chloride  of  lead)  r©preaent<^d  by  the  formula  P1)C1.3PL'(A3  ;  P)0*, 
In  the  two  minpriils  included  undpp  III.,  the  lead  is  partly  replaced  by  calcium;  the 

©omposition  of  h  may  bo  nearly  represented  by  the  furmula  P^^^-'^Qf^uj  ||p*|^*J- 

Tha  earthj  mineral  from  Chile  a|>peaz8tobe  hodjrpbaue  mixed  with  alittle  TaaadaUe 
«f]e«d. 


6eeGTnc(il9«8). 

8^  irith  OMimmS'tAKaao  Am  (i  S17). 

Acetate  of  Attmomhatt  (i  18). 

imxrxniLA.Xi.  This  term,  in  its  widest  sonne.  denotes  any  substance  not  formed 
bj  the  processes  of  omanie  life ;  in  its  more  restricted  and  more  usual  sense,  it  si^paifles 
tjtj  liomogenMiUi  ioln  <nf  Hqidd  inorganio  body,  Ifamed  \iy  natural  inoeanes^  witfaovt 
the  concurri  nce  of  !irt.  Minerals  understood  in  this  sense,  constitute  the  essentird  p:irt 
of  the  earth's  crust.  It  is  osoal,  however,  to  include  under  the  same  general  denomi- 
nation,  aefrenl  anlMtaocM  whieh  tm  tfiAesx&y  the  ranahui  ot  organboa  Iwings,  ehiffly 

vegetables,  which  lived  upon  the  earth  in  former  ngcs,  r.q.  coal,  lignite,  amber,  and  the 
several  varieties  of  fossil  resins  and  bitumens.  8och  bodies  should  perhaps  in  strict- 
ness be  called  &>8silB,  but  they  are  more  uraalljr  classed  viUi  minanila,  and  deaeribed 
as  snoh  in  watkn  on  Minoalogy. 

2MCZjrESj&.Xi  ACZS8  arc  aciils  c  f  in  rganic  origin,  eitbiT  ^-xisting  ready  formed 
in  natural  minerals,  or  formed  fi»m  inorganic  materiaLi  by  aitiliL-ial  processes.  The 
term  as  chiefly  applied  to  the  stvonger  acids,  sulphuri<^  nitric,  pLo^phoric^  hydro* 

—■— ^^^^^^  ^^^mw.  jln  eld  name  of  Soda.   (See  Alkali,  i.  115.) 

MUimtA.lL  ISIttTB,  A  term  sometimes  applied  to  Pnis.si;'r  Mir^  ^vb en  mixed 
with  certain  white  substances,  such  as  day,  heavy  spiur,  gypsum,  which  give  it  a 
light  Idne  Cdlotir. 

(PL818X 

Bdheetf^t  green.    (See  Gkxbit  PiOMBirrs,  ii.  914.) 

JisnnSMA.lt  XVSZOO.  A  term  applied  by  KeUer  to  the  blue  oxide  of  molyb- 
(lonum,  formed  by  the  reducing  action  of  tin  or  stannous  chloride  on  recent^  precipi- 
tetod  molybdie  aeid.  (See  Ifoxsnmc,  p.  1036.) 

(i880X 

(Bee  Pbtbolevk.) 
Oold-purple  or  Pwple  of  Cassius  (ii  988). 
mmBSAK  TAX&OW.    ?yn.  with  Hatchsttiv  (p.  14). 

Mrzo^KAZt  TtTEPETStina.  Mi  r.  uric  ioiphaite.  (&••  Suuh^th.) 

MZra'CSilX  WATERS.    See  Watku. 

yfw^AT.  -nOhLOW.  A  term  sometimQfl  applied  to  the  yellow  oxychlorides 
of  lead,  Hied  as  pigments  (p.  656). 


•  After  iMucttoo  «f  t-1  ^taMlsaaiid  ftrrte  eaMt,  1  asr.aai  MS 

Tob  m.  a  V 
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lOae  HQ^ETTE— mSLETOE. 


An  eraptiye  rock  occurring  in  the  Vosges,  where  it  fbruM  emaO ' 
ill  grainta  and  eymita.  It  consists  of  mica  (tho  characteristic  coni^titucnt) 
raryinj*  in  coloTir  from  hrowTrish-bln rk  to  greenish,  and  orthodase  imbedded  in  a  fel- 
Bpathic  grouud-mas«.  It  is  ustiully  fine-grained,  often  porphyroidal,  vhen  the  felspar 
crystals  are  well  deriitoped.  The  ^und-maas  ft^uently  also  contains  grejish-green 
<>r  ()'jrk  fficAn  hornblontlo  already  tar  ad\'anced  in  decomposition.  The  rock  also  eon- 
uuim  quartz  [in  very  small  quaDUty2,  trielinic  lelqiar, chkaite,  calcspar,  o&m  aiao 
«ioddoli*e.  A  wpririmm  jam,  tha  Balloa  Aliaw^  gjw  Ij  uuihfmai 


SiOf.    Al'O'.    Mh'O*.   Fo^O'.  Cr-O.    Mf«0.    K«0.    N««0."   H^O.  CO'. 
6696    12-95     0  05     7-58    4-63     6-62    4-35     2-22    1-44    1  94  —  99*34 

(Dales 8^  Ann.  Min.  [5]  x.  517 ;  Jakreeb.  1857.  p.  705).  A  rock  of  similar  constit«- 
tka,  ftm  XHtenliMMB  in  tbo  OdaBirald,  lum  dmu  aadjied  lij  BaaMB  (Jahswb. 

1861,  p.  1068). 

amfJAC-T  /i  ig»  A  "WTAg  or  TZVJUkWAar.  A  solid  vegetable  fi&t  obtiuiMd 
from  tho  fruit  of  a  tree  growing  in  Borneo  and  Sumatra.  The  janndpal  portioB  d  it* 
inaoluble  in  cold  alcohol,  consists,  like  cacao-fat^  of  stearin,  palmitin  and  olein ;  a  smaller 
portion,  soluble  in  cold  alcohol,  contains  free  stearic  acid,  palmitie  Mid|  and  tneei  of  A 

foktila  fatty  ucUL   (E.  Kuge,  Jahresb.  1862,  p.  506.) 

8eeI^inT(iL  714). 

Syn,  with  CMmtber  nit  (See  Bmawam,) 

Add  nd^liate  of  potossium,  KHSO*,  occurring  in  ^vlil  io  silky  fibres 
in  n  lint  fuf  r  rrtvern  near  Misene.  (Scacchi,  Mem.  GeoL  sulla  Campania,  1849, p.  98.) 

ICZSPXCXSXt.  Ft'^AsS  »  FfeA.sS,  Arsenical  pyrifes,  Arsfnopyrite,  Donatio, 
Kinian,  Fcr  ar&hikal,  pnsmatucher  Arscnikkks. — This  mineral  occurs  in  trimetrie 
crystiil.s,  in  whidi  the  ratio  of  fhe  axes  a'.bie  =>  0-676  :  1  :  1'189.  Angle  «bP;  eaP  » 
68°  7';  ^  f'«  :  ^  Poo  in  tho  basnl  principal  section  =  34''  34'.  Ordinary  combina- 
tion wF  .  i  ^00 .  Cleav^e  rather  dLtinct,  pandk-I  to  scP.  Occurs  also  colunmar,  coiu- 
naet  gmnular,  or  impalpable.  Hardness  —  5*5  to  6.  S^eeifie  gravity  »  6  to.6'4. 
lAutn  mctalUc.  Colour  silrer-white  inclining  to  steel-grcy.  Streak  dark  greyish* 
black.  Fracture  uneven.  Brittle.  Heated  in  a  tube,  it  lirst  yields  a  red  or  brown 
sublimate  of  sulphide  of  arsenk^  then  ablack  sublimate  of  in^^talUc  amenic  On  cliarcoal 
before  the  blowpipe,  it  melts  to  a  black  magnetic  bead,  which  Bometimcs  exhibits  the 
xnetions  of  oobo^t  as  well  as  those  of  iron.  According  to  Ilerthier,  when  heated  in  a 
cicMMd  enwUili^  it  gif«s  off  half  its  sulphur,  and  a  fourth  of  its  arsenic.  Nitric  acid 
decomposes  it,  with  ?rpnmfton  of  sulphur  and  arseinVtis  acid;  nitro-nmriatic  acid,  with 
separation  of  snlphur  alone,  which  may  be  completely  dissolved  bv  prolonged  d^estion. 

AuMyHt.  A  fMberg  (Behnke,  JEV>^  Am.  xoriii  184). — o.  Ehre^rMkradorf: 
VlinUxn  (Plattner,  ihid.  IxxviL  127,  Ixxix.  430). — c.  P.  irlif^nstein  (Wei denbnsch, 
SammeUbar^s  Mmtrakktumt  p.  63). — d.  Mek^uontoiien  n««r  Jauemick  in  Anstzian 
fiOssk: nsssi^  (Fr el  t M,\i—4.  Sak  in  Sweden  (Behnki^  lott.  eit.).—f.  AllaalMtg^ 
near  Kupferborg  in  f'tiohi-i:  large  crystals  of  epeeific  pravity  6*043  (Behnke). — g. 
llotbsechau,  near  Landshut  in  Silesia :  specific  foambr  6*067  (Behnke). — A.  Wettin: 
■aMUtwinHcrvstals,  of  specific  gravity  6^86 nttd i'Wf  (Binta«h,Za!tldl& £ d, gHb 
HatiBV*  liL  372)  i 

Snlphur 


a. 

e. 

e. 

/. 

g- 

A. 

20-38 

SODS 

1917 

2114 

18-52 

20-25 

19-77 

22*6a 

44«8S 

45*4d 

4m 

41<9I 

4S<7« 

44-Of 

C9  tut 

110 

1-05 

0-92 

34-32 

34-46 

33-62 

3G-95 

87-65 

34-35 

37-51 

iOO-00 

98-73 

100-00 

99-32 

99T3 

yyJ4 

100-00 

Mispickel  is  also  found  in  beds  at  Breitenbninn  and  Raschan,  Andrr^asberp  and 
Joachimsthal;  atTuniberg  in  Sweden;  and  at  Hotl-Maudlin  and  Unanimity  in  Cor»- 
wall ;  also  at  Fraticonia,  Jackson  and  HaTerhill  in  Kssr  ibuagahizi^  and  asfiBaai  ochsv 
localities  in  the  United  States.    (Dana,  iL  63.) 

Dandite  fil  303)  and  GlaucodoU  (iL  844)  are  varieties  of  mispickel  in  wl»5A  Ae 
iron  is  partly  replaced  by  cobalt,  to  the  Mnovnt  of  mm  siitli  IR  ttw 
third  in  the  latter.    (Dana,  ii.  62.) 


i'iscum  allmm. — Tho  chemicai  constitutiou  of  this  plant  has 

besD  aamined  by  P.B«i&a«It(Ja]iresb.  1860,  p.  541)^  ' 
mbaliaoea  callad  Tia«noiit«liiii  and  viaain  (g, 

•WMia1lttistilhls;a( 
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TvixsY.  An  imptiro  f«nie  titphat*  Iboad  tt  BmibiimIbIm^  aear  Qoakr  ia 

ilivrz.     (See  SULFHATSS.) 

Mms-munnr.    Anoiato  of  ooppi  r,  aCi^jL^O*.  (8m  Qssrm  WQMMfiaL 

iL944.) 

HZZZOTTXTS.    Syn.  with  Mrioxite  (p.  8G')). 
MOCHA.  STOiars  ot  M'u^s  Agat>'.    (Sr-e  Aoatk,  i.  G2.) 

MOSUMJCTB  or  SkuiU-rudiU.  An  anteiudt)  of  cobttlt^  CkrAjf*,  fouud  »t  Skutterod, 
■Mr  Modimin  Norv^  (i  104a> 
MOHsara.  Syo.  with  LMeof^iite  or  mAf^  jwto  rtwHa  of  im^  PoAs 

(p,  iJ6> 

KOBSXTB.   Native  Utaiuite  of  iron.    (See  TcxhSVCiL) 

MNKfiBOmuik  Thi8t>ntt,in!teolrietdieinieal«aiM,diDote8lliefmanert 

of  a  ot>mpou!ui  1)0(ly  that  can  take  part  in  any  cheniioal  reaotion.  Thu>,  as  expUinea 
in  the  article  Atoxig  Wbohts  (L  4d7-469),  the  molecule  of  water  is  assumrd  to  he 
WO  18  and  not  BO  beeuBM,  fa  the  great  majority  of  cases,  18  pts.  by  wuight 
(H  SB  1)  is  the  smallest  qaantity  of  wat^T  that  can  be  taken  up  by,  or  eliminated  from, 
any  group  of  elements  concerned  in  a  reaction:  For  a  similar  reason,  the  molecule  of 
ammonia  is  assumed  to  be  NH'  «  17,  and  not  any  multiple  or  submultiple  tbereo£ 
(See  Odling,  Chom.  See  Qu.  J.  xL  107.) 

To  ent.  r  into  all  the  considerations  by  which  the  molecular  weights  of  TxhIios  are  do- 
termiui'd,  would  ha  to  repeat  what  has  already  been  treated  in  some  dc-tuU  in  other 
■tddefi  <^f  this  work,  espeetO^Tttiat  above  referred  to  (sMalw  CLamificatiox,  i.  1007). 
It  may  ihtrt  fore  suffiee  to  point  out  in  this  pLico  that,  nmong  the  pnrcly  chemical  con- 
•idoxtttioos  which  enter  into  the  di-tcmiination  of  this  }x)iut,  u  promiii(>ut  place  must 
be  ftfllrifln'^  to  the  Wf^*^  in  which  the  rlemont.s  of  a  compound  am  IcplMSM  Othor 
radlolffi^  aiiiiplo  ov  oompound.   Thus,  in  the  £}ur  typical  molecule^ 

Hci,       n^o.       n»N,  H'C, 

the  hydrogen  in  the  first,  vis.  hydrochloric  acid,  must  be  either  wholly  replaced  or  not  at 
all ;  vhereiis  in  water,  either  the  half  or  the  whc^e  of  the  hydrogen  may  be  thus  re- 
placed, bat  oo  other  fin&ction ;  and  in  ammonia,  the  substitution  t^es  place  by  thndi ; 
and  in  marsh-pjs,  by  fourths.  A^ain,  sulphturic  acid  is  regarded  dibasic,  and  repre- 
sented by  II -SO* ;  phosphoric  acid  as  tribasic,  and  denoted  by  HTO* ;  tartaric  acid  as 
tetrabasic,  by  IV.C'WO',  for  similar  reasons. 

PliTsical  considerations  likewiifo  enter  largely  into  the  determination  of  molecular 
weights.  Thus,  in  compouud  gaacs  and  all  cumpouuch  whoso  specitic  gravities  c&n  bo 
determined  in  the  state  of  vapour,  the  molecule  is  aasiimed  to  be  so  constituted  that 
its  weight  is  double  of  tho  specific  gravity,  that  is  to  say,  of  the  weight  of  a  unit-rolumo 
of  the  vapour.  Thi*<  assuniptiou  caunot  iit  present  \xi  said  to  rest  on  any  pliy&icai 
\mma ;  but  it  is  found  to  be  true  in  numerons  cases  in  which  the  weight  of  the  moiecula 
can  W  fixed  inde)>  ndently  of  it  by  purely  chemical  consi(l<  rations;  and  hence  it  is  ex- 
tended to  others  in  which  such  verification  cannot  be  obt^itined.  Other  physical  con- 
adHMtaoBO  wbioh  enter  into  the  detenniBMioii  of  molecular  weights  are  spedfie  boo^ 
lx>iling  point,  isomor]<hi.sm,  kc.  (See  AtoW  Yfwuaam,  i,  466-478 ;  Mmax,  iu.  S(MO 
and  89-91 ;  IsoxonPUiSM,  iii.  423-432.) 

llMtCTB  moleetde,  as  applied  to  •lemonio,  mMt  bo  uidonteod  ia  %  iomowbtil 
different  Benso  from  that  which  it  hoars  when  applied  to  compounds.  The  gmallost 
quantity  of  an  elementaiy  bo^y  tlu^  can  enter  into  %  reaction  is  called,  not  a  molecule, 
but  an  atom ;  and  tho  moleOBio  of  an  damoni  ii  Iho  naallest  qnantity,  or  group  of 
atoms,  that  can  exist  in  the  free  state.  Many  eoasideratiotts  leatl  us  to  suppose  that  in 
the  m^ority  of  cases,  this  group  consists  of  two  elemental^  atoms,  the  molecale  of 
hydrogen,  for  example  being  HH.  (Sea  Atoaso  "Vftamtft,  L  466;  and  Cmnnmf., 
AmmTT,  i.867.)  There  an^  also  certain  compound  nidicles,  viz.  the  aleoliol-radiclcH 
methyl,  ethv),  &C.,  whose  molecules  in  the  free  state  are  geueraily  wpposed  tobo  the 
donbieii  of  those  by  which  they  enter  into  OOdBbiimBen ;  e,g^  ftw  motliyl  m  0H*.OH*; 
botncent  investigations  on  the  relations  between  Uk  so  radicles  and  their  hydrides 
(pp.  182,  198),  have  thiova  conwAgrahU  doabk  on  tho  exuteooe  of  thoio  puticalar 
compound  molecules. 

KOliTBSnruK.  Symbol,  Mo.  AUmh  WdffH,  M.— A  molil  oeevmig  m 
maall  quantity  as  a  sulfiliide  (moljfbdtniif  ),  J\nd  as  molybdatc  of  lead  {vnil/mHc).  The 
native  sidphide  was  t^r^t  dinttinginshiM!  from  phimb^,  which  it  mwck  reeembiea,  W 
Scheele  in  17<  8  ;  the  metal  was  first  prepared  from  tho  txioxMe  ly  Hjelm  fa  itw. 

The  moot  complete  investigations  of  the  properties  and  combination.*)  of  tin's  metal 
have  been  made  by  Bertelius  (Fogg.  Ann.  iv.  163;  vi.  361,  869;  vii.  261); 
Svanberg  and  Struve  (J.  pr.  Chem.  xliv.  257 ;  Jahresb.  1847-48,  p.  408);  StraT* 
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(J.  pT,  Chem.  Ld.  449  ;  Jahresb.  1854, p.  346);  Blomstrand  (J.  pr.Cbem.  lxxi.449; 
Kxvii.  88;  )xxxii.483;  JahMb.  1857,  p.  191;  18,^9.  p.  164;  1861,  p.  S39) ;  aaAlL 
Schultzi- (  Ch  Phftrra.  rrxvi.  49;  Jahrt'sb.  1863,  p.  217).  Th«»  nftTne  Tn<ily Weimta 
is  dorivcd  from  (wkutiieuva  or  mo^bdona,  applied  by  Dioscorides  and  Plinj  tu  guieiu 
and  otiiw  lattd-^OBpoQiidi.* 

Prtparniion. — 'Mf'fallie  molybJenura  is  prppared ;— 1.  "By  exposing  either  of  the 
oxides,  or  molvbdate  of  tuomoniam,  or  acid  moljbdatc  of  potassium,  to  a  fall  white  heat 
in  a  eradble  Diiad  with  diareoaL  The  ndnedon  u  tmof  tH^^ettA,  and  mmf  evm  hs 

Jx^rformt'<l  on  cliarooal  bt'furf-  tht>  hlowjiipo  with  o-iirbonate  of  solium;  Lut  fo  obtain  a 
xx&ed  button  of  'ho  metal,  a  venr  strong  heat  is  required  (Berselius). — 2.  Bypassing 
dry  bTdrogt  u  ^  is  over  either  of  the  oxides  of  molybdeauia  heated  to  whstenesi  n  a 
pomkiB  tabe.  (lierzelius.) 

Properties. — Molybdenum  reduced  by  liytlrogen  is  a  grcr  pnlverolent  tna.*^  which 
aotj^oires  a  metallic  lustre  by  trituratioD,  aod  conducts  electricity.  By  fusion  in  a 
BeviDe^a  UMt-famaee,  it  is  obtained  as  a  white  mass,  with  acarly  silrery  lustav^  haite 
than  topaz,  and  of  8p«^oific  prruTity  8  G.    (T)<-bray,  Compt.  rfnd.  xlvi.  1098.) 

Molybdenum  is  unalterable  in  the  air  at  ordinaiy  temperatures,  but  when  slowly 
lieated  it  acqdna,  lint  *  Incnniish-yellow,  then  a  blue  tandah,  and  finally  takes  fire 
(?  the  pulverulent  metal)  andbumsto  inolybdic  trioxide  (Berziliu  e).  It  is  mpidly  oxi- 
dised by  fusion  with  nitre,  bIowIt  by  hydrate  qf  volauium,  and  it  is  not  dissolved  by 
Imiling  potash-lye.  It  diaiinlTea  fat  niMe  mid  wim  svolntioD  at  nitrooa  fttmea,  and  m 
hot  strong  sulphuric  acid  with  ovolution  of  Fmlphurous  anhydride.  If  thf  acids  ara 
used  in  small  (j^uantilqr  oiUt,  the  metid  is  convorted  into  inolybdic  oxide ;  with  a  larger 
proportion  of  suplnme  aeid,  the  bhia  oxide  if  Cmned ;  and  with  a  larger  propoifioa  of 
nitric  acid  the  product  is  niolybdic  acid,  which  is  a!.HO  partially  dt-posittnl  in  the  sulid 
state.  Mo)f  bdanum  is  likewise  oxidised  aiui  dissolved  by  cMorvM-^t&r  and  by  a  mixture 
4:t  luMe  WuIl  *lKtpkiM^  Itw  dawdTedly  boiling  squeoaawaiiiii 

aciil,  Hlif!;htJy  alfloby/)Ao«DAort(?  and  b&ricacids ;  not  by  hytlrochloric  ur<lilutc  sul[jhurk 
acid.  It  reduces  the  oxides  of  silver  and  mercurv  when  triturated  with  them.  Ignited 
in  a  str^un  of  aqueous  vapour,  it  is  oxidised,  with  separation  of  hydrogen. 

OomiiitttiiiHU, — ^Bfolybdennm  entsn  into  combination  as  a  dsaloaua^  tefamtuinie.  hex* 

atomia,  and  fometim<^.s  also  as  a  tri-atomic  radicle:  thus  it  forms  the  oxides  Mo'O, 
Mo'^O',  Mo«K)«,  the  chloride^,  Mo'  Cl*  and  Mo"Cl*:  the  bromidea,  Mo"Br»,  MoTBr*, 
the  brono^cUoride,  Wa^BtKjP,  the  oxydiktids^  lCb>«OPO,  Ba  eotaet  poailktt  In 
the  metallic  srrifs  is  not  yet  exactly  ascertained,  inasmuch  aa  its  spt'cifi  ^  li'  r>T  has  not 
been  determined,  and  those  of  its  compounds  which  are  volatile,  assume  the 
aiata  at  too  high  a  temperature  to  aDow  of  tiie  datonniaalkin  ofthalr 
(see  page  968). 

XMCOXi'S'BBISK'iniK,  AZ&OTS  OP.  Molyhdennm  urtit(»s  with  tin,  lead,  iron, 
copper,  silver,  gold,  aud  platinum,  rendenog  them  less  fusible,  more  brittle,  and,  except 
in  the  case  of  silver,  whiter.  Molffbdide  capper  is  of  a  pale,  cop  pi  -  r-  1  colouly 
malleable  if  the  niolybdentim  is  not  in  fxcoss.  "Witli  2  pt.s.  of  'jold.,  molybdenum  jorms 
a  bliwk,  l>rittle  globule.— i¥w/^W«/t  of  iron,  cou&titates  the  so-called  "  bears  "  found  on 
the  hearths  of  copper^fhmaces  (p.  368).  Equal  parta  «f  moljbdflnnn  and  yfo/inaai 
yield  a  hanl,  brittle,  shapeless  lump,  having  u  light  grey  colour  and  metalhe  lustre, 
aud  appearing  compact  on  the  fractured  tturfaoe.  4  pts.  platinum  with  1  pt.  molybde- 
num lorm  a  liard,  brittle,  bluish^grey  alloy,  having  a  granular  fracture  (Hjelm).— 
The  alloy  of  1  pt  sHver  and  2  pts.  molybdenTim  is  grey,  granular,  and  brittle. 

Motybdide  of  Aluminium,  Ali-Mo,  is  obtained  by  dissolving  molybdtc  add  in  hydro- 
floorie  aeid,  evaporating  to  dryness,  and  fhsmg  the  raridtw  wHll  *  mixCaiv  of  M 
cryolite,  80  pts.  of  a  mixture  of  the  chlorides  of  Kodinm  and  potassium  in  pquiTafent 
pMportions,  and  15  pts.  aluminium,  at  a  strong  red  heat   On  treating  the  reenUiig 
Mgttlna  with  aoda-fye,  thm  i«nialns  a  eiTrtalHne  po«d«r  eobiiNd  Ubflk  by  • 

film  of  "metallic  molybdenum,  but  assuming  an  iron-grey  colour  Mhen  treated  with 
nitnc  acid,  and  apjpearing  under  the  microscope  to  consist  of  rhombic  prisma.  It  aoquires 
ft  ated-bliM  taimah  wmd  ignited  in  tiba  ur,  snd  diaaolTaa  easily  in  hdt  sftifo  aid 
hydrochloric  adds.   (WShler,  Ann.  Oh.  Fhnrm.  cxt.  lOS.) 

MOXiTBDEirnM,  BSOMXBSS  OP.  (T^lomstrand,  J.  pr.  Chcm.  Ixxvii.  85; 
Ixxxii.  433;  Jahresb.  p.  164;  1861,  p.  239.)  When  bromine-vapour  is  pabtied 
over  strongly  hmted  molybdenttm,  an  oxybrontide  ii  first  ftimied,  th«ii  a  greyish-green 
Bublimatn  of  t-ibrotnide  close  to  the  heale  l  |  .r*  nf  thf-  tube,  the  metal  attlie  fiametime 
acqmring  a  yeliowish-red  oolonr  and  being  at  lm%  oompletelj  converted  into  ditaomids} 
between  theee  two  prodnotatlMM  an  alMlbiittdliola&dalilai^  of  tiwtcl»> 

bromide,  of  a  pure  oladk  aolom'. 
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Tb»  J)ibromid«  or  Moljf  bdoua  bromide.HLoUt*,  wfrodnced,  as  ja«t  stated,  by 
dirwk  «mi)iB«tioii  of  its  elamMita,  abo  by  hMting  tiM  tnlmniide.  It  ia  a  iioa-Tolatile, 

aril  )rph()Us,  r  l  K  li  }  ll(>w  body,  wliieh  is  not  pcrcoptiMy  attackwi  by  hjclrochloric, 
nitric, or  eren  bu lUu Kuitiromah alic  acid, but  diMolves  easily  and  coiuplettiy  when  heated 
with  dilala  aautie  Skalu^  Jbnung  a  y^Uovsoliituin  *^*"*<"g  molybdona  oKybcomide : 

IMaB^  4>  SCHO  -  SEB»  ^  H!*6  4-  Vt^ilftr^. 


OoaoBUttslad  aolatioiia  of  eanrtio  alkalia  daeompoaa  tha  ImNnida  eompletely,  with  pre- 
eipitation  of  u  black  hydrated  oxide. 

Tli»  jaUow  solution  al'ove  mentioned,  when  eiqKMed  to  tho  air,  graduallj  deposita 
mall  amaing  golden  yoUow  crystab  of  a  hydrated  molybdona  ozybromide, 

]llio'Br*0.9H'0 ;  but  when  neatniliaed  with  on  oxjgen-acid,  it  yields  a  dark  yelluw, 
flooMdast  or  gzamlav  pvadpitato  of  Uia  aama  osiTlMBaidAiritliaaiiHllarqiiaati^of 

watei^  iStfB^JlBKk  Thb  osjrliMaiida  dissolres  with  yellow  colour  ia  alkalia  and  in 

the  jJtrongpr  oxyppn -acids,  and  from  th.»  acid  sohitinn^  thujsobtiiint^d.  the  Ijnjminpi's  not 
precipitated  by  siirer  salta. — The  solution  of  the  oxybromide  in  dilute  aqueous  alkalia 
nana  mth  ijfdniromio^  kjfinMtric,  or  i^fdHotUe  aeidt  •  yaUov  pradpitotcv  inaofabla 

in  addi^lKit  aotnUa  in  alkalia^  and  ooiiaiatiiig  of  jCoW.aTO,  litiFB;^*J8JP0  or 

H(^!Bi^.8BK>.-— BloiBaCzwid  vegazda  all  tbaaa  aoupoaada  aa  eonlaiiiiiig  tlM  diatoiaie 

n^de,bromo7ito!i/Mrnum,  MuBr*,  ^  thf  <?aj|}TmBidff^  (MiiiBi*}*0,tliawoiiobfoinidi^ 
(MoBr^m*  (See  page  1030.) 

The  Tribromide,  Mo'Ur",  or  Molybdoso-molybdic  hromidf,  MoBr».MoBr*^  ia 
produced  as  above  mentioned,  by  direct  combination,  or  with  greater  facility  by  paastog 
bromine-rapour  OTcr  a  heated  mixture  of  molybdic  oxide  and  charcoaL  It  is  sometimca 
obtained  in  separate  crystals,  but  more  frequently  in  blackish-green  masses  conaistios 
of  delicate,  capillary,  interlaced  needles.  It  ia  dimeolt  to  suljlime,  and  at  a  bright  na 
heat  13  r«\»Jolv<'d  into  tlir  dihromidf  and  free  bromine.  It  is  not  cvrn  wotted  by  wnter, 
and  Dot  attacked  by  b^filing  hydroclLloric  ucid  or  by  cold  Uiluto  nitric  aetd.  l>ilute 

alkalia  act  upon  it  slowly,  and  at  the  boOiog  haii  daeomipoaa  it  ooMpUitaly,  vfth 

aeparation  of  bl/uk  molybdic  hydrate. 

Iha  T§trabromide  or  Molybdic  bromide,  Mo**Br^,  formed  also  b^  direct  eom* 
binsftion  {p.  1088%  ia  Ibsibla  and  Toladle,  fiinnin^  a  brown-red  vapour ;  it  daliqvneea 
in  the  air  to  a  black  liauid  ;  and  forms  with  wat.  r  a  yt  llow-brovm  solution,  from  which 
alkalis  thiow  down  nuMjrbdio  hydiataof  a  rusty  yellow  colour.  It  ia  easily  reaolrad  bf 
haat  Into  tiia  dibraanda  and  ma  bramiac^  tiie  ten^antiuea  at  wbieh  it  ia  ibmad  ana 

docomjx^sed  l)elng  very  close  together. 

The  hexbromide,  Mo^'Bi*,  lias  not  been  obtained,  but  the  corresponding  oxybro- 
mide, Mo^^B!E'0^  is  produced  by  pa^in^  1womiiMi>TOpoiir  Of«r  haatad  molybdic  oxide, 
HoO*,  or  by  beating'  molybdic  trioxide  with  boric,  or  phoaphono  inkydrida^  aadfiiaillg 
thepolraiiwd  mass  with  Lronilde  of  potassium,  e.ff. : 

MoO»  +  B*0»  +   2KI3r    =    2KB0«  +  MoBr'O'. 

When  auickly  sublimed,  it  forms  indistinct  crystalline  scalnH ;  but  by  slow  sublimation 
it  nwy  M  obtained  in  nion  diatinofly  davalopad  oystalli&e  nlatee  of  yeUov-vad  ooionr 
and  fatty lustM^  wbtdi dalifoaaca in oontaetwitlt  tno  air,  ana  fttmn  adovdaai  iolnlaon 

in  wat«ir. 


m  or.  Molybdenum  fboaa  thiv-e  eliloridea, 
to  tha  bromUaa.  The  lri<<iilomda  and  tataaehlorida  vara  itn;t  prepared  by 
BerseTius,  who  also  obtained  fhr  ili  -hloride  in  sobition ;  these  compounds  liave  bcpti 
more  fully  examined  by  Bloaisirand,  who  has  also  obtained  the  anhydrous  dichlorida 
and  Bfvnal  osjaUondaa; 

Diehloride  or  Molybdonn  Chloride,  "Mo'CP. — ^This  compound  ia  formed, 
together  with  the  other  chlorides,  by  parsing  ehlorrne-pis  over  heated  molybdennm.  It 
may  be  prepared,  though  not  in  a  state  of  purity,  by  e.xposing  the  trichloride  to  a 
aMmerate  heat  in  an  atmosphere  of  carbonic  anhy<lride,  or  other  gas  which  doca  not  act 
iqpOllit^  or  l>y  heating  metallic  molybdenum  with  calomel;  also,  though  in  very  jmiaU 
qaantity,  by  paasiug  chlorine-gas  largely  diluted  with  carbonic  aaihydride  over  inodd- 
ntflly  heated  molyodenura;  it  i<^  likewise  formed  in  .small  quantity,  together  with  the 
tetrachloride,  by  p.-u^.iing  chlorine  over  a  beat>d  mixture  of  nml^bCUO  oadda  and  ohas- 
coal  when  the  temperature  is  Terr  high.  (Blomfttrand.) 

Molybdons  ehkmde  is  obtainao,  in  aohrtioD,  by  saturating  bydvociilorio  aeid  wiA  mo- 
lybduus  hydrate.  The  dark-brown  sobitinn  yii  lds  on  evnporjtion  a  black  mass  which 
redissolTes  almost  entirely  in  water,  but  on  eraporation  in  vacuo,  gives  off  hydrochloric 
icU  and  virtM^  «d  ia  otBiwtad  into n black pnharnknta^fridn^  (Bamalius.) 
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anhydrotta  dicld<nide  is  an  amuipbooa  powder  of  duU  yellow  colooi^  indining 
to  greenish  from  the  presence  of  impofitiea.   It  behares  with  aUuJi»  Wkm  tiM 

dibroniido.  but  dissnlvos  <^!isily  and  completely  in  hydrochloric,  hydrohromic,  and 
hydriodic  actds.    The  alkaline  solution  when  txpostd  to  the  air,  deposits  molybdous 

oxychloride,  MoKII^O,  in  combination  with  water,  sometimes  in  very  small  czystals, 
bat  gencnrally  m  an  aittorphoiiB  gummy  precipitatii.    Jtidt  (e^>ecuuly  aeede  add) 

added  to  the  same  solution,  throw  down  the  bydrated  oxydiloiide^  "AcfCVO.tBK),  in 
the  form  of  light  yellow  flocks»  vUflli  when  recently  predpatata^  aad  wriMd  iritt 
Water,  dissolves  easily  in  the  stronger  acids.    (Bl omstrand.) 

The  hvdrated  oxvdiloride  boiled  with  hydrobromic,  hydriodic  and  hydrochloric  acida, 
yfaldiwialipiBl  ymA  dtposit  com  pounds  of  exactly  analogous  constitution,  having  the 
oxygon  replaced  by  an  equixalent  quantity  of  bromine,  iodine  or  chlorine.  With 
kjfdrobroMte  acid,  the  chlorobromide^  MuHj^'Br'.  311^0,  is  obtained,  in  thin  reddish- 
jnllmr  mrnlmj  laonlnTiin  In  Taha,  lint  wlibk  hi  iloohol :  Hw  *W^'*f  aolatiM  la^j 

aoBOMtiatod  al  100*,  dapodta  ■hoii  prinnade  cnrstalB  eonrtaiDlw  'SUKU'Bfi.tSH^O, 

ejinily  soluble  in  water  and  forming  a  solution  wnich,  after  a  while,  beconu-s  turbid 
unit  ;is  it  eoutaios  a  large  quantity  of  free  acid),  and  deposits  a  granular  powder. 

Similarly  with  hydriodio  acid^  the  compound  Mo'Cl^I'.SlIH!)  is  obtained,  as  a  acalj 

crystalline  substance,  insoluble  in  water;  also  Mo'Cl'I-.GTT'O,  wliiob  r»'semblos  the 
corre^iMjiiding  bromine-compoiuul,  but  forms  darker-coloured  cry.'-taU.  The  cor- 
responding chlorine-compounds,  3Io»Cl«.3lPO  and  Mo»a«.ClI»0  (or  IdoCl'.H^O  and 

are  obtained  in  like  maaaer,  the  former  in  thin  scales  jjiu^TlwM^  in  water, 
li»  kM«  IB  light  yellofw  4mAm  needlat  «r  pfioaa^  wUch  alia  dimiha  in  watery 

forminc;  a  .solution  which  soon  becomes  turbid.  The  acid  sololionaof  th«.«e  componnda 
mav  be  repeat  edljr  evapocated  to  dxynese,  even  in  contact  with  tha  air  without  pereep- 
tflbli  deoompositioB.  The  aolid  eompminds  heated  ia  aa  atmo^jJien  of  earbonio 
aaljydride,  first  gire  off  nothing  but  water ;  but  aft«rwHrd8,  if  the  heat  be  qaicid||r 
lakM,  a  certain  qnantitv  of  acid  is  giren  off,  so  that  the  retddae  always  acaa 
or  laii  at  Ilia  aotrespondlng  oxychloride^  or  eren  molybdous  oxide,  e^, 
Mo'ClW  4-  HK)  »  HtKS^  *  iHBr 
and  Mo»a*Br«  +  3TP0  3MoO    +  2HBr  +  iHO. 

The  same  decompositions  take  place,  bat  to  a  gKatcr  aacteat  wiiaa  tlMM  aaMaaafti 
are  heated  tn  contaol  wMi  moist  air. 

Th.  lialuul  molybdous  compounds  justdescribedwitowith  thehsloi'dsaltsof  potav^ium 

and  ammonium,  forming  double  salts  having  the  composition  Mo'ClMvCl ;  Mo*Cl*13r*. 

JNH*Br,  Mo»Cl'Br=.2KBr,  5ce.,  which  crystallise  gut  almost  oompletoly  fiv>m  tboir 

acid  solutions  on  cooling.    These  double  salts  vary  in  cokrar  ftan  ahining  atiMF> 

yellow  (the  chlorine-salts"),  to  deep  yellowish-red  (the  iodine-wjlts) ;  they  are  of 

▼arious,  usually  prismatic  form  ;  are  decom[>o»ed  by  pure  watery  the  alkali-metal  salt 

disMolviu^,  while  the  molybdous  compound  (MoH31'Br«,  for  example)  sepaiatea  fa 

combination  with  3H'0;  but  dissolve  without  decomposition  in  water  containing  fn  o 

add.    Alcohol  dissolves  some  of  them  (Mo»Cl*Br*.2NH*Br,  for  example)  Mithout 

daeoii^OBition,  whereas  fh>m  others  (as  HonOI«Bi*.2SBp>  H  diMohw  molybdow 

compound,  and  leaves  the  salt  of  the  alkali-metal.     N;tnne  of  sihvr  added  to  Aa 

solutions  of  these  double  salts,  throws  down  onk  half  the  amonat  of  halogen  contained 

i  ^ Mo^a«Bi«.2KBr,  only  tha  4  at  laoaiine,  and  from  MoKa*  IKCl,  or 

Mo  (J*C1-.2KC1,  only  4  at.  elilonne);  mon-over  their  add  solutions  an  not  decompo<Bed 

tor  snlDhydric  add,  even  after  a  ds^'a  contact  (in  the  alkaline  solutions  it  pzoducee  a 

dow  daoorapoattioB),  and  tfaay  ara  not  ptedpitated  by  ferro-cyanide  of  potassium. 

nam  these  n  actionK,  anrl  from  the  composition  of  the  double  salta,  Blomstrand  infers 

liiat  aU  these  comnouuda  contain  the  diatomic  radicle,  ch},>ro„u>h,hd(num  Mo'Cl'.  tliat 

fS'ftJff?,*"**^  "  QMtfOfyCl^  the  oxydilorido  (,Mu'Ci*i  O,  liie  chloxobromida 
^Mo*Cl*)Br',  &C. 

Trichloride,  Mo"'a«  or  Molybdoso-molt/bdic  chloride,  MoCl'Jffoa*.  Thh 
com(>ound  IS  obtained,  thoi^  not  in  the  pure  state,  by  passing  the  Tapour  of  molybdio 
chloride  MoOl*,  OfT«rbeatediMKbde«ni.  Bnaelias,  ^o  prepand  it  in  this  mann«, 
but  does  not  appear  to  have  analysed  it,  regarded  it  as  the  dichlaiida ;  bataaeotding  to 
Jjomstom^samilysi^the  compound  thus  obtained  has  nearly  the  composition  MoCl». 
netaeuoaMa  u  mora  eaaOy  <Maiaed  by  passing  hydrogen  gas  over  the  tetrachloride 
bMM  in  a  ghws  tub.  by  a  .spirit-lamp  ;  or  better,  by  passing  tha  vapour  of  the  tetm- 
CTionde  mixed  with  carbonic  anhydride,  through  a  tube,  one  part  of  which  is 
mcj  ttHmffy  llMted ;  the  trichloride  then  collects  btiimd  this  porlaun,  aa  a  thick  luuuo- 
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SneoQscraitrBlomBtrand).  It  has  «  dwk  eo^er-x«d  oolonr,  wkI  wii«a  beM«d 
•  rndtiiii^  pobit  of  gbss,  in  • ' 


wU«h  doM  not  alhnr  aoe«v  of  air,  it  ToIatOiMS 

and  forms  a  confus^-dly  crvstallino,  dark  brick-red  sublimate  (Bcrzol  ius).  It  is  in- 
aoluble  in  toaUr.  but  ooioon  Uut  liquid  reddish  when  suspended  in  it;  insoluble  also 
ia  dKlato  kfdtoddorie  meld.  When  digested  vith  potatk  it  yields  chloride  of  potasnom 
and  an  insoluble  blacki.'^i-browa  hydrated  oxide  of  lu  jIyVdeniiBL  (Beraeliua.) 

Tc trachloride  or  Molybdic  chloride,  Moi'd*.  This  compound,  discoverpd  by 
Bentflius,  is  produced  wiien  chlorine  gas,  freo  from  air,  is  passed  over  eentl/  heated 
molybdenum.  Tho Mtal  then  takes  Are  aud  bums  on  tlu>  surface  for  %taw  MOonds; 
but  this  eifpctsoon  ceases  and  a  dark  red  ^as  is  formed,  which  condonsios  on  the  cold 
parts  of  the  vessel  in  dark  coloured  metallic-shining  cryataht  hanug  very  much  the 
aspect  of  iodine.  Blomstrand  prepares  it  by  tlw  aetm  of  ddorins  on  strongly  heatsd 
molybdic  sulphide  (the  native  sulphide).  The  crystals  are  very  fusible  (Berselin  k), 
tonevhat  dimeolt  of  fiiaion  (131omstrand),  and  sublime  at  a  modezato  hsat.  When 
SKposed  to  tiM  air,  IkqrftM  at  «h»  flnkiosi^ 

colour  of  the  liquid  passing  throuj]^h  Viluo-pr<v'n,  groonish-yollow,  and  dark  red  into 
yellov.  When  kept  in  a  vessel  containing  air,  they  absorb  oxygen  and  yield  a  sabli- 
mats  eoQsbting  of  an  ozyehlovido. 

Molybdic  cliloride  when  thrown  into  water,  dissolves  with  such  violonco  that  the 
liquid  effiarrescea  and  botl^  as  if  agss  wece given  olf,  which  however  is  not  tha  oase. 
A  mall  tfouititf  of  cUotlda  dNodied  wrai  a  la^u  quantity  <tf  mtfcer  ferns  a  soin- 
tion  whicu  soon  turns  green  or  blue  from  the  oxidising  action  of  the  air ;  a  sfroni^i-r 
solution  is  more  permant^nt,  and  may  be  evaporated  to  dryness  at  a  gentle  heat  without 
dseomposition,  the  tetrachloride  then  remaining  as  a  black  mass.  Molybdic  chlorido 
aaj  auo  be  obtained  in  soluti.  m  by  digesting  the  metal  in  hydrochloric  add,  and  add* 
ing  nitric  acid  from  time  to  time  till  the  liquid  acquires  a  red-brown  colour,  or  by 
digivsriiig  molybdic  anhydride  and  ^ulverisea  molybdenum  (or  metallic  copper)  in 
hydrochloric  acid,  till  thSBWlybdieanlqrdzids  is  dissolved  and  the  liquid  has  Dsrana 
red.    In  all  these  solutions,  ammonia  forms  a  pn-cipitate  of  molybdic  liydrato. 

Ammtmio-molybdic  chloride  is  obtained,  according  to  Berzeiius,  by  mixing  a  solution 
of  molybdic  chloride  widi  — till  the  precipitate  just  begins  to  be  pennanent»  aad 
leaving  the  solution  to  evaporate,  the  double  salt  tMB  wygating  in  snall  bRnm 
cqrstals  which  decompose  in  contact  with  air. 

A  solntioa  of  molybdic  ehlraride  satosted  with  Bal-asnacmiao  and  left  to  evanonto 
over  oil  of  vitriol,  flwt  deposits  brown  crystals  of  sal-ammoniac;  and  the  mother-liquor 
•  ultimately  yiaUs  green  octahedrons  of  the  double  salt  3MoCl*.2NH«CL6H^O,  which 
MOB  deliqanws  in noistair  to  a  UaekUmid  beeoning  reddlsh-vellow  when  dflste^ 
and  yielding  vtUi  T"T— »  jsUovidMM  |ffee^tata  of  Bkotybdio  bjdmta.  (Blom- 

B  trand.) 

MO&TBSM  UMt  CHXiOSOBSOBCZBflS  0V«   This  compound,  18 

obtained  by  the  action  of  hydrochloric  acid  on  molybdons  mrrfaromide,  and  Mo'CI^Br* 
by  that  of  hydrobromic  acid  on  molybdous  oxychloride.   (Slomstrand,  pp.  1029, 

MOsnMonnn,  dbtbotxov  An  asTiMATzoia-  or.   i.  Biotp. 

tiong. — Molybdic  trioxide  heated  on  charcoal  in  the  outer  flame  is  volati- 
lised and  forms  a  white  crystalline  sublimate  on  the  charcoal ;  in  the  inner  flame  it  may 
l»e  fednesd  (afcn  witlMNit  sacbooatv  of  Hodium)  to  metallic  molybdenum,  which  is  sepa- 
rated as  a  grey  powder  on  levipiting  the  liiareoal.  With  Aoror,  all  the  oxides  ef 
molybdenum  give,  in  the  outer  flame,  a  bead  which  is  yellow,  while  hot,  and  oolonriees 
OB  eooKBf ;  in  the  inner  flame,  a  dark  brown  bead,  which  is  opaque  if  excess  of  molyb- 
denum is  present.  By  long  continued  heatinj?,  the  molybdic  oxide  may  be  separated 
in  dark  brown  flakes,  floating  in  the  clear  yellow  glass.  With  microcogmic  salt  in  ^ 
Oitcr  flaaus  all  OKidee  of  uoljbdennB  gire  a  bead  which  is  greenish  while  hot,  aud 
floloorless  on  cooling ;  in  the  inner  flame,  aalav  pMS  bend  fton  wluflh  laalybdia  oxido 
cannot  be  separatedby  continued  heat. 

2.  Beactionsin  Solution.-^  Sohrtfoos of molyMome snltf  efctafnad bydi*. 
solving  molybdous  oxide  in  acids  are  opaque  and  almost  T  laek.    They  yield  with  sitl- 

n*  dric  acid  a  brown-bUck  precipitate,  and  with  »uMd4  o/'ostsMMMMM  a  yellowish- 
wn  precipitate  of  sulphide  of  molybdenum  easily  sohiUe  m  satpldde  of  aaunonm. 
jUkMKnd  alkaline  carbonates  produce  a  brownish-blaek  pre.  ipitate  of  molybdous 
hydmte  insoluble  in  caustic  alkjdis,  slightly  soluble  in  the  neutral  gybonatee,  easily 
soluble  in  acid  carbonate  of  potassium  or  carbonate  of  ammonimik  Mm  wQgtmM  ana 
forricyanide  of  potauium  form  daik  buown  ftmpiUtm  inuhiUe  in  netHi  Motfkm 

of  sodium  forms  a  white  precipitate,   _^  ^    .  ,  , 

^.  ^Sql^tio"^  of  molybdic  salts  have  a  reddish-brown  ecnoor.  WMn  mmm  m 
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th«  air,  thry  have  a  t<  n<!oncv  to  l^ecome  Hue  by  oxidation.  In  contact  with  metallie 
zinc,  thoy  first  blacken  and  then  yield  a  black  precipitate  of  molybduua  iiydiate. 
Their  reactions  with  MtaUst  ndpkydrie  add,  4fea,  mn  nanhr  to  tkoM  m  tk» 
molybdous  tmlts,  excepting  that  the  precipitates  are  lighter  in  eolour. 

y.  Moly  bdates  are  cdUmrleM nnless  they  contain  a  c>)lour<Hi  base,  Solationa  of  the 
alkdine  BdjiMbtw  liflU  with  «^  molybdie  add,  tohilito  fa  «sMi 

of  the  precipitant  They  are  coloured  yellow  by  sulphijilric  and^  fnun  formation  of  a 
stUphomoljbdate  of  the  alkali-metal  B'lMoS*,  and  then  jield  with  acida  a  brown 
pn>cipitate  of  trltnlpliida  of  molTbdoivm.  TMa  k  ta  aaUemoly  delicate  teat  ftr 
tiiuly!  «lio  ru'Iil.  They  form  white  pr»"oipitatrs  with  t!in  salts  of  the  rarM-mfAi/*,  and 
precif  itatM  of  raxioiis  ooloon  with  salts  of  the  heaty  meitUt ;  «. g.  white  with  lead  and 
titw  ■dto;y>Mo>rwiA  fane  sdte;  and  ydk>iHJt-^^  — flbM- 
••IW  dUbrWc  produces  immediately  a  preeni.Hh-bluo  precipitate,  soluble  in  hydrochloric 
acid,  forming  a  green  solution,  which  tarns  blue  on  the  addition  of  a  very  small 
^uantit^  of  tMtiii'^ohrtion.  Metmnm  idWmU  lbiiuiaydkwrliii"Wlilte  predpitate.sdiiblt 
in  nitnc  acid,  blackened  by  ammonia.  Wlien  trUHisic  jihosphoric  acid,  or  a  liquid 
containing  it,  is  added  to  the  solution  of  molybdate  of  ammonium,  together  with  an 
excess  of  hydrochloric  acid,  the  liquid  turns  yellow,  and  after  a  while  depomts  a  yeUoir 
pKcqftttate  of  molybdic  acid  combined  with  small  quantities  of  phosphoric  acid  and 
ammmonia.  This  precipitate  is  scJuble  in  ammonia  and  likewise  in  excess  of  the  phos- 
phate. The  reaction  is  therefore  espedallj  adapted  for  the  detection  of  small 
qoantities  of  phosphoric  add.  The  diRws^  and  monobasic  phoaphataa  do  not 
pioduce  the  yollow  precipitate.    Arsenic  arid  gives  a  similar  reaction. 

S.  Quantitatine  Ettimation,  aiid  Separation.  When  molvbdenum  occurs  in 
Aa  ftna  of  tiundde  or  mol^bdte  anhirdride  ^oO'X  tha  beat  inooa  of  esthnatfaiff  H 

is  to  convort  it  into  the  di-oxide,  MoO»,  by  ignition  in  an  atmof«ph<  r.'  -  f  hydmg.  n.  This 
oxide,  which  is  not  at  all  volatile,  mav  then  be  weighed.  'When  molvbdio  acid  exists 
in  solution  in  anunoma  or  in  other  aoda,  the  aolntion  nrait  beearafiilV  efapowUad  by 
dryness  and  the  residue  trfattd  as  alx)ve. 

Jiolybdenum  is  separated  tmm  most  metals  by  its  solubility  in  stdpkide  of  atnmonium. 
The  filtered  solntion  containing  ^ulphomolybdate  of  ammonium  Is  then  treated  with  an 
excess  of  viry  dilute  nitric  acid,  to  precipitate  th«'  tri^ul[>!ii<!c:  tlie  prt.'cipitate  is  col- 
lected on  a  weighed  filter  and  its  weight  determined,  after  which  u  known  onantity  of 
it  is  ignitod  in  an  atmosphere  <rf  hydrogen,  to  eooTett  it  into  the  disulpiiidc-,  Mo8, 
from  iho  weight  of  which  the  amount  of  molybdenum  is  calculatt-d, 

Fpjm  arsenic,  molybdenum  may  be  sejiarated  by  converting  the  arsenic  into  arsenic 
acid,  and  precipitating  it  by  a  magiii  .sium-salt  (i.  So7X  Antimony  may  be  separated 
from  molybdenum  by  tho  same  process  which  serrea  to  aepanto  it  from  arsenic  and 
tin  (i.  369),  the  alkaline  molybdatcfs,  like  the  arsenates  and  stannates,  being  ^^Ir^** 
in  water.    For  the  separation  of  molybdenum  fruui  tungsten,  seo  Tuxqsten. 

Molybdic  acid  is  separated  from  the  earths,  by  fusing  the  compound  with  carbmaU 
of  sodium,  and  digehting  the  fused  oiMa  in  WBter,  whioh  diwilTM  iMdjbdataof  todiam 
and  leaves  the  earth  as  carbonate. 

JVoaathe  fixiil  alkalis,  molybdic  acid  may  be  sepirated  by  precipitation  with  mer- 
cttrofts  nitraO .  The  precipitate  is  thoroughly  washe«i  with  a  dilute  solution  of  the 
mercurous  nitrate,  then  dried  and  ignited  at  a  moderate  heat  in  a  stream  of  hvdro- 
gan,  whsMbyaisrBdnosdtonMtyhdieozidai  • 

4.  Atomic  Weight  of  Molybdenn  m.  Berzelius,  in  1818  (Schw.  J.  ixiJ. 
61),  endeavoured  to  determine  the  atomic  weight  of  this  metal  by  the  quantity 
of  molybdate  of  lead,  PpbMCH,  obliiaed  hr  nee^tatioo  from  a  known  weight  of  the 
nitr.ite;  in  this  way  lie  ol  taincd  fov  moljhanmii  thd  IWlwr  vfaioh  howw  h> 
r^gtfded  as  only  an  approximation. 

OTnnharg  and  BtrtlTe  (Ann,  Ch.  Pharm.  lxniL909),  from  an  extensive  series  of 
CTpariments,  considered  that  the  most  accurate  results  were  obtained  by  roa.sting  the 
disulphide,  MoS',  in  air.  They  found  in  ten  experiments,  that  the  art  ificially  prepared 
disulphide  lost  by  roasting,  from  9  929  to  10  356  per  cent,  of  its  weight ;  whence, 
taking  tho  atomic  weight  of  sulphur  at  82,thej  obtained,  as  a  mean  result,  the  number 
©2-14 ;  but  the  results  of  the  individual  experiments  (even  ( xcludiiig  the  tlin  e  which 
differed  most  widely  fi-om  the  rest)  varied  fix>ni  80  8b  to  U7  16,  m  that  no  great dcpen- 
denee  can  be  placed  on  \\m  mean  result. 

Bavlil^  in  1860  (Ann.  Cli.  Tharm.  Ixxvi.  272),  analysed  tho  ammooillBMal^ 

(NH*)Or.iHl".3TP0  or  2Nn*O.5Mo0^3n'0. 

and  found  the  quanti^  of  moUbdic  anhydride,  fliuO',  left  on  igniting  it*  tovaiy  infoor 
experiments,  only  betwsoB  %VM  and  81*61S:  mean  81,681,  whence  ha  ohtetnt  ftr 

jnolylxlMnum  the  number  92,  nearly  the  .same  a.«<  th  it  found  by  Svanberg  and  Strure. 
On  the  other  hand,  D  urn  as  (Ann.  Ch.  Pl^s.  [3J  ix.  129),  by  reducing  oystaliissd 
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molybdic  anhydride  in  a  current  of  hydropon,  obtAinod  in  six  expfrimfnts,  raluM  of 
Mo  between  95*2  and  99*2 ;  mean  957 »  1m  r^vda  96  as  the  tme  atomie  wdf^  <tf 

oxide  dissolves  in  hydrofluoric  aoid,  forming  a  purple-rod  liquid  which  dries  up  at  ii 
gentle  beat  to  a  Tamish  of  the  same  oolonr;  this  reaidoe  when  more  stxongjjr  heated 
bemmea  daxker  in  eoloar,  and  partly  InaolQUe  in  water. 

Potatsio-molt/hdviis  fluoruJc  \n  precipitatod  in  pale  red  flocks  on  mixing  a  solttlMll  of 
moljbdoua  flnoride  with  fluoride  of  potaanam.  It  ib  dissolved  by  water  containing  a 
little  free  acid,  and  separates,  during  eTaporation  or  on  cooling  as  a  dark  rose-coloured 
powder,  which  becomrs  lighter  wim  chy.  Th«  umnmihm  tSft  it  endljr  ifiuOjir ;  tb» 
todinm-ialt  is  more  soluble. 

/9.  Molvbdie  Fluoride. — The  solution  of  molybdic  hvdrfite  in  a(|neoas  hydn^uorie 
Mid  if  no,  vnlm  the  acid  is  in  rery  large  enoees,  in  which  case  it  is  almoeteoloorieaa. 
Aftpr  gentle  eraporaticn,  wliml'y  it  is  soon  rendt  rfd  blue  if  the  acid  is  not  in  oxo.  ss, 
it  leaT^a  black  crystalline  residue  (of  molybdic  fluoride  ?),  which  rediesolves  perfectly 
ID  water,  ftmning  a  redeolntieo;  bat  if  eonewliat  more  stTOugly  heated,  loeee  add, 
and  wht.-n  dissolve  d  in  wat-»T,  Icavos  a  rcsiduo  of  molybdic  oxide.  (Bprzolius.) 

Double  salts  of  molybdic  fluoride  are  obtained  by  mixing  the  solution  just  described 
trith  tile  floetidai  of  the  ilkali-lBetab.  Thej  tn  rosty  yellow  powders,  somewhat 

soluble  in  water. 

The  blue  oxide  of  molybdMmm  jUslde  with  i^dxoflsoiie  add  a  de^  bine  aolation 
whidt  doee  not  eryetalUse.  (Bers«li«i.) 

y.  Trifiuoridr.  Molybdic  trioxid«t  dissolvHTCadlljtad  «biadaBt|y in MOeeviihjdlO- 

fluoric  acid.  Tht»  colcurless  solution  has  a  pour  and  disagreeable  metallic  taste,  and 
yields,  on  evaporation,  a  yeIIowii»h  syrup  which  exhibits  no  signs  of  ezystaUisatioa; 
anwiinnn  a  greenish  or  bluis^h  tint  when  heated,  in  cooMqtieBee  ef  miiivte  OKgaaie  {nu^ 
tides  (allincr  into  it ;  rcdi.ssolves  but  imperfectly  in  ■water  after  evaporation  to  comph  to 
dxyneee ;  and  leaves  an  insoluble  (»mpound  of  molybdic  thoxide  with  a  small  proportion 
ef  hydrotoone  edd,  or  of  BMljbdie  tdande  with  triflaocid*  of  molybdenum,  which, 
though  soluble  to  a  certaiii  ea^ent  ill  jiVM  tvatar»  ii  ptodjpttsted  ftom  it  l^tl^ 
mentioned  acid  solntioB. 

Ssfcval  eombtnatioiie  fsirt  of  trifinoride  of  nolyUMnmi  with  the  note  hade  metal- 
lic fluofidts;  they  arc  not,  however,  known  in  the  frre  state,  but  only  in  OOmUlMliOD 
with  salts  of  molybdic  n  'id  :  c.  g.,  K-MoOVK-MoF*.    (Berzel  i  us.) 

MOITBIIEJV VM  OXiAJrCS.    Native  sulphide  of  molybdenum  (p.  1043). 

aKOATBSSSrUMt  Z09ZSSS  OF.  Molybdenum  and  iudine  do  not  act  on  one 
another,  even  at  a  red  heat  By  dissolving  mol^  bdovs  hydrate  in  hydriodie  add,  a  eo> 

lution  of  //u'///Wot«i(wf/(/r  is  obtained  resembling' that  of  molybdou.s  clduride  (p.  1029). 

Molybdic  iodide  ia  obtained  in  solution  by  sat  urating  hydriodie  acid  with  molybdic 
h^dnte.  Hhe  aolatioti  ie  red,  and  yields  by  evaporation  in  eontad  with  tiie  air,  a 
crj'Ptallistd  «ilt,  whi.  h  is  red  by  tmn«fmitt.  d,  brown  by  reflected  lif^ht.  It  decomposes 
at  a  hiffh  temper^ore,  giving  off  kjrdriodic  acid  and  leaving  molybdic  oxide.  The 
-leaidae  left  oo  apontaoeom  m^otation  vedieeolvM  in  water.  (Bersaliaa.) 

KO&TSB«MrVM.     ZOBOBBMOn     and     ZOBOOSMMUM  OV. 

Mo'Br^P  and  Mo''( '1*1'. —These  compounds  are  obtained  by  the  action  of  hydnodio 
acid  on  molybdou?  ux'.  i  r  'Tnidf>  nnd  nxyc'nlnride  r»-«*pt  etivr'ly  (pp.  1029,  1030). 

XttOZiTSSEinraK,  armxsss  and  j&i«xi>£s  of.  (Tu tt  1  e,  Ann. Ch.  Pharm. 
d.  285.  Uhrlanb^  PoSK*  Ann.  ci.  606 ;  Jahresb.  1857,  p.  194.) — Theae  eompomd^ 
which  have  not  been  very  exactly  investitrat o<l,  are  obtained  by  pas-ing  ammonia-pas 
over  molybdic  thoxide,  or  the  chlorides  of  molybdenum,  at  high  temooratures. 
fnrttle,  yxf  heating  molybdic  chloride  in  ammoaia-gaa  till  Aa  reanltiiur  ^adonda  of 
ammonium  was  volatilised,  obtained  a  bUck  sintered  mafli  OOOtainiBg  i8*8pCToeatk 
ntdybdeoum,  probably  ronaisting  2MoN.MoH*N'. 

uhzfanib  hae  alao  ootafaied  eompovnde  of  riwihr  eoMtitiidoo  hy  tiio  aotidi  of  diy 
aramonia-gas  on  molybdic  chloride.  The  action  takes  place  oven  at  ordinary  tenipem- 
tnres^  ^d  is  attended  with  sufficient  evolution  of  lu  at  to  partially  fiise  the  mass  and 
drive  off  chloride  of  anuaottlam.  On  svheequcntly  applying  a  gentle  heat,  the  product 
becomes  viscid,  and  soon  solidific?  to  a  black  tunn  fled  mass,  exbiLiting  .stellate  ^^roups 
of  brownish  oystals  on  the  colder  parts;  when  compirtdy  freed  from  sal-ammoniac  \fy 
rapid  washing  with  water,  and  then  dried  inavaeiram  over  oil  of  vitriol,  it  ^iUteda 
composition  expressible  by  the  formula  Mo*H*N"  or  J  MoN».  MoX"II  This  compound 
burns  brightly  in  oxygen  gas,  with  formation  of  water,  and  gives  otF  ammonia  when 
ignited  in  hydrt^en  gas,  or  fused  with  hydrate  of  potamion.  A  eompcmnd  rM»embling 
lie  pmdiiviB  iortcfMl  appeannca.  bat  owiiiitimotf  BMoNJfoBv*,  ma  obtdned 
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bj  heiOiug  molybdio  chloride  in  ammoniaFgu,  the  heat  being  at  lost  zaifled  to  low 
Mdnaaa.  MblfUie  eUorida  gndnallT  heated  to  niMtm  in  a  atream  of  aaunenia  gu, 

yielded,  hut  not  alw.i^  s,  th*' compound  Mu*N',  which  rosemliled  the  two  preceding  in  hmmI 
wepecti^  but  hada  grvjrer  colour;  sometimes,  hovever,  oitxadeB  were  obtained,  intenae- 
dii^a  in  conpoaitioa  bflhraaa  MonV*  and  Mo^.  All  diesa  oompounds,  when  heated 
to  vbitenese  in  ammonia-gtui,  yield  nictullic  molybdenum. 

]liolybdotts  chloride  treated  with  ammonia-gas  yields  the  same  compounds,  together 
with  another,  wbich,  according  to  Uhrlanb,  is  analogous  in  oompoaitiou  tu  K>me  of  the 
platinum-bases. 

Nitrides  and  amides  of  molybdenum  are  likewise  obtained  by  the  action  of  ammonia- 
gas  on  molybdic  anhydride.  The  reaction  appears  to  be  very  complicated,  the  products 
MoN*,  MoH^,  MA^',  and  Mo'N',  being  obtained  in  diflerani  proportiooa  aaoofdini 
to  the  tt>mperataNk  and  ofian aaitiiig  togfBthir  to finm  compwiidw  mpaggKt^m 
oompositioa. 

aBCNHTBBavUMt  9MMM&m  Mid|ylid0Bamtoistkn«oaddM^] 

MeXUmiag  composition : 

Protoxide  or  Molybdo us  oxide        ....   MoOi  -  ^ 

Dioxide  or  Molybdic  oxide  MoOi  UniVWlW^  , 

lMMdde«M«la^Mli|4ride     ....  MoO»X^/CHl6jj. 

The  first  two  are  basylous  and  form  salts  with  acids ;  the  tliird  also  unit«  looil^ly' 
with  some  of  the  stronger  acid%  but  it  ia  decidedbr  of  a  chlorous  character,  uniting 
Tvadilj  with  Ilia  mora  bunrlena  mataHle  toMm,  and  rorming  definito  cryttalliaable  salts 

called  Molybdates.  There  is  also  an  nxide  (or  p('rh;ii>K  mure  than  one)  intmne* 
diate  bftwe<n  the  di-  and  tri-oxide,  \vhi<-h  may  be  rcgjirded  as  a  niolybdic  molybdate. 
Protoxide  or  Molylxloaa  oxide,  MoO.  This  oxide  in  produced  b^  bringing  the 
■tfo  or  tri-oxide^  presence  of  one  of  the  stronger  acids,  in  contact  with  any  of  the 
metals  whirh  are  enpalile  of  decompominfr  water.  Thus,  when  zinc  is  immersed  in  a 
oooceutrated  solution  of  an  alkaline  molybdate  mixed  with  a  quantity  of  hydrochloric 
add  anfBeieot  to  redissolTe  the  molybdie  acid  which  is  at  first  tJuown  down,  the  liquid 
becomes  first  blue,  then  reddish -bn:)wn,  and  finally  black,  and  contains  chloride  of 
Einc  and  molybdous  chloride.  To  separate  the  molybdenum  from  the  zinc,  ammonia 
is  then  added  to  the  liquid  in  quantity  just  sufilcient  to  precipitate  the  molybdsw, 
as  black  molybdous  hydrate,  while  the  zinc  remains  in  solution.  Th<'  precipitate, 
however,  carriea  down  with  it  a  certain  quantity  of  zinc-oxide,  from  which  it  may  be 
fteed  by  washing  with  ammonia ;  bat  it  m  difleolt  ia  this  way  to  obtain  auilvbaan 
hjdratc  quite  free  from  zinc.  A  better  mode  of  preparation  is  to  apitate  the  aciuulated 
solution  of  the  molybdate  with  an  amalgam  of  potassium  containing  only  a  veij  small 
quantity  of  }x)tassium,  and  precipitato  the  vesoltiiig  iolationof  molyDaoaaddoriaa^rdfc 
ammonia  as  before. 

Anhydrous  molybdous  oxide  may^  bo  obtained  hj  drying  the  hydrate  over  oil 
of  Titnol  In  a  yamm,  and  Ihcn  tguitin^  it  cot  of  eonlaot  viA  tibe  air ;  or  directlr 
by  di*r<  sting  t ha  fined  ov  ftthfiflMd  t(«mde  ftr  •  eoiMidcid)to  tame  with  J^jdndUone 

acid  and  zinc. 

Anhydrous  molybdoos  onde  la  panlleellT  Uack  by  ordinary  dayk'ght ;  but  that  pira* 

Sared  by  the  last  nutliod  exhibits  a  dan  bniss-yellow  colour,  when  exposed  to  the 
irect  rays  of  tlie  i«un ;  it  also  exhibits  ^be  erystalUne  form  of  the  trioxide  from  which 
'  It  has  been  ptvpared,  and  oxidiww  ia  I3ie  air  move  lapidly  than  that  which  is  obtained 
by  igniting  the  hydrate.  The  anhydrous  oxide,  when  heated  neariy  to  ndaess,  emits 
a  vivid  but  momentai7  indicating  its  passage  into  another  modific^ition.  It  is 
insoluble  in  acids,  hnttbeMdrate  dissolves  slowly,  forming  the  molybdous8ult6,the 
soIntionH  of  which  are  blade  or  purple,  and  neanyqiMUjue,  ncoepi  irtien  lawel^  diluted^ 
in  which  ease  they  are  transparent,  and  have  a  greenish-bmwn  etjlour ;  their  taste  is 
astringent  but  not  metallic;  when  exposed  to  the  air,  they  oxidise,  but  not  so  rapidly  as 
the  molybdie  aaltii 

Bloxide  or  Molybdlo  Oxide.  MoO^ — This  oxide  is  obtained  :  1.  By  igniting 
molybdic  hydrate  in  a  vacuum  (Berzelius). — 2.  By  exposing  the  trioxido  in  a  stream 
of  hydxogra  to  •  heat  not  greater  than  that  of  an  ordinary  spirit>lamp  (Svanberg). 
It  is  also  .laid  to  be  produced  by  iprniting  molvbdato  of  ammonium  in  a  close  vessel, 
or  bv  igniting  a  mixture  of  potassic  or  80(uo  molybdate  with  sal-ammonia^  sad 
disnlviii^oiit  tbeaolvble  eUonoe  witih  watsr;  hot  the  oside  Uiip  obtained  appiea 
to  be  contaminated  with  nitrate  of  molybdenum. 

Molvbdie  oxide  is  red-brown.  It  is  not  attacked  by  aqueous  hvdrofluoric  or 
hydrmalorfe  add,  or  by  hydrodikrie  aeid  gae  at  a  red  heatt    Sulphurie  a^  or 

solution  of  aeid  tartrate  of  p<"»tassium  takes  up  only  traces  of  it,  even  on  cvintinosd 
digestion,  and  the  residue  left  after  deeanting  the  liquid  ia  not  attacked  bj  finA 
qnaatitiaiof  ffd^hariaaddflViointMAof  OMHttof  taiiMb  jyybdfaosidaiiflBthfc 
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oxidised  by  ignitioii  in  the  sir,  or  \fy  tmattacBt  vilii  Bitnfi  Mid*  OmrtiB  poteflh* 

solution  neither  oxidises  nor  (liM>ii>he8  it. 

Molybdic  hydrate  is  obtained  by  precipitating  a  solution  of  molybdic  chloride  or 
other  molybdic  salt  with  ammonia^  which  must  be  added  in  exce&s,  as  otherwise  a 
•ohlble  ba-Hio  salt  will  be  formed,  efpecially  with  the  chloride.  The  hydrate  itself  is 
also  somewhat  soluble  in  pure  water,  so  that,  in  very  dilute  solutions,  ammonia  does  not 
tona  any  precipitate  until  sal-ammoniac  is  added.  Fovtha  saae  reason,  the  waiihing 
must  not  be  carried  too  far,  and  is  )>rHt  finished  with  water  containing  alcohoL  Tkl$ 
washed  hydrate  majr  be  pressed  between  paper  and  dried  in  a  vacuum.  It  haa  ft 
naty  brown  ooloor,  jnst  like  that  of  ferric  hydrate  precipitated  by  ammonk.  When 
axpoeed  in  the  moist  state  to  the  air  on  Altering  paper,  it  acquires  a  darker  colour  nnd 
duning  surface,  and  begins  to  deli^ueece,  passing  into  a  hipher  and  much  more  soluble 
<Hdd«.  It  dissolwa,  as  aliad^  uliaar  wd,  m  a  te-gw  quantity  of  water,  fandag  a  daA 
red  solution,  which  gelatinises  when  kept  for  three  or  four  weeks  in  a  closed  vessel, 
reddens  litmus^  a  pcoperty  likewise  retained  by  the  hydrate  precipitated  from,  it  hj 
BalHuaimmiae^  and  hM  a  aomewhat  aatringeDt  taate,  with  matallie  aftar^aata.  TUa 
solution,  when  left  to  evaporate  spontaneously,  first  gelatinises  and  then  dries  up  to  a 
dark  brown,  nearly  black  masa^  green  and  blue  on  the  edgea^  which  is  no  longer 
aolnUe  in  water.  The  liydxata  is  tniolnbla  in  eanade  potaah,  intt  dinolree  in  a<|neoiia 
aevlnlcaibonate  of  potassium,  and  more  eaiiily  in  the  acid  carbonate,  &om  which  solu- 
tion it  ia  nartially  precipitated  on  boiling.  It  dissolves  also  in  curl>onate  of  ammo« 
oittm,  ana  ia  ocnnpletely  precipitated  therefrom  by  boiling;  the  precipitate  is  denser 
and  of  a  lighter  yellow  colour  than  that  obtained  with  caustic  ammonia,  but  dissolves, 
like  the  latter,  when  washed  with  water.  A  solution  of  molvbdic  oxido  in  an  alkaline 
carbonate  is  converted  by  atmospheric  oxidation  into  a  mol^bdate  of  the  alkuli-metaL 

r^Iulybdic  hydrate  dissolves  in Mfttk^fttming  the  molybdic  salts.  These  salts  mi^ 
also  be  obtained  by  digesting  an  excess  of  Tiitfallic  molybdenum  with  the  acid  in 
which  it  is  to  be  diswolvfil,  and  adding  nitric  acid  drop  by  drop  till  the  other  acid  is 
saturated  with  molvb  li<  oxide;  or  by  digesting  an  exce^i  of  molybdenum  with 
molybdic  anhydridi',  and  the  aei<l  wlii^h  is  nquired  to  dissolve  the  resulting 
molybdic  oxide — hydrochloric  acid,  fur  exaniple — till  the  blue  colour  tirst  jiroduced 
dianges  to  reddish-brown;  or  Listly,  by  digesting  molybdic  anhydride  with  copper  and 
an  acid,  which  in  (hat  case  dissolves  cuprie  and  molylxlic  oxi<les  togethi  r.  The 
molybdic  salts,  in  the  anhydrous  state,  are  almost  black,  but  when  hydrutcd  they  are 
tad,  and  yield  reddiab-lnown  adnlioiM  in  waten  They  have  »  rough,  somewhat 
nstrini_'i'nt  and  subsequently  metallic  taste.  Thrir  lufions  when  heated  in  contact 
with  the  air,  have  a  tendency  to  become  blue  by  oxidation.  [For  their  behaviour  with 
reagents,  see  p.  1039.] 

The  oxides  iiit<Tmediato  befcwflon  tlM  dk-  ind  trikoidaB  Will  bo  doMPbod  at 
molybdic  molybdates  (p.  1039). 

Trloxlde.  Molybdic  Anhydride^  Anhydrous  Molybdic  acid,  MoO*. — This  oxide 
«eearB  native,  as  molybdic  ochre  or  molybdin,  furming  an  earthy  coating  on  the 
native  sulphide,  sometimes  also  independently  ;  at  Alfenberg  in  Ssixnny  it  occurs  in 
rhombic  prisms  of  1 36°  48'  (B  r  e  i  t  h  a  u  p  t,  J  ahresb.  1  bd8,  p.  683^.  It  may  be  formed 
artificiallv  by  expon^iMilybdeniim  or  its  lower  oodde^  or  moljpliaie  sulphide,  to  long- 
aootinuea  heat  in  contact  with  the  air,  by  fiistii^  thf>  pame  subf^tances  with  nitre,  or  by 
heating  the  metal  or  its  oxides  in  an  atmosphere  of  ai^ucous  vapour,  or  with  hydrate  of 
potaaanun. 

Prrparalirm.  o.  From  MoJyhdic  Sidp7ifd''.~T}ic  precipitated  sulphide,  or  the  native 
mineral  finely  pulverised,  is  roasted,  with  continued  stirring,  in  an  open  crucible flaced 
in  n  danting  posititm,  ao  that  tiw  air  aaay  easily  play  upon  ita  annea.  The  na^Ta 
au^hide,  however,  generally  containa  alnmina,  oxide  of  copper,  and  phosphoric  acid, 
tfaa  separation  of  which  fhun  the  podnet  ia  very  troublesome.  Uence  it  is  better  to 
beat  tne  aaitteKal  in  hunpa  in  an  open  glaai  toba,  through  wbkh  •  aticaa  of  dor  ia 
drawn  by  an  aspirator;  tlx  tn  nxiMe  then  rniHiiaai  in  fijatala  in  Ik  i4f  tt  ot  Jf&AA 
purity.  (Wdhlar,  Ann.  Ch.  Pharm.  c  376.) 

fi.  Fnm  nattra  JfelyMafa  ^InkI— Ha  nmiasal  finely  pounded  and  ft«ed  from  oar* 
bonates  of  zinc,  iron,  andcaleinm,  by  digestion  in  dilute  hydrm-hloric  acid,  ai;!  thoroughly 
washed  bv  decantation,  is  heated  with  1^  pt  atiOQg  sniphurie  acid,  with  constant  atir* 
ring;  tiUttwaolphnricacid  begins  toevaporata.  Itiathaiallaw«dtoeool,noonaidarabia 
quanti^  of  water  is  added,  and  the  insolub^  sulphate  of  lead  ia  filtared  oSi  The 
filtrate  is  mixed  with  nitric  acid  and  evaporated,  with  constant  stiiring,  in  a  porcelain 
basin,  till  the  acid  begins  to  evaporate ;  t-tie  molybdic  anhydride  then  separates  as  a 
white  powder,  which  may  be  freed  ttom  phosphoric  acid  by  washing  wiih  water, 
mixed  at  the  last  with  a  few  drops  of  nitric  acid. — Or  the  minenil,  after  tr*-atment  with 
dilate  hydrochloric  acid,  nmy  be  evt^wrated  to  dr;}'uee8  with  strong  hydrochloric  acid, 
tha  diy  fMidoa  (iwtaiiiiwg  oajafalonda  of  load  and  aol|ybdio  ai^|diida)  a«h>nitad 
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with  ftmmom'ii :  the  ammouiacal  solution  crystallised,  or  cvnpomtod  as  Ix-fore  with 
aitrio  acid ;  and  the  residue  treated  with  water.  Or  ag&in,  the  mineral,  ia  fospd  witk 
Ha  own  weight  of  «aMMd  emm  of  taitw;  dw  fbaad  aaaa  b  viiunated  vilfc  ««l«r; 

th.--  aqiicous  solution  exapor.it>'d  fo  dryness,  after  sattiration  with  nitric  acid;  and  the 
nitrate  of  |K>tMwua^iadiaidTedovitof  therea^^  trioxide  of  mo^ybdannia 

Proptrties. — Trioxid<>  of  molybdenum,  aa  tLSBall/  prepared,  fonu  a  white, 
porous  masa,  which  when  thmwn  into  water,  separates  into  small  thin  scales  harinp  a 
liilky  lustre  and  glistening  in  suniihiue.  Specific  gravity  —  S'40.  At  a  red  heat  it  milts 
to  a  dark  yellow  liquid,  Whkii  on  eooUng  ibnns  a  straw-yellow  mass,  breaking  up  into 
ciTStalline  ecales.  By  ^low  cooling  of  the  mflted  mass,  Mleuder  nredli's  are  ohtained 
beJooging  to  the  trimctric  sysltim  juid  exliibiting  Uio  fiices  ocf*co ,  ool'^,  J  poc  Bee. 
(Mfemd  to  the  prism  wP,  observed  by  Breithanpt  on  molybdinV  Ratio  of  s<«oodai7 
axes  to  principal  axis  =  1  :  0-3872  :  0*4792  (Nord«'n  sk  i  aid,  Pogg.  Ann.  oxii.  160). 
Id  clotte  vessels  it  bears  a  strong  red  heat  without  rolatthsing;  but  in  open  Ycseels  or  m 
•  omiMit  of  tir,  ft  mbUBM  i*  tts  mdtang  poiat  in  eolovrioMi  ImiiUB^ 

D> compositions. — 1.  Molybdie  trioxido  is  rtnlueed  : — 1 .  To tlu>  metallic ^tateby  ignition 
with  poUumm  or  0oekim  twith  vivid  incandescence)  or  with  charcoal j  also  when 
■tWBfflylieatedinntti^amof  ayrfrwym^  TomolyMonaoapde,  by  digestion witMjtfrs 
chloric  acid  and  amalgam  of  ^foMiutu,  or  cine,  or  other  metal  eapuble  of  decomposing 
water. — S.  To  n<4)rbdic  oxide,  by  ignition  in  combination  with  ammonia,  or  by 
digMtkm  wHh  kjfdfiMork &eid km molsfMemm  at  copper;  also,  according  to  Buff 
(Ann.  Ch.  Phann.  ex.  257).  by  subjecting  it  in  the  fused  state  to  the  actes  of  tht 
eltctric  current;  the  molybdic  oxide  thna  separated  unites  with  the  cxce^  of  tHoxid<\ 
forming  the  compound  MoO*.2]fioO*  or  MirO',  which  separates  in  etysudiiiiu  Liimiue 
and  gmdually  forms  a  conducting  communication  between  the  poles.-l4»  Tb  tha  atala 
of  blue  oxide,  by  a  small  quantity  of  sulphydric  acid,  in  presence  of  water,  or  on  expopyro 
to  heat,  with'separation  of  sulphur;  by  stUpAttrous  acid,  with  production  of  suiphuric 
acid ;  by  aqueous  hydriodie  acid,  with  sepiration  of  i'vc  io-line,  and  formation  of  a  i 
liquid  whii-'h  at  fir.>>t  i^i  green,  but  afterwards  blue;  by  boiling  hydrochl4»ric  acid,  with  '  ■ 
difeougagument  of  chlorint' ;  by  nitric  oxtWtf  in  presence  of  wuttur,  with  format iou  of 
nitrousacid(KaBtiier,  Kastn.  Arch.  xxvi. 466);  oy  stannous  chloride,  with  formation  of 
stannic  chloride ;  n\m  by  digestion  with  water  and  metallic  mot ybdennm. — 5.  To  sulp}ii  Je  of 
molybdeuuDi,  b^  ealphydric  mtd  iu  excess,  in  presence  of  water,  or  when  aided  by  heat. 
Holybdic  triocnde  is  not  affected  hj  ftision  with  metallie  mol^UeDttiB.  (BaraeHvfc) 

Comhinatityns.  1.  'With  Water. — Molybdic  trioxide  is  but  slightly  hygroscopic 
It  dissolves,  according  to  Bucholz,  in  600  parts  of  cold  water,  and  in  a  miich  «nuJl<yy 
quantity  at  a  UalwrtaBpcratare:  aoeovding  to  Hiat^ett»  it  requires  960  peiti  <^  ImI 
water.  The  solution  has  .n  faint  metallic  taste,  redb  us  litmus-paper,  yields  a  red 
predpitate  with  ferro^anide  of  potassium,  but  not  txU  one  of  ue  stronger  acids  is 
'  addsd.  Oraham  (Ohoia.  8o&  J.  zrn.  836 X  by  dialysing  a  aolvtioii  of  sodie  molybdate 
mixed  with  a  hirge  excess  of  hydrochloric  acid,  has  obtained  a  solution  of  molybdic 
acid  (containing  aboat  60  per  eent.  of  the  qoantitj  xuresentin  the  original  solutiooX 
having  a  yellow  ookMitr,  aatriof^t  to  the  taats^  aOM  to  teit^per,  and  capable  of 
dccom{>osing  carbonates  witli  i  ffcrvescence.  E\  a{torated  to  dryness  at  100°,  it  leaves 
molybdic  trioxide  ia  acalee  like  gtun  or  gelatin,  and  still  soluble  invatar*  It  doca 
not  app  ear  possible  to  obtattt  molybdie  acid  in  the  solid  state. 

St.  With  Acid  w.  Tlie  affinitv  of  molybdic  acid  i»  otter  acids  is  very  feeble.  Allw 
Ignition,  it  i^  but  slightly  soluble  in  a  boilincr  nqn(»ons  solution  of  cream  of  tartar; 
before  ignition,  however,  it  dissolves  in  some  oi"  the  stroii<;,  raei(bi,  e.g.  in  imie,  phos- 
phoric, sulphuric,  nitric,  and  hydn><:hl<yrie  acids,  foi  n  hl:  i\)mpounds  whidi  may  ba 
odled  permolybdio  ealts.  The  solutions  thus  obtained  are  sum»  times  colourlcs^i, 
sometimes  yellow  or  brownish.  By  metallic  sine  or  tin^  they  ure  first  turned  blue,  then 
green,  and  la-^tly  black,  molybdons  oxide  being  piaapitBtcd;  by  digestion  with  copper, 
they  become  dark  n  d.  Stanntn'n  chloride  producrs  a  grccnish-Tilue  jirvvipitatc,  which 
dissolves  in  hydrochloric  acid,  forming  a  gretn  ttulution.  8uivhjfdric  acid^  in  tn\»\{ 
qnaatitiei,  eoloma  them  blue;  in  Urger  quantities  it  prodooM  a  MiwIrtib-tiTOw 
precipitnte  (a  mixture  of  disulphide  <rf  molybdenum  with  puljihur,  aivordlng  fo 
Berzelius).  Sulphide  of  ammomum  behaves  in  a  similar  manner  to  sulphvdric  add 
(Bucboli^  Beraelius).  Fmrocyanide  o/potessHtm  prodaoea  a  daiMM,TeddMi4mnra 
predpit.ite,  soluble  in  exce«is  of  the  reagent,  and  aiHo  in  iimiu'inia  ('ncrzeliu8)t 
Ferrteyanide  o/"  potassium  gives  a  somewh'it  lighter  coloured  pecipitate,  which  is 
likawiia  soluble  in  ammoma  (H.  Rose).    Ttrnhm  of  gaUs  throws  down  a  green 

precipitate.    (Smith  son.) 

Permoijfbdic  Borate.  Mol)  bdic  trioxide  dissolves  in  boiling  aqueous  boric  acid,  and 
tho  flltved  wctMtktn  jUldB  by  evapoMtiaii  «dlo«te  crjMff  deeomposible  by  akuhol 
tato  a  yellow  povdf*  lad  boaie  aol  (Be  f  aaliua.) 
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Termnlyhdic  yitratr.  Tlie  polntion  of  molylxlic  fririxido  in  nitric  acid  is  reddish- 
brown,  has  a  feebly  add  aud  subsequently  bittvr,  me  tallic,  astringent  taste,  and  gives 
dr  nitrie  Mid  wlies  efsponted. 

Permolyltdic  Phosphate  or  Phr>.rphomolyhdic  Acid.  Molybdic  trioxide  digested  while 
vtili  moist  with  a  smallquantity  of  aqueous  phosphoric  acid,  yiolds  a  lemon-yellow 
salt  insolnUs  in  vitcr  (BerielinsX.  >  lai^er  proportion  of  phoephoric  add, 

this  vellow  salt  dis-solves  on  the  application  of  liput,  forming  a  colourless  liquid,  which 
yieltU  by  evaporatioD,  a  teoacioos^  onczyBtalliaable,  transparent  mass,  haying  a  tbij 
rough  taRtev  iuidye«7«Aitble  in  water  MM  in  al^^  The  akolralie  MlotioB  is  jelkm, 
but  turns  blue  on  evnporation,  and  leaWi  »  brown,  opnqtie  rosidup,  which  rodissnhf  s 
in  water,  forming  a  blue  solutioo.  (Befseliaa  i  see  also  Svanberg  and  Strave;, 
Ann.  Oh.  Phann.  Izriii  909,  293.) 

The  yellow  prt  t  ipitate  formed  on  adding  molybdate  of  ammonium  to  the  solution  of 
a  tribesic  phosphate  1032)  appears  to  vary  in  oompo«itiou  according  to  the  circam« 
stances  of  its  formation ;  at  all  ervnts  Hhfl  ibmitibs  (all  veiy  complicated)  assigned  to 
it  by  different  chemists  do  not  agree  with  one  another  (see  ^  utzinger,  Jahresb.  186fi^ 
p.  274.— Seligsohn,  ibid.  1856.  p.  376.~Eggerta,  ibid.  1860,  p.  620).~[F«f  tbo 
modes  of  applying  phosphomolybdic  ss  a  test  for  the  alkaloids,  see  i.  127.J 

Ftrmolybaio  Su/p/uite.  By  boiling  dilate  sulphuric  acid  with  an  excess  of  molybdic 
trioxide,  a  turbid,  milky  liquid  is  obtained,  which  gelatinises  on  cooling,  and  deposits 
pale  yellow  flakes  of  a  basic  compound,  sparingly  soluble  in  water  but  not  in  alcohol, 
though  the  latter  colours  it  green.  (Berzelius.) 

A  solution  of  molybdic  trioxide  (not  in  excess)  in  dilute  sulphuric  acid  has  a  light 
yellow  colour,  and  dries  up  to  a  lemon-yellow  crystalline  mas»,  which  deliquesces  in 
tbo  ijr,'  bat  is  only  partially  solable  in  water  (Berzelius).  According  to  Ander- 
son (Berz.  Jahresb.  xxiii.  Ifil).  the  polution  of  molybdic  acid  in  sulphuric  acid  does 
not  yield  crystals  on  evupurutiun ;  but  when  molybdate  of  baritim  is  decomposed  bv 
ttcias  of  dilute  Bulphnrio  add,  and  tho  dear  aobitkm  orq^owtod  of«r  oil  of  vttrio], 

Orjrstals  are  obtdiiu^d. 

Permulybdic  Tartrate.  The  solution  of  molybdic  trioxide  in  aqueous  tartaric  acid, 
yields  by  evaporation  a  bine  non>ci3rotilfino  mass,  perfectly  soluble  in  water  and  in 
alcohol.  A  boiling  solution  of  add  tartrate  of  potassium  eaMily  di«^ulvps  molybdic  tri- 
oxide, even  ailer  ignition.  The  eolntion  dries  np  to  a  gummy  mass  of  ^tasMo-per- 
wu^ybdie  iariraU,  (Bene line.) 

8.  With  Bases,  forming  the  Mo  I.  YBnATKS.  Molybdic  trioxide  eshibtts  with  most 
mrtallic  ozidos  the  characters  of  an  anhydrous  add,  or  anhydxidflb  fcrming  neutral 
molTbdntes  eootaining  R*OJ(oO*or  iPMoO*;  acid  and  donMe  molybdate s, 
which  may  be  represented  by  the  general  formula  R'"Mo"0'»,  the  molecule  being 
made  up  of  two  or  more  metals,  indoding  hydrc^n ;  and  anhydro-molybdates, 
expressible  by  the  general  formula  !1^Mo"0*".ir1k>0',  the  letters  «  and  n  repreeent>> 
ing  whole  numbers.  The  neutral  molybdates  of  the  alkali-metals  are  easily  soluble 
in  water,  and  are  obtained  by  dige<iting  molybdic  anhydride  with  the  squeous  alkalis 
or  alkaline  carbonates.  They  are  decomposed  by  the  stronger  acids,  with  predpitation 
either  of  a  less  soluble  add  salt,  or  of  molybdic  anhydride.  Their  Ix-hanour  with  other 
leegents  has  bet-n  already  described  (p.  1032).  The  molybdates  of  the  other  metals  are 
insoluble,  and  are  obtained  by  predpitation.    They  are  colourless  unless  tiiey  contain 

Molybdate  of  Aluminium,  White  pneipitate,  insoluble  in  water. 

Molyhil at ra  of  Ammonium.  The  nrntral  ^aft,  (NH*)'MoO*,  is  obtained  br 
treating  molybdic  anhydride  in  excess  with  strong  aqueous  ammonia  in  a  closed  Tflssel^ 
predpitating  the  solntMm  with  aleobol,  tuA  drying  over  quiddime. 

Aru!  sa!t<.- — These  are  obtained  by  evaporating  a  solution  of  molybdic  anhydride 
in  excci>s  of  ammonia.  If  the  eraDoration  takes  plaoe  quickly,  a  ciystalline  powder  is 
precipitated,  wMdt,  loeording  to  BTsnberg  and  BtrvTe,  is  an  anbydKMnohrbdstfl^. 

(NH«)«0.2MoO»  or  (NTI«)':MoO'3ruOr  It  is  probable,  hiiw.  ver,  that  the  sjiit  thus 
prepared  contains  1  at.  water,  [(NH*)'-'0.2MoO*.II'0],  in  which  case  it  may  be  regarded 

as  au  anvnovio-hydric  molybdate,         |MoO*.    A  salt  baring  this  composition  is  in 

fact  described  by  v.  Bath  (Fogg.  Ann.  ex.  18)  as  crystallising  in  monodinio  prism% 
ooP  .  odPS  .  [  00?  eo]  .  QBpee  .  —  P  .  2P.  and  hsTing  the  ndo  of  tte  ixsn 
a  :  b  :  c  »  0-6297  :  1  :  0-2936  ;  the  ni^  of  the  i&dinM  nSM  «  91^  Uf;  ai^ 

perfectly  deavable  parallel  to  [  gcPoc  ]. 

e.  A  tetrammonio-ksxkydrie-molybdate,  ^"^^j  Mo'O'*,  separates  from  a  solution 

of  molybdic  anhydride  in  ammonia,  when  concentrated  to  the  crystallising  point  or  left 
to  evaporate  in  the  air,  in  large  transparent  six-sided  prisms.  (Svanberg  and  StrttTe.J 
Whon  n  loiMiion  of  tiiis  otlt  is  boilsd  with  AlnMrfnlp^  oiiivniiiy  finio  ov 
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JMrtUft  and  then  ersporated  to  the  cxyBtaliisinff  paint»  doable  wdts  are  obtained, 
at  oompodtioB  of  wmeh  maj  be  taprmoM.  oy  that  of  Cbe  almdaia  mH^  tIk 

(NH*)*-*) 

t[(NH«)^.2MoO']'t-Aii'0*.6MoO*-l-2QHH)  or    AU[  Mi/0**.7B}0,      Ibia  aaU 

crystallises  in  pmall,  wLito,  shining,  quadratic  plates,  less  solable  in  trater  than  the  cor- 
responding  potassium-salt  (which  diasolres  in  iO-67  pta.  water  at  17°).  The  crjataii 
give  off  3^  at  water  when  ezpoeed  to  the  air,  and  3|  at  more  (the  remaininp;  watered 
ciystallisation)  between  100^  and  120°,  without  losing  their  lustre;  the  remaining  3  at. 
(which  are  boaie)  at  a  higher  temperature  only ;  when  strongly  heated,  they  yield  a 
yellowish  rendne  of  alumina  and  molybdio  anhyride,  retaining  the  form  of  the 
original  crystals. 

The  ammoniD-ehromic  KtU  crystallisos  in  small  rose-red  qiin'iratic  plates,  which  gira 
off  5  at  water  at  lOU-'  and  2  at.  more  at  120°  and  when  htateii  to  redness,  Icare  a  mix- 
tareof  chromic  oxid* and molybdic anhydride;  the anmonio-fmtimli  forms  yellowish- 
vkitoayBtals  of  the  samp  form,  but  difficult  to  obtain  pure  in  any  consideraMt-qimntitr. 

The  amhMiio-manqanic  salt,  6r(NH*)»0.2MoOM  +  jMjim»0*.6MoO»  +  I  JU'O,  or 
(NH^)»  ) 

H«  J 

AMlmfe  1M7  pta.initwat  17^ ;  ia  permanent  in  Aadr;  uA  gh<»<JP<uii<i  twithi 

of  its  total  quantity  of  water  at  100°    (Stru  ve.) 

Molvbdatet  of  Barium.  The  monobarvtic  salt,  Bba"MoO*.  is  precipitated  as  a 
sparingly  soluble  crystalline  powder,  on  adding  chloride  of  banum  to  a  solutioii  ef 
molybdic  acid  in  excess  of  ammonia.    (Sranberg  and  Struve.) 

Schultze  by  fusing  together  2  [fs.  molybdat*  of  sodium,  6  pta.  chloride  of  larium, 
and  2  pta.  chloride  of  sodium,  obtained  the  same  salt  in  distinct  c^uadratic  pyraiuidii ; 
liith4pli;  aodieddfliidaltvaaolittiBedaaacqrili^^  • 

ar»  obtained  by  precipitating 
th.^  corresponding  potassium-  and  a  mm  on  inm -salts  with  chloride  of  barium  ;  and  by  de- 
composing monobarrtic  moiybdate  with  dilute  nitiie  acid,  an  anhydro-ealt  ia  formed 
containing  Bba1foO«.81Io0^.4TO,  etyatalliMd  ia  mOl  riz-Mded  priaM^  MUe  and 

insoluble  in  water.    (Svanberg  and  Struve.) 

Molybdatt  of  Cadmium,  Ccd"iroO*,  if  obt.-iined  in  shining  yellow  laminre  by 
melting  together  2  pta.  moiybdate  of  sodium,  7  i^ts.  chloride  <^  cadmium,  and  6  pts. 
oommon  nk  (Sehaltia^) 

Molyfifl at r  of  Calcium,  Cca"MoO*,  is  obtained  by  fusing  together  2  ptp.  moiyb- 
date of  sodium,  6  pta.  chloride  of  caldum,  and  4  pta.  common  aalt^  in  white,  well- 
developed  qoadxatie  pyramidi.  (Sehnltsa.) 

Cerous  Moiybdate  is  obtained  by  precipilatioa, inyhfta llkiS  Lwolnhla ia  H^tm, 
hat  soluble  in  several  acids.  (Berzelius.) 

MolybdateM  of  Chromium,  Aaunonio-  and  w>ta$$io-chromic  molubdaU*  are  ob- 
tained, aa  ahore  deaerihad,  hy  iBmeMag  duranie  hydsito  la  tiie  aeil  BM^hdidta  of  aai- 
monium  and  potassium. 

JiioljfbdateofCobalthohtAined.  in  greyish-green  indistinct  crystals,  by  fuainffl  pt 
BMl^yrate of  navmirfth  2 pt&  chloride  of  coM       2  pts.  common  salt  (SehvTtie.) 

Cupric  Molybda  te.  Yellowish-green  precipitate  sparingly  solable  in  wat.r,  Jecom- 
pofipd  by  acids  and  by  alkalis  (Berzelius).  Acid  moiybdate  of  ammonium  add.d  to  a 
boiling  solution  of  cupric  sulphate  throws  down  a  heavy  green  amorphous  powder,  cod- 
aiatingof-a  basic  cupnomolybdate,  4Cea't).SMoO*.6HK),  or  S0en"MoO*.Cen''HH)'.4BH>. 
"By  adding  moiybdate  of  ammonium  in  excess  to  a  cold  solution  of  cupric  sulphate, 
an  amTHonio-cuprie  talt  is  formed  consisting  of  C!cu"(NH*)^o«0*.3MoO*.9H''0  or 
[Oea''(NH«)'H^MoK)».6BKX  It  !■  a  whita^lw  OTrtaUiDa  ptwdar  irtrioh  ghct  o^ 
4 at.  Ufater  at  lOO**  and  4  at  more  at  200<*.  (Struve.) 

Molybdateg  of  Iron.  Monoferrous  molyhd^tte,  Ffe'TVIoO*,  is  obtained  in  dark 
hivwn  monodinic  prisms  by  fbiit^  1  pt  molybd^  of  »odinm  with  8  pta.  ferrons  ehlorid* 
and  2  pts.  common  salt  (Schultze).  Fenoof  ralphate  added  to  a  solution  of  notas- 
sic  moiybdate  reduces  the  molybdic  acid  to  a  lower  stag©  of  oxidation ;  but  if  chJorine 
be  passed  through  the  solution  at  the  same  time,  a  bul^  precipitate  is  formed,  which, 
when  dried  in  tho  air,  forms  a  light  yellow  powder  eonaiflting  of  FfeH)".6MoO".16H'0 
(Struve).  A  solution  of  acid  niolybdaf'-  of  ammonium  mixed  with  a  neutral  solutioa 
of  ferric  chloride  imme^liately  produces  a  bulky  sulphur-yellow  precipitate,  whicli  when 
dried  contains  Ffe*0».4MoO«.7H-0.    (Steinacker,  Jahresb.  1861,  p.  238.) 

A  niii.Tal  ^tom  Xevada  city  in  California,  described  by  Owen  (Jahresb.  1852,  p.  887) 
aa  a  urnc  moiybdate,  is,  according  to  Gcnth  (Sill.  Am.  J.  [2 J  xxviii.  248)^  very 
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vsmble  in  compoaitioi^  «ad  iffffMBi  to  be  bmmI^  »  matmt  ot  ao^bdio  oAm  and 

browu  haematite. 

Ammonio-fcrric  and  JWitito/ifto  jwolf MflflM  ag>  obtebad  in  iBbm  wmnm  9bmdj 

mentioned  (p.  1037). 

MolybdateofLtad.  Pb^JIoO'  «  Ppb"MoO«.  Thu  aalt occuxs  luitiTe  as  )Ft<^- 
M«»  or  TWwlM  or9(6MUMfre)  in  modified  aqnan  tabiM  and  oetab«draaa belong- 
ing to  the  dimetric  system,  tho  most  frequent  forms  being  P  and  P .  oP.  Length  of 
principal  axia  1*674.  An^Ie  P :  P  in  the  terminal  ed^  »  99°  40';  in  the  Uteml 
edgca  181^  i6\  Clearagn  indistinct  parallel  to  P.  It  occurs  also  granularlj  iiuu»iTP« 
coarse  or  flar,  taaly  <»herent.  Hardneas  »  2*76  to  8.  Spedfle  gravitj  6*8  to  6*9. 
Lustre  resinoiu  or  adamantine.  Colour  wnx-yellow  pa«mng  into  orange-yellow,  also 
siskin-  and  olire-green,  yellowijsh^Erej,  groyish-white  and  brown.  Streak  white.  Sab> 
teaaaparent  to  sabtransluoant  raataia  aabconchoTdaL  BritUa.  Whaa  hfatad,  it 
deeropitates  strongly,  and  assumes  a  dnrlc<^r  colour,  disappoaring  however  on  cooling, 
and  fuses  to  a  yellow  mass.  When  fus«'d  on  charcoid  before  the  blowpipe,  it  sinks  into 
the  charcoal,  leaving  g^olivlcs  of  lead,  tho  charcoal  at  the  same  time  becoming  impreg- 
nated with  niolylxlemim  nnd  molyVxiide  of  ]<  ad.  It  dissolves  easily  in  borax  and  in 
nUcrocosmic  fait,  exhibiting  the  reactions  of  molybdenum  already  mentioned  (p.  1082). 
Hdiasolves  in  hot  nitric  add,  with  separation  of  jeUowialMfUla  permoljbdia  sitoats^ 
(p.  1037).  Strong  hydrochloric  arid  dissolvos  it,  forming  a  green  solution,  together 
with  chloride  of  lead,  which  separatee  more  completely  on  addition  of  alcohol,  it  dia- 
•Dihraa  abo  in  canstie  foUuik. 

Molybdato  of  lend  oecars,  with  other  lead  ores,  in  veins  of  limestone,  at  Schwaraen- 
bnch,  Bleibeis,  and  Windiah-KappcL  in  Carinthia;  it  is  also  £(>and  at  Itetabaaya,  in 
Bnngary,  aacTst  Moldawa  bi  tiia  Baaourt^  irfiaia  tfia  erfrtala  ara  rid,  and  btar  eoa- 
siderableresemblaneeto  chromate  of  lead;  in  small  quantities  also  at  the  Southampton 
kad  mia^  Massachusetts^  and  in  fine  reddish-orai^  aystals^  oontaiaiag  a  tnee  of 
dMnieaeid,  atWhaaftlc^aleadaiiiiaaearllMMifamu^P^^  ThaspcoiBMM 
from  these  several  localities  are  nearly  pure,  the  proportion  of  molybdic  anhydrido 
foond  by  analysis  varying  from  37*65  to  40*6  per  cent,  and  that  of  lead-oxide  from 
to  63*8  per  cent,  wUle  the  formnhh  PbK).MoO*  reqnires  89*<  per  cent  MoO*  and 
•1-5  PbK).    The  Bleibeig  mineral  contains  a  small  quantity  of  vanadium. 

Idblybdate  of  lead  is  formed  artificially  by  precipitating  nitrate  of  lead  with  neutral 
nuil^bdate  of  ammonium ;  also,  according  to  Schnlae,  by  fiising  2  pts.  molybdate  of 
sodium  with  6  pts.  chloride  af  laad  and  4  pts.  common  salt  As  thus  prepared,  it 
forms  crystals,  white,  when  pure,  yellow  if  they  contain  a  little  phosphoric  jicid.  Mix- 
tures, in  varying  proportions  of  molybdate  of  Kodium,  chromate  of  j>ot<is.Hium,  chloride 
of  lead,  and  common  salt,  yiehi  crystallised  salts,  which,  when  they  contain  not  more 
than  42  per  cent,  chromate  of  lead,  are  quadratic  like  those  of  pure  molybdate  of  lead, 
but  with  a  deep  red  coloiir;  with  from  42  to  90  per  cent  chromate  of  lead,  they  are 
monodinie  and  yellow. 

A  molybdate  of  lead  from  Pampluna,  in  South  America,  was  found  by  Boussing- 
ault  (Ann.  Ch.  Phys,  [3]  xlv.  326)  to  contain  73  8  per  cent  Pb»0.  10  0  MoO«,  2-9 
W,  1*8  HCa.  1-8  PK)»,  1-2  Cr»0«  17  Fe«0«,  2-2  A1«0«  and  S*79Mrti  M'l);  h» 
X^guda  it  as  a  basic  salt,  8Pb*OJtfoO»  or  Ppb«MoO«.2Ppb"0. 

Molybdate  of  Magnegium^  Mmg"MoO*.5H'0,  is  obtained  in  distinct  crystals 
by  boiling  molybdic  acid  and  magnetia  alba  with  water,  and  evaporating  the  filtrate ; 
itghraaaffSafcualaratlOO^.  (StriiTa.) 

a^lfbdate  of  Manganete  is  obtained  as  a  heavy,  white,  crystalliuo  powder, 
coataimng  Mmn"MoO*.^0,  by  treating  carbonata  of  manyinese  with  trimoW bdata  of 
potaasinm  or  sodium ;  it  gives  off  its  water  abofva  100^,  disaolTsa  sparingly  n  boOiog 
water,  and  when  boiled  for  some  time  with  the  acid  molybdate  of  potassium  or  sodium, 
yields  double  salts  (Struve).  Schultze,  by  ^ing  1  pt  molybdate  sodium  with 
8  pta.  manganous  chloride,  and  2  pts,  common  salt,  obtaiuM  the  anhydrous  salt 
IfaBttHoO*,  in  laige dingy  ydDev taislila  haafaig  the  aspect  of  bitter  spar,  and  ap- 
pearing under  tho  microscope  as  froall  monoclinic  [?]  tablets.  Together  wtk  tbia  aaU 
there  aro  often  formed  large  red-brown  laminse  of  indeterminate  form. 

Anmtonio-  and  pokutio-manganie  motybdaieg  are  prepared  by  boiling  the  aflidaMlljb> 
dates  of  ammonium  and  potassium  with  manganic  hydrate  (pp.  1037,  1040). 

'  Molybdatet  of  Me  r  cur  v.  On  adding  mercurous  nitrate  to  a  solution  of 
trimolybdate  ofpotassium,  ayellowish-white  looeulent  precipitata  ia  formed,  wfaieht  if 
imaMdiately  eoUerted  on  m  fitter,  and  wa^ed  till  the  wash-water  leaves  no  residue  on 
evaporation  and  ignition,  consists  of  mercurous  dimoMdaU  or  anhydro-motybdate, 
Hbgf0.2HoO"  or  Hh«^MoO«,MoO*.  It  is  yellowish-iAite  and  non-atystaUine,  but  is 
aoafwtedtypwIaiyiliwAiBg^agMaqa^^ 
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M'>J y  hdafrs  of  M<>} t/hdrnitm.  Thfrc  jmtwsiI  oti<^<^  of  molybdeiniTn.  mt«r- 
mctiiute  in  composilioa  Lftweeu  the  di-  and  tri-oxides,  which  are  proliabl y  molylxlat«« 
eontainiog  molybdenum  m  their  base.  When  a  solution  of  molybdate  of  aminoDium  is 
mixed  with  a  solution  of  mnlybdie  chloride,  a  blue  rrcclpitale  is  fonm-d  having  the 
comp»»ition  of  a  moly  bdic  molybdate,  Mo''0',4Mo^'0*  or  Mo*0'*.  The  precipitate 
i3bm  funned  is,  howerpr,  a  hydrate,  which  becomes  nearly  bl  ick  Aihen  ignited.  The 
snme  111111* hy<lr;»f(.  is  fomii^lby  tho oxidation  of  molylidtc,  ortli»»  n.'(UK'tion  of  j>  nnolylv- 
dic  salts  (pp.  103d,  1036).  It  is  Tery  sGMuingly  iwluble  in  sal-ammoniaic,  somewhat 
BOM  in  WKtsK,  flKgfatly  ako  hk  doohoL  TIm  aqueous  soladM  has  ft  HaA  false  colour, 
romiiins  tuiriltor>Hl  at  orilinary  tempr^rattirc'S,  but  Itlcaches  mor«^  and  more  by  oxidatioa 
when  evaporated  by  beat.  A  concent  rat  <><I  solution  is  resoLred  br  alkalis  immediatetj, 
A  dihAs  loliiliflB  OB  HOTtiift  fato  moljbdie  hydrate  ead  mAywi  ul^AMk 

Another  molybdic  niolvMate,  supposed  by  rr^  lius  to  have  the  composition 
MoO'.SMoO'  «k  Mo*0*,  is  fiuBied  wbaa  «  mixture  of  the  preceding  ooaai^and  witb 
vclybdie  chloride  is  predpftatod  by  ■naoBia,  dfato  elieu  ue  Une  onde  w  dipated 
witli  pulverised  molybdenum,  or  wh<'n  2  pfs.  of  the  pulvoris*^  metal  and  1  ]it.  molylidie 
trioxide  are  digested  with  a  large  quantity  of  water  in  a  closed  yessei,  the  colour  of  the 
liquid  then  changiug  from  blue  to  green.  From  these  solutions  pulrensed  sal-ammo- 
mm  throws  down  the  compound  as  an  olire^green  pr<'cipitate,  which  redissolret  whca 
washed  with  wat.  r.  From  the  pnxluct  obtaim^l  by  the  first  method,  water  divsolri^ 
first  tho  compound  MoO'.4MoO\  and  afterwards  molybdic  hydrate.  (Be  rzelius.) 

Molybdate  of  Nickel  forms  m  a  light  apple-green  precipitate.  Sch«ltB%  hf 
fbsing  molybdate  of  sodium  with  cM.  r;  of  nickel,  obtained  it  in  leeJt'^eM  MMMK 
clink  prisms,  together  with  lemon-yoUow  cijstals  of  indeterminate  form. 

M»iph4Mi«9  &f  Pol««#l«M.— «.  Tlw  nemtrtt  cr  mmmmlvhdate,  K*0.MoO*,  or 
K'MoO*,  is  obtained  by  agitating  the  trimolybdate  with  idcunolic  ]K>tash;  it  then 
separates  as  an  oily  mass,  which,  whiai  dried  over  lime  and  oil  of  vitriol,  crystallises 
in  four-sided  prisms  containing  tK'MoO'.H'O.  It  is  also  prodaeed  bj  mixing  a  ao- 
hi^Qf  mdybdiitoof  moMUft  irilii  «aBeflSB  «f  mHamuXm  ct  iitihmUm,  wad  <wp»» 
lating  to  a  fyrap. 

fi.  When  a  solution  of  molybdio  acid  iu  carlxinate  of  potassium  is  mixed  with  stroiig 
nitric  or  hydrochloric  acid,  till  a  slight  permanent  precipitate  npjx>ars,  the  liqui.i.  after 
nwliile,  yields  crystals  of  a  salt  Containing  4K  0.9:MuO*.6H-0,  or  (K»n'"  )Mo-(>*«jrfO  ; 
and  this  aalt  is  di'compoeed  by  water  into  the  monomolybdate,  which  dissolves  readilj, 

Tlie  trimoh^hdatr  dissolves  easily  in  boiling  water,  and  Kcparates  as  a  miU^-white 
precipitate  when  the  solution  is  quickly  cooled;  but  bv  slow  cooling  it  is  o 
beautiful  sill^  needles  containing  KK».SlIoO*.8H*0.  or  (K-H«)Mo«0".HK). 

Nitric  acid  added  in  excess  to  a  solution  of  molybdic  acid  in  carbonate  of  | 
throws;  down  a  white  precipitate,  consisdni:^  sometimes  of  K.^.ilCoO't 
K-0.5MoO*,  both  anhydrous.    (Svanberg  and  Struve.) 

K» 

Jft><flMfe  ulumitdo  Mol^tt,  AU'-'f  H0H>*«.7HK).— Thit  mk,  MMaogOM  in  eampo- 

H»  J 

sition  to  the  ammoido-ahiiiibiie  nnqrUate  already  dateribed  (p^  1097%  la  prepazrd 

either  Tsy  prolongpd  boiling  of  a  solution  of  trimolybdato  of  potassinm  with  aluminic 
hydrate;  or  by  pm:ipitating  a  solution  of  alum  with  a  neutral  molybdate,  that  of  mag- 
BMiaB,for  example,  and  boiling  the  washed  precipitate,  consisting  of  aluminic  hydrate, 
sulphate  and  molybdate  (mixed  perhaps  with  a  little  potash),  with  a  solution  of  p'l^'?.s^iia 
trimolybdate^  and  evaporating  the  filtrate  to  the  ctystiUiising  point  It  crystallines  in 
groups  of  nMll  ulihe  cqnam  taUela,  eolnble  in  40*7  pbL  vatar  at  17^;  is  peiMBMiiB 
air  at  ordinarj'  temperatures  ;  gives  off  6  at.  vr:i*cT  at  100** ;  melts  when  more  strongly 
heated,  and  solidifies  on  cooling  to  a  yellowish  crystalline  masa^  very  ilovJ^  K^nUe  in 
waktt  tad  «rtii  in  acidi.  (StrvTe.) 

The  potassio-clirouiic  sail  of  fimilar  cnTT^titntion,  crystallises  in  rojse -coloured  tablets 
soluble  in  S8'61  per  cent  water  at  I7°t  permanent  in  the  air,  giving  off  10  at  water  «t 
100^  and  bchaniig  at  higber  tempemtnica  lik«  Hm  alvniiile  salt  (Strnvci) 

The  pottusio-ferric  Siut  forms  yellowish- white  cryetals  of  tho  same  form) 

ecdfag  adti;  difBwUt  to  obtain  in  aiy  (yimifiwrabln  ^nant^y.  (Struva.) 

K»  ) 

Tha  f9kmt9wm^m^  mU,  OPO  Jlan«0*.liMoO*  1SEK>«  Hmn*"  \  lUWOPOi, 

) 

is  prepared,  either  by  boUing  manganic  hydntte  with  trimoiybdate  of  potaasinmi  or 
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better,  by  passing  chlorine  through  n  hot  sohition  of  potassie  triraolybdate,  and 
(rradually  adding  small  (|imntitie8  of  muug&Doos  sulphate,  as  lutig  tho  solution  ist 
mmilbftmkatoA  darker  in  colour.  TIm  lllMd  liqud  yields  the  double  anlt,  after 
*1>ffpT»g  or  concentration,  in  shining  orange-coloured  rhombohedronf,  having  the  angle 
of  their  terminal  edges  »  107°  It  dissolves  in  ^84*3  pts.  water  at  17°.  mure 

miSlj  im.  boiling  initer»  hy  whMk  hownrar  it  is  {Nurtklly  deeonpoted.  It  givwdP 9 at 
wat«r  at  100°,  2  at.  more  at  160",  acquiring  at  the  fiame  time  a  darker  colour ;  melts 
at  a  hifher  temperatore,  and  solidities  on  cooling  into  a  brownish-red  crystaUine  mass. 
Witik  wtmta  ofailfwv  It  IbnN  •  precifultite  flomning  moly  bdie  Mid,  mangsnie  oxide, 
and  mhtoHxada  which  dniMwyiwi  dwiag mhing.  (Struve.) 

Moh/hfJ a  f  c»  n  f  Silver. — a.  Ntvfrnl  nrgmtic  mohjhdait,  AgrMoO',  is  obtained  by 
precipitating  the  neutral  potasoium-salt  with  nitrate  of  silrer  as  a  yellowish-white,  floc- 
eaknt  precipitrto^  vMch  dnkoiif  oa  tipoouw  to  Ught,  duMltas  sparingly  in  water, 
easily  in  dilute  nitric  acid. — /8.  Trimolylxlate  of  potassium  forms  with  nitrate  of  silver 
a  yeUowish-white  flocculent  precipitate,  of  somewhat  variable  composition,  but  agreeing' 
beat  with  the  ftnmda  2Ag^o(KsHoO*.   (Sranberg  and  Strnre.) 

Argentou9  mdyhdatf,  Ag*0.2MoO*  =  Ag'MoO^  is  produced  by  thea-  tion  of  hydro- 
gen gas  at  ordinary  temperatures  on  the  neutral  argentic  salt;  or  better,  by  passing 
hydrogen  gas  through  a  tulx^  having  a  narrow  aperture,  into  a  saturated  solution  of 
the  argentic  siUt  in  Modarately  strong  aqueona  ammonia ;  the  reduction  then  also  talm 
place  at  ordinary*  temperatures,  but  much  more  quickly  at  90°  (at  higher  tenijw'ratnrea 
some  of  the  silver  may  be  reduced  to  the  metallic  state).  llv  the  first  metliad  it  is 
obtahied  as  on  aamrpnons  mass  ;  by  the  second,  as  a  black,  shining,  cryFtallino  powder, 
consisting  of  regiilar  octahedrons.  It  is  dis8olve<l  by  nitric  a.^id,  with  evolution  of 
nitric  oxide,  and  decomposed  by  potash  (not  by  dilute  ammonia)  with  sepaxation  of 
Uaek  MfgMilion  oodda.  (Wdhlei^  Ana.  Oh.  FfMim.  enr.  119.) 

Molphdate»  of  Sodium. — ^The  neutral  or  disodic  vtoli/lxhite^  Na'MoO*.H'0 
(commonly  called  the  monomotyhditfr^,  is  obtainc<1  1  y  fusing  molyUlic  anhydride  with 
an  equivalent  quantity  of  crystallised  carbonate  ol  Mnlium.  It  is  easily  soluble  in  water, 
and  crystallises  in  small  octahedrons,  which  melt  and  give  off  their  wateratamodenrta 
heat.  Sodio-hj/dHc  niolybdate,  NaHMoO'  (or  dinwlt/hdatr,  Xa-0.2MoOMI»0),  ob- 
tained in  a  similar  manner,  cxystallisee  in  needles,  and  dissolves  sparingly  in  cold, 
raadilr  in  boiling  water.  The  tUsodio-teirak^rie  mdybdate,  ira94CoH>".6H*0  (or 
trimoij/hdate,  Na*0.3MoO'.7ir'^l  is  obtained,  by  adding  nitric  acid  to  a  solution  of 
molybdie  add  in  carbonate  of  sodium,  as  a  bnlkv  white  precipitate,  more  soluble  than 
the  eoCTCspoading  potassium-salt,  Nitric  add,  added  in  excess  to  a  H>lutiou  of 
■koitybdatd  of  iodran,  thsovt  domi  aotfaing  bat  aMlybdie  onhydrido,  (SToaborg  and 
St  rn  ve.> 

Trimolybdate  of  sodium  boiled  with  alumina,  chromic  oxide,  forms  double  salts 
oaalogoas  to  tho  potMihmi  ■salts  ibofo  described. 

Moli/hdate  of  Sironi ht  m  is  obtained  in  well-dt  veloped  square  pyramids  by 
fusing  together  1  pt  molybd^te  of  aodiom,  2  pU.  chloride  of  stconttnm  and  2  pta. 
common  salt.  •  (S  ch  u  1  tc e.) 

MolffhdmU  of  Zino,  ZmUbO*,  is  oMahisd  br  fbsing  8  pts.  molybdate  of  sodhnn 

with  3^>t8.  chloride  of  zinc  and  j  ts.  common  salt,  in  wliiti-  n<  rdles,  with  a  tinge  of 
yellow,  appearing  under  the  microscope  as  square  prisms,  al^'•l  i  xhibiting  the  otmibi- 
aationP.  0DP;raBnble  withoat  decomposition  bdbio  tho  blovi  pi i^e.  (Sehnltie.) 

MO&TBBBMUM,  OZTBBOMI9BS  OT.  Mofybdous  OJtybromidr,  5ro>rtr*0, 
is  produced  by  heating  molybdous  bromide  with  dilute  sohttioas  of  csm^ti.  alkalie; 
when  treated  with  hydrochluric,  hydrio<lic  and  bydrobroorie  ooid,  it  yields  mo^bdoos 

cblorobromide,  &c.    (BlomHtrand,  seep.  1029.) 

Fermolyhdic  Oxybromidr,  Mo"Br'0»,  is  produced  by  passing  bromine  vajviur  over 
the  heated  dioxide,  or  by  fusing  mulybdic  trioxide  with  lx)r{c  OK  pho^horio anhydride^ 

and  heating  the  pulverised  mass  with  brrimide  of  pota.'vsium: 

MoO'  +  Ji'O*  +  2KBr    -    2KB0»  +  MoBr'O*. 

When  quickly  sublimed,  it  forms  indistinct  crystalline  scales;  by  slow  sublimation, 
more  fully  developed  crystalline  plates.  It  has  a  yellowish-red  colour  and  fatty  lustre^ 
doiiqfneMeo  in  the  air,  and  foHM  a  oolooriosi  soIohob  widi  water.  (Blomstrmnd.) 

MOXi-rBBEJTUM,  OZTCUOmZBBS  W,   MohjhdovB  Oxpekloride, 

JUo'CVO,  is  produced  in  the  same  manner  as  the  corre^nding  oxvbromide,  and 
fioola  i&  •  wMHtm  MBOtf  with  l^ydiochkrio  oei^  dtai  (Blonstrand,  p,  1039.) 

PermolffhdU  0*ifohlorid99,  Mo^KSIfO^  im  l[oOI*.SMbO*.— BiMomd  hj 
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lierzelius,  first  coxrectly  aual^-stni  by  H.  Boae  (Pugg.  Ana.  xL  399).  Ituprodneed 
in  the  unoipbow  •tat^  wImb  any  oifier  diloniM-coiimoaad  of  aofyUiiiai  is  hailrf 

in  contact  with  the  air,  and  wlion  tho  same  coinpininciH  arc  expos^ni  to  moist  air,  pven 
at  oxdiiuu;;^  tempeiatureft  (Blomstrftnd,  Jahrtisb  18d7«  p.  193).  In  tbe  czTfUl^ 
lineitate  it  is  oliteiiied  Dj  tbe  f9Bowin<:;  pr.>oeMM;  1.  By  passing  eUrafoeem 

thr  Ik -ati  il  ilioxiilo  (B/T z o  1  i u s). — 2.  By  jwuring  strong  sulphuric  acid  < in  a  mix'art 
of  ffiolybdic  trioxide  and  potafwic  sulphate,  evaporating  the  excess  of  acid  in  a  n  tort  si 
ocHnph-tely  as  possible,  thm  adding  cfalori^  of  todinm,  and  heating  aguin,  whereupoi 
the  oxycliloride  sublimes ;  but  this  prooeas  does  not  yield  lo  pure  a  pro<iuct  as  the 
first  (H.  Kose). — 3.  By  repeated  sublimation  of  the  brown  oxychloride  (Blom* 
strand). — 4.  By  subliming  a  mixture  of  thia  brown  compound  and  the  amorphoot 
inodiflcatiou  of  a  (Blomstrand).  It  forma  yellowihli-wlii'u  ,  ilolieai.>,  crystalline  scalea 
(Bcrzelius):  thin,  translucent,  nearly  square  platcB  cf  paif-reddbh  colour,  or  if 
obtained  by  tht-  fourth  method,  thicker  crystals  of  honey-yellow  colour  and  scarcely 
translucent  ( I !  1  u  in  s  t  r a  n  d).  Tustes  sharp  and  asti&igMltv  aweetiafa  after^taste ; 
voliitiIi<rs,  viihout  fusiiijj,  iit  a  heat  l-elnw  redness;  and  is  resolved  by  WJiter  into 
molvbdic  and  bydrocklyric  acids,  both  of  which  remain  dissolved;  it  is  soluble  also 
in  aWhol. 

A  hydrate  of  the  preceding  compound,  MoCl'O'.H'O,  whi.^h  may  also  bo  regarded 
as  a  k^drochiorate  o/  mol^bdie  trioxide,  MoO'.2HCl,  is  obtained  by  passing  hydrochloric 
add  gaa  cnm  thft  trioxide  Imrfed  to  IfiO^— .800^  aa  a  white  aystallina,  Tciy  Tolatiia 
hnV)s!ance,  which  is  resolved  by  heat  into  hydrochloric  acid  and  trioxide  of  molyb- 
dtiuum,  but  may  be  volatilised  without  deoompoaition  in  hjdrochlonc  add  ^as.  It 
dtasolves  easily  in  water,  but  tiia  aolntwD  lAen  ofraporated  leavea  Bothing  bat 
molybdic  trioxide  (Deb ray,  Ann.  Ch.  Pharm.  c\'iii.  250).  The  permolybdio  sulphat^ 
nitrate,  &c.,  described  at  p.  1037,  are  perhaps  analogcma  in  oOBOtitation  to  the  conipontta 
just  mentioned,  but  they  hare  not  been  analysed. 

p.  Mo"Cl*0  ur  2.MoC'K'.MbO»f.  Thia  ia  a  green,  easily  fusible  oxychloride, 
<)l)tained  by  pasMinp;  chlorine  over  an  intimate  mixture  of  molybdic  oxide  an^  charcoal 
(or  even  imperfectly  reduced  molybdenum  still  containing  oxygen)  heated  by  a 
ooanaoo  apint-kmp.  The  bulky  amorphoua  oonrdikvlde  wbaA  first  fonne  ia  to  be 
renioved,  and  the  sublimate  iHlieti  forinf;  wlien  the  vapOQT  luu?  acquired  a  permanent 
blood-red  colour  is  to  be  collected.  It  is  indistinctly  cijBlalBBed  in  dark  greoa  tofts: 
if  formed  at  a  aoiBCiHtaC  atronger  heat,  in  light  green  BtetalliMldniQg  scbImh  B 
molts  and  volatilises  below  100''.  forming  a  dark  i>ed-brown  vapour,  and  is  decomposed 
by  water,  yielding  hydrochloric  acid  and  bine  oside  ofaMuybdenum.  Hence^aad 
from  the  Teralteofaaalysis,  Blomatmndregarda  it  aa  Ho^GPO*  or  2(]IoC9*.SMia€l')  •!> 
MoO'.2MoO',  but  obsen-es  that  the  analytical  BUnbatt  do  OOt  AUftr  Vddl  ftOB  tbOM 
n-quired  by  the  simpler  formtda  above  piven. 

7.  Mo«Cl'*0^  =  (MoCl*.MoCl*).(^IuO-.MoO').  This  is  a  brown,  easily  fusible  sub- 
(itance,  produced  by  the  action  of  chlorine  on  a  mixture  of  charcoal  and  seiqvioxide  of 
molybdeiiuTn  (formed  from  the  trioxide  by  the  prolonged  action  of  hydrogen  at  a  red- 
lieat,  or  by  the  reducing  action  of  zinc  in  the  wet  way).  Tixe  latter  part  of  the 
prodoot  ia  ooUeeted  apart  and  purified  bv  fractional  anbhnatloii  ia  «■  atowighgw*  ot 
hydro^'en.  When  Tery  rionHj  oohHiMd,  it  foom  liiga  Ymmn  orbbck-hMnm  ojiCalik 
(Blomstrand.) 

9.  Mo*01*0'  "  MeOl'.MoO*.  Produe-  d,  thougli  only  occasionally  and  in  small 
quantity,  by  the  adlao  of  cfakrioe  at  a  moderate  heat  on  admixture  of  raolybilic  oxid4 
nnd  charcoal,  accompanying  thegreen  oxychloride  fi,  which  is  formed  towards  the  latter 
part  of  the  process.  It  may  be  freed  from  the  latter,  and  frtim  any  other  compounds  that 
may  be  present,  by  its  inferior  volatility.  It  fbrma  well-defined  prismatic  crystals  of  a 
dark  ^^olet  colour  by  retieeted,  ruby-red  by  transmitted  light ;  it  volatilises  with 
dithculty,  but  without  nrevious  fusion.  Water  first  disaolvea  it  with  slight  rise  of 
temperatnze,  and  then  thzowa  down  a  whito  precipitate,  adbdble  in  a  larger  quantity  of 
water. 

BSOXiTSnEXriTM,  PH08PBZSB  OP.  ^loP.  — A  mixture  of  1  pt.  yellow  trioxide 
of  molybdenum  containing  phottphoric  acid,  and  2  pta.  fUsod  phosphoric  acid  con- 
taining lime,  ia  expoeed  fye  an  hovr  in  a  diaieoal  eradble  to  the  neat  of  a  Tery  atrong 
coke  fire,  whereby  a  prey  blistered  ma  ^  i<  f  nnod,  consisting  of  small  metallic 
ahinin^  ciystals  of  phosuhido  of  molybdenum,  mixod  with  calcic  phosphate,  and  having 
ita  oaTitSea  lined  with  ine  aame  eryatala. 

Phosphide  of  niolyb  h  nuin  forms  a  powder  of  specific  gravity  6'167.  The  crystals 
conduct  electricity.  It  is  vezy  difficult  to*fuse ;  oxidises  gradoaliy  in  the  oir  without 
burning,  but  with  fneaodeacenee  on  moltins  nitre.  By  hot  nttrie  add  it  iff  eooTcrted 
into  phosphoric  ui.d  niolvbdic  acids,  and  diaaolved.  Win  n  g.  ntly  heated  in  dUbrAM 
ga»,  at  ia  converted,  without  visible  combnatioD,  into  chloride  of  mo^bdenoBa  «4 
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rliloride  of  phosphorus.  In  contact  with  zinc  it  diminatos  hydrofT'^n  from  hi/(JrocMoric 
acid,  and  on  additian  of  a  oogj^tr-taU,  radaees  copper  on  iti»  saiface.  (Wdhler  and 
Bftvt«Bberg,  Ann.  Ck.  Pkam.  oiz.  t7i.) 

three  proportions,  forming  the  conij^Kjunds  MoS',  MoS\  and  MoS*.  Tho  last  two 
are  solphnr-acids.  Oar  knowledge  of  tboBe  aniphides  and  theif  aalta  ia  almoet  wholi^ 
due  to  the  researches  of  Bezselioa. 

BiMdl|AM#  9tt  MtlyMHc  flsipMUtoa  VoS*.*— ^Ua  ooDipomd  ooaua  Mtivs  aa 

Molybdenite  (Molybdan^mu,  Wa$$erblei\  generally  in  cnrstallo-Iaminar  masses,  more 
rarely  in  tabular  <3>vstala,  odF  .  oP»  belougiuff  to  the  nexagonal  system,  deavable 
paraud  to  Hardness  ■>  1  to  1*5 ;  easuy  impressed  by  the  naiL  Soecifio 

gniA-ity  »  4'44to4*8.  The  mi  in  ml  has  a  strong  metallic  lustre  and  pue  Imak-g^ 
colour;  streak  similar,  but  shV'htly  inclined  to  qroen  ;  it  forms  a  prrey  trace  on  pnpor, 
and  a  greenish  trace  ou  jxjrceliiin.  it  ia  optu^ue,  hccliic,  and  almobt  miiileable;  lamina* 
highly  flexible  and  elastic 

Molj'lxlenitc  is  of  froijuent  occurrence  in  primitive  rooks,  being  sometimes  found  in 
metalliferous  veins,  especially  of  magnetic  iron  ore  and  tin  ores.  It  is  found  in 
Cornwall,  at  Caldbedc  FsU  m  Ovmbnriaod,  in  Saxony,  TTnhiMita,  Swadeii,  Korwnr, 
and  Greenland,  and  at  numerous  localities  in  the  United  States.  It  occurs  nearlgf 
pure,  but  aooording  to  .Svaubers  and  StruTSL  generally  contains  a  small  qoantitj  oC 
phoephoiie  aeid  (or  phosphoms^  <^  ^''Bt  wmA  miist  ba  bomo  in  mind, when  tb» 

mineral  is  UMd  for  the  preparation  of  molylxlato  of  animoniuni. 

Disttlphide  of  molybdenum  is  produced  artificially  bv  heating  eitlu  r  of  the  higher 
aalphides,  alao  by  igniting  the  trioxide  with  sulphur.  The  artificial  sulphide  is  a  black 
ahining  powder. 

The  duralphido  heated  in  closed  vessels,  sn«>tainp  a  high  temperature  without  fusing 
or  nnderguLug  any  change,  and  according  to  11.  li'ose,  is  not  decomposed  by  ignition  in 
dry  hydrogen  gns.  Whoa  heated  in  the  air,  it  is  converted  into  molybdic  anhydridf^ 
with  evolution  of  sulphurous  anhydride.  Before  the  blowpipe  on  charcoal  it  gives 
oil  bulpburuuii  anhydride,  covering  the  charcoal  with  a  vellowiah* white  incruMation ; 
baft  ii  wg«a  wkh  fpmt  diffloaHy,  aad  the  eombnstion  is  but  imperfcet  On  platinum 
triri'  if  colotirK  tlie  outer  blowpipe  flame  green.  It  coloiirs  a  l>cad  of  ionut  uiaud 
with  niiref  dark  brown  in  the  inner  flame^  and  light  brown  in  the  outer. 

Ii  dBeowpuaea  v&pemt  of  wai$t  at  a  tea  heat  slightly,  bnl  ftt  a  higher  temperahna 
vift|pMler  facility.  It  detoDat(<s  \\\t\ivilre,  forming  a  molyb<late  uf  fotjissium  ;  di9> 
MlfM  laadily  in  wann  nUronwriatic  add,  pcodncing  moltybaio  and  sulphuric  acida,  la 
mmfy  asUlasd  hy. nitrie  Mid;  diasohai  &  MHag  oQ  of  Tiiriol  with  erolution  ot 
«4jiBid%  cad  Mtma  a  blue  solution. 

msnlpblde.  Sttlphanut/t//xlic  acid.  MoS'. — This  compound,  the  analogue  of 
the  trioxide,  in  A>nued  by  decomposing  that  compound  with  solphydric  acid,  tui 
(I)  by  paming  tin  gas  nto a  eoBosiitvatad  aohttkiii  «f  tdi  dkaKae  nolTbdata  and 
precipitating  with  an  acid;  or  (2)  by  adding  sulphide  of  annnonium  to  the  solution 
and  then  hydrochloric  add,  both  in  ezoeas.  The  whola  of  the  molybdenum  is  then 
preci  pirated  aa  triariphida,  wkAA  aelflea  down  qnicklr,  and  Mt  ba  rapidly  washed  on 
a  filter  with  water  containing  sulphydric  and  hydrochlorie  acids,  to  prevent  oxidation*. 
As  thus  obtained  it  is  a  black-bruwn  powder  which  makes  a  dark  brown  streak  on 
porcelain.  When  heated  it  givea  off  sulphur,  and  is  oonvurtt-d  into  the  disulphide.  It 
diMolfee,  but  not  x^^^t  ^  ouMtfe  tuaiUM,  man  the  boiling  heut,  undefw 

going  partial  decompoftition  nt  the  same  time.  It  is  most  rnsily  dissoh  ttl  l>y  alkaline 
vwnosulphides  and  sidphydraUs,  forming  sulphur-suit^  called  sulphumoly  bdates ; 
the  alkaline  disnlphidee  do  not  dissolve  it. 

The  8ulplininoly]Mlate.«?  are  the  analogues  of  the  molybdates,  most  of  them 
being  constituted  according  tu  the  formula  B*S.MoS'  or  K'MoS*.  There  are  also  a 
fern  eontaining  S  or  S  al  ^  the  sulphur-^eid.  The  Mdpiwiiid^rbdatea  of  die  alloiK- 
metals,  alkaline  e.'irtli-nu'talfi,  and  magnesium, are  soluble  in  w;it»  r;  the  rest  are  inf^luMe. 
The  alkali-metal  salts  are  obtained  by  passing  sulphydric  acid  ga.s  into  concentrated 
aolotioav  of  flM  oowesyondlng  molvbd^mi ;  the  nsolnUe  lohs  by  precipitating  a 
neutral  oxygen-salt  of  tlie  metal  with  a  wjluhle  sulphomolybdate. 

The  aqueous  solutions  of  neutral  sulphomolybdatee  have  a  fin©  red  colour  when  pure, 
changing  to  brown,  however,  if  they  contain  a  small  quantity  of  iron  or  an  excess  of 
the  snlphnr  add.  During  9\wfontkm,  iSbm  enit  a  constant  odour  of  nlphydric  acid. 
When  ex]>osed  to  the  air,  they  remain  unaltered,  if  tliey  contain  an  excess  of  the  sul- 
phur-acid ;  in  the  contrary  case,  the  solutions — and  likewibe  the  diy  salts— are  rapidly 
oxidised,  the  sulphide  of  the  alkali-metal  being  converted  into  ll^ypMnlphite,  while  the 
trisulphide  of  molylMlcuutn  is  partly  precipitat-  d  as  such,  partly  converted  into  trioxide 
and  bine  oxide  of  molybdenum.   The  sulphomolybdatee  are  deoompotted  by  adds, 
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with  solution  of  sulphydrtc  acid  and  precipitation  of  molybdie  trisulphide.  Wh«i 
heated  to  redness,  thojr  jiekl  moljrbdous  su^nide  and  a  disulphide  of  tho  base,  or  gir* 
off  1  ait  tnlpliiir. 

Sulphomolyhdate  of  Ammo  ni  (XTT')^ioS*,  separates  fmm  a  concent  ratr*^ 
aqueous  solatioa  mixed  with  alcohol  in  ciAnabarKxUoased  acakt,  becoming  dark  brown 
on  fixpomtre  to  Uw  air.    The  aqueooi  aoliitioa,  if  left  to  eVMptmit^  yieldi  at  ttw 

ed^  a  number  of  crystals  which  are  jgreen  by  reflected  light,  wnile  in  the  middle  ft 
dries  up  to  a  black  amorphous  mass.    The  salt  is  sparingly  soluble  in  alcohol. 

Bodonstatt  (J.  pr.  Chem.  Ixxviii.  186;  Jahrosb.  1869,  p  163X  by  passing  sui^hj- 
dric  acid  gas  to  supersaturatioin  into  a  solution  of  impme  nKdjbdic  tetd  m  Iqfaxo- 

clil  r- •  r\pvl,  TTiixfd  with  n  larpp  qn.'uitity'tf  H:il-ammoniHC  and  previonsly  snpprsatnmted 
ytilh  animouitt,  ubtatued  deep  red  cryetals  of  a  tsulfhoxyrnolyhdate^  (^NH*)-.MoO^. 

Sulpkomotvhdafet  of  Bmriunk—Th^  netUral  atdi,  BbalfoS*,  is  obtained,  as  m 

dark  red  amorphous  mass,  from  tho  mother-liquor  of  the  following  Pttlt.  The  iritu/- 
pJuwwlyhdate,  Bba"S.3MoS»  or  Bba"MoS*.2MoS*,  is  obtained  by  boiling  sulphide  of 
barium  with  an  excess  of  mol^-bdic  trisulphide,  and  separates  firom  the  hot  filtmte  on 
oooUng,  in  small  yellov  ahiautt  ogpstalib  vUeh,  when  Uid  on  pftper,  crumble  to  a 
shinino;  powder  of  the  same  colour.  They  give  off  water,  and  turn  r^A  wiMO  hwited, 
and  are  decomposed  by  dilute,  but  not  by  concentrated  hydrochloric  add. 

The  eadmium-salt  is  a  dark  brown  precipitate  iusoluKl.-  in  wat<  r. 

An  Acidc'iliiu  /ji-salt,  probably  Cca''MoS*.2MoS*,  is  obtaiiuK]  like  the  f^-^^^pond- 
ing  barium-salt,  and  orystalliseB  in  abort,  shining,  Tecmillion-coloured,  neemt-'-shajped: 
arpitdt,  pemanontiBair  oven  at  100^ ;  hydroehlotieacid  bladcene  thin  by  amacatiag 
the  sulphide  of  molylKli-nnTn.  Tho  mothor-Iiqiior  of  t!)Is  <;alti  vhin  onponte^  laaivea 
the  neutral  calciioii-.iti/t  in  the  form  of  u  dark  red  varnish. 

Cfroui  s  ulpkti  iHol  t/bdaie  \s  a  dark  grey  precipilato.  On  adding  an  alkalLue 
•nlpliomolybdato  to  tho  solution  of  a  oerio  salty  onW  a  lUig^t  precipitate  is  formed,  but 
ammonia  throws  <1o\mi  from  the  xMndtiiig  yallov  Mmioo  a  bamo  eait  in  tiie  tern  of  a 

brown  gummy  mass. 

The  ekr6mi6  »aU  ia  a  daris  brawn  precipitate,  iridch  tUM  gnen  in  drying.  The 
of  potassium. 

The  goli'tali  (auric)  k  Mlnble  in  watei^  whenoe  it  separatee  after  aoma  time  aa  • 
daxk  bvown  powder,  becoauqg  Uack  when  dry. 

2rnn-fnffs.  The  ffrrovs  ^a\t  is  ^oluMe  in  water,  forming  n  wine-red  f«ohirir.n, 
which  lMMX>mes  darkv^r  and  mailj  black  on  exposure  to  the  air;  when  eraporattid  in  a 
ahaUow  vveofd,  together  with  sulphoroolyhdete  .of  potaseaan,  it  altiaiatcly  sepamtea 
from  the  latter  as  a  hlaok  jolly,  whioh,  as  well  as  the  dilute  solntion,  j)o«its  a  pale 
red>/ellow  powder  bj^ntaneona  erapoiatioa.  The /crric  aalt  is  a  dark  red  pr»c^^ 
tate  which  cBeeolTca,  wita  blaek  ooloar.  in  esMOS  of  supbide  of  potassaom,  but  gener- 
ally sej>arafes  atrain  after  21  hnur^^.    \Vlien  dry  it  is  Llaok  and  yields  a  lirown  powder. 

Tlio  Uad'teUl  is  a  blaek  precipitata,  whioh  when  dry,  £»nna  a  Jiaad-grey,  auydUe- 
diiniug  streak  on  paper. 

Magnet  i  n  m  -  a  a  / 1». — By  boQing  aoljfbdie  trisulphido  with  sulphydrate  of  magsf^ 

sinm,  and  cooling,  a  dark  brown  powder  Tsobtjuued,  confsisting  of  an  actd  sulphov.t  lt/h- 
date  qf  magnesium.  The  snpernatant  liquid  eon*^^'"f  the  aeotxal-aalt  and  driea  a{>  to 
a  daik  Ted  Tavniali. 

Manga%9%9mtali§,—'Bj  digesting  sulphide  of  mangnneso  in  aaoen  villi  IMlyUie 

trisulphide,  a  brownish-yellow  liquid  is  ol'tainod,  wiiioh  dri^  np  rt  transparf-nt 
varnish.  Ammonia  throws  down  team  the  solution  a  red  basic  salt,  whicU  u  decomposed 
by  a  larger  quantity  of  ammonia  Sulphide  <^  raanganeee  digeeted  «th  Ckoeaa  of 
molylnlic  trisulphide  forma  an  iiuohible  compound. 

Mercurt/- salt^.—Mrrrnrom  avlphfmn^yhdatc  is  a  nearly  black,  the  mfrrrfrtc  fuilt 
alight  brown  precipitate.  Tht^  nicket-salt  resembles  the  oobaUosalt.  Ihid  ^laiinum^ 
taft  ia  a  das  favown  pneipitato,  blaek  after  drybg. 

Po  tassium-salt  s. — a.  The  )]ru(  raJmli,  K- AIoS',  is  produced  by  heating  a  mixture  of 
(Motassic  carbonate,  sulphur,  charcoal  powder  and  excess  of  molybdie  trisul^ide  in  a  cru- 
dblo,  gently  at  first,  afterwilda  Yery  strongly.  The  black  nnfiiscd  mass  jiekls  with  water, 
after  cooling,  a  dark  red  opaque  solution.  A  similar  solutioo  10 obtainod  by  eatura ting  a 
solution  of  potassic  molyMato  with  sidphydric  acid.  Whm  evaporated  in  a  cyllndri^^'al 
vessi'l  at  40°,  it  yields  four  and  six-sided  prisms,  with  dihedral  summitj*,  which  aj*» 
dark  red  by  transmitted,  but  of  a  fine  dark  green  odbor  bj  reflected  light*  and  yield  a 
dark  red  jxjwder,  becoming  green  and  shining  by  pressure.  added  to  th« 

rod  aqueou8  solution,  throws  down  a  cinnabarHxdottred  powder,  and  tJM  mix«d 
Kqiiid  depoeita  aealea  of  the  aime  edboz  vhicii  ^aeqniie  a  green  netallae  laalva  hj 
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dryiitt;.  The  uli  hMtod  in  an  atmoybere  of  hydrogen  ia  onlj  parUallj  decomposed 
into  &v]{4iid0  of  potmmiiira  and  mofyMoiM  ralphideb— A  ADotnor  nit  oontaimng  a 

lurgfT  proportion  of  niolylnlio  trisulpliidf,  i.n  precipitated  as  a  brown-yellow  powder, 
when  tae  solation  of  the  neutral  aalt  is  mixed  with  a  qnantitv  of  acetic  acid  sufficient 
to  giro  it  an  acid  reaction.  It  is  black  after  diyiitg,  and  dissolTes  easily  in  boiling, 
•lowly  in  cold  water,  forming  a  yoUow  golntioB.  A  Mhrtkm  of  thfl  neutral  salt,  mixed 
with  n  ^rnall  qnnntity  of  any  other  acid,  becomes  darku^  in  Mnae^lUnoeof  the fimnatioo 
of  tlm  compouodt  but  du«B  not  vield  a  precipitate. 

A  compound!  of  milpkomolj/oi«U»  and  nitrate  pohmimH  Is  obtained  when  a 
solution  of  equal  parts  of  the  two  f<alts  is  left  to  eTaporat«.  It  then  peparat-  m  in 
green  metaliicHthining  aeales.  very  much  like  sulphomoilybdate  of  potassium,  which 
nim  Mngr  liko  fiupowdar  whm  niwtad. 

Ibe  9il9er*a^li  fesanUes  tlie  lend-salt  in  oolinw  nnd  alieak. 

Sodium-xa  ff  .■>.-  Th<'  nrufral  mlt  forms  small  dark  red  granular  crystals,  mach 
more  soluble  in  alcohol  than  the  potassium-salt.  It  is  almost  completely  reduced  by 
ignition  in  hydrosen  gas.  There  is  also  an  acid  su^homolybdate  of  sodium,  much 
MM  ieinl)l0  tun  we  nental  Mlt|  and  weiimtKng  (he  <wrM|w>ndiiig  potMninm-aalt  in 

idl  its  properties. 

The  »t  rout  i  u  m- 3  alts  resemble  th  e  Imri  um-halta. 

Thu  uranium-  and  rinc-salts  aro  duric  brown  precipitates:  tbe  tttnnou^ 
salt  is  a  ]>laek  precipitnte ;  tlM  sat^n  tiwulnoflut  mowu  frsflipiuto  beooaung 

gr«jy-))rown  vnwn  drv. 

Wtrasulpbida  of  SKol ybdeaaxn .  Pt  rsulph'Uiultfhdic  acid,  MoS*. — This  sulphide 
ittltrown  down  by  hydroohknrie  acid  from  tlie  solutions  of  alkaline  persulphomolybdates, 
as  a  flooculiMit  trunHliicfnt  preeipitntr  of  a  fin<'  dark  ml  colour,  shrinking  togoth.  r  wlu  n 
dry,  iuto  a  coarse-grained  mass,  possessing  a  dark  grew  metallic  lustre,  and  yielding  a 
dark  red  powder  wbcn  tritanted  irith  wMer.  B  »  fnsolnUe  in  water  and  in  seras. 
When  heated  in  a  Jctort,  it  ^ivos  off  wator  and  a  small  quantity  of  sulphurous 
anhydride,  then  a  Lirge  quiintity  of  sul]»hnr.  and  loavos  disulpliide  of  molybdenum. 

Persuiphomulybdates.  Tetratiuiphide  of  moly  Ixluo  um  uni  tea  with  basic  m^allic 
sulphides,  ibrming  salts  represented  by  the  Ibmrala  R'SJIoS*  —  VltsS^.  Mcwt  of 
them  ave  dark  rwand  n  tain  th«'ir  colour  unaltered  when  dry.    The  j^frsnlphomolyli- 
dttn  tt  the  alkali-metals  are  solobia  in  water,  and  their  solutions  yield  with  acids  a 
piedpttale  of  molybdie  tetrasnlphide. 

The  am  monin  m-s(il  t  is  obtained  by  drenching  moist  niolybdic  tctra.'^nlphide  with 
SulpbTdrate  of  ammonium,  to  which  a  little  caustic  ammonia  mur  be  advantageously 
adiU  A  ydUow  powder  is  then  formed,  wbioh  bsoooMS  iaA  nd  'wktti  dry,  i« 
iMolnbto  in  nllMline  liquid^  i|wrfni^ 

Jiariu,n-sa?t. — Yellow  or  red  precipitate,  insoluble  in  water,  and  not  decomposed 
bv  dilute  hydrochloric  acid.  The  calcium-salt  is  jprecipitated  aftor  some  tiiue  bj 
alcohol  from  a  mixture  of  the  potassium-salt  with  chloride  of  osiehini,  as  a  dnnabav- 
colonred  powder  slightly  aolnbie  in  water. 

The  copner-galt  is  a  preripitat*^  dark  ctjlotired  at  first,  bat  becoming  red  inclintnj» 
to  brown  after  it  is  collectetl.  The  ^aid-salt  (auric)  is  a  brown  precipitate  which 
turns  yellow  and  dccompOBes  indiyingi  and  when  heated  in  cenlaiit  mth  too  air,  bums, 
mves  off  sulphurous  anhydride,  as«<nme<«  a  golden-yellowooJini^nndlvhMlTC^StlOiigly 
heated,  yields  a  sublimate  of  raolybdic  trioxide. 

/ron-salf.— Bed  predpitste  Ibmed  on  adding  the  potasdilniiadt  toan  sttMa  of 
a  ferrous  salt 

The  lithiu  m-snlt  roHembles  the  potassinm-pult.  The  magvexittm-.talt  is  an 
insoluble  red  pn>cipitate. — The  mercurous  sail  is  a  dark  ahaost  brown  ^irecipitate. 

J*utfi«i<ium-saUs. — When  sulphomolybdato  of  pofassium  is  boUed  with  molylxiic 
trisulphide  (such  a  mixture  is  obtained  by  deconii|H>sing  an  acid  uol^bdirte  of 
potassium  with  sulphydric  acid),  fhc  V-  -ling  being  continued  for  several  hours  tn  a  retort, 
a  large  quantity  of  sulphydric  aiuU  is  given  off  with  the  watery  va^un,  and  a  copious 
precipitate  is  fenned.  Chi  eoUecting  the  prpcipitato  alUr  oooOi^  on  a  filter  and 
washing  till  the  wuish-water  givef^  a  dark  red  tloccalent  precipitate  with  hydrochloric 
add,  a  rendoe  is  obtained  fiom  which  water  extracts  persulphonkolybdate  of  potassium, 
leavins  disalphida  of  mofybdemni  beUnd.  The  vesnniDg  sollition  is  nd,  and 
generally  yields  the  salt  on  evaporation  in  the  fonn  of  a  retl  mas«,  having  the 
consistence  of  an  extract.  On  one  occasion,  however,  Benselins  observed  the  salt 
to  separate  from  the  boiled  mixture  on  cooling,  in  sinaU  ruby-oolotoped  crystalline 
grantdes  which  could  be  sefMnated  from  the  rent  of  the  predpitate  by  levigation. 
Thej  aitpearvd  nnder  tlw  miooseope  as  tianamsefy  striated  wctangnlar  scales;  were 
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<  iBMliMt  bk  <nld  -««tcT,  hjdrosUwia  add,  «iKl  potaih,  bnifc  wlnfale  in  ImiI  ii 

a  low  mi  heat,  tli'-v  tlo<'n^f>i't;iti-<l,  ^^;l\v  ofT  w;it»n'.  a  smnll  <iaaiitify  of  aulphur,  and 
Bulphyilrie  acid,  after  which  waUr  extract t)d  wilphidiw  of  potunum  from  thaw,  Isawig 
disulphido  of  molybdenum. 

When  a  dilute  solution  sulphomolybdato  of  potassium  containing  an  excess 
of  molydic  trisiilphulp  is  Pxpn^Ni  to  :i  heat  of  SO*^ — SO®,  tt  bewmos  turWd  and 
gradoaliy  yields  a  lighter  coloumi  depo^iit  uf  persa!phom<>lyl»lat.e  of  potasviam,  which, 
after  drying,  forms  a  yellow  oohttWlt  mass  eoDBtBtini;  of  small  ocTltalline  jpartides 
having  a  silky  lif^tr*'.  Th<»  «»«me  msfs  is  ohtaiii»«d  by  (Irniching  molvMic  tftra- 
»alphida  with  sulphydrute  of  potassium.  It  is  insoluble  in  cold,  bat  aoluble  in  hot 
vatsr. 

PersutpkomoljfhdaU  0/  «tltr«r  ii  a  daA  Inown  pndgiMb,  Uade  whm 

collected. 

The  sodium-  and  stromiium-saltB  resemble  the  potaasinm-  md  bariiMMlHl 

Tiu-»alta. — The  utannom  tali  is  obtiiiiUMl  from  fltannous  chlorido  by  double 
daooinpoaiboBt  9a  a  dark  brown  uootpilato.  If  the  miztuzc  be  idt  Ibr  aeveni  dajs  in 
an  open  vetad*  thft atanaie  aalt la  ftannad  aad  Hia  anpamalaiit  Uqvid  taaaaiii  vai.^ 
The  ttannSo  mH  ia  oolj  partiaQjr  pMi^pitatod,  liha  nai  MMon^  diaiaM  wtk  tba 

snmo  colour. 

MO^TBSZW.   Syn.  with  molybdtc  oehre,  or  native  trioxide  of  molybdennm. 

MOMOBOZOA.  According  to  Lopine  (J.  Phann.  [3]  xl.  IC),  .V'//^rr/Ka 
ehtmmtia  yields  a  tolid  lilt  mehiiig  at  M*.— Hm  anonnt  of  elaterin  ooutain^^d  ia 
the  fruit  of  JfeaMnUM  AaMan  a»  dtftnol  aaaai»i%  aaa  Wals  QS.  JahtiK.  fbaoa. 

xi.  21 ). 

MOMO&2>ZCZxr.    Sjm.  with  Elatkrin  (ii.  373). 

mOJf  ABD  OZIk  01*.  Th(<  osscutiul  oil  <^  an  Amer ieaa  Liihiato  plant,  the 
Momufitk  fmmctata.    It  o;y«ily  Romrattv  inla  %  liquU  oil  and « aanphor.   The  oil  or 

pfi^pnce  is  a  y>  nowi.Mh-rt'd  liquiil,  having  an  odour  of  thymo,  becoming  light  yellow 
atter  rectiticatiou  with  water,  boiling  at  224^,  aud  easily  resiuising  by  oxidsurion.  The 
eaaphor  or  atearoptene,  when  purified  by  pressure  and  distillation,  forms  shining  crys- 
tals, melting  at  48**  and  solidifyinp;  again  at  38°.  Its  composition,  a<!oorJing  to  Aq^p'.-; 
analysis,  is  C'H'^O  ;  that  of  the  oil  separated  from  the  stearopteoe  appeara  to  U 
(C**fl")*0.  The  crystals  absorb  2  or  3  aait  hjdroeUadia  add  gas.  (Arppe, 
iUa.  Ch.  Phann.  hm,  41 ;  Handw.  d.  Chem.  r.  877.) 

MOITAZXTB.    Edwanisitf,  Mn)(jit    Kmniic. — X  pbo.sphate  of  oer'rm  an  l  liin- 
thanum,  also  containing  thonnum  according  to  some  authorities,  oeeannug  in  monociiaie 
prknns,  nstuiUy  small  Mid  flattened.   Balio  of  aacea,  nzh:  ei  »  1*0969 : 1 ; 
Angle  of  Aandc  =  76''  M'.    Ol'scrrtxl  plan.\«,  aPx  ,  [  ooPcc  ],  -P*,  +  T, 

— P,  ooP,  [  00P2],  and  otliers.  Cleavage  basal,  Tonr  distinct  and  briUiant,  lUrd0e» 
«  0  to         Specific  gmvity  •  4*9  to  The  erysteb         «  bwmalifc'fwl 

hyacinth-red,  or  yt  Uowish-br  j v.  n  xilour,  and  ro.sinouM  luHtre;  they  are  8ubstran!<|-«rt  i'^ 
to  snbtaaaatttce&t  and  rather  bnttla.  The  mineral  is  infusible  befora  the  blafwpip<^ 
diaadvia  aio«|f  in  bonz,ftnmag  a  bead  which  ia  yellowish-green  or  yeUowish-na 
whi!i>  Ik  t,  colourless  when  cc)lil. 

Analysis.— a.  From  aatonst  in  the  Urdl ;  Brooke's  Mtngitf  (Kcrsten,  Pogg.  Ann. 
xhriL  885). — b.  The  same  (Hermann,  J.  pr.  (Jhem.  xxxiii.  90).— c.  liio  Chicc^ 
AnHo<iiiia,  in  Kev  Ownadn: 

P«0».        Th»0.        CeSO.        La*0.       C«»0.      MM.     IbfO.  .Sn()». 
SS'tfO      1706      24-78      23*40      168      .    .      l*8e      210    «  100*27' 
8806      •   .      87*80      27*41      1^      0*80      .    .      1*78   -  M-8S 
SO'l  40*4       84^  -  imO 

The  presence  of  UKOurnn  in  monazite  has  bean  «mfirmed  by  Bercelius  and  Wohlff. 
Hermann,  on  the  contrary,  denies  it,  an-l  i-^  r*f  opinion  that  a  basic  sulphuto  of  corium 
formed  in  the  analyst  s  has  bci-n  misfaki  u  lur  sulphate  of  iborinom.  The  analytiol 
roBnllanagrkaii^>ree('nted  by  tho  formuhi  (Ce;  La)*PO*or (Oa;  Ia;  11i)V0*;1nkafV 
analyses  are  required  to  fix  the  formuhi  with  certainty. 

Monajsite  waii  tln»t  obtiuned  Zlatoust.  It  occurs  also  at  Norwidi  and  Watn^ 
town  in  Connecticut ;  at  Toiktowa,  OhiBleff  Cooaty,  New  Y<adc ;  and  naar  QtoM* 
Moniitaiii,  North  Carolina. 

1COWAUTOZ9.  The  name  gtren  by  Hermann  (J  y^r  Chem.  xl.  20)  In  « 
vmiety  of  mooasite  from  the  Ural,  distinguished  by  its  browu  coAour,  higher  speofic 

•  With  traces  of  tttaak  add  and  poOuh. 
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gtarity  (=■  5'281),  iuid  by  the  presence  of  tantalum.  Hermanti  Ibmid  in  it  IT-^n  r  •  r 
cont.  P^',  i9-3.)  Cr-n,  21-30  Ln-O.  150  Cu"0.  l-rui  TT-i  \  and  6-27  TnO«  n  gives  off 
«  small  q^nantitj  of  chlorint;  \rhen  tmited  witli  hjdrociilork  ackl,  aud  dis8oLv«<^  la«nng 


A  compound  resembling  saDonin,  ttntaincd  in  an  extr^ctire  snlwtaaeo 

culled  jVojk.-/  '.  wliich  r^ppears  to  !«•  ol'talii.  l  fmm  the  bark  of  Chri/.><.pht/Uum  glycy- 
jtkmmsL^  a  Bnusiiian  plant  of  the  sapotaceoiw  order.    (Desrone,  Hearj  iuid P»yen 
Abo.  <X  Fkann.  xxxni  3«8.>  ^ 

IHEOVO-COIttPOVHAS.  This  tenii  is  ap[»li.  1  ff^  crtmpfmn  !?!!  rnntaining  1  at.  of 
the  eiement  apecUled,  r.y.,  C'H'CIO',  wtoaocA/criia/fc  acul^  C'11*.E''.N,  mmophttmi- 
— --f,  Ace; 

Sytt.  villi  BnmLBm  (iL  401). 

According  to  F.  L.  TVi  u  eklcr  (N.  Juhrb.  Pharm.  viii.  322),  the 
horb  of  Monotropa  h(/popiti/s,  gathered  when  the  flowi  ra  are  almo.<4t  fully  oxpan<l«  d, 
yickis  by  distillation  with  water,  a  vohitile  oilidentk>al  with  that  of  Gaullheriu  arucum- 
Mfw  (u.         The  MNridue  of  tlw  dintniation  oontai&od  aa  add. 

magnesio-forrous  silicate  from  Borgon  in  Norway,  whan  it 
occurs  mussire  granular ;  also  foliated,  with  one  distinct  and  another  impf'i'fo  <  lenrjigo 
inflinod  at  130°.  Hardness  —  6  nearly.  Specific  gravity  «.  3-2673.  It  hm  a  pale 
y  ;  A  eoloar  ineiliabg  to  red,  mad  a  strong  vitreous  lustre.  Contains  5617  per  oeot 
eiliiM,  31-63  mairncvin.  S  oG  frrron<»  oxiilf,  wnA  I  f!  J  water  (=  100-40.  a^T.-  inr^  nrarly 
with  the  lormnla  i<^Mg.ii*'e/6iUMI-0.  (i^rduiauo^  JEL  Vet,  Acad.  Hand!  Itt42 : 
Bana^iim} 

XOVSOIbZTB.   Syn.  with  Kyakith  (p.  449). 

MOVTAVZV8.    An  alkaloid  said  by  Vhti  Mon«  to  <\v'>t  in  China  MMAmh^  tba 
bark  of  t^ostemmafioribundum.  "Wiackler  was  not  able  to  tind  it, 
ItOSXlOBUm.  A  Tariety  of  duTsoKto  (L  99%). 

MOWWf— ITiTiOMITB.  A  rose-red,  fmgilr>,  aruill.u  *  otis  substance  found  at 
Montmorillnn  near  Confolf-ns  in  Charcnte,  and  near  St.  J.  an  Coll<'  in  Dordogne. 
Contains  6U  04  per  cent,  silica,  20*16  alumina,  U-6S  ferric  oxide,  1-46  lime,  0  23  mag- 
acMS  1*37  potaah.  Md  85*0  mfar.  (Pamoar,  BaD.  Soe;  gcoL  da  Fraaoa  [8}  vt,  464.) 

BKOomSMBi  ▲  vanet^  of  trwuilanfmi  ftlnar  ftoai  Gajlon.  (Saa  Ykmul 
it.  G2n.) 

aso&xiA.irrs.  Soo  I)\xino  (ii.  3o2X 

1COS9SAI 1TB.  A  tibrous  zeolite  &om  the  trap  of  the  Bay  of  Fundy,  Nova  Scotia, 
the  name  being  darired  from  Morden,  a  village  near  which  it  is  found.  It  occurs  ia 
small  cc-n  ri  lions  or  ppodt  .s  of  white,  yellinvi.sh  or  pinkish  colour,  and  stronfi  silky 
luutre,  wcatht  i-inr;  dull ;  clciivcs  readily  iu  dinjctions  pandlel  to  the  fibres  ;  is  trauwiu- 
c«  nt  11  the  t<i^'.  s.  Hardness  a  little  above  6.  Specific  gravity  «  2  08.  Rather 
lirittlr.  Before  the  blowpipe  it  fu>os  at  a  strong  heat  to  a  glassy  bead,  without  intu- 
mescence ;  with  hydrochloric  acid  it  dw»js  uot  pelatinise  but  yields  slimy  silica.  Contains 
(naaa of  aaalyseii)  68*40 per  emt  silica,  12-77  alumina,  .v  ia  lime,  2-35  soda,  and  13  02 
wator(=  1001.  afir.  i  In£?TcrT  ncarlv  -svith  tho  formula,  (^Na.2CH)-0..\i<0» OSIO'.GIFO, 
Which  is  reducible  to  that  of  a  metaaiiicate,  M%K*)''U"iii»0*'Ji^.  (Mow,  Chem.  Soc 
J.  zrii  164.) 

MOIBXO  AOA    Uarin,    (B.  Wagner,  J.  pr.  Chora,  li.  82 ;  Illasiwetz  and 

Pfanndli  T,  il'iil.  xc.  Mo.) — An  acid  existing  in  *^^1 1  fustic  {Morva  fi'ncforia),  and  de- 
posited as  a  calcium-salt^  together  with  morint.-innic  acid,  from  an  infusion  of  the  wood 
oa  ooc^ing.  To  extract  it,  the  deposit  (sometimes  called  nior/n) is tr«ated  serefal  timn 
witli  boiling  nlcohol  ;  tlio  aloohdlio  lirjiiKr  is  diluf' il  \vlt!i  six  tinn  =?  it,s  linJk  nf  wiit«>r, 
which  prccipitutos  the  morale  of  calcium  iu  thf^  ionn  of  a  yellow  crystalliuu  powder, 
wfnla  taa  whole  of  the  moriBtajmie  add  Mfaaiaa  diaaolvad.  The  (]aidoin»aalt  is  then 
dissolved  in  boiling  alci^ho],  lli.  c  alcium  precipitated  by  oxalic  acid,  and  the  nioric  a-  id 
ia  araiacated  £cooi  the  hot  filtrate  bjr  water,  purified  by  re-solutiou  in  alcohol  and  rt- 
peapitadon  fey  water,  and  ftnallj  dried  orer  tike  water-bath  oat  of  contact  with  air 
agner).  Ulasiwctz  and  Pfaundler  treat  the  deposit  above  mentioned  twice  with 
boiUng  water,  after  pressing  it,  and  thereby  obtain  a  solution  of  roorintannic  ncid 
(p.  1049^,  and  a  residue  consisting  of  crude  moric  add  and  nitrate  of  calcium.  This 
Vesiduo  IS  heated  with  water  and  a  little  hydrochloric  acid  (to  di  eompose  the  calctiini'* 
salt),  then  waslidl  witli  water  and  tlivsolvicl  in  hot  alcohol.  The  filtrate  mixed  with 
two-thirds  of  its  volume  of  hot  water,  di-posils  the  greater  part  of  the  moric  acid 
in  jellov  oTtCali^  wbidi  laaj  be  jmtiMoj  sdatioa  in  vaak  aloohd  (naiiig  flltaia 
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freo  from  Ifmr  uDil  iron),  and  formation  d  ftfllMll  fOHltityof  leadpfH^^Udi  III  At 

Bolution,  to  cartj  down  rcaiuous  matten. 
Mane  utdis  &  white  emtalHneptmder,  wliich  ^dually  tons  yelkyv  in  eontaet'widi 

tho  air.  According  to  Hut>>i  \  i  1  Pfaandlor,  it  crystaJlIsos  in  iii><'<ll^  several  line? 
lOBf^  mostly  grouped  in  tutu.  It  is  very  sparingly  goluble  in  water,  requiring  4000 
pto.  at  2U°  and  1060  pts.  at  100°  to  dissolve  it ;  very  soluble  in  tdcohol  and  in  ether 
(Wagner),  pparingly  goluble  in  f^Arr,  insoluble  in  sulphide  of  carfK,n  (Hlasiwets 
anil  ]'f,iiinilU  r).  The  solu'ionti  have  ;i  dofp  yoU^jw  colour,  and  sli^-bf  acid  r«iction. 
Dried  al  it  cuutains,  uccurJing  to  Wugner,  55  2  per  cent,  carbou,  tiud  3"2  hydro- 

gen, numbers  which  may  be  repwisented  by  the  formula  C"H'H)".ir-().  This  oonqjo- 
«iti<m  differs  but  little  fh)m  that  of  monntaniiio  acid;  indeed  Dt'l  ffn  (Zeitschr.  Chem. 
Phariu.  1862,  p.  143)  concludt*.  from  hiH  own  oxporimenta,  that  Wagner's  moric  acid 
is  nothing  but  viorinbuuiio  add  eantaminated  with  colouring  miitter.  On  the  other 
hand.  Wapnf  r  (Chem.  Centr.  1862,  p.  399)  still  maintains  the  distinctness  of  moric 
from  moriutannic  acid,  inasmuch  as  the  former  is  colourless,  much  less  8d.uble  in  water 
tluui  the  latter,  and  reeets  dlfltoenflj  with  alkalis.  The  ^fftrenee  betweaa  tlw  two 
•eids  is  fnrthor  e'-falilislu'd  by  tho  experimontji  of  Hlasivrftz  nnd  Pfaiindler. 

Moric  acid  bears  a  rather  h^  temperature  without  decomj^tsing.  At  300°  it 
blaelEeiis  and  jpret  off  b  oonaiden^  quantity  of  esilMniie  anhydnde,  togetlnr  with  » 
yellow  oil  which  partly  concretes  ou  cooUn^,  and  consist  s  of  a  niixtim-  of  phrnol  and 
oxyphenic  add  (pyrocatediin).  It  dissolves  in  weak  acids  without  oolocaliooi  ia 
atrosig  evlphmnc  moid  with  tnown-yeilow  edlour,  and  is  pred)ntated  bj  wwhv  in  Htm 
originid  state.  The  sulphuric  acid  solution  decomposes  when  heated,  giving  off*  sul- 
phurous  anhydride  and  phenol.  Strong  nitric  acid  converts  moric  acid  into  oxypicric 
acid.  With  caustic  aikalis  and  their  carbonates,  moric  acid  form  solutions  of  a  fine 
ydlowoolonr:  paper  impregnated  with  it  affords  a  delicate  test  for  free  alkalis.  The 
solution  does  not  pr<»cipitate  aelatin,  but  it  stains  animal  ■<l->  >->  yellow.  Ferric  eh/onde 
colours  the  solution  garnet-red  f Wag n  e  r),  dt  ep  olive-^reeu  (^H 1  a  s  i  w  t  i  z  and  Pf  a  u  n  d* 
ler).  A  solation  of  morie  acid  bcnud  with  cuprio  gi^kate  or  metaie,  after  addition  of 
pota><h.  yir  ld^  a  precipitate  of  cuprous  oxido.  Fwm an  amnqiiiafial  eolHtioa  of  tUttt 
uUratc,  it  immediately  reduces  metallic  silver, 

Marate  of  Sarium  ie  prodoeed  by  boiling  Ilia  aofd  with  recently  precipitated  cai^ 
bonafo  of  Ijarinm  :  the  rr.^ultiiig  solution  when  evaporated  yields  the  salt  m  the  form 
of  a  red-brown  .powder,  apparently  containing  3C"ll"BaC^.C'*H"0*JQ?0.  The  cal- 
Hvm-^eit  eodats  rea^  Ibnned  in  rairtii^  mi  is  di^poaited  ftoni  ita  alcohnKB  aolntiaii  in 
sulphur-yellow  cry  stals  which  appanudj  CODtliB  0"!H*K3bO*JPO»  tad  gifaitf  tlMUT 
w.iti  r  at  100°.  (Wagner.) 

MORUfDZXr.  A  bub&tajico  obtained  by  And  or  ou  (JikL  Phil.  Traus.  xvi.  [6] 
j;,5 ;  Ann.  Ch.  Pharm.  Ixxi.  2 10)  from  the  root  of  Morinda  citrifolia,  the  "Al"  root  <k 
the  Hindoos,  frccnr iirly  used  a-s  a  dye-stuff  in  thr  Madras  Pre.sidcncy.  T^Hirn  this 
root  is  exhausted  with  boiling  alcohol,  the  first  decoctions  deposit  brown  fiocks  of 
morindin  contaminated  with  a  red  colouring  matter,  btit  tfave  laat  portidni  yield  it  in 
Fniall  radlati'd  yellow  cnrstalci.  The  wliol(>  In  pnrifled  by  npeilnd  eEyitnlliaillMIII ftmn 
dilute  alcohol  slightly  acidulated  with  hydrochloric  add. 

Morindin  ftmns  oTatala  hating  a  fine  yellow  eolottr  and  aatia  Inatra.  ft  is  spar- 
intrly  sohiblo  in  cold,  more  soluble  in  boiling  alcohol,  especially  when  dilute;  in  ahso- 
lute  akoitol  it  is  Icsfi  soluhlev  and  quite  insol^e  in  etibr.  Cold  'unUer  dissolves  it  but 
sparingly,  soflldentfy  however  to  acquire  a  yellow  ooSoor;  boiKng  water  dissolve!  it 
easily,  and  doposifs  it  on  cooling  ah  a  gelatinous  mass,  destitute  of  crvf^talline  structure. 
'  Miorindin  diriod  at  100°  mves  by  aiukbraa  66'4  per  cent  carbon  and  b-l  hydrogen, 
whence  Andenon  dedneee  the  mrak  or  C"H**0'*  (rrauiring  6^-4  percent 

C,  4-9  H,  and  39  6  0).  Rochleder  regards  it  as  identical  wittl  taa  lUMqrthrie  add 
(54-5  Q,  5-2  H,  40  3  O),  which  he  obtained  from  madder. 

Morindin  dissolves  in  alkalis,  forming  orange-red  solutions.  Strong  sulphuric  add 
colours  it  deep  pupk^  or  violet  in  thin  layers^ ;  the  solution,  if  diluted  with  water  after 
24  honpf.-,  deposits  yellow  floclcs  of  unaltere<l  siil  -;;ince,  quite  inaolable  in  aoldwataTt 
aud  forming  with  ammuiiia,  uot  jiu  orauge-rt  d.  bul  a  violet  solution. 

SiiHo  acid  of  apedllc  gravity  r38  dissolves;  morindin  slowly  in  the  cold,  acqnirii^ 
a  dfrp  red  colour;  on  heating  the  liqiii  I,  a  brisk  reaction  taKes  place;  the  f^olution 
boiled  with  nitric  acid  and  ueulralibC'dM  itii  ammonia  does  not  predpitate  ealdnm-salts. 

Basic  acetate  of  lead  precipitates  morindin  in  crimeon  wdcs,  which  are  not  fwf 
st:d>lc  and  cannot  be  waiihed  without  loss  of  colouring  matter.  Solution!  of  inffttt 
strontia  and  Uim  form  bulky  predpitatee  eparinafy  soluble  in  water. 

tWrie  chloride  prodvcee  a  nrawn  ooloittioi^lmt  no  ptedpitnta.  An  anmunwMal 
solution  of  morindin  f  irms  with  ali/i/t  a  reddtdi  liqnid,  9SiAwi!^firn9  cVvridi  nprt- 
dpiute  having  the  colour  of  ferric  oxide. 

Morindin  heated  in  a  doaofOMel  mrito  and  boile,  giving'off  ogaoge-ookwred  raponiB, 
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which  coudense  in  long  tlender  y(41oifiiib-|ed  seedles  of  alizarin  (Anderaoa's 
morindone). 

"When  powdort^J  morlnda-root  is  l>^tt^l#1i  modoniti-ly  dilnb'  sulphuric  act'd,  as  in 
the  ocdiaaiy  garancin  jproceaa,  its  moMpif  is  converted  into  alizarin ;  bat  tho  huge 
qmitity  of  brown  matter  |vodiieed  at%e  same  time,  greatly  dhninialMo  tiie  Tstne  of 
the  dye-stuff  obtained,  as  it  renders  the  colours  dull  and  the  whites  difficult  to  clear. 
Thf  "  Al "  root  ia  therefore  never  likely  to  compete  successfully  with  madder,  at  least 
iu  Europe;  nevertheless  it  affords  the  best  known  source  of  pure  aUsarin,  this  sub- 
atin0^  when  proj^tared  from  it,  being  quite  free  from  pai-purin,  irilidl,  as  is  well  known, 
is  very  difficult  to  separati^  cnmplcfily  from  the  nli«arin  pMJNUnd  ftom  ocdinttj 
madder.    (Stenhoust>,  Chcm.  Soc.  J.  xvii.  334.) 

MO&UffOOMfi.    See  the  laut  article. 

MtMttMlO  MBk  C"S^.— An  nSfy  uid,  iMUotogons  with  <Ma  mU, 

obtained,  to^othvr  with  .stearic,  palmitic  and  benio  aoids,  by  the  sajionification  of  oil  of 
ban  IMorinffa  aptera).  It  is  oolourless  or  £iiatlj^  jellow,  has  a  density  of  0*908,  a 
mawldsh  taste,  which  irritates  the  throat,  and  a  finnt  odour.  It  reddens  litmus  paper; 
is  very  soluble  in  common  alcohol,  even  in  the  cold;  solidifies  at  the  frec^itiL  |  int  of 
water;  is  drctjmposcd  by  heating  with  sulphurie  aeid.  "Walter  found  in  it  7.'» m-t 
ceQU  carbon,  and  117  hydrogen,  the  ubovo  formula  requiring  74*9  C,  118  H,  and 
ia-8  O.   (fisrAordrs  7MU  d§  Chem.  org.  ii  882.) 

MOBnrTAmrXC  AOZB.  Madnrin.  C"IT'*0«.  (R.  "Wa  pn  cr,  J.  pr.  Chem. 
IL  63.  Hlasiwetz  and  Pfaundler,t6u2.xc  446  ;  Jahresb.  1863,  p.  6U4.) — variety 
of  taimicftdil  wfaidkeonatitntettlieflliMeQlomingnntterof  ddf^ 
or  ac  cording  to  Hlasiwetz  and  Pfaundler,  Mactura  ftm  fon'a).  It  forms  a  largf"  |)ortion 
of  the  deposits  found  m  the  interior  of  faggots  of  that  wood,  and  mi^  be  obtained  bv 
treating  these  deposits  with  boiling  water  ftod  leaving  llie  estnot  to  eooL  ^e  add  u 
then  depontM  in  the  form  of  powder  and  may  be  purified  by  crystallising  it  several 
t  ine  s  from  pnre  writer,  nnd  dissolvinp  the  crystalline  deposit  in  water  slightly  acidulated 
with  hydrochloric  acid,  to  separatu  a  rcainouis  ijubstancc,  und  tUtering  the  solution  when 
it  is  no  lonoer  turbid.  ("Wagner.) 

A  strongly  coneentrated  aqneons  decoction  of  fustic  left  to  itself  for  some  days  yields 
an  abundant  crystalline  de(.H>i>it^  which  when  preased  and  twice  Uiiled  with  water 
yields  a  residue  consisting  of  crude  moric  add  and  morale  of  csUnm,  and  s  sdntion  of 
morintannie  ueid,  which  aopo^^it.s  a  portion  of  the  acid  on  evnporation,  the  rcfrt  on  addi- 
tion of  hvdrochlocie  acid.  It  may  be  freed  from  resinotu  impuritii  s,  first  by  ciystat- 
l&Mtioa  nom  water  addnlated  with  hydnx^ilorie  add,  llnally  bv  adding  to  the 
solution  u  timall  quantity  of  aeetate  of  1<  i>l  nd  precipitating  Vitll  SlUpltTdrio  add  in 
pieMsD4!e  of  free  acetic  add.  (Hlasiwetz  and  Pfaundler.) 

IffDrintannie  add  is  deposited  tnm  its  solvtion  at  a  light  vfliUow  oi7«UlHno  powder, 
composed  of  roiero>4eopic  prisms.  It  dissolves  in  64  pts.  of  cold,  and  2*14  pts.  of  boiling 
watt  r,  the  solution  imving  a  slight  acid  reaction,  and  sweetish  astringent  taste ;  easily  aim 
in  alcohol,  wood-epirit,  and  ether  ;  but  is  insoluble  in  oil  of  turpentine  and  in  fijiod 
oils.  The  otheieiil  aofaation  is  greenish  by  xcderted  and  blown  dj  ttaiismittod  ]i(^t 
(Wagner.) 

The  composition  of  morintannie  acid  is  shown  by  the  followuig  analyses  and 
i: 

At  UlR.t40B.  At  1009. 


I'iauadler.  mean, 

0»      MM     me      9W        C»         M71      6^17  Ml 

H»        8*81        413        418         H»»  429        441  4*4 

_  O*           36-65       85*61       86;57   0»  40  00       40  42  41o 

C'^H^O*  100  00      100  00      100-00    CH'^O^li-U  liiu  00      100*00  100-0 

lielfb  regards  the  compound  dried  at  100°  as  identical  with  mono  add^  but  as 
already  obserfed  (p.  1047),  the  diftieoea  between  tiie  two  adds  maj  be  eonsidered  m 

completely  estaldiMied  by  the  recent  researches  of  Hlaniwetz  and  Pfaundler. 

Morintannie  add  melts  at  200^,  blackens  and  gives  off  water  and  acid  vapours  at 
960^,  and  undergoes  complete  decomposition  at  270°,  yielding  a  large  quantity  of  car- 
bonic anhvdride,  and  an  oily  distillate  which  partly  solidifies  on  cooling  and  leaving  a 
bulky  dndcr.    Tlic  distillctl  oil  is-  a  niixtnr»»  of  phenol  nnd  pvTocatf^chm.  (Wagner.) 

The  aqueous  solution  of  morintannie  acid  Ls  uot  prtjcipitated  by  hydrochloric, suluhu- 
xilL  phioephoric  or  arsenic  acid,  but  completely  hj  gdatin  and  softened  SSriwiaMlflarfer. 

MorintRnnic  acid  dissolves  in  cold  strong:  .■mljihnric  acid,  forming  a  yellow  solntion 
from  which  it  is  predpitatodby  water;  on  beating  the  solution,  it  bkckena  and  Kivee  off 
aalfhMBBfaiilTnidandpbaiML  Ihoadhrtianiaeoldsiilpbarieaflidfifkfttoitielf  ibe 
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some  dajs,  yields  a  brick>red  deposit  of  rjif^o^c  teid.  ^  TIlii  acid  if  alao  depoeit«d 
after  a  while  from  the  sohition  of  morintai|ffi^|tttI  ri  bofliiig  dilute  hydroehiorio  acid. 
By  boiling  concontrntr»(l  hT(lrt»ehloric  acid,  aHBpxidisingacaBtiH  morintaonic  acid  is 
decoinpuse<l,  giving  off  the  odour  of  phcnuL^^^lt  peroxidt  of  mangan^  and  s*A- 
phttric  acid,  it  giyeaoff  a  laiga  qiMDtity  of  carbonio  anhydride,  together  with  fonnia 
m  i  l.  Stronc;  nifric  ncii!  rnnvorts  it  into  styphnic  (oxypicrie)  aoiil.  Chromic  acid  de- 
composes it  easily  and  complett  ly.  Cfdorine  passed  into  its  a^ueoua  solution  throws 
dotrnyelloirmiiKniafloeka.  (Wagner.) 

The  acid  mixed  with  f\  solution  of  3  pts.  hf/drate  of  potassium  and  eraporatod  in  a 
silver  diah  till  it  has  become  pasty  is  resolved  into  phloroglucio  aiHl  protoca^ 
teahnie  seid.  (Hlaaiwati  and  f  teaadlav): 

CTO«0«   -¥    VfO   m    C*H«0«   +  C»H»0« 
Msvlataaala  Ptiloro-  Protocate* 

•Bid.  gluefai.  dMk  acM. 

Mortntannatet.  Morintannic  arid  iinit-^  diivi^tly  with  caustic  alkalis  and  decom- 
poses the  alkaline  and  earthy  carbonates  when  boiled  with  them ;  the  aolutiona  of 
tho  alkaline  morintannatM  are  y«Uow,  but  quickly  turn  hvowa  or  VbiA  in  eentaetwifh 
Ihn  air,  m  lliat  these  salts  canin  t  bo  obtaitii  d  pure  in  tho  solid  state.  A  -  -I  i  it  ion  of 
the  acid  forms  a  greenish  precipitate  with  ferroso-ftrrio  $u^pkatc,  yellow  with  acttate 
ofUad,  brown  with  jpoUtatUhmttimimk  tartrate^  yellovtah-lvowii  with  emprie  ndnkate, 
yellowish-rod  with  stannona  eklorids,  yellow  and  floccalmt  with  platinic  chloride.  It 
does  not  intme<li;tt«dy  pnn^ipitato  a  aolntioii  of  aims  bit  on  adding  aariMMMte  oC pota*- 
sium,  a  yellow  lake  is  thrown  down. 

A  modantefy  eonQentrated  solution  of  monntannio  aci<l  mixed  at  the  boiling  heat 
with  a  dihit*'  solution  of  vi  tiiral  fr(ul-<u'r(a(t\  and  (piiekly  tiltered,  drpoj<its  small,  yellow 
Iwm'P*^  crystals  (-'int. lining,  u  .Irii-d  at  llU'^,  whieh  tenjp<Tature  tiiey  tsiistain  uitli- 
OOt  altiMlKm,  3  '.  o<J  per  cent.  carl>on,  2  00  hydrogen,  and  4.')'76  lead-oxide,  agreeing 
with  th<-  formula  C'«H»PbO".PbHO,  wliich  reipiirt^s  ;}2  81  C,  210  TT.  and  46  00  l»b'0 
(Hlasiwets  and  Pfaundler).  Wasner  found  in  the  lead-salt  dried  at  100^, 
h-Ol  per  cant  0, 8*17  H,  and  44'87  WO,  wUeh  agiMa  wmOj  iHlii  the  fmmxH 

C'»npbo«j'bno*.jH»o. 

MOROXXTS.   A  grceniab-Une  varietj  of  apatite,  fbnod  «l  Aioidal  in  Kmwaj, 

and  I'aigas  in  I'iuland. 

MOMSmCP  ACRBb  A  Tolatile  oyalallitte  aeid,  aaid  by  Klaproth  to  nrfsl 

as  a  calcium-salt  in  tho  stoma  of  tlie  mulberry  trei-  (Moms  <dba).  Laul-  r.  r  found 
the  same  calcium-salt  in  the  ao-called  Luclvrj/mm  Mot%  which  ox^de  from,  mulbec^ 
stems.  (Handw.  d.  Chem.  V.  HSL)- 

AlMaMl«rih0OndyjoBof»irplnBe(pi  im\ 

orllOVMBA.  CI*'V^O*.>Th is  alkaloid,  the  most  impotUat 

of  thi  opinin-btiees,  was  known  in  an  impure  ••tate.  as  Magisterium  opi(».  in  the  seven- 

yteeoth  century ;  but  it  was  not  obtained  as  a  well-defined  organic  babe  till  1816,  whi'a 
BertilrBer  pabUdhed  a  aeriea  of  important  researches  npon  it  (Qilb.  Ann.  fr.  61 ;  l^jriL 
192;  lix.  50).  It  has  been  further  examined  by  Robiquet  (Ann.  Cli.  J'hys.  [2]  v.  275; 
li.  232);  Pnlletier  and  Caventou  (tM4.  zii.  122);  Dumas  and  Pelletier  {tOid, 
xxir.  182);  LaaaaigBe(«Wdl  m.  lOS) ; Dvblaae  (ML  xxviL  M);  Liabig  (rMdL 
xlvii.  106;  Ann.  Ch.  Phann.  xxvi.  41);  Merck  (Ana.  Oh.  Pharm.  xriii.  79  :  xxi.  202; 
zziy.  46);  Begnault  (Ann. Ch.  Phvs.  f2]  Ixviii.  131);  Laurent(t^ [3]  xiz.  361); 
Lefort  (J.  Phann.  [3]  xl.  97) ;  and  dnibovrt  {mi.  idL  177).  Qm  flomm 
opium  generally  contains  from  10  to  15  per  cent,  morphine,  JQgjptSill  Opinm  OOIB 
6  8  to  6  6  per  cent ;  East  Indian  from  5-3  to  77  per  cent. 

Preparation. — L  Opium  is  exhausted  with  cold  water;  the  extract  alt»  erapantion 
to  a  syrap  at  a  flimitin  niiit  ia  heated  while  yet  warm  -with  a  large  exeesa  of  carbouato 
of  sodium  as  lonp  as  ammonia  continues  to  escape  ;  tho  resulting  j>nH'ipitate  is  collected 
after  twenty-four  hours,  and  wai*h«l  with  cold  water;  and  when  tho  wash-wat*;r  is  no 
loBger  coloured,  the  precipitate  is  treated  with  alcuiio]  of  85  per  cent,  again  dried,  aud 
.pxhaupted  in  the  cold  with  very  dilute  acetic  acid,  care  being  taken  not  to  add  too  much 
amd  at  once,  and  to  wait  till  each  portion  is  neutralised  U-fore  adding  more.  The  «>- 
hrtfoB  ii  then  iUtefed,  deooloiiaed  irith  animal  charcoal,  and  precipitated  by  ammonia, 
care  being  taken  to  avoid  an  excess  ;  and  the  preeipitate,  after  being  well-wa*hed,  i.-*  dis- 
aolved  in  boiling  alcohol.  The  liquid  on  cooUng  deposits  crystaia  of  morphine,  and  an 
additional  quantity  may  be  obtained  by  coneentmtiagtlie  mtiie^liqMfiL  (X^rek.) 

2.  Twenty  pts.  of  opium  cut  in  slices  arc  lx>iled  in  .sixty  pts.  water  for  half  an  hour, 
or  until  all  the  slicca  are  opened  out :  the  lipoid  ia  then  atrained,  and  the  reaidne  ia 
aqnee»d  and  again  twiee  Ireated  with  ftveh  water  ia  the  same  m  ay.  Tin  united  as- 
tiacts  are  boiled  down  (o  half  their  bulk,  then  stirred  into  a  bciling  liim  -lye  conir.'^-  1 

ctZjgUa,  alaked  lime  and  iO  pta.  water;  the  liquid  ia  boiled  for  a  ^uartar  of  an  awi. 
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«nd  tltf n  stmned ;  and  the  calcareous  residue  is  pressed  aaa  aniQ  tvtoe  boilaS^i  

pti.  watefP.  The  irhole  of  the  ealeareous  liquors  are  now  boflra  down  to  40  pts.  and 

mixed  at  boiling  hwit  with  2  pts.  sal-ammoniac ;  th<»  h.  it  is  kept  up  for  an  hour,  or  as 
long  as  ammonia  is  given  off ;  the  liquid  is  then  aliuwod  to  cool ;  and  after  eight  days  the 
morohine,  which  separates  in  the  form  of  brown  granules,  is  collected:  the  mother-liquor 
yielos  anoUier  crop  if  further  boiled  down  and  left  to  itselt  The  prodnct  ma^  be  purified 
by  washing  in  cold  water.  <*olnt[on  in  hydrochlorio  afiil,  repeatetl  boiling  with  excess  of 
milk  of  lime,  and  precipitation  witli  sul-ammoniac.  (Mohr,  Ann.  Ch.  Pharm.  xxxr.  120.) 

3.  The  process  nMMt  gMierallj  employed  is  that  of  Robertson,  modifletl  by 
Robiquet  and  Gregory  (Ann.  Ch.  Pharm.  v.  87  ;  vii.  261). — Opium  i.-?  macerated  in 
wat«r  of  till  all  the  sohiblo  principK-3  an>  extracted;  the  solution  is  evaporated 
with  caxbonato  of  ealcium,  which  neutralises  the  free  acids ;  and  when  tiio  hqnid  i« 
sufficiently  com-'pntnitt  tl,  chloride  of  calcium  is  added,  whereby  a  precipitate  of  meco- 
nate  of  calcium  is  formed,  which  carries  down  with  it  a  considerable  qoantitjr  of 
oolonring  matttv.  Tbo  oprani  bMw  Tomiii  in  tin  soliiUon  m  liydiusUoiintR^  mm  19io 
liquid,  when  again  concentrated,  first  deposits  mor'  meconatcof  calcium,  and  afterwanls 

a ratals  of  bydrochlorato  of  morphine  mixed  with  h^drochlorate  of  codeine.  These 
ti  «i«  easi'y  purified  by  repealed  erjrstallimtioB,  wtth  addttioB  of  Mrinml  ehareoaL 
The  two  bydruehloratis  ari>  in  xt  di'^snlved  in  water  and  treated  with  ammonia, 
which  precipitates  the  morphine,  leaving  the  codeine  dissolved*    The  morphine  is 
finally  purified  by  crystallisation  from  alcohol. 

Morphine  prepared  by  either  of  the  preceding  proce-sses  is  often  contaminated  with  nar- 
cotine,  from  which  however  it  may  be  freed  by  eitfier  of  the  following  processes : — 1.  By 
digestion  in  ether,  which  dissolves  narcotine  much  more  easily  than  morphine. — 2.  By 
dlMolvingthe  mixed  bases  in  hydrochloric  acid,  evaiK<r.iting  to  the  crystallising  poiat,  Mid 
pressing  the  crystals,  which  cnn-ji^t  entirely  of  hydrochlorate  of  morphine,  the  narcotine- 
salt  remaining  in  the  uncrystallijiable  mother-liquor. — 3.  mixing  the  hydrochloric 
■dd  solution  with  oommon  salt,  which  renders  the  liquid  milky,  and  thiOw*  down  the 
narcotine  after  onme  days  in  crystalline  agglomerations ;  the  moqihine  may  then  bo 

Srecipitated  by  ammonia. — 4.  By  pouring  a  weak  solution  of  caustic  potash  into  the 
Ihito  MlHlioiiof  11m  Indioahkntes;  tho  nunphiBs  thM  rliwolres  in  a  slight  eaoM  of 
potash,  while tfM  imwuwiiM  k  dipotilad  m  •  ^mlj  ptee^Hitak  vfeieh  maybe  ispamted 
by  filtration. 

Vffr  a  AiU  aeeovnt  of  t!ie  ▼ai4oafl  me(l>odii  vsed  for  the  prepamliott  and  pnrifloatton 

of  morphine,  see  Ginelin's  Handfujok,  xvi.  416—123. 

Properties. — Morphine  crystallises  in  colourless  transparent  prisms  usually  very  short, 
belonging  to  the  triinetrie  lystem.  Obasmd  combination:  goP  .  oof »  .Pod.  Angle 
«P  :  ooP  =  127°  30';  ooP  :  oaPao  =  116°  20' ;  Poo  :  ooPoo  -  1320  20':  P^  :  P» 
=j  95°  20'.  Cktavage  parallel  to  oof  ao  .  It  is  inodorous  but  has  a  persistently  bitter 
taste,  and  is  extremely  poisonous,  exerting  a  strong  narcotic  action.  In  small  dose.s  it 
is  much  used  in  raedieine  as  a  ndative. 

Morphine  is  biit  very  slightly  wjlnble  in  coldw-a^rr;  boil  ing  water  dis««<)lvefl  abontrgjof 
it,  depositing  the  grejitor  part  of  it  iu  the  crystalline  form  as  it  cools.  Cold  alcfml 
dkaolves  but  little  of  it;  boiling  alcohol  a  lai^-r  quantity.  It  is  insoluble  in  ttfifr,  and 
may  thus  be  easily  separated  from  nareotin'»,  whieh  is  dissolved  by  ether.  Mor]'>hiiu'  is 
likewise  insoluble  in  volatile  oils.  Aqueous  alkalU,  even  Ivme-voater^  dissolve  it  readily  ; 
mmmnlM,  "ham/wt,  but  q)aringly. 

Morphine  turn«<  the  plane  of  polarisation  of  a  Inminons  my  to  the  left.  In  the  state 
of  concentrated  solution  in  water  acidulated  with  Iftdrochloric  add,  its  molecular  rota- 
tory powir  kl  «Kpi«iWd  by  [a1  *  *tt*04.  If  lnai^Lewi|M  alMiiit  <lw  Mne  aaovni  of 
rotatory  power  when  disaolvetl  in  alcohol.  ' 

The  crystals  of  morphine  melt  when  heated,  giving  off  5*94  pec  cent.  (—1  at) 
water  of  crystalHiaHoii ;  at  e  bjg|i  iwipartmi  thy  betoie  m^mimiL 
The  composition  of  morphine  dried  It  190^  k  vq/tmtA  bj  the  Hitiiwli  CI*'H*NO", 
ftom.  the  following  results 
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Hie  base  called  pievdomorpfiliie  or  pliorviiiie  ooeMtonally,  found  by  Pelletier 

in  the  aqueous  extract  of  opium  enntaining  a  lan;e  quantity  of  narcotine,  and  the  meta- 
morphine  of  Wittstein,  fovind  on  one  occasion  only  in  th*  residue  of  the  prepacation 

•  Aoo.  CJi.  Ptuno.  xx»l.  4U  \  Ann.  Ch.  Phji.  IxtUI.  131. 

t  JMI.BSvt.44.  I  iML[qatB.Mk 
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of  opium-tincture,  were  probably  noUujag  boi  iapara  mogJiine.  (See  Gmettn'a  Hand- 
book, XTL  440.) 

^«ic#/'//'.<.  — Morpliiiie  andifs  salts  an- viry  sensitive  to  the  action  of  oxidising  agrnfs. 

I.  Iodic  acid  is  reduced  bj  xooxphiae  either  free  or  combined,  the  liquid  taming  browu 
aad  ennttiiig  an  odoor  of  iocUiii^  This  reaction  vill  indicate  tfae  proeenee  <^  1  pt.  of 
Biorf^ne  iii  7000  pts.  of  liquid  (Sftrullas).  Periodic  acid  bcU  in  the  s&me  manner. 
Ammnnin  divp*  ns  the  colour  of  n  solution  of  iodic  acid  and  morpbino  (J.  Lefert, 
J.  I'liiirxu.  [3J  xl.  97).  Wlitsa  solid  mor]>hiuo  or  a  morphine- snJt  is  moiiitenrwi  with  a 
eolution  of  1  pt.  iodic  acid  in  15  pts.  iratt  r,  and  u  solution  of  1  pt.  starch  in  4<K)  pta. 
wnt<  r  is  :iddt'(l,  a  l>Iiu'  colour  is  prc>dueed,  by  which  of  a  grain  mriy  bo  detected ; 
if  a  drop  of  the  starch-solution  be  prt  vioualj  CTapomted  with  the  motrphine,  the  zeao- 
tion  «iB  adlM  ftr  tha  dcteotioik  of  j^i^th  ft  gn^  Uakjwof  TM7dfl«teMim>> 
Bk  b«  poored  upon  a  adiitioB  cf  morphftw  mizad  villi  iodUe  acid  aad  ataNb,  fhfla» 
aven  if  only  pt.  of  mocphina  ia  pcetont,  two  coloured  rings  will  be  formed  at  the 
Burface  of  contact,  the  upper  being  blue,  the  lower  brown  ;  in  more  dilute  solutions  only 
the  browQ  riu|r  \&  produced.  Other  subtitances  caj;Mble  of  reducing  iodic  acid  may  lik^ 
wiw)  produce  the  blue  ring,  but  not  the  brown  xug  at  tba  lama  tUM.  (A.  Bapr^ 
Chem.           viii.  207  ;  .Tahrv      18G3.  p.  701.) 

%.  Morphine  aud  its  salu  aiowly  reduce  nitrate  of  aUver. 

5.  CMiride  of  gold  eolonni  them  btae^  fimn  ndnedoii  <if  the  nelaL 

4.  Tlicy  rt'duce  pcnminiianatf  of  iKUfm-shon,  which  ftcq\iirt»s  a  ji^eon  coloxtr. 

6.  Ferric  sa/ts  im|»art  to  morphine  and  its  solutions  a  blue  colour,  which  hower»  la 
not  permanent,  aad  la  deatrojad by  exeasa  of  aeid,  1)y  h<  at,  or  by  oontaetwidi  aloJioL 
This  reaction  is  characteristic  of  morphine  (Robinet).  A  solution  of  morphine  in 
sulphuric  aeid  previously  heated  ia  coloured  deep  red  by  ferric  chloride,  tli*^  colour 
changing  after  awhile  to  dirty  green.    (Husemann,  Ann.  Ch.  Pharm.  cxxriii.  305.) 

6.  When  sulphate  of  moi^muc  miaMd  with  dilute  ndpinirie  aeid  ia  Ixitled  with  j>er- 
oTfdi'  of  lead,  till  the  liquid  is  no  longer  precipitated  by  ammonia,  theeioess  of  sulphurio 
acid  then  removed  l)y  carbonate  of  lead,  and  the  lead  by  sulphuretted  hydrogen,  the 
Altered  liquid  yields  on  e\'aporation  a  brown  aoiotplious  slightly  bitter  aabataDce  (mor- 
phifii'A,  M'hich  nildi'UH  litnuis.  is  bohibh'  in  Nrator,  sj  inri'!v  soluble  in  i^tront*  alcohol, 
acquires  a  darker  colour  by  contact  with  alkalis,  and  ib  not  prtM^ipitated  by  aoetata  of 
ML   By  continued  aelioii  of  iSb»  pofodde  of  load,  it  it  oonVerted  into  a  ydW  ddi- 

quescrnt  acid  body. 

7.  aUrio  acid  commonicates  to  morphine  an  onuiga«ied  colour  gcadoallr  cJianging  to 
jellov.  Ia  tlua  vMotioii,  an  aoid  body  is  produoM  wldolt  vIm  boiled  vitb  poitadi 

gives  off  a  volatile  oil.    (Anderson,  Ann.  Ch.  Pharm.  Ixxv.  80.) 

8.  Warm  dilute  sulphuric  acid  converts  morphine  into  sulphomorphide. 

9.  Morphine  dissolved  in  strong  sulphuric  acid  containing  a  little  nitric  acid  forma 
a  violat-nd  solution  (J.  £rdroann,  Ann.  Ch.  Pharm.  czx.  88).  AceoBdiag  to  jL 
Husemann  (i^>itl.  cxxviii.  306),  this  n  action  may  l-e  rcndcnxl  much  more  certain  and 
delicate  by  fir.st  dissolving  the  base  iu  strung  sulphuric  acid,  in  the  proportion  of 
O'OOS  to  0004  gm.  to  tf  or  8  dro^  of  the  acid,  and  then  adding  a  dtop  of  nitric  aeidt 
whert'upon,  if  the  morphine-solution  ha.K  b<  en  recently  prepared,  si  ro^e-coluur  is  pro- 
duced, changing  after  a  few  seconds  to  yellow,  then  to  greenish,  and  Anally  to  brown. 
If  a  small  qnantity  of  water  be  added  to  the  o(^Qti(m  of  the  morphine  in  anlplmrie  add, 
so  that  the  mixture  b(  conic8  liot,  the  colourlnp;  pn^dnecd  l»y  the  .subscjuent  addition  of 
ni^c  acid  is  of  a  much  deeper  oarmine-red,  and  much  more  dumble.  If  the  solu- 
tion be  boated  f»  a  few  minntea  to  100^-— IM^  the  additioB  of  a  drop  of  wHne  aeid 
product^,  afli^r  c<j<)ling.  a  splendid  deep  riolct  cobjur,  wliich  gradually  di.>sap^ear8  from 
the  centre  outwards,  passing  through  blood-red.  If  the  temperature  be  raised  above 
150°,  the  liquid  acquires  of  itself  at  a  certain  moment,  a  violet-rose  colour ;  at  still 
higher  tempcraturtis,  a  dirty  green  colour  is  produced.  On  addii^  a  drop  of  nitrio 
acid,  nftor  cooliu;^.  the  liquid  immediately  turns  red,  wifhr-nt  rw^sinp:  thr^Mitrh  vi'->i  f. 
A  solution  of  niurydiinc  iu  sulphuric  acid,  left  to  iLt^rit  lor  12  to  24  huurs  at  orviiuary 
temperatures,  behaves  us  if  it  had  been  heated  to  100** — 160°. 

Hypochf<-ri(f  of  i^odixm,  cJJonm-watcr^  and  dUsMtftf  ^  fttUmkum  ezMInt  wiih  Mcas 
phine  the  same  reactions  as  nitric  acid. 

"With  fegaid  to  the  aeaailnlitj  of  tlieoe  xMwHons,  Husemann  finds  that  kh  of  a  vulH- 
grammeof  marf>hine  is  sufficient  to  produce  a  rory  bnVht  camiini-  colour ;  J^^th  mgr.  pivr>a 
a  very  diatinct  reactitm,  and  ^th  mgr.  stiU  gives  a  perceptible  tint  after  half  a  rnioate. 

10.  Wbeo  dUortfie  ia  paaarainto  water  eontatntng  morphine  in  aoapennon,  ttie  uoiw 
phiui'  first  acquires  an  orange  colour,  then  dissolves  completely;  and  if  the  pii>.>^.i;:i»  of 
the  chlorine  be  continued,  Uub  liquid  turns  yellow,  and  depoaita  flakea  partly  solab^  in 
alcohol  fFollatier.) 

II.  iMRMuni^  nith  noKphine^  taaing  tba  ao-edled  lodomorpbiiia  ({».  lOM). 


Digitized  by  Googl 


MORPHIN£. 


1058 


Morpbine  heat«d  to  200*  with  exceBs  of  hydrate  of  potoMtum,  yields  an  alkaline  dis- 
tillate ctiutaining  metbylamine. 

12.  Morpbine  heatt  d  with  tho  iodide*      meiiifi  and         ji«Ub  iy^snoAalbt  (tf 
methyl-morphine  or  of  ttliyl-niorphiuu. 

To  detect  the  presence  of  morphine  when  mixed  with  animal  matter,  tlt«  substaaeft 
is  mixed  with  ofundna,  driixl  be  tween  100°  and  110'',  thc*n  will  pulverijBed  and  mace- 
rated in  cold  water  acidulated  with  acetic  add.  The  solution  treated  with  ammonia, 
deposits  morphine,  whidi  may  then  be  recognised  by  the  characters  above  dwewbed, 
•specially  by  its  reactions  witli  ifxlio  acid,  fi  rric  salts,  and  nitric  acid. 

£$timation  qf  Morvhim  in  Ojftium, — Id  grm».  of  opimn  cut  in  pieces  aie  tntnrated 
with  60  grmsL  tiktAmct  71  p«r  cent;  ihe  lolution  is  strained  through  Unan;  and  the 
H^sidiK',  after  being  prr-spi],  is  :\paiu  trcatt-d  in  th.'  same  way  with  40  gmUL  alcohol. 
The  aloohohc  tiDcture  mixed  with  4  grms.  of  aqueous  ammonia  yields  in  12  hours 
efjrtals  of  morphine  and  tuoootine^  wfaidi  are  ooOectod,  weehed  eerend  Hmee  with 
water,  and  stirred  up  in  the  water;  the  crystals  of  morphine  then  sink  to  the  bottom, 
while  those  of  narcotane,  beiiig  ligbter*  remain  lou^r  suspended  and  may  be  semkrated 
by  decantation  (Gnillerraond,  J. Pherm.  [3]  xti.  17).  Biegol  (Jahrb.  pr.  Fharm. 
xxiii.  202)  removes  the  narcotine  precipitated  together  with  the  morphine,  by  washing 
with  ether  or  with  chloroform.  According  to  Be  veil  and  Guibourt,  the  quantity  of 
alcohol  employed  byOuillcrmondis  not  suflScient  for  the  exhaustion  of  the  opium,  and 
12  hours  is  not  time  enoilg^ftreoapletecrystjdlieatio^  Guibonrtthex«fot»tMt8diT 
P'  w  lercd  opimn,  or  the  aqueous  extract  of  opium,  with  alcohol,  either  warm  or  colJ, 
liilowing  it  iu  either  case  to  stiuid  iu  the  cold  for  24  hours,  to  permit  the  sepunition  of 
the  tfm,  the  wax,  and  a  portion  of  the  narcotine.  The  tincture  is  drawn  oH  vi  h  :i 
pipette,  the  residue  washed  with  alcohol,  and  the  entire  liquid  precipitated  by  a  sligiit 
excess  of  ammonia.  After  evaporation  of  the  excess  oi  ammonia,  the  morphine  is 
aiOoved  tooTSfadliee  out  completely,  then  eoUeeted  and  washed  with  alcohol  of  50  per  ^ 
cent.,  afterwards  with  alcohol  of  40  per  cent.,  and  flnullj  with  eth<  r.  Tlie  extj-ad  - 
prepared  with  cold  water  from  20  to  30  grms.  of  (^om  may  also  be  redissolved  in  cold  .  * 
water ;  tiie  eelntimi  precipitated  bj  ;  and  llie  precipitate  eolkcted  aftee  86  ,  . 

houi-s,  washed  with  cold  water,  then  with  alcohol  of  40 OT  50  per  oent,  Bud  cryatalUsed 
from  bothng  alcohol  of  S6  ner  cent.   (G  n i  b  o  u  rt.)  * 

F.  F.  Mayer  (Am.  J,  rhann.  sxar.  28)  has  gfrra  «  voltnnetrie pMoeiaibv  cathnat- 
ing  morphine  and  other  alkaloids  founded  on  tlieir  precipitability  hy potassio-mercun'o  • 
iodide.  The  gtandard  solution  contains  13*546  grms.  (U  at.)  mercuric  chloride  and 
49  8  grms.  iodide  of  potassium  in  a  litre ;  it  is  to  be  added  to  the  solution  to  be  tested  -  ^ 
(and  not  the  con  t  rary),  md  gives  a  pavceptible  precipitate  with  1  pt.  of  morphine  in  2d00 
ptf.  wntrr.  Th»-  formation  of  the  precipitate  is  not  interfered  wllh  by  extractive 
malt^'nj,  but  is  prevented  by  alcohol^  ammonuv,  and  acetic  aeid ;  to  obtain  greater 
accuracy,  the  excess  of  the  precipitant  may  be  estimated  by  a  standard  silver-s^ution. 

On  the  estimation  of  morphine,  see  further: — Fordos  (Compt.  rend.  xliv.  1266;  **" 
Sopp's  Jahrc&b.  1857,  603).-  Meurein  ( J.  Pharm.  [3]  xxiii.  176  and  262);  '4 
Ki  ef  fe  r  (Ann.  Ch.  Pharm.  ciii.  27 1 ) ;  A.  Peti  t  (J.  Fham.  [9]  zlm.  M) ;  on  an  older  '  t 
process  hy  C?  u  i  1 1  e  r  m  o  n  d,  see  J.  Pharm.  xiv.  436. 

On  the  detection  and  identifieatioo  of  morphine  iu  cases  of  poisoning,  see  Lassaigne 
(Ann.  Oh.  Phys.  [2]  txt.  1M);  Mermer  (X  dum.  zzut  12);  St  as  (J.  Fbarm. 
[3]  xxii.  281);  Flandin  (Compt,  rend,  xxxvi.  517);  Otto  (Ann.  Ch.  Pharm.  c.  AG); 
y.  Uslar  and  J.  Erdmann  (Ann.  Ch.  Pharm.  czx.  121);  J.  Erdmaun  (Ann. 
(Ch.  Pham.  exzH  860);  Helvig,  Dom  Mikftmop  hi  dit  ihatoologie^  Maintz,  1864, 
p.  6 ;  also  the  article,  Alkaloids,  in  thi.s  Dictionary,  L  126. 

Salta  <»f  Moryhine. — Morphine  dissolves  eadly  even  in  dilute  acids,  forming 
perfectly  neutral  salts.  It  decompoaea  certain  salts  of  lead,  iron,  copper,  and  mercury, 
^*^^y<tji»g  with  th«r  aeidi.  Moat  mrapliine^ts  are  crystallisable,  inodorous,  bitter, 
and  vf>rv  piisonon.'?;  they  are  soluble  in  water  and  in'oommon  alcohol,  insoluble  in  ether, 
and  ill  amy  lie  alcohol.  The  solutions  exhibit  the  reactions  above  de&cribed  fur 
morphine.  Aeeoiding  to  r«a«wiiptie  and  Fanenllfl^  they  deposit  in  the  circuit  of  the 
voltaic  battery,  needles  of  morphine  at  the  npgative,  and  the  aeid  at  the  positive  pole. 
Their  aqueous  solutions  mixed  with  amimnia,  potash,  Boda^  barvta,  lime,  or  tuagnesia 
deposit  morphine  as  a  crystalline  powder  soluue  in  eaeesa  of  we  precipitant,  except 
in  the  case  of  magnesia,  difficultly  soluble  in  excess  of  ammmin.  According  to 
Anderson  (J.  Fhum.  fSJ  xiiL  143),  the  precipitate  formed  by  ammuuia  is  composed 
of  nieroaeople  iliemboheaial  eqratals.  Morphine-adto  are  precipitated  by  the  fwtifral 
carhoriafis  of  (he  alJcaU-iiKtats,  and  the  precipitate  is  not  soluble  in  excess.  The  acid 
carbonaUt  of  ike  (dJeaU-mctals  precipitate  only  a  portion  of  the  morphine  from  neutral 
BorpUne-auti ;  and  do  not  fbrm  any  precipitate  in  eold  add  solntions.  Tttrtarie  aeid 
prevents  the  precipitation  of  morphine  lij  the  aoid  cariMHiatCfl  Of  the  fi^fc*^i-«**U^ 
(Oppezmann,  Compt  rend.  xsL  210.) 
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Witii  JhotiHeie  aleohd  (&  satimited  alcoholic  sdation  of  fluoride  of  silicitim)  morphine- 
Baits  yield  a  crysttilline  precipitate ;  with  phosphoimtybdie  acid  (p.  1037X  '  v<  How 
floccment  precipitate ;  they,ftr«  also  prcdpitntcd  br  jthoftphotungtUc  acid  (a  raixluns  of 
sudic  tuDgstate  and  pliosphuric  ucid),  uud  bj'  p/*osj*hantimonie  acid  (prepared  bj 
dropping  psBtachloride  of  antimony  into  aqueous  phoifharitt  addX  BOl^  hovtfC^  whm 
the  solution  is  diluted  1000  tiiTM.s.   (F.  Sch  ult  zo.) 

Acetate  0/  Morphine  crystalliaes  bj  aoontaiieona  era^ratioii  in  tn&t  q£ 
aeedlea  TRiy  aolnble  t&  vater,  mb  aohiUa  in  nkSboL    Its  aolation  -wiieii  en^ofatcd 

1>v  ]itat,  is  ].:utly  decomposed,  giving  off  acetic  acid  and  depositing  cryattla  vf 

WOTXiliinc;  ]>y  nipid  c\-a{K->nition,  however,  a  vamish-like  residue  ia  obtained. 

Aspartate  0/  Morphine  10  a  gummj  mass  containing  shimng  crystals,  very 

Sr0m0m0rtmfi§    VtmmHm  th*  iodwafienrato  (p»  106S)  cad  ia  obtained  in  » 

VUntlnr  niann(*r.  (GrorcB.) 

Carbonate. — MorphiiM  dissolrea  ia  watot  stron^y  charged  with  carbonic  acid 
undtv  fUFMran  j  and  mw  aoihiteo  ooolod  to  a  low  tonpcfatim  dapowta  caifionate 

iti'trpliino  in  sliortened  prisms  eoliibli-  in  -i  jit«.  water,  ami  (U'conij>osfd  hj  hML 
Alkaliiit'  carbonates  added  to  sohitious  of  inorphiue  tlvnjw  down  the  free  bai^e. 

Chlorate  of  Morphine  forms  long  slender  needles  which  decompoee  sudden^ 
whan  haaftod)  awclbBg  ^  vA  oaziNn&ing. 

Chlorhydrate  or  Hydmchlorate  of  Morphine,  C''IT'^N0'.nn.3H-0.  crvs- 
tnlliscs  in  silky  fibres,  solnble  in  20  pts.  of  cold  watery  in  1  boiling  vater  and 
etill  more  soluble  in  alcohoL 

The  chlorom^reufatt,  C$*>IIi*N0'.Ha.2Hhg"CP,  aepamtea  as  a  white  oiyatalliiia 

prrcipitato,  on  mixing  the  solutions  of  its  component  salts,  and  the  filterwl 
liquid  deposits,  after  a  while,  tufta  of  olkv  ciy8ta]%  having  the  same  composition.  Il 
ia  veiT  aparinffly  aoluUe  in  water,  aleohol  aiM  ether  ai  ordinary  temperahnea,  more 

sulubfe  in  bollin;^  aholn)!,  wliioh  deposits  it  in  the  crj'stalline  form,  nydi-ochlorfe 
acid  dissolves  it  easily  and  de]iosits  it  by  spvintanemis  evajxiration  in  large  crystals. 

The  chioropiattnate,  C'=^i'''^iO^HOLPtC'i^  in  oUUined  as  a  yellow  curdj 
pcedpilato;  a  certain  quantity,  hovevei^  lenuiiiyi  diiaalvad  and  maj  ba  exyvtaUiMd  tjr 

afaporation  at  a  gentle  heat. 

CrQQonate  of  Morphine  ia  a  dark  yellow  unetyBtalliaable  hitter  maa%  colabia  a 
valMf  aand  in  alcohoL 

Oftnoplatinate  of  Morphine,  ©••H^WO'.HCy.PtOf. — Oyanide  of  pSaitiman  nd 

potassium  throws  down  from  the  aqtieous  solution  of  aectate  of  morphine,  an 
amorphous  curdy  precipitate  which  soon  becomes  crystalline,  causing  the  liquid  to 
aoUdniyiBto  a  IviBiaBt  wUte  maai.  It  ftma  Afoing  globolee  and  ftnnel-ehMied 
depre*^sed  discs  consist inp  of  FTiiall  niicntscopic  needles  having  a  silky  lustre  when 
dry ;  becomes  dark-vellow  when  heated  and  white  a^tin  on  oooluig;  melts  partially  at 
100^  to  a  browmni-jrellow  naaa,  and  wh«i  farther  heated,  fWeUe  up,  girc*  off 
cyanogen,  and  biirius  with  a  sooty  flame.  It  does  not  give  off  any  water  of  flITtlilliair 
tion  at  126°    (Sehwartzenbach,  Chem.  Contr.  1860,  p.  804.) 

Cjfanurate  of  Morphine  forms  tufts  of  long  needles  mixed  with  crystab  of 
cjanurie  acid,  even  when  morphnie  ia  preoent  in  exoNi.  It  ia  deoompooed  bj  naj^ 
tallisation,  with  fbnnation  of  a  white  amorphoua  maaa. 

Fluorhydratf  or  Hydrofluate  of  Morphine  famMloag  oodonrleai  priamt 
sparingly  soluble  in  water,  insoluble  in  alodiol  and  ether. 

J'«rfii«tA— aaall  Utter  pcianui  fhiaiUa«nd  eaailj  aolnbla  in  w<ata. 

jle^rr  7;  ;;^^«.—MoTphine-6a]ts  form  with  gallotannic  add,  or  tincture  of  galls, 
n  white  preci|''::^t"  ..sparingly  soluble  in  vatnr,        XB  aoeCie  td^  gaUio  nold,and 

mineral  acids,  s<ilnblc  ahso  in  alcohol. 
Hippurate. — Transparent  amorphous  mass. 

Hydroferrieyanate. — Aqueous  ferricyanide  of  potassium  added  to  aqueous 
Iqrdrochlorate  of  morphine  forms,  after  a  while,  n  erystalliue  easily  dooon^Kwible 
precipitate  (Dollfu!?);  according  f'>  Nt  nbaner,  on  the  other  band,  no  prf^ipilate 
is  formed. —  Uydrof trrocvanatc — Hydroferrocyanic  acid  throws  down  frum  an 
aleoholio  solution  of  morphuM^  cller  lo^  atandiBg^  OMllr  vhita^  eMdj  drftWuioiiWa 
needles.  (Dollfus.) 

Todhtfdrafe  or  Jlvdriodatv,  C"n"'NOMn.;;!lI-0?— On  mixing  the  solutions 
of^  1  j>t.  iodide  of  ]>otassium  and  2  pts.  acetate  of  morphine,  smaU  shining 
piams  are  obtained,  modomtcij  ioialile  in  water,  nnd  oontainiiig  88^  {MR  eeot, 
iodine.  (Winekler.) 
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/<»if  »«iiere«»r«l««.— lodoiMMant^  of  potasnina  thiow  dawn  from  ■qaeous  snlpfaito 

or  hydroehlopute  of  7nor|)hino,  u  piilvonilcQt  precipitate,  which  soon  bc  ooim  s  fi;t  liidnoua, 
unci  is  ioaoluUe  iai^drochkoic  acid  (t.  Pl»nt%  Delffs]^  Wium  joorpbiue,  mercuric 
chloride,  and  iodide  of  potaarfnm  are  Ivrovdit  loaeftlier  in  aqneone  wnilion,  a  dcniUo 
salt,  C"H«»NO«.HhgI»  [or  C"NH'«0«.HI.Hh£"P?]i8  precipitated,  Bparingly  soluble  in 
writcT,  moTf  soluble  in  alcohol.  It  is  crystidlisuble,  free  from  wotear  of  crystHllisation, 
uot  decomposed  bj  dilute  acids,  even  on  boiling,  or  on  additum  of  iodide  of  pota»> 
mnm;  daoonpoaed Vy  caustic  aUodk,   (OrOToe,  Chem.  Soc.  J.  xL  97.) 

Kinate  of  Morphine  is  a  trjinsparent        exhibitinp^  tmces  of  crystallisation. 

Meconaie  of  Morphine  is  uncrystolliiuLble,  Teiy  soluble  in  water  and  in  alcohol; 
reddene  feme  s^ts.   This  salt  is  eoiiteiiMd  in  aqueous  ezlnct  of  opium. 

MslUiate.  C'H^NO'.cn'O*.— Tlie  solvtion  of  mofphine  in  hot  concentrated 
aqiipous  mellitic  acid  soon  (k'i'Af5it«i  white,  niicroscopic,  needle-shaped  cry.stals,  which 
give  off  2  per  cent,  of  their  weight  at  110^  Tli(  v  are  rather  more  soluble  in  cold 
than  IB  hot  water,  freely  in  aqueous  ammonia  and  potash,  not  in  aloobol  or  in  etiier 
(Karniroilt,  Ann.Ch.  Pharm.  Ixxxi.  171).  A  dibasic  mdlitate  «pp<»nrs  to  be  formed, 
OS  a  brown  amorphous  brittle  mass,  when  cold  aqueous  mellitic  acid  is  saturated  with 
aovpliine^  ani  tiM  aolntian  ia  avapurated.  (KarnTodl) 

JfitraU  of  Morphine  items  stclkte  rays  soluble  fn^l^  pt.  inter. 

Pectatr. — Recently  prrcipitiitod  jx  otic  aoid  dissolves  morphine,  oron  in  the  cold, 
forming  a  thick  gum  which,  after  dilution  with  water,  ie  ihiokeaed  again  by  actde. 
(Braoonnot) 

Phoaphatea. — Two  phoephates  of  morphine  appear  to  exist,  the  neutral  salt  cn'stnl- 
liting  in  onhva,  tho  acid  suit  m  tufts.  Phospliato  of  sodium  added  to  solutions  of  flKir- 
pbiiie-iiiilUi,  ionnii  a  crystalline  prtMupit«i^ta  very  soluble  in  hydrochloric  acid. 

.^ertf^e.— -Kerio  add  fanm  wltli  motpliina-aelts  a  snlphur-yeUow  pahevalent  pre- 
eiplata  (t.  Plant  a) ;  no  precipitate  with  the  acetate.  (Merck.) 

Pyrotartrat^. — Fi'-snn-d  pnm.  sohible  in  water  and  in  alcohol.  (Arppe.) 
JSkodigonate. — iiyociuth-rcd }  soluble,  with  reddish  ouLonr,  in  water  and  in 
tlfnAol,  (Heller.) 

Sulpha  fes.~T\io  neritraf  salt  (C'^'«?^0»r  TT^'^OMOTPO,  crystallises  in  tufts  of 
colourless  prisms,  Tery  eolttble  in  water  and  having  a  silky  lustre.  TlMgr  give  off  1 1-87 
per  cent  ( =  lu  at.)  wafear  ftfc  IWff.  Tbsie  appears  alio  to  exist  aa  aeM  sulphate  of 
morphine,  which  is  obtained  by  supersaturating  the  preceding  salt  widkatt^iario  aad» 

eraporating  to  drrnesR,  and  removing  the  excess  of  acid  with  ether. 

'Vr'heu  morphine  in  ditii^lved  in  dilute  sulphuric  acid,  the  solution  evaporated  till  it 
begins  to  decompose,  and  cold  water  then  poured  into  It,  a  iukitsQce  called  snlpho- 
morphid?  is  precipitated,  having  a  constitution  siniilar  to  that  of  an  amide — that  is 
to  say,  it  may  be  r^arded  as  pniduoed  from  sulphate  of  xnoqdiine  by  elimination  of 
irafear; 

Salphftte  ol  nurpbine.  Sulpbomorfihide. 
Sulphomorphide  recently  prepared  is  white  and  amorphous,  but  soon  turns  green 
crea  in  sealed  tubes.   It  dissolves  in  dilute  aeid  aad  liqvhik  Btmmg  arfda 

aad  alkalis  decompose  it,  farming  a  brown  snbi^tance. 

Sulphocjfanaie,  C'^H'^O'.CvHS. — An  alcohcdic aoUtion  of  morplnno  saturated 
with  medenMj  ooaentxatod  sulpho<7aBfo  a^  yitUa  omII,  aUning,  i  ipid  nesdka 
which  uiolt  at  100'^. 

Central  solutions  of  morphine  are  not  prec'ipitatf>d  by  sulphocj'anato  of  potassium. 

Tar  traits,  a.  I^\uirai,  C'''H'''N0».C*ll*O*.3H'K).— When  a  solution  of  cream  of 
tsftar  is  nentfslised  with  morphine^  erasm  of  tartar  eiTstallises  oat  lix«t»  fhea  nodalea 

of  the  morphinf-salt,  which  must  bo  removed  in  timo.  so  as  to  kcrp  them  separate  from 
the  neutral  tartrate  of  putacMsium  which  afterwards  cr^^staUisce  out  The  salt  may 
also  be  oibtsined  ImtiSow  cvaporatfen  of  an  a^joeous  soIuIhw  of  tartarie  aod  neutralised 

with  morphine.  It  form*?  nodular  groups  of  crystals  consisting  of  clos<'ly  aggn  gntcj 
needles ;  efllcresces  on  the  surface  at  20** ;  loses  on  the  avrmge  6-64  per  cent  water  at 
130°  at  =  6-8  per  oentX  no  more  at  145°.  Exhibits  crystal-electricity  (it  411) 
•  when  heated  to  IZ^  at  140®,  andictains  it  ftr  an  hour  after  cooling.  8ol  ul  -Ic  in  alcohol. 
The  easily  formed  aqueot!?  solntion  i?  not  prwripitatedby  causiic  nlkalis,  alkaline  carl>o- 
nates,  chloride  of  calcium,  or  ammonio-chloride  of  calcium.    (^Arppe,  J.  pr.  Chom. 

p.  Acid  ealt,  C''H'»NO«C*H«0«.|H'0.-  ObtainL'd  l^y  niixing  the  solution  of  the 
neutral  sah  with  aa  mudi  tartaric  acid  m  it  already  contains.  Ciystallises  by  spon- 
f  ADsoaM  arrapomiim  in  tofts  of  Im^  foetaneular  flattaood  patna,  The  atr-daad  aalt 
gives  off  1*00  par  omt  (j   0  walar  at 
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Urate  of  Mo  rj^kinein  obtAinod  by  boUins  uric  acid  and  morphine  with  wat^,  and 
cmtiQifleB  on  cooliag  from  a  solution  satnnitrd  at  thi>  boiling  hMt,  in  ahoft  Iwownuli 
pnsms  which  decompose  wh<  n  rtcry s^tal lisc-d.    ( K 1  do r h o r s f . ) 

Fahrate  vf  Morphine  forma  fine  laige  crystaia  having  a  fiittj  iustre  and 
raMlUiig  atrongly  of  Wlariuiic  idiL  The  erjatab  MoDg  to  tlia  trimetrie  ayttem,  and 

w  P 

are  always  hemihadxid.  OYmmA  combination  nP .  ooF  oo  .  P  » .  —  .   Angles  metimmd 

•  130^.  (Pattella  AaiL  Gh.  Pl^i.  [8]  zizntL  4M.) 

BtriMiim  Morpkint, 

Ioi»ovosrstira,  4C*'H*90*.$P  (7).-~A  miztim  of  equal  pts.  of  iodino  and  mar- 

pliiiu-  <lih.<olv('8  completely  at  fhi''  boiling  hrat,  fonning  a  brown  liquM,  whicli  hy  <jHin- 
taneous  m^aporatka  deposits  thia  oonqioand  in  the  of  a  brown^red  aabstance,  the 
noUiOT^liqiiar  retaining  hydriodate  of  mvphiiM.  Tht  aaine  eompoond  ia  obtMn«d  by 
heating  a  solution  of  sulphate  of  morphine  with  iodine.  It  dissolves  in  acid  and  alkaline 
liqnids  when  heated  therein.  It  gLve§  by  aaa^yna  36*34  per  ocot,  iodine^  the  fonunla 
rt)tiuiring  39*87  per  cent. 

lodomorphina  txitantod  yriA  aMlanic  mercury  and  a  little  alcob(d  ghet  19  ptti  of 
its  iodiT-r  to  the  Tnercnry,  nnd  is  conrerted  into  u  yellow  iiTnorj)hous  mass,  insoluble  in 
cold  wattT,  spariujilj  soluble  iu  boiling  water,  niodcnitt'Iy  soluble  in  alcohol,  vory 
aolaiblate^Ufcaline liquids,  insoluble  in  acids.  Treated  with  nitrnto  of  aflvarit  yieldsn 
Inrpre  qunntity  of  iodide  of  silver.  It  melts  when  hf  iifixl,  giving  aS  without 
any  trace  of  iodine.   (Pelletier,  Ann.  Ch.  Phys.  bdii.  18«k) 

MiTHTK  Airi>  ETHTi>itOBVHTir&  Vha  iodidaa  of  aAjl  mH  aietfayl  act  upon 
morphine,  produotng  hydn'odataa  of  baaea iu  viiidi  1  sL  of  fM  l^dMgtt  of  mosphiiM 
ia  raoiaced  by  ethyl  or  methyl. 

iiirMUOe  of  MethyUmorpkine,  C"H'»(CH«)IT0».H1.HK),  is  iveiy  aolable  in  Ik* 
water,  and  is  d*'po<^ited  on  cooling  in  colourless  rf  ctatigular  needles,  containing  4*04 
percent,  watrr  1  at).  The  solution  treated  with  oxide  of  aalvar  yiatdaaoaovB 
amorphous  miii^s,  which  is  quickly  attacked  by  iodide  ofmethvL 

Bgdriodate  0/  Etkyl-morphku,  C»*H»^(W)NO».HI.H»0,  pit)duced  by  heating 
morphine  with  iodide  of  pthyl  nnd  a  f<mall  quantity  of  absolut<>  altohol,  in  a  ^sealed 
tube,  is  very  ^luble  iu  boiling  water,  aud  crystallises  on  cooling  in  slender  needles, 
oontaining  1*98  per  cent,  water.  It  is  h]>aringly  aolnUa  is  absolute  aleahol,  mors 
Bolulile  in  onlinar}-  spirit,  ■p^^rnntifnt  in  the  air.  Tlio  aq-npons  solution  i««  not  precipi- 
tated by  potash  or  ammonia.  Hence  this  salt  is  probably  analogous  to  iodide  of  tetxs- 
fhyUainiWNiitun,  and  the  group  C**H*H)*  in  morpmM  appean  to  M  oqidvalaiift  to  3  at 
hydrogen. 

The  hydriodate  ia  decomposed  by  oxide  of  silver,  yielding  a  very  oauatio  li9[nid  which 
wlmi  eiapomted  leatoa  %  daik  hmm  amurphoai  naaa.   (H.  Hov,  Chan.  60&  Qk. 

IfOltPHTTTIW.    ?!yn.  with  MoHPHIKE. 

MO&PHOUTSS.  Earthy  concretions  found  in  Sweden,  eon^ietiag  of  marl  with 
between  47  and  49  ^  cent,  carbonate  of  cahuum  ;  they  have  a  slaty  structure  with 
lamiw  of imeqiiai  thichaeai  and  diaafmilarcolouiiL  (6ae  iKama  annaM»  S4i.) 

See  Ur^t  Dictionary  of  Arts,  Manufactures,  and  Mines,  iii.  199. 

MOS'V'EmTa.  Ahnlliaat  wieijof  baiTtaphannotoiiMiiooiid  at  6lra 

Aigyleshire  (p.  13). 

WOBAIO  <MKBB«   Or  moht.  All  aBoy  of  copper  and  aiiw  in  eqnal  paria.  (8m 

CoFFsn,  A1XOY8  OF,  ii.  49.) 

SCOSAWIISXTB.  A  silico-tltanalo  of  cerium,  calcium,  &e..  funn  l  i;i  radiate 
masses  and  imperfectly  developed  (monoelinic?)  prisms,  imbedded,  totfeth<  rwith  kvuo- 
phana,  titanileraiia  imi.  fluor-spar,  ftc  in  the  syenite  forming  the  islet  of  Lammarsk* 
jiiret,  at  the  entrance  of  the  I^mgfsnndfjord,  near  Brevig  in  Nor«-ay.  It  hus  n  d  irk 
red-brown  colour,  vitxeoua  to  fatty  lustre,  and  is  usually  more  or  leas  weathered.  Uard- 
neaa  -  4.  Spedilo  ffamt^r  i*  i'M  to  8*06.  Oontaina  M-M  par  cant.  aOica,  3-93 
titanic  anhydride,  20  Sfi  oxides  of  cerium,  lanthanum,  and  didymium,  183  ferric  oxid«v 
0*75  magnesia,  19-07  liw9,  0-62  potash,  2*87  floda,  and  8*30  water  (  «  l(H}-33> 
(ErdmamijBai.  JaliMabb  xxL  178.) 

MOTKait-T»TQiro  or  Motker-tpater.  The  povliott  pf  a  mixed  s(dalioD  vUflk 
zeaiaina  after  the  Imi  aolnbla  aaita  or  other  bodiea  Iwtb  fryahJlwod  out 
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MOTH£R-or-PIiaJl]i.  The  hard  silvery  brilliutit  int.  mal  layflr  of  sov.  nil 
liiiids  of  blK  ili'.  iSf(ocially  oystar  ftbelk,  often  exliibiting  briiliauit  iridettccoce  arising 
ftom  the  striated  structure  of  itt  m&ce  (see  Light,  p.  608).  It  <««*»^^«*t  iboul  66  par 


momrTAJor  cosjl  or  momrxAix  x.sa.thss.  a  varir-tv  of  aabeatM 

in  wiiich  the  fibres  are  ao  ioterlaced  that  the  filnvos  atruetui-t)  in  uot  app<lrcuL 

fllyn.  irith  Asmm.  (See  OuaoKArm,  I  783.) 

C«ff'N«0«  =  (C*H^O')''|j,.  (Malagttti.  Cwapt  rend,  xxii. 

864.)  Produced  by  the  action  of  ammonia  on  mucic  ether.  It  is  whit<*,  very  slightly 
soluble  in  boiling  water,  and  separatee  on  cooling  in  microscopic  crystaLs  liavinf:  the 
form  of  an  octahedron  with  rhombic  base,  truncated  on  both  suuuuitb,  aud  looking  like 
lieveUed  plati'S.    It  id  tustcli  s^  and  ius<iIubU<  botli  in  nU-ohol  Mid  in  ether.  flpMifle 

gmvity  1  oH  )  at  13*6<>.  flaatod  wiUi  water  to  136°-1M%  it  if  eonmrtad  into  Bmeato 

of  ammomum :  

A  boiling  solution  of  uracMiude  nizedwHli  •mmoBiiied  aeetatoof  load  femo  o  pn* 

cipitate  of  ammunincal  mueatt^  of  Uad  or  mncafe  of  fmd  and  pfvmhammonium^ 
O'H*Pb(NH'rb)0*.aMK).  A  boiling  saturated  solution  of  mooamida  forma  with  am- 
moniaeal  nitnte  of  stivers  mtcokr  aenorit  of  motaUie  atlT«r. 

JVIucBnu<le  turns  brown  wfu-n  IioaU-d  a  fi-w  degrees  abo\c  200°  and  yields  T>y  dry 
distillation,  watea;^  dipyromocamide,  a  small  quantity  of  pyromucic  acid,  carbonic 
anhydride,  and  carbonate  of  amnumiom;  the  xeeidoe  (»ntaiua  carbon  and  para- 
cranoMXL 

^   ^  TT'  ) 

SnrCXC  AOZB.    OH'»0»  «  (C'1I0')''^0'  .— This  acid,  iaonicric  with  bacdiaric 

H»  J 

aold,  was  discoTorod  by.Schcele  in  1780,  and  has  been  examined  chiefly  by  Laugier 
(Ann.  Chim.  xli.  71*);  Herzeiiu8(i^d  xcii.  141;  xciy.  6 ;  xct.  31);  Malagutt 
(Ann.  Ch.  Phys.  [2]  Ix.  195;  bdii  86);  Liebig  and  Pelouze(Ann«Gh.Phanii.  xix. 

258);  Liebig  xxvi.  16)  Hagpn  (Pogg.  Ann.  Ixxi.  6^\)  ;  Johnson  (Ann.  Ch. 
Pbjirm.sciv.  225);  and  Sch  wnnert         cwi.  227);  see  nlso  Gm.  xi.oU2;  Ucrh.ii.  143. 

It  is  dib^ie,  aud  was  formerly  rt  prc  j-entod  by  the  diaton)ic  formula      jp    '  VO'ibnt 

from  its  relation  to  the  sugars,  it  is  now  re^irded  as  derived  from  the  hexatomic  alcohol 
C^BW,  by  the  eiilwtitation  of  3  at.  0  ibr  4  aL  H,  being  aeooidingly  repreeented  "bj 

the  fiamnla  (CH^O*)**  j-  0*,  the  nmnber  of  ita  basic  Iigrdvagen-atoma  being,  as  in  other 


similar  cases^  number  of  oxygen-SlOOIS  wtStSk  ham  «Btend  into  It  lij 

substitntion.    (Kpknlo,  Lrhrfnufi,  ii.  237*) 

Mudc  acid  is  formed  bv  the  oxidation  of  milk-sngar,  lactose  or  galactose  (p.  1023), 
ndiloee,  diilcite,  and  raiiotti  kinds  of  gum  (viz.  gum-arabic,  tragacanth,  &c.).  It  is 
pnj]>and  by  heating  milk-sugar  with  tnodcrately  dilute  nitric  acid.  Aeeordinp  to 
G uc k e  1  bf^rger  (Ann,  Ch.  Pharm.  Ixiv.  348),  the  best  proportiuuii  are  1  pt.  milk- 
sugar  to  2  pts.  nitric  acid  of  specile  grstity  1*42,  tlie  TMsel  being  warmed  till  the 
rc'action  Ugins,  then  cooled,  and  afterwards  gpntly  warmed  towards  the  end  of  the 
process.  The  jpiroduct  thus  obtained,  amounts  to  dO — 65  per  cent,  of  the  milk-sui^ar 
employed.  Aooording  to  Pasteur,  laelose  treated  with  nitrie  acid  yields  twiea 
iiH  iinich  mucic  acid  as  milk^sugnr.  Cium-amljic  may  also  be  iisod  f'^r  the  prepara- 
tion of  mndo  acid,  1  pt  of  it  beins  heated  with  4  pta.  mtric  add  ot  spedflc  gravity  1-36  ; 
W  tlw  aeM  thus  obtained  eontiuts  oaleiiim-flaHa. 

Crude'  nmcic  acid  is  purifitd  by  recrystalH.sution  from  Loilinfr  water,  >  r  In  tter,  ospe- 
rialiy  if  it  has  been  prepared  from  gum,  by  die^lnng  it  in  ammonia,  rejit  atedly 
crystallising  the  ammonfum-salt  firam  boiling  wat«r,  and  floaUy  precipitating  the 
mucic  add lirom  the  solution  by  nitric  acid  ut  the  boiling  boat. 

Mucic  acid  crj'stallisos  in  colonrb  ss  taTile^  witli  square  base.  It  is  sparingly  soluble 
in  cold  water,  soluble  in  6  yia.  of  boiliDg  water,  and  insoluble  in  alcohol.  Sulphurio 
acid  dissolves  it  with  crimson  colour. 

Mudc  acid  boibd  for  ?omr-  timo  with  wafer  nnder^ro^'s  an  isomeric  transformation, 
and  is  converted  into  an  acid  (paramucic  acidj  more  soluUo  and  more  ene^^etio 

Vol.  m  ST 
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ill  boiling  water  deposit  muoatos  on  cooling. 

Mucic  acid  heated  per  se  lirst  m«Ue,  and  then  decompoMS,  ykLdio^  amoi^  otiuc 
products,  pyromucic  acid  aad  eatboaie  taJ^dride: 

mm  osidiaed  bj  boiling  Willi  itifri9  «0<<  Hv^^ 

T>i^tinfd  with  i^idphnrie  add  nnd  peron'd*  of  mnni/anf/ifi,  it  gives  off  formic  tic'ul. 
hating  with  canatia  fotash,  it  is  converted  into  a  mixture  uf  ac«tiite  and  oxalate : 

C«H'«0«    =    2C«H*0'  +  C-H«0«. 

Mucic  acid  is  conrerted  by  pmtachloride  of  phosphorus  into  a  peculiar  dibask 
«hlorinated  acid,  CH*C1'0'«  whidi  faM  ttOtbMtt  UOtO«|^inTe«'ti>:Ht(Hl,  but  evident^ 
stiiiuls  to  mucic  acid  in  the  «?nmc  rplRtion  as  ohloromHleic  acid,  C*H*CiO*,  to  tartaric 
aciil,  C'lI«0«(Li48-7i*>dart,  Ann.  Ch.  Pk\rm.  c.326).  When  heated  with  hvdnotiic 
acid  it  is  converted  into  an  add  having  the  ooaqMMBtioa  of  adipie  acid^  G^H'*0'. 
^Cr  ':rn  T^mwn,  Ann.  Ch.  Phiirm.  cxxv.  19.) 

Ktteat«a«  Mucic  acid  is  dibasic.  Its  salts  are  for  the  most  part  aeotral,  of 
the  form  OH'M^O" ;  but  a  few  acid  nacatea  of  the  alkaU-metals  are  aba  known. 

The  ulkali-metal  mucates  are  very  soluble  in  water ;  the  rest  are  mostly  insolobia. 
The  soluble  mucates  ore  decomposed  by  adds,  with  d^oattion  of  nuioic  aeid :  th« 

mucutes  when  heated  give  off  the  odour  of  carameL 
Mucates  of  Ammonium.— Th«  neutral  salt,  C'H*(NH«)H)',  ii  obtained  by  anper- 

saturatiniT  the  hot  Polntion  of  the  acid  with  ammonia,  and  rcpeatf^ly  crystallising  Xh^ 
salt  which  fonn.H  on  cooling.  The  crystab  are  colourless^  flat  four-ssidixl  priim*, 
trhieh  beconu>  mA\  and  yellow  at  220°,  and  batWBWl  SIO^  aad  240°  are  resolved  nl* 

wntcr.  cnrbonii-  anhyilnd*',  c:ir!>onntf  of  ammomuTn,  pyromucie  add.  and  dip]flO> 
IIlU<»mide«  while  small  (juantities  of  charcoal  and  parayanogea  remain  l>chiad: 

Mut;it*i  of  PjrrotnucIS  t  ir  -  i  ilc  of 

ammoatum.  lurld.  anmioiiiiun. 

and  C«H\NHOK>*   -   C»HW)  +      C0«         +  «H^. 

Dipt  romuc«nid«. 

Possibly  thr'  prromtiric  arid,  fomifHl  as  in  the  manner  rpprp*»pnt*Al  >  y  ^Iv^  fir«t  pquaticn. 
is  converted  info  dipjromucuaude  by  the  actiou  of  th«  carbonate  ot  amnjuniuni  foruied 
at  the  same  time. 

Mucute  of  ammonium  dissolves  Bpnrinply  \n  cold,  moro  fr*^ely  in  hot  iPStcr: 
according  to  Malaffuti,  it  ih  ujore  solubla  than  the  corresponding  paramncate. 

Acid  mucate  of  mmnonium,  €'H*(NH*}0'Ji*O,  prepared  by  neatxaluu^  1  pi.  «f 
mucic  add  with  ammonia,  and  then  adilini;  an  equal  portion  of  the  aeid,  crystaHijses  in 
oolourless  needles  or  thin  prisms  which^  after  d^^ing  over  oil  of  vitriol,  give  off  7 '32 
per  eent  i»ater  (<■  1  at)  at  10(P.   It  la  hkm  aMoma  in  watar  than  tiie  nrattal  salt, 

and  when  distilled  yields  the  same  produet--^,  too;cthei"  wit h  a  small  <juan(ity  of  a  yellu^ 
oil,  which  is  soluble  in  water,  appears  to  boil  below  100°,  and  quickly  tarns  brown 
whan  CTpoted  to  tha  aiz. 

The  mncates  of  barinm,  strontiitm^  and  calcium,  are  predpitate*!  on  adding:  mucate  of 
ammoniom  to  the  chlotidw.  The  barium-sale  dried  at  100^  k  2C*H^''OV3IIK);  tha 
M^hMhtalt  dried  at  100^,  has  a  similsr  composition. 

Cupric  mucaie,  (?ai«Ccu''0'.H«0  (at  100°),  is  a  bluish-nliite  pndpltata. 

Ferrous  mucate,  C*H'Ffc"()r-Jir-0  (at  ]00°\  Is  a  y.dlow  powder  prfM'ipitntcd  ^y 
alkaline  mucat4»from  ferrous  sulpLatt*.  U  in  permaueut  at  ordinary  teuiperuturtsi,  but 
take*  flee  bet^reen  IW*  and  160^ 

Murntr.'i  of  Lead.-  Xhfxhasic{'i)  salt,  is  oLtaiiuhl  W  predpifafin^  basic  acetate  of 
lead  with  mucate  of  aromoiiium.  Tha  neutral  salt,  C*H"Ppb''0'.Jtl*O,  is  obtained  by 
precipitating  nitrate,  chloride,  or  aetttanl  aoetate  of  lead,  with  aade  arid  or  mocats 
of  ammonium.   It  gives  off  itt  water  at  130^. 

3fHcates  of  rotnxsinm. — The  vrvtral  ^alt  forms  white  granular  crystals,  i^jn- 
taining  2C*H»K'0*.H='0,  which  remain  unaltered  at  lOO'^,  bat  turn  yellow  and  give  off 
1  at,  water  at  IfiC^.  The  ealt  diaeolTeB  in  B  pt9.  of  hot  vatsr,  aad  separatm  ehiMMt 
compb  fely  on  cooling;  it  is  insoluble  in  alcohol.  The  acid  salt,  pn'part  l  11':  fhe  acid 
ammonium^ealtk  fwma.  transparent  ciystals,  which  when  dried  in  the  air  or  at  100^ 
contain  0^H*KO".RK>. 

Muca  t$  0f  Silver,  C^Ag*0*,  is  (iiblaSBe<l  by  prMl|)it«Hii«  dilate af  aaTwilh 

mucic  add  or  a  soluble  luucntr.    It  docs  not  give  olV  ntiythin^  nt  IftO**. 
-    Mucates  of  Sodium, — The  neutral  salt  fortna  large  transparent  crystds  con- 
taining 2(m^tPO^,9BK>  wbtoh  give  off  8  at.  water  at  100<',  and  obetinately  retahi 
tba  laet  atom.  Tha  aoliitioii,  if  lapidij  hailed  down,  deporili  a  white  powder, 
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0<«it*iniiiff2C'H*Na*0*.H*0. — ^The  osatf  toditmrsatt^  eoiourleMi  shiauig  prianu^  oon- 
tdniiv  KWNaO*  7H«0 :  tiMgr  git»  off  thdr  vatar  at  lOd^. 

MVCZC  Jrr&UM.  Amyl-mneie  aoiV,  G^'(C*H")0', is produa»dt^tb« action 
of  sulphtirio  acid  on  a  mixturo  of  amylie  alo^icd  ttd  maao  add.  U  ia  «fjitattii^iiab 
diHsolree  in  boiling  water  and  in  abond. 

Mueatu  of  Ethyl  llie  iiaiMei»poaiid,CraF*0*  a  C^C*H>)^ 
called  mucic  ether,  is  proparcd  by  gently  heating  1  pt.  of  nmcic  acid  with  4  pt.".  of 
sulphuric  acid  till  'tt.  turns  Uack,  then  leaviog  it  to  cool,  and  adding  ipts.  of  alcohol  of 
■poeiAo  gmTity  0*814.  The  mlxtwa  Ml  to  itaelf  fi«r  t4  hem  mimm  in  smca^ 

wliich  must  W  shaken  up  witli  ii]o<;ho1.  thrown  on  n  filter,  tniliad  "Willl  tleolM^  ind 
porified  bj  repeated  cxystaUisatioQ  from  boiling  akdwL 

Mucafee  of  ethyl  cryaoffiaaa  in  tnuMpavent  ftw-€ldad  prisRM,  ttrauMli^  by  i\  single 
pt^rpcndi'^ular  fHt  <\  It  is  insipid  at  first,  but  Ipuvcs  a  Ijittcr  aftertaste.  It  meltrs  at 
160^,  and  solidifies  in  a  crystalline  mass  at  136^.  At  a  higher  temperature  it  is  re- 
Bolred  into  alcohol,  water,  carbonic  anhydride,  acetic  acid,  cnrburetted  hydrogen,  pyro- 
OiQcie  acid,  and  charcoal.  It  ia  insoluble  in  ether,  very  soluble  in  boiUng  alo^idl,  ren 
sparingly  in  cold  iilcohol ;  rcry  sohiMr'  also  in  boih'iig  water,  which  deposits  it  in  well- 
defined  orvstuls  on  cooling.  The  alkaline  liydniton  decompose  it  like  other  ethers : 
unimonia  converts  it  into  mucamide. 

Ethylmucic  acid  or  Mitcovini,'  acid,  Cm'*0»  =  C«IP(C=IP)0».  In  the  prcpnTfition  of 
neutral  ethylic  mucate,  it  somt  iiiues  happens  that  an  aaueous  solution  of  that  com- 
pound  not  jnrt  pure,  girea  off  all  at  oaoe  a  very  doddsd  aleoliolie  odour,  and  yields  bpr 
evnporotion  a  subetancr  totally  different  in  appearance  from  the  neutral  ether.  It  is 
purified  by  treatment  with  alcoaol,  which  removes  the  neutral  ether,  and  the  reaidiM  ia 
ci7>tal]iaed  two  or  tltrea  timeo  ftom  watefc  Tha  piodact  is  pure  vlieii  ita  aolatioa  ia 
no  longer  rendered  turbid  by  ammonia. 

Ethprlmucic  aeid  is  white,  of  asbestos-like  aspect,  the  fonn  of  its  crystals  being  that 
of  a  right  prism  with  ihoimbio  1nu»b.  It  ia  moctffiatety  solnUa  in  water,  very  ^^liglitly 
in  alcohol.  It  has  a  pure  acid  taste,  and  melts  at  lOO*^,  with  decomposition.  The 
melted  mass  assumes  a  vitreous  aspect  on  coolings  bat  after  a  oonaidezahle  time  it 
Boftena  and  again  becomes  opaoue. 

Ethylmucate  of  ammonhmi,  0'n'*(NH*)0',  is  vexy  soluble,  tasteleas,  and  has  a  slight 
acid  reaction.  Ita  solution  precipitates  the  salts  of  had.  sthjer,  copper,  barium,  and 
strontium,  very  slightly  those  of  cakiu,/i,  and  furmii  no  precipitate  with  salt.s  of  cine, 
.jROMMtlAmi,  &c.    All  the  precipitates  aro  soluble  in  acetic  acid. 

"When  a  solution  of  cth  v'TniT!-'  acid  is  boiled  with  oxide  of  silver,  carbonic  nnhydrido 
is  evolved,  a  portion  of  the  oxide  is  reduced,  and  a  silvezHSompound  is  formed,  whiuU 
cxplodea  whsn  aUi^illj  haated. 

Mucate  of  M*ikpl,  0*H*H>*  »  OH^OH^O*,  is  prepared  like  mucate  of  dftjl, 

and  crystalli.sps  from  water  or  alcohol  in  lamintp,  or  in  flattened  six-t<ided  {irisms, 
colourlt^s,  non-volatile,  and  tastekss.    It  is  verj'  soluMe  in  boiling  water,  very  littlein 
•  boiling  alcohol.    It  decompuKcs  at  163<*  witibout  melting,  and  tll«B  olMBgaa  to  ft  Uadc 

liquid,  M  hi.  li   ',v.  11^  up,  and  g^vea  off  gases  containing  carbon. 

aCVCSBXSrsJB.  From  experiments  on  the  growth  of  these  fungi  (Aseophom 
n^ans\  Run  1  in  (CumpL  rend.  Ivii.  771)  concludes  that  they  require  for  their  normal 
d»lF«lopment  the  dtonuoto  of  plRM^uAa  and  anlphate  of  ammonium,  and  of  the  carbo- 
nntp^  of  pota.«r<«inm,  magnwaium  and  mangrmesp,  but  that  these  elemcntH  are  not  all  of 
equal  value  tu  them,  if  20  grt&s,  of  the  plaut  arc  produced  in  a  given  time  in  a  liquid 
containing  all  the  iubstaneaa  above  naotioiMd,  then  in  the  saaas  time  th^  will  ba 
f  trnKMl,  in  the  absence  of  manganese,  5  gnus. ;  of  sulphur,  2  grms. ;  of  potassium  and 
magnesium,  oaly  1  (gaa. ;  and  in  the  abacaice  of  phosphorus,  only  half  a  gramme  of  tha 
plant.  Experiments  in  which  tlraaa  f^agi  were  developed  in  a  confined  volume  of  air, 
showed  that  the  nitrogen  of  the  air  wa*;  not  cj^-seutial  to  their  growth.  Similar  results, 
ao  far  as  rMEards  the  mineral  constituents,  have  been  obtained  with  plants  of  higher 
ocders,  by  0.  Tillo.   (Uoupt.  vend.  IriL  870.) 

mranAM,  IlwigainofsMda»iootii^ft&  (Baa  Omi,  IL  m) 

acvcav.  Tbe  name  of  ona  of  coaadtnaata  of  ^irtea  <u.  m),  alao  of  thaohiof 
constituent  of  animal  nsncua 

BfUOira.  The  normal  secretion  of  mucous  nembraneti.  It  is  found  in  the  reiqpira- 
tory,  gefdtaMufnaty,  digestive,  &c.  passages  of  aainml  bodisa,  aringledin  entam  artnap 
t!on.>j  with  Hpecific  flui£  furnished  by  special  glands.  It  Is  very  duubtful.  however, 
whether  the  secretioii  ought  to  be  cousidered  as  tbe  same  in  all  cases,  whether  in  fact 
there  is  a  one  tUng,  sraem^  nodifled  by  the  addition  of  other  matteni  ikom  time  to 
time,  and  not  a  different  secivtion  altngether  for  each  membrane  or  organ.  When  ob- 
tained in  a  atate  ot  appcoadawte  poiit/,  mucus  appaaa  as  an  aUudine  fluid  of  a  very 
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pecaliarly  glairj,  ropy  nature.  Under  tbe  microscope  are  eeco,  besides  ftMj  aod  otbo 
gruQules,  epithelial  scales,  varying  in  Ibriii  and  kind  aeeording  to  t]i«  uttm  dt  Uw 

mcmbrano  from  which  the  mums  in  obtaini-.l,  and  rho  socalJecl  mufua-corpusci*^ 
irhich  differ  in  no  essential  respect  from  pus-oor;pu8cies.  The«e  morphological  cle- 
BMDts  vary  exceedingly  in  number  in  different  specimens,  but  ore  rarely,  if  ever,  wholly 

Amoiip  the  chemical  const itnfritff,  tho  most  Important  is  mucin,  a  collniM  •^nh'^tanr'', 
existing  iu  the  liquid  iu  an  uudissolvcd  cuiiditiou.  To  its  i.»rf*eucu  is  due  Liic  pLVuiiwr 
ropiufss  of  the  secretion. 

Muciuis  ini«.)ltiHr  in  wator,  and  rnn  be Pf'paratedfrom  it hyfiltmtion. fhonti'h  Schrrf  r 
foun<l  ou  one  ocauiion  a  mucus  which  was  soluble  in  water  and  readily  passed  ihrou^U 
tlx  filter.  Heat  produces  no  eoa^lation  ;  on  the  contrary,  a  real  solution  mobs  to  be 
thtTt'liy  fflTt'Ctcd.  It  may  1>f  prooniitat.-d  hy  alc'iho!  as  n  fl->erti?>-iit  strincy  mass,  which 
on  the  subsequent  addition  of  water,  will  swell  up  into  its  furmer  coUoid state.  Dilute 
Acetie  aeid  and  mineral  Sidds  precipitate  it;  concentnited  acids  dissolve  it  reodilj; 
alkalis,  especially  when  diliit<>,  jdso  dissolve  it.  From  its  s<du(!oii  in  Ave-ak  ncid'-  if  nu.y 
be  precipitated  by  alkalis  added  with  caution.  Ferrocjauide  of'  potassium  products  no 
pmnpitate  either  in  aUcaHoe  or  aeid  sohtriooa,  exempt  when  a  eoliition  in  etrengr  «e«tii« 
acid  has  been  boiled.  Tannic  ai-id  and  Ijasio  jn^'  tate  of  lead  throw.it  down  fmin  ■,\ 
hiutty  alkaline  aolution  ;  the  neutral  acetate  and  mercuric  chlorideproduoe  only  a 
alif^  tnrbidity.  Concentrated  hot  nitric  acid  eokmn  it  yellair.  The  additioo  of « 
largp  quantity  of  water  generally  coagulates  it,  probably  owing  to  some  of  the  solvf  nt 
alkalis  being  thereby  withdrawn.  The  difficulty  of  obtaining  it  pure  detracts  from  the 
Taluc  of  any  elementary  analysis.  According  to  Scherer,  100  parts  of  it  contain 
Mrbon  62*4,  hydrc^ea  7*0,  nitrogen  12  8,  oxygen  27*8.  It  contains  no  sulphur,  hut 
gives  4  percent,  ash,  confistin^^  chit  lly  of  pliosjiharo  of  ailcium  and  alkalint  carbonates. 
Mudn  is  found  not  only  in  ordiuuiy  niucut*,  but  ul.-u  in  synovia,  in  the  euntents  of 
Tarioaatqnrta,  in  the  pathological  product  known  as  "  colloid  tiaaod*'  and  in  the  na- 
formed  cnniu ctivi-  lissn*'  of  the  umbilical  cord  atiJ  enil>ryo. 

Besides  mucin,  mucus  «>untainB  a  very  8n>all  quantity  of  fot,  various  extractive 
matters,  and  salts.  Among  the  latter  arc  f^ulphates  and  phosphates  of  the  alkali-m«ta]% 
with  t  artliy  jtliosphates  andesptv  ially  alkaline  chlorides.  According  to  Berz el i us,  U»0 

girts  of  nasal  mucus  contain  93  37  water,  d\>'6  mucin  and  '56  alkaline  chloride.  Albumin 
>  mj  often  Ibtmd  in  mnens^  but  may  be  regarded  as  an  abncMnal  eonetitnent.  In 
certain  patlioloprical  states,  various  forms  ut'  allaimin  an-  putii-cil  (nit  in  almndaiiri-  on 
the  suzl^ce  of  mucous  membranes,  as  transudations.  The  secretion  is  also  said  at 
times  to  change  from  mooom  into  mnco-purulent  or  pondeat  (see  Pus). 

It  has  been  thought  that  mucus  was  generated  hy  the  breaking-up  of  the  epithelium 
of  the  mucous  membranes.  The  want  of  relationship,  however,  between  tJie  number  of 
each  epithelium  scales  and  the  amount  ct  wnan  in  any  given  qnantity  of  mucus,  and 
the  psesenee  of  mucin  in  embtycmal  connective  tiinnie,  negative  such  an  idea.  Frol^blj 
mucin  is  not  «;ccrcf.Ml  ],y  the  mnrmis  mrrabrane  as  sneh,  Init  is  dcvt  lojicd  on  the  fre^ 
surfaces  out  of  »onie  unknown  utitccLdonts,  perhaps  iu  some  such  w.iy  as  HLriu  ist 
fornit  d  out  of  its  peeoliar  antecedents. 

The  great  use  of  niticus  peem'i  to  li<>  to  lubricate  the  pa-fsages  where  it  is  found.  A 
ferment-action  has  b4*en  largely  attributed  to  it.  Thu  mucus  present  iu  urine  is  said 
to  be  a  chief  cause  of  the  chau;^n-  which  nwaapcodily  undergoes  into  «ffb(mate  of  am* 
monitmi  in  exposed  nriiic.  Tlic  weak  power  of  cnnvorting  starch  into  5n£rar"po«?ewed 
by  many  mucus-bearing  fluids,  not  <x>ntainiug  saliva,  has  been  soppoeed  to  be  due  tO 
the  mudts.  This  howerer  is  donbtftaL  The  catalytic  action  of  nrme  on  stnch  ecr» 
tainly  does  not  reside  in  its  muciiH  (Co h  nlifim).  In  the  mucus  of  tlj-'  respiratory 
paasagee  (sputa)  daring  certain  pathological  statee  (brondutia),  the  alkaline  cidoridMi 
«v»  mnch  increased.  M.  F. 

WmDAJUnr.  An  extractive  matter  obtained  from  mudar-root.,  the  rootof  Aclyin 

ffif/a>'f"\  T.,    f.\  11  .  n!-Mn.   Fontenelle,  Ann.  Ch.  Pharm.  xvii.  210.) 

MCUBSSZC  AXSJH,   A  product  of  the  oxidation  of  mudowns  acid. 
XUS&BOUS  AOm.  C"H"0'  (?) — An  ox»inic  acid,  which,  in  combination  with 
alnnrina,  fomu  the  mineral  called  P^oHUt  fimnd  coating  the  waiUs  cf  cntaoi  granita 

caverns  in  C<.>rnwall.  ri^oflle  is  l.rvwn  ;  yields  a  yelloAvisli  powder  .  is  ins-duMe  iu  water 
andoloohol ;  gives  off  2?  per  cent,  water  in  diyios;  and  ducom^oscss  at  highej  tempera* 
tares,  f^Mx^  off  empyreumatie  |>niducts,  imd  iMring  alnmixw  mixed  vitii  ehaicoal. 
The  acid  separated  from  the  alumina  i.s  dark-brown,  permanent  in  the  air.  s<duble  iu 
iroter,  forms  a  didiqnasoent  aiumuDiam<aalt,  and  gives  brown  precipitates  with  metallic 
salta.  Kitric  add  ooofefts  it  into  mndeeie  acid,  a  broimira-yeUow  snbetanoe,  said 
to  onfain  2  at.  oxygen  more.  Mudcsous  acid  is  suppwsed  to  have  been  formed  from 
the  remains  of  phmta^  ita  aqaeons  soiiOioo  diasoiving  the  alnmioa  of  the  deecnnposod 


4 


Digitized  by  Goo 


MULHOUSE  BLUE^MUNJISTIH.  1061 


granite  as  it  percdated  tbzough  the  cavitaee.  (Johnston,  Handw.  d.  Chom.  v.  406 ; 
▼L  602.) 

A  Hubstance  from  Wifklnw  in  Trrlrnir!,  i^V'IkiI)!/ idttlltieid  irith  Pigotito^  haft  ImcII 

exnTnin.-il  liy  Anjoliii.   (.lalirtsisb.  1862,  p,  903.) 

MUitHOUSB  BXiUXI.  A  blue  dye,  obtHUttd  bj  prolonged  boiling  of  au  tUkaline 
soltitioii  of  sh  lhic  with  aniline-red.    (Scbaffcr  and  Gros-Benaud,  BnD.  806  ht* 

dustr.  dv  31  '     r     vv^:         :  R^p.  China,  app.  iil  273.) 

XHi'crz.x.iiii's  CX.ASS,  or  Hyalite.   A  ranetj  of  Opax.  (£.  v.), 
agtrfi'MlBITE.    8yn.  with  Sylvaniti!. 
UKUlaltXCXTii,    Syn.  with  VnriA.MXK. 

USTTXiTXPXiZEK,  ur  GulvanoTneter  (see  Electihcitt,  ii.  443). 

IKS  crif  J££T.  Uubia  MunJUta. — This  plants  also  CHlled  ICast  Indian  niaddtr,  is 
extensively  cultirated  in  India,  its  root  tiMiig  used  as  a  dycstuff  for  parodadng  coloara 
similar  to  those  obtaint  d  from  ordinary  Tnadder.  The  colouring  matt/rs  containcil  in 
it  are,  hoveTer,  by  oo  means  identiral  with  tboflo  of  comoKm  madder;  in  f.i>t, 
8f«iibovse  has  shown  tlttt  it  contains  no  M]i;?uriii,  Imt  that  its  ookiiring  matter  is  a 
mixturf  of  puri->nrin  and  an  orancrc-ilvf,  fall*-*!  nninjiptin  (sfr  the  next  article).  The 
colours  which  it  produces  are  brighter  than  those  of  ordinary  madder,  bat  not  so 
durable>. 

The  tinctorial  power  of  mni^cet  was  first  cxnininod  by  I\  u  n  o  in  1  ^^^),  who  rrpnrtod 
that  it  contained  about  twiee  as  miteli  uvailable  oolotiring  matter  as  ordinarv  madder; 
Imt  snbeeqoent  experimrats,  both  I  ty  GeimaB  and  by  English  dyer^  have  Mkown^iat 
this  result  was  incorrect,  and  that  the  eoUmiing  power  of  nuiqjeet  if  iotaaUj  mvch 

lei»8  than  that  of  ordinary  madder. 

The  actual  amoiut  of  colouring  matter  in  mnnjeit  is  indeed  very  nearly  the  WKtam 
fUi  in  the  best  madder.  Stenhouse  finds  that  the  tranuidn  firom  mnnjeet  has  about 
half  the  tinctorial  power  of  that  made  from  thf  Ix  st  inaddor,  v\7..  N"a|)les  roots  ;  these, 
bovvuver,  yield  only  about  30  to  33  per  cent,  uf  gar.m -in,  win  reus  luuiijcet,  according  to 
the  experinii  nts  of  Mr.  Higgin  oi  Manchester,  yiLl.lsfrom  62  to  65  per  cent. 

Tli.^  iiift  riority  of  miinifet  as  a  djestiiff  rL-sulfs  from  its  containing  only  tlif>  oom- 
piriiLively  feeble  oolouriag  matters  purpurin  and  munjistin,  only  a  small  part  of  the 
latter  being  anuUble,  while  its  preaenoa  in  luge  quantity  appears  to  be  positively 
injniion'; :  so  much  so,  indee<l,  that  munjeet-garjincin,  freed  by  Ijoiling  water  from  the 
grt^r  part  of  the  muiyistin  which  it  contains,  yields  much  richer  shades  with 
alominacmovdanta  than  be%»a.  (Sfcsnhonte,  Ftoa.  Boy.  Soo.  xiiL  14S.) 

BKUMJZSTZV.  C«1I«0».  (Stenhouse,  Proc.  Roy.  Soo.  \\\.  G.",.'?  ;  xiii.  RG.  U'k^— 
An  oningc-colouring  matter  contained,  together  with  purpurin,  in  muryeet  or  Kast 
Indian  madder.  It  is  nearly  related  in  composition  to  purpurin,  C*H*0',  and  aBaarin, 
C'»H*0*,  differing  fkom  the  former  by  1  at,  and  from  the  latter  by  2  at.  carl)on.  It 
exiKts  in  mmgeet  in  eonaidemble  qaaatitj,  and  majr  be  extracted  by  the  following 
process  :— 

Eadi  pound  of  mnnjeet  in  fine  powder  is  boib-d  f^r  four  or  five  hours  with  2  pounds 
'  of  Pulphat*-  of  alninininni  and  iilxnit  16  potimlM  of  water,  the  operation  being  ffpoated 
two  or  three  timtb;  tla-  red  liquor  thus  ol  taim  d  is  strained  through  cloth  flU-  PN  wliilo 
still  very  hot;  and  the  dear  flttfato  iw  sat  mat.  d  with  hydroehloric  acid,  win  nly  a 
bright-red  precipitate  is  5oon  produced,  which  goes  on  increasing  in  quantity  for 
about  twelve  hoars  if  the  iiouid  is  left  at  rest.  This  precipitate  is  collected  on  doth 
fikna,  and  wariied  with  cold  water  till  the  greater  part  of  the  acid  is  removed ;  then 
dried,  pulverised,  and  dt^ri^  f^trd  in  n  pr^rrol.ntor  with  boilin|!^  8uli)1iidt'  of  carbon,  which 
dissolves  the  Gzystallisable  colouring  principles  of  the  maiyeet^  and  leaves  a  considerable 
qnantity  of  dark-eolonred  resinoos  matter.  Tbe  ezeem  of  sulphide  of  eatbon  having 
Ihh  ii  r.  inovfd  by  di'-t illation,  the  bright-red  extract,  i-onsistiii^r  chirfly  of  a  ini.xturi'  of 
munjiBtin  and  purpurin,  is  repcatedljr  treated  with  moderate  quantities  of  boiling 
water  and  filtered,  the  clear  yellow  filiate  conaiatii^  of  a  aolntton  of  mni^istin,  while 
nearly  all  the  purpurin  remains  on  the  filter.  The  solution  ae  idulated  with  hydi-o- 
chlorie  or  sulphuric?  nrid  deposits  th«^  munjistin  in  large  yellow  flocks,  which  are 
sligluly  washed  ou  u  lilter  with  cold  water,  then  dried  by  pressure,  and  dtssolved  in 
boiling  spirits  of  wine,  aUf^tly  acidulated  with  hydrochloric  acid,  to  remove  any  adhere 
ing  ulmnina.  .As  the  munjistin  d'x  s  not  sul-side  frfjm  rold  alcfthnlic  solutions,  even 
when  they  are  largely  diluted  with  water,  about  thref-ilnullis  uf  the  spirit  must  bo 
diataUed  off',  aft^  r  which  the  munjistin  is  deposited  in  large  yellow  scales.  By  two  or 
three  cry«<f alli^alion.'^  from  spirit,  in  tlii';  mnnner,  it  may      n  iid.-red  perfectly  purp. 

Munjistin  may  also  be  extracted  directly  from  mnnjeet  by  boiling  with  water,  acidu- 
kting  the  dark  bn>miiah>x«d  filtrate  with  hydrochloric  acid,  and  treating  the  precipi- 
tata  «■  aboTo;  !mt  the  pwocii  aboyp  dwwribad  jrieldi  a  better  product.  TheoManmig 
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■Mtt«r  of  miu\)eet  may  also  be  extracted  by  boilinff  Bolutions  of  alum  ;  bat  sulphate 

of  aluminium  is  b«tter  adapted  for  the  purpose,  aa  txic  alum,  by  ita  tendency  to  crystnl- 
lise,  greatly  impedes  the  filtration  of  the  liquids.  £.  Kopp's  procese  with  sulphurous 
Mid  ^  749),  is  not  appliealile  to  mnigett 

PtopfTtU'S. — Munjistm  crystallises  from  alcohol  in  gold»^n-yfllovr  p]:it<^s  of  prt-.U 
brilli&ucy.  It  is  but  moderately  soloble  in  cold,  but  dissolves  ^)rettv  r<>a>'iiiv  in  boiiiiig 
toaUr,  forttiait  *  1iri|^y«Ilow  lohilioBy  ftomvlrich  it  is  deposited  in  fioeks  on  cooling. 
It  (lis<olvcs  to  mmf  oTtcnt  in  cold  but  more  readily  in  boiling  alcoh'-l,  ninl  is  not 
precipitated  therefrom  by  water.  It  dissolves,  with  bright-red  colour,  in  aqueous 
earteiMrts  of  atdkm;  with  timmmht,  it  iaeam  a  -nA  sohrtioa,  hftviag  s  dKght  tiiige  of 
brown  ;  with  camtic  nod-:,  it  ]  roduct  s  a  rich  crimson  colour. 

Mmyislio,  in  some  of  its  proDertie^,  bears  considerable  resemblance  to  the  rubiacxn  of 
8ehvii«1t(iMdd«iH)i«iigeofKQnge,p.742);  butaocordfagto 8tok»a  (noe.B03r.SM. 
xii.  637),  the  two  substances  are  pK.»rf<'Ctly  distingui>tlir»l  by  the  colours  of  their  solutions 
in  carbonate  of  sodium,  wlien  h  !>mall  quantity  only  of  each  is  used,  the  solution  of 
munjistin  being  red  inclining  to  pinkish -orange,  while  that  of  mbiadaM  daret-red;  alio 
l>y  the  abaotptioB-bands  which  are  seen  on  examining  the  spectra  of  these  solutions 
(siv  Light,  p.  638);  Loth  present  a  sin^jle  minimmn  in  the  spectrnra  ;  but  wliile  that  of 
ruliincin  extends  only  frum  uLkjuI  D  to  l",  that  of  munjiHtin  extemk  from  a  good  way 
beyond  Dtomne  way  beyond  F.  A  further  distinction  i.s  afforded  by  the  oiantctezs 
of  the  fluorescent  light  of  the  ethr  r.  d  solutions  of  thr-^--  substances,  that  <rf  rafaiaflHI 
being  orange-yellow,  while  that  ui  nmnjistiu  m  yellow  moiiniug  to  (^van. 

Mtt^istin  sablimaa  awre  r^dily  than  either  p^pmin  or  alicann,  forming  golde»- 
yellow  scales  con<iisting  of  the  unaltered  fmbstance.  N«  itlier  subliiuKl  ir/T  jis^tin. 
mat  that  obtained  by  ozystaUisation  from  alcolkol  and  drying  in  a  racuuiu,  kN»e«  any 
vmght  «t  1000.  When  mMtj  Iwvted  ia  •  tvU  it  ind  mlrilim  ngwa 
on  coaling.  Wiien  Rtn>«||||f  hitltd  M  plttiiiii'iMlj  Mtdl^  tikM it^  and  Ins 
amr  without  residue. 

HmyMtui  diaadTMi  raidily  fai  cold  aviphwHB  fsmkaf^  %  briglt-«i«iflt  aoIvtiQk 
which  may  be  heated  nearly  to  boiling  without  blackening  or  evolution  of  sulphuioos 
acid,  and  on  dilution  with  water,  deposits  the  munjistin  io  yellow  flocks  ap^M^ 
rcntly  unaltered.  By  digestion  with  moderately  strong  nitric  acid,  it  is  converted  (like 
•Uniin  tad  pnpnni)  iato  phtk»li«  Mid,  OW)*  logitlur  vitb  %  muU  %Mati^  «f 
oxalic  acid. 

Bromine-water  added  to  a  strong  aaueous  solution  oi  mui^istin  throws  down  a 
pale-coloured  flocculent  precipitate,  whiA  vfaan  di«olv«d  ia  hoi  aliohol,  yialdi  tafti  «f 

©rystuls,  evidently  a  hulxstitution-produot. 

Maryta-waUr  fonns  a  yellow  precipitate  with  aolutiona  of  muiyiiitia.  AcUaU  4^ 
mpper  fonaa  a  laowa  pwsipilate  Tory  slightly  sofaAla  in  aeetie  aeia.  AeeUit  ^  itmd 
adaed  either  to  the  aqueous  or  fo  tlie  alcoholic  solution,  throws  down  a  brighf-criinson 
precipitate^  whi<4i  wbm  washed  with  alcoliol  and  dried  in  a  vacuum,  contaioa,  on  tiiA 
amagfl^  84*8  pcveeal  aattMNi,  1'9  hydrogen,  and  48*5  lead-oodde:  agreeing  nearly  vitii 
the  formula  PI  "0.10C*11*PLO*,  analogous  to  that  of  th<  letul-<^jnn.ound  fT^r, 
Pb"0.lOC»ll*i'bO*,  described  by  Wolff  and  tttrecker  (see  Pcupubdc). 

Both  the  aqueous  and  alcoholic  solutions  of  munjistin,  when  boiled  with  alumina^  * 
torn  a  beautiful  lake  of  a  bright  orange-colour,  almost  the  vilola  of  the  munjistin  bein^ 
withdrawn  from  solution.  This  lake  is  soluble  in  a  lai^e  excc*^  of  caustic  sotla,  -pro- 
ducing  a  fine  eriruson  solution.  Mui^istiu  dyes  cloth  mordanted  with  alumina  a  bright 
«range ;  with  iron  mordaat  it  yielda  a  1)fowniil^>paiple  oc^rar,  aad  witk  Tarkey-nad 
morditnt  a  pleasing  deep  omn^  Thc-^  rniours  an  nodvata^ jgaBaasMilt  aad  baaip 
the  application  of  bran  and  soap  tolerably*  well. 

When  an  ammouiacal  sohitioo  of  auigistin  is  exposed  to  tiia  air,  ia  a  want  plaai^ 
the  munjistin  is  gradually  but  cora^etely  decomposed,  the  greater  jmrt  being  chang*  d 
into  a  brown  humas-like  substance  insoluble  in  ammonia ;  while  the  remainder  funna  a 
aon-«rystaIKiM  ookmring  subrtiBas^  analogous  to  purpurei'n  (the  orodnet  ftMBwd  la  15km 
manner  fn*m  piuparia,       aad  MpaUa  of  dj«uif  MtmarmmtM ^kUk  ot  a  UwwaMb- 

Orange  colon r 

MUVTli'S  MBTAIk  An  alloy  of  copper  and  zinc  used  for  ahaalhing  ships,  and 
lor  oHier  purposes  (aia  Oom^  Aum  or,  U.  49X 

MtraoSBiOvmL    A  jalloviili-gnj  «r  fladi<««d  vatlety  of  Mipaf  ftoai 

Jleavir        r:'"\r  Exeter. 

M0RS3CA1ir.  J>inhirimid€  (lAurent).— Diseovered  by  Prout  in  1818  (Ann.  Ch. 
Pbyti,  xi.  18),  who  called  it  Purpuric  acid:  further  exauiined  by  Kodweisn  (Pogw. 
Ana.  xix.  12),  and  IqrLiebig  aad  Wohler  (Ann.  Oh.  Plwnn.  zxvi  3271    It  m 

formed  by  the  decomposition  of  nmrexido  by  the  stronger  add?,  snlphnrettea  hydro- 
gen, or  potash.   It  is  obtained  by  adding  sulphuric  or  hydrochloric  acid  to  a  boiling 
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solution  of  mnrexide  in  watetr  or  potash :  tlio  crystalline  precipitate  is  purified 
dissolving  It  in  eold'mlpbnm  add,  and  precipitating  by  iMtter;  or  hj  dtasolTing  it 
in  p' if  ash,  ami  pri'i-ipit.if  iiig  it  by  an  ai^id.  It  is  thun  o1)tiiint  <l  as  :i  hoavy  white 
powder,  lustrous  like  ajMiuil,  infosible,  tasteless^  and  does  not  redden  litinaa,  Ifc 
tuniB  md  in  air  ocmtainin^  iimoumia.  It  ie  atnuMie  insoioble  ia  cold  watet^  xe. 
quiring  more  than  10,000  pts. :  insoluble  in  alcohol,  ether,  dilute  sulphuric,  hydro- 
chloric, or  phosphoric  acid,  or  in  aqueous,  acetic,  tartaric,  or  citric  acid.  It  is  soluble 
in  cold  strong  sulphuric  add,  and  reprccipitated  by  water ;  also  in  aqueous  a/X;aii«, 
without  neutnuising  them,  ftcming  aMutioiia  wUsh  aia  aolmaeleflf  vhan  ai»  is 
eluded. 

Murexan  is  decomposed  hy  dr//  distiUaiion,  yieldin«»  cyanic  acid  and  other  products. 
It  is  dissolved  and  decomposed  I'v  chhrmr-KKif-  .vitliout  yielding  cyanic  acid. 
Wlien  heated  witli  stmnp;  nitric  cicid  it  ia  tli-s  .Iwd  with  t  ffervescence,  giviiit^  off 
nitrous  and  carbonic  anhydrides,  and  vieldiug  ua  evaporation  crystals  of  oxalate  of 
murexan  (Kod wei ss).  When  heated  with  sulphuric  aeid,  it  ovolTea  oariwoie  anhy- 
dride ainl  a  little  nitrugcn,  atid  forms  a  bi-invn  s.)latiun,  contnining  ammouia,  and  not 
precipitable  bv  water.  It^  cui<jurki>:^  solution  in  ammonia  turns  purple  when  ex- 
poaedto  th«  aWi  tnd  an  evaporation  yields  crystals  of  innraside : 

OWSW  +  O  +  NH»   «   CWNK)«  +  WO, 


The  purple  solatioii  ia  daoctoised  Ifj  aiposaie  to  oo^gen-gaa,  Cinlanito  of  ammoniiiin 

being  £omed. 

Under  emtam  eiTemnfltanoeg  nramiui  appeafi  to  isombtne  viA  adda.    It  diasolyaa 

in  warm  diluto  nifric  acid  without  effervescence,  and  yields  on  evaporation  small 
rhombohedra,  which  appear  to  be  nitrate  of  murexan.  When  disaolved  in  oxalic  acid 
containing  a  little  nitnc  acid,  or  when  heated  with  strong  nitric  acid,  it  yields  crystals 
by  evaporation,  which,  aoandingto  Kodweiss,  are  oxalate  of  murexan. 

The  composition  of  murexan  is  veiy  vnrionsly  Htatcd.  The  analyses  of  Liebig  and 
Wohler,  and  of  Kodweiss,  yield  very  cuutiietim/  retiuits:  the  foniier  agrees  toler- 
ably with  the  formnlaCi^'N'O  ^  which  k  aoooidiDi^y adopted  byLiebigand Wohler. 
(!(  rhardt  {Chim.  org.  i.  1517)  considers  murexan  as  identiail  with  dialuraraide, 
C'll'N'O':  a  view  which  is  advocated  by  Beilsteiu  (Aun.  Ch.  Pharm.  cvii.  191), 
according  to  whose  analyses  murexan  contains  29*54  per  cent,  nitrogen,  which  agrees 
tolerably  with  29  38,  the  calculated  percentage  in  C'lPN'O*.  (micHn  adopt.s  the 
formula  CH*N*0*  wliich  ^ives  percentages  intermediate  between  the  analyses,  and 

leads  to  the  sfmplmt  eqnations.  Laurent  (Compt.  rend.  xxxv.  629)  adopts  tiie  

ftmrala,  and  Ngaids  the  componnd  as  dialnnmide— N.G*H'N*0**H. 

L.aniW. 


if 

OH 


4 

•10 


33-33 
8-70 
2d*98 

3704 


GSH«K*0*»  108  100-00 


IfSnd  W. 

33-32 
872 
85*7S 
$7-24 

100-00 


XadwctM; 

86-58 

28*45 
88*74 


H' 

0« 


00 
7 

70 

96 


100-00      0*fl*lf*0«  800 


3.j  GO 
2-60 
20-02 
3.5-69 

100-00 


See  PuBFVBAns. 

A  |m)duct  formed  liy  th«>  joint  aofion  of  air  and  ammonia  on 
analie  acid,  and  ciystaliistng  warm  water  or  alcohol  in  vermilion-OQloaNd 
fcvr-aided  priSaas,  two  ilMes  of  wUoii  Mfleet  light  with  gold-yaUoir  eolonv.   Tlte  sohi- 

tion  of  this  coinj>ound  resembles  tliat  of  nuirexiilo,  excepting  that  it  is  decolorised 
instead  of  being  turned  blue  by  potash,  also  by  evaporation.  When  dried  at  100°, 
it  gives  by  analysis  nnmbeBS  agreeing  approximately  with  the  formula  CU^^'O^K 
(Boehledar,  J.  p»  Cham.  U.  808;  Jahzteib.  1860^  p»  484.) 

Qyu.  with  AjKWftam  (L  288),. 

The  old  name  of  chlorhydric  or  hydrosUoKic  acid  (i.  300), 

Avarie^ of  ovthite         ftom  Saden  near Maxienbeig ia 

Saxony. 

MUSiiu  The  ripe  fruit  of  the  Banana,  Musa  par adisiaca,  grown  in  Bengal,  con- 
tains, according  toCorenwinder  (Compt  muLJivii  781 X  7a'0  per  cent  water,  4*8^ 
itlbiinnn,  0-2  cellulose,  0-63  fats,  19-GG  canr-Piigfar  and  inverted  snpir  (topellif  r  with 
ot;^nic  acids^  peotose,  and  txuces  of  starch),  0  06  phosphoric  anhydride,  and  0*73 
lima,  alkalis^  iran,  cbloniie»  fto.  Thoashof  titehadc  of  tho  i^Mtvaslbiuid  to 
contain  47-08  oarboiNite  of  polasria%  6*08  cnfaontta  cf  sodimn,  2£'18  dtSoiida  of 
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pntn'?5;inTn,  o  HG  ulkaline  phosphates  (with  •  little  gttlpbate),  7*^  dMICQftl,  TiOfin^ 

eilica,  earthy  phosphates,  &C.  (  —  ioo). 

In  the  milky  juieo  of  t2ui  flowwNrtem  of  the  same  plant,  ComDil]»  (X  Fharm.  [t], 
xHii.  2n9)  fouiicl  2.r27  pf'P  r.  nt.  potash,  O  f>2  soda,  1.5-85  lime,  5-00  magnp?n,  0-87 
alntnina,  with  a  trace  of  feme  oxide,  6'3U  chlorine,  0  96  salphuric  anh^dridc^  0-87 
gh^hoas  nhji^  0*81  iilus»  and  84*17  oiAofti«  mahj^adt  (CTtlcBhM  feom  A* 

MinM9Ui>  Set  ^Tt  ciTiAB  Tmnm, 
■ftrscovTTE.    I  f  i  h  mica.   (See  Mica,  p.  1010.) 

MVBCtnCAS  Tiaaxm.  A.  Sin'atnl  mufcles, —  Voluntary  Muscle$,-^ Muitcia  of 
animal  itj'>\ — Mu^cks  tikkiug part  in  tiu^rytLtc  movements. — These  ooosist  of  parallel  pri- 
niitiv<- bundles  of  fibres  b<nnd  together  with  fntfy  and  cv>tui(>ctiv»  tassae,  the  latter 
afTording  gelatin,  not  proper  to  muscular  tissue  itself.  Each  fibre  may  he  consideriid 
as  a  tulx-  consiisting  of — 1.  A  sheath  or  sarcolcmma,  rcsemUliug,  phybically  and  chemi- 
eally,  ekatietiisas; — 2.  Nuclei,  whose  eanust  chemical  composition  is  unknown  tr-^  Th* 
rnvsclr-siilistance  or  fiuid  (sc  iniflind)  contents  of  thn  nlieath,  niarki  j  \nth  thetMlffiBW 
strise; — Gramkt^       mostlj  tatty ; — 6.  Terminations  of  m  rvcs  &c  (?) 

TbsHTiog  itlwsliooiitrutilfl,  aad  ywj  wrtwmtfWs  (slight  but  ren'  perftet  slM^citT)  ; 
its  8nV)stanoe  is  transparent.  When  the  nutritiun  of  a  muscle  is  am-atcd,  contractility 
is  lost,  and  the  ooodition  known  as  r^yor  mortis  comes  on.  The  fibre  is  then  opaqi^ 
ii  flatter  «ad  fliidrar  tlum  during  life,  «nd  has  lost  rnueh  of  ite  axteonlnlHy.  As 
peculiaa"  rigidity  thus  bmunht  about  passes  away  as  putn-factive  decomposition  s>  ts  m. 

The  rapidity  with  which  rigor  mortis  appears  in  the  muscles  of  an  animal,  after 
Munatio  aeath,  depends  upon  a  rarioty  of  circumstances.  An  apparently  fdsnlM 
rigidity  may  be  instantaneously  brouglit  alx>ut  by  plunging  muscles  In  water  or  oil  at 
a  temperature  of  40°  (for  cold-blooded  animals,  49°— 60°  for  oiammals,  63"  &r 
birds  ;  Kiiliiie,  ^fl^o!o(J.  Untcrsuck.),  or  by  iiyecting  into  the  blood-reseels  various  isb" 
stances,  snoh  as  ctilonnbim  (Kiissmaul,  Virchow  Archiv.  xiii.  p.  289).  Kigor  mortis 
has  been  cousidered  as  a  species  of  confraetion, — "  tlie  last  vital  cfTnt  of  the  dyia* 
muscle,"  or  the  natural  condition  into  which  a  muscle  fails,  when  no  longer  sustalnsa 
by  life  (Bftdclif  f  s).  It  seems  note  probable,  howerer^  aa  will  be  seen  Mloir»  that  it 
is  due  to  a  spontaneous  coagulation  of  the  mn5:ele-8ub8tanee. 

The  reaction  of  the  living  fibre,  when  freed  as  far  as  po&ible  from  blood,  is  aeutial 
or  ftmpfajcluroniitle.  After  d(«th,  with  the  onset  of  rigor  ij^ortis,  it  beooMBSs  add,  and 
continues  so  until  ehanped  liy  fimmoriiacal  componndR  peii«Tat<'d  in  putrefaction.  The 
acid  is  probably  formed  first  in  the  interior  of  the  fibre,  for  ihe  natural  siuiiMe  of  tbo 
mnde  Tenudiis  nentzal  the  longest;  and  if  it  be  due  to  mny  proctta 

ofosidatiba.ths 

oxygen  must  be  fiirnishLd  liythe  mugcle-substanoe  itself,  since  the  presence  of  external 
oxygen  is  wholly  unnecessaxy.  The  reaction  cannot  be  attriboted  to  the  aoid  nhospbate 
of  potasihtiB,ibr  the  mark  on  litmns  ht  permanent,  wMeh  in  that  ease  it  vDtud  not  be* 

It  is  generally  supposed  to  be  due  to  lactic  (s^iircolactic)  acid  When  rigor  i«  artift- 
cialiy  produced  by  a  temperature  of  40^  (frogs),  the  reaction  at  the  same  time 
becomes  acid.  When  muscles,  however,  are  plunged  into  water  at  76°,  they  coagulats 
immediately,  with  a  distinctly  alkaline  reaction,  and  at  intermediate  agrees  an 
neutral,  with  a  tendency  to  acidity  or  alkiUinity.  Tht»  alkaline  reaction  at  76**  i* 
due  to  any  destruction  of  a  temporarily  formed  acid,  or  to  any  neutralisation  of  it  by 
the  allcaU  set  free  hjthe  ooa^^ulation  of  t)te  albnmin;  for  muscles  wfaidi  hare  once 
become  acid  remain  so,  even  when  immersed  for  "some  time  in  bollinj:^  •water.  So  also 
muscles  coagulated  by  being  plunj^ed  into  alcohol  remain  neutral.  There  seems,  there- 
fore, to  be  no  causal  connection  between  rigor  mortis  and  the  poet-mofteu  aoid  Msotioi^ 
(Du  Bois-Reymond,  M^'h.'ichoU.  Uiitcnsnrh,  1860.  p.  i.) 

Though  ligor  mortis  may  be  considered  as  a  sign  of  death,  the  ixyection  of  blood 
thnmgfa  the  tmmIb  of  a  rigid  limb  will  lemove  rigidity  and  lestera  eootnotil^f* 
(S  t  a  n  n  i  n s,  B  r  o  w  n  -  S  e  (j  u  a  r  «1 ).  K  ii  h  n  e,  however  {op.  ci(.\  den  ies  that  any  ffleh 
renval  can  take  place  when  rigidity  and  acidity  have  iairly  act  in.  The  xigi(i>tJ 
nerevthelesa  maybe  remored  bjaa  iiigee^n  of  cbloride  of  sodium,  and  !Rfihne  nalui  . 
{V)i(ir»Hch.  iVnr  Protujifai^iiia)  the  interesting  observation  that  the  acid  rfaoti'n 
appears  at  the  same  time ;  and  Prejet  (Central-blatt  med.  wissensch.  1664,  p.  7^^X 
states  that  if  a  bleod-uqjectioB  fellow  the  cUoride  of  sodium  ii\jection,  contractility 
tnaj  ha  nstoied. 

The  mvsrtr.pvh.'^tane^,  whose  fluidity  Is  indteat<'d  by  the  wave-like  phenomena  f'f  i^s 
contractionfi,  by  its  movement  towards  the  negative  pole  during  the  passage  of  n^o 
electric  eurent  (Kfihne).  and  by  the  behavioor  of  living  nartwitss  lodged  within  the 
sarcolemmn,  wns  supposed  by  B  rii  eke,  and  has  been  phownby  Xuhne  (^7).  rJ!*.),  to  eon- 
tain  a  body  whose  epcutaneous  coagulation  brings  about  the  rigidity  and  opaci^  of  the 
deadline.  If  alh>gVopened,aIperoent»Bolv&iof  ehlorideitfaodivndii^ 
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the  blood-feeeda  vatiX  all  I'lcotl  is  remored,  the  muscles  then  rapidly  chopped  up  nnd 
8abject«d  to  Ann  pionure,  a  lit^uid  will  he  obtained,  which  in  a  short  time  sets  iuu>  u 
firm  coagulum,  while  the  remaining  frugmonta  of  mosde  show  a  groat  hiok  of  rigidity. 
In  such  an  experiment,  however,  much  of  thr  musclf-fnbstance  will,  through  the  trrrit- 
mcnt,  be  rendered  rigi<l  before  the  liquid  can  bu  cipresiied  trom  it  In  order  to  obtaiu 
an  amount  of  coagulation  Mifflcicnt  to  justify  the  idea  that  the  rigidity  is  due  to  a 
coagulation  of  the  musdt-snb-f  .iiu^c  its«lf,  .md  not  of  any  lymjiTior  j>l;ism;i  balliln;:  fhr^ 
fibres,  muscles  freed  from  blood  by  the  injrotion  of  the  (1  por  eont.)  solution  of  chloride  of 
iodinm  are  frozen,  niiiiut«>ly  divided,  mixed  withlbur  tim<M  thoir^voluiiie  of  anoircoiitaiB- 
jrift  1  p^r  cont.  of  clilorii  ir  of  soiliuni,  ami  tlw  mass  pulveri.scd  a«  far  as  possible.  At  —  3^ 
the  mixture  will  become  sufficiently  liquid  to  be  filtered  through  lijaeu ;  at  0°  it  muy 
tfb  rapidly  paaBod  tfarmigh  filtering  paper.  Tht  filtnte  thai  afypeara  as  a  slightly  opa- 
losL'onf  fluid,  wlnV'h,  rxpofiod  to  onTiiiary  tr-mpt^raturf,  vrUl  sp.  fdily  set  into  a  rouiniluin 
ao  firm,  that  the  containing  vessel  may  be  turned  over  without  any  fear  of  spilling  the 
contents.  At  a  temperature  of  40^  ooagulatioii  takes  place  instantaneoualy.  On 
standing  the  coagulum  t'otitract-i.  aft<  r  the  fashion  of  a  blood-clot,  but  shows  a  great 
tendency  to  the  production  of  flocks  and  flakes,  and  leaves  the  surronndinp  liquid  highly 
opalescent.  Adopting  the  phraseology  used  in  speaking  of  blood,  the  fluid  parta  of 
niiivcio  may  V  o  deseriDsd  IS  ftcnuiig  a  mvaele-plaBnia,  iiliieli  sspontea  Into  the  maael** 

clot  and  muscU-sonim. 

The  act  of  coaguUdion  may  fairly  be  suppost-d  to  be,  like  that  of  blood,  the  union 
Into  an  insoluble  compound  of  two  soluble  factors.  K  ii  h  n  e  found  that  one  of  the 
factors  of  blood-coagulation,  viz.  globulin,  increased  and  hasfoned  tlie  eoarrulaf  ion  of 
muade-plaama.  The  cause  or  dctemiiuDg  circumstance  of  the  coagulation  is  un- 
luiown. 

M  I/O  sin  (th(^  name  pi  von  by  7v  iihn  o  to  the  muscle-olnt)  i«,  wlien  thoroufihly  washed, 
completely  neutral,  fbirma  when  wet  a  white  maos  of  little  transparency^  when  diy  a 
Tflloir  \mm  snl»tsn«i.   It  giTMr  the  vsnal  protein  naotioiisi,  and  eontauis  solpliiir. 

It  is  insoluble  in  watt  r,  aleohol,  and  ether,  exceedingly  soluble  in  very  dilute  acids, 
and  alkalis,  and  in  solutions  of  neutral  salts  all  degrees  of  concentration.  In  a 
10  per  cent,  solution  of  chloride  of  sodium  H  is  especially  soluble,  and  ma^  by  this 
means  be  extracted  from  muscles  already  coagulated.  (Hence  in  brine  there  is  always 
to  be  fonnd  a  conHiderablg  qnantity  of  it.)  If  such  a  solution  in  chloride  of  sodiem  1  o 
added  dmp  by  drop  to  distilled  water,  thti  myosin  is  precipitatrd  in  flakes  or  luiups, 
sometinu's  as  little  vesi«l<»s.  The  precipitate  so  formed  i  maltered  myosin,  and 
is  readily  redissolved  in  the  chloride  of  sodium  .solution.  The  {'n  eit>itat-'  obtaineil, 
however,  by  the  neutralisation  of  dilute  acid  or  alkaline  solutions  of  myosin  is  no  longer 
myoein ;  it  has  changed  in  character,  is  no  loiter  aolnbla  in  the  diioride  of  aodivni 
solution,  and  exhibits  the  reactions  of  syntonin. 

In  mttsclo-samm  (that  i%  moscle-pJasma  minns  mosde-clot  or  myosin)  Kuhne  xo- 
eogniaet  at  least  three  ftiRBS  of  allniniB  :—• 

1.  .\\\  albuuiin  whose  co;iy;ulation  depends  in  great  part  on  the  defrreo  of  acidity 
possessed  by  the  serum.  If  abundance  of  acid  be  prtwent,  coagulation  will  occur  at  a 
t<*mp«Rittire  so  low  as  SO*'.  In  this  bodr  Kfihne  reoognisee  the  miztore  of  potassio 
allMuninate  and  sodic  phosphate  desoribed  hj  Bollati 

2.  An  albumin  coagulating  at  45°. 

3.  A  large  quantity  of  albumin  coeguLitiug  at  75°.  There  are  also  in  untouched 
muscle  other  forms  coagulating  at  90°.  The  first  form  had  been  pt«viou.sly  reeoLrnised 
by  Harless  (Henle  u.  Meissner's  Bericht.  IS.If),  p.  171),  and  wa*!  repaidi  il  l,y  him  as 
the  chief  cause  of  rigor  mortia.  And  even  though  the  furiuatiuu  of  myosin,  which  is 
quite  independent  tiie  fomiatioii  of  add,  be  considered  as  the  chidT  part  of  ligor 
Tnortifi,  yet  t!ie  subsequent  coagulation  canaed  or  finrooMd  by  the  pceaenoe  of  the  add 
will  undoubtedly  inmase  that  oondittuiL 

Befbfe  (he  Teseaichea  of  Kfihne,  mnade  was  eonsidersd  to  eonnst  of  a  small 
quantity  of  albumin  and  of  a  lar^re  quantity  of  syntonin.  Myosin  is  not  the  same 
thing  as  syntonin.  Kithne  contends  that  syntonin  does  not  exist  as  such  in  the  un- 
toneied  mnsde^  hot  k  an  aitifleial  prodnet  dne  to  the  adjon  of  13ie  dibte  aeid  on 
myosin  and  other  albuminoid  bodies.  He  attributes  the  rapidity  of  the  solution  of  tlie 
muscle-substance  to  the  conjoined  action  of  pepsin  (the  presence  of  which  in  mnades 
has  been  shown  by  Br  ii  eke),  and  affirms  that  a  formation  of  syntonin  always  preeedee 
that  of  the  peptones  in  every  digestioii  of  albumin,  v.  Wittich  (Konigsben^.  mod. 
Jalirb.  ill.  210)  also  adopts  the  Bame  vinw  (see  Stntonin).  Henre  mnsclo-fibrin  or 
j^yntoniii  prepared  by  Liebig's  meilnxl  woidd  be  r^pirded  as  consisting  of  myosin  and 
tlir  albumin  coagulating  at  ;u>°;  muscle-juiee  as  a  suztorsoftiie  other  forms  of  albumin. 

Tlie  H'drt  is  singular  in  being  an  involuntary  mnfrlp,  and  yet  bHn^  composed  of 
striated  fibres.  It  is  remarkaI)Le  for  containing  inosite,  which  is  not  found  in  other 
wweiea.   ThtaloohdliA  «tnetexfaiUlil^flKe««ofMrtb«  vat«iy  estiMl  «fa^ 
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eharacteriatic  of  muscles  actir^  <«ofelwd.  Ita  reaction  is  the  same  as  that  of  other 
itfiiAed  arnuoks.  (Do  Boii-BeymoBdL) 

B.  JhiMifiattdt  trnooA  mnutin^ — Inwthmlmrg  muaoUif^liiue^  of  orgatne  IC^— 

MuseUs  taking  part  in  slow  movcDiint.*, — C'Dtnirdlt'  fif'rt-r(Us.—'T\\c-i^o  consist  of  looff 
qtiodlo'^hapea  cells,  or  liband-iike  fibres  marked  with  pecxUiar  rud-Iike  nuclei,  ana 
boond  togetner  vrith  eonneetiTe  tissue,  bloodvenela,  Denree,  fte.  Chrectar  diilleaUy  is  met 
with  in  tiie  unalysis  of  this  variety,  sincf  the  fibres  are  but  seldom  found  in  lar;^ 
isolated  massei^  and  are  much  mixed  up  with  other  tissues.    The  "juice  "  is  lem  m 
quantity  and  often  mind  witli  other  fluids.  L  e  h  m  a  n  n  found  ths  -KmSSati  of  the  joiee  of 
the  muscular  cout  of  the  pig's  stomach  distinctly  acid,  that  of  the  middle  coat  of  arterie^s 
feebly  acid,  that  of  Tunica  Dartos  neutral  (Lehrbuch,  iii,  p.  02).  DuBois-Reymond 
howt'Ycr,  found  the  muscles  of  the  gizzara  of  fowls  and  pigeons  always  faintly  alkaline 
afkar  death,  us  liho  the  muscular  coat  of  int«stines  and  arteries  of  OZHI*  SelmltBe  too 
(Ann.  Ch.  rh;irm.  Ixxi.  p.  277)  had  previously  observed  the  same  reaction.  V»t 
Sifgnmiui  (Vcrh.  phys.  nied.  Gesellsch.  Wuraburg,  iii,  60)  discovered  in  the  uteriiu* 
muscle?,  acetic,  formic,  and  lactic  acids.    From  the  smooth  muscles  a  substance  appa- 
rently iileiiiiral  with  tlie  syntonin  of  striated  muscles  may  be  obtained;  and  sineo  the 
former  exhibit  rigor  mortis,  thcv  also  probably  contain  a  form  of  albumin  capable  of 
coagulating  spontaoeously.   SchnUss  ^op.  eel.)  obtidiied  from  the  smooth  moBdes  of 
thr  iniJdle  coat  of  nrf.'ries  a  large  quantity  (7  to  21  per  cent  of  total  dry  matter)  of  a 
substance  which  he  believed  to  be  casttn.   Creatine  is  found  in  small  quantities.  The 
proportion  of  poteili  to  soda  ii  modi  lera  tiun  io  ibiatsd  mielM— 88 : 68  fa  the 
muscles  of  the  stonmch,  42 :  58  in  the  middle  ooat  of  the  ■itonee.  Xfaii  voeld  wtmi  to 

imply  a  great  mixture  of  blootl-serum. 

C.  Nusolet  of  Invertebrata. — These  ace  in  some  eksMS  striated  i<a. g,  Arttcu- 
iete);  in  oHicm  m-etriated  (e.  g.  MMhmm\  mod  yet  am  dowdy  allisd  vith  the 

striated  tlian  \vith  the  non-striated  variety  of  vertebrsita. 

Thfyprobabhr  agree  in  their  main  chemical  feature  with  other  muscles.  Becastein 
(OontralUatt  Ibmsd.  WisMoeefa.  1863,  p.  437)  feand  the  Buwdes  of  the  enhMOtMl 

or  fiiintly  alkaline  when  living,  but  becoming  acid  vith  the  onset  of  rigor  mortis.  He 
also  obtained  a  spontaneous  coagulation  of  the  expressed  muscle-juice.  In  bivalre  mus- 
cles he  found  the  foot  neutral,  tae  adductors  always  acid.  Both  gave  a  spontaneously 
eoasulating  juice. 

Valenciennes  and  Fr^my  (Ann.  Ch.  Phy.«».  i.  129")  found  oleophos|->hori<:'  acid  to 
replace  the  acid  phosphate  of  potassium  in  the  muscles  of  the  crab,  and  in  moUusoi  thi^ 
aieteiiwd  the  eheeaee  of  jwetun  end  ewetiaiiie  end  the  pnmnm  of  tenrine. 

D.  Prntojilasma, — Sa  rcode. — ^The bodies  of  many  of  tiiekiwer  animals  consiit 
in  great  part  of  a  semifluid  sub.^tance,  capable  of  peculiar  movement A  similar 
matter  is  al.so  found  in  vegetable  cells  and  in  the  cells  of  certain  parts  of  auiraals  (cornea, 
connective  tissue).  From  the  researches  of  Schnltze  (Das Protopkuma)  wad.  Kmhn9 
{op.  cit.)  it  appears  that  this  protoplasm  is  contractile,-  s;  ontnneonsly  coagulatiagi 
and  exhibits  other  reactions  which  bespeak  for  it  a  close  alliance  with  maade> 
rabeteiioei 

Mrtamorphosis  of  J\f!tscy:?ar  Tiss  The  chemical  changes  taking  place  in 
the  living  mulMde,  though  most  imperfectly  known,  may  be  generally  described  as  those 
of  oxidaaoD.  living miisdesooiiiQBMO]m;en  and  pnKlnee  carbonic  acid  (Liebig,G. 
Midler's  Archiv.  1 850,  p.  409 ;  M  a  1 1  e  u  c  c  i,  Compt.  rend.  1866,  i.  14 ;  V a  h  n  t  i  n,  Archiv. 
PhysioL  Heilk.  NJ.  i.  p.  285);  the  excretion  of  carbonic  acid  is  continued  when  tlie 
innsds  is  placed  in  hydrogen-gas.  Products  of  oxidation  of  nitrogenous  material 
arealwayspreaentinmiMde  ogeetfai^omtlirfiie,iiiorieaeid(pwteieedd),lgriM«enthfai^ 
taurine,  leucine,  &c. 

On  comparing  the  chemical  composition  of  muscles  at  rest  with  that  of  muscles  at 
WCAf  it  is  found  that  by  the  act  of  contniction,  the  substances  soluble  in  alcohol  are  in- 
creased and  tliope  soluble  in  water  diminished  1 1 1  1  ni  li  o  1 1  z")  ;  the  carbonic  acid  exhaled 
and  the  oxygen  consumed  are  increased,  the  proportion  of  carbonic  acid  to  o^geu 
being  at  the  same  time  also  increased  (Mtttemooi  yelentiii,  op.  sttL/Beseliow, 
/eit.sch.  nat.  Med.  xvii.  p.  106);  the  substances  given  up  to  tlie  blood  are  increa'^ed, 
(CI.  Bernard,  Med.  Times  and  Gas.  1861,  ii.  n.  26):  creatinine  is  increased  nartlv 
at  the  expense  of  crcetiiia  Heidenhein  (Meaumi$eM»  Leitfma,  bd  der  JndM. 
ihdtigJccit)  finds  the  amount  of  ;w  id  yiroduced  to  be  proportirnal  to  that  of  the  aetual 
energy,  liberated  during  the  contraction  (Sarokow,  Virchow's  Archiv.  28,  p.  644). 
A  mosdo  irfaoi  tetantted  beoomes  add  mm  %  derelopment  of  lactic  add  (Dn  Bois- 
l?cymond,  op.  cit.).  It  is  uncertain  whether  this  add  is  a  product  newly  formed 
or  a  permanent  constituent  temporarily  increased  in  amount.  Borszczow  ( Wiirburg. 
Mtor.  WuwwBiedt  iSeftldl.  IL  p.  65)  finds  no  lactic  acid  in  living  hearts;  Folwarczny 
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(Dnk  «.  Meissner,  18G1,  p.  295),  howerer,  finds  it.  With,  regard  to  «Na*h«, 

Borszpzow  ('-y^.  <v7.)  b.^lioves  that  it  is  formed  at  the  rxponso  of  creatininr',  wliil.» 
Keubauer  (Zeitsch.  anaijrt.  Ckem.  1863,  p.  22)  {«|p&rd8  creHtiaine  as  an  artilitiud 
pvoddotkm  and  w>  natanl  ecmstitaaat  of  laascle. 

The  position  of  the  earbo-liyJrat«  fj  in  inu.sol*'  is  a  very  uncfTtiiin  ono.  In  tlio  mu«cli-8 
of  the  embryo,  glycogeu  found  in  abundance  (Bernard,  Journal  de  Phrsiolog.  u, 
p.  S9;  Rouget,  ibid.  p.  333);  in  the  mnadmot  adidts,  ooeanoiMlly.  (MeDonoell, 
Nat.  Hist.  Rey.  iii.  538.) 

Besides inosite^vhich exist* ia tlieiaiiBclefof  the beart» Meissner  (Henleu.  Meissner, 
1861,  p.  295)  has  fomai  in  the  imieelMi  nt  the  lyBtim,  e  liNfmeiiteUe  su^r  (not  arising 
from  foodV  which  presents,  us  he  thinks,  sonu-  «lifn'n'iic*'.s  from  hepatic  sugar,  and  is 
probably  due  to  muscular  metamorphosis.  H  a  r  1  o  y  (Brit  For.  Med.  Clur.  Beriew,  1 857 ) 
and  Chauveau  (Oaz.  Med.  No.  23),  however,  fioid  reason  to  beliere  in  the  destruction 
of  engar  in  the  sys^^^ic  capillaries  (and  tbenlbre  in  part  at  I<>a8t  in  the  muscles). 

Knee  exerdse,  r^tm's  pfrrihttx,  inrreajsps  rigormortis,  it  mifilit  be  inferred  that  one  at 
least  of  the  factors  of  myosiu  was  developed  during  muscular  metamorphosis.  In  the 
genenQr  adopted  views,  the  nitrogenous  mnscle-substaaee^  the  'plastic'  element,  is 
supposed  to  supply  by  its  conversiion  tlio  force  of  muHcularmorements.  Ot  hers  (T  r  a  u  h  e) 
have  maintained  that  the  hydrocarbons  and  carbo-hydrates  (of  blood  and  muscle)  are 
tohextegardedMtfaeaMiaeoiiTMcfpower  ILF. 

mrSBWA  BAXX.  This  bark,  used  in  Abyssinia  ns  an  anthelmintic,  contains, 
according  to  Th  i  (-1  (.1.  Phnrm.  [3]  xlii.  176),  a  sharp-tasting  ooUoSdel  aobetaneeJpAUied 
musenin,  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

Muae,  Mimokut, — ^Ab  ododBTeniis  Teeinooe  snhetasoe  eooleined  in  a  l.ig 
near  the  navel  of  the  male  musk-deer,  a  small  animal  inhabiting  Tonquin  and  Thibet. 
Muec  oocors  in  ocnnmcrce  in  hcowaieh  clots,  often  mixed  with  hiuc;  Mnd^ii^  and  resins 
It  has  •  hitter  taste,  a  penietent  odottr,  ie  T«vy  inflsmmaUe,  and  parbaUj  aolnble  in 

\vat<>r  and  in  alcohoL  Aceording  to  an  analysis  by  Geiger  and  Reimann,  it  contains 
in  100  parts,  Tl  parts  fat,  4*0  cholesterin,  5  0  bitter  resin,  7'6  alcoholic  extract  (lactic 
acid-saUe),  36*5  salts  soluble  in  water  (potash  and  ammonia,  combined  with  a  peculiar 
animd  ttltter),  45*5  ammonia  combined  with  lactic  acid  and  water,  and  0*4  sand. 
(Pel  onze  et  Fremy,  Traill;  vi.  240.   See  also  Unts  DicL     ArU^       iii.  211.) 

I^rtTSSSTi-SBS&Ui.     See  Snr.i.LS. 

zausaxTS.  Syn.  with  diopside  or  white  augite  (see  Auorrn,  i.  475). 
Syn.  with  PABum. 

P.  The  jiuoe  of  the  grape,  expreeeed  iaet  nakhur  wim^  hot  not  yet  ifanneiited 

(sot' "Wixe).    The  snino  term  is  also  a[>jilii'd  to  fh«  freJnly-expressed  jnioa  of  Bffla, 

and  pilars,  previous  to  conversion  into  cider  and  perry  by  fermentation. 

nmxSTA&S.  The  seeds  of  blade  and  white  mustard  {S*na/ns  nigra  and  S.  aiint), 
when  gronnd  and  eifted,  fcraiah  ihe/tour  o/muitard  used  as  a  ctttdiiMak 

The  seed  of  white  raastanl  yields  an  ash  containing  25*78  per  cent,  potash,  0  33 
aoda,  19*10  lime,  5*90  masuc^  0*39  feirie  oxide,  2*19  iiUphttrie  anhydride,  1*31 
iilieB,  phosphtme  an^fdriie,  tmA  n  tnoe  of  eUoride  of  sodioei :  100  parte  of 
the  fresh  Heed.**  yielded  4  07,  and  100  parts  of  the  dried  seeds  i  i5  parts  ash;  100 
parte  ni  the  air-dri<  d  seeds  were  found  to  contain  8*50  part«  moistiue  and  1*21:1 
parts  SlllphlU!.  (Way  and  Ogston,  JahMsh.  1850.  Table  B,  p.  660.) 

•mVAW,  OZM  or.  m,  JIM  OiU.  White  mustard-seed  jkildji  faj  pwymie 

about  36  per  cent,  of  n  yellow  nearly  inodomus  oil,  which  has  n  specific  p:mvity  of 
0-9145  at  16°,  and  is  not  solidified  bv  cold.  When  saponiticxi  with  soda,  it  yields 
glycerin  and  ft  soep  which  is  pecfeot^  sohihle  in  water,  and  when  deconqpoeed  hy 
hydruohloric  acid,  yieldn  a  f>olid  crystalline  acid,  called  emois  ssid  (ii*  ¥A),9ndmk 
oUy  acid  having  nearly  the  composition  of  oleic  acid. 

Kaek  ratHtard-eeed  yields  18  per  eoit  of  aa  ell  fltnllar  to  the  preoedin^^  having  ft 
density  of  0  917",  but  Holidifyingat  tempemfures  below  0''.  According  to  Darby  (Ann. 
Ch.  Pharm.  Ixix.  1),  it  yields  by  saponification,  stearic  add,  orucic  acid,  and  an  oily  add. 

0.  Volatile  Oil.  When  the  flour  of  black  mittfterd,  aflsr  heing  freed  by  presswe 
from  the  fixed  oil,  is  moistened  wiA  miter,  left  to  itself  for  sereral  hours,  and  then 
disUlied  with  water,  it  yields  s  vary  pnngent  volatile  oil,  having  the  properties  and 

eonpoaitioD  of  sulphocyanate  of  allyl,  C*H*NS  -  It  is  espoci^illy  distin- 

guished  by  its  bebarioTir  with  ammonia,  with  which  it  immediately  nn  f  f  m- 
ing  eiTstalline  thiosiunamine  or  sulphocyanate  of  allyi-auiuiouium, 
B\0»fl*>N.CNS  (sea  8innoouiiio  BfsnsjL 
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This  Tolatilo  oil  docs  not  pre-exist  in  the  soed  of  black  mustard,  but  is  pzodaced 
fton  myronitf  mdA  (p.  1073)  oootained  in  tiie  wed,  nnder  the  isflvenae  of  watar  and 

a  i>eculiar  ferment  called  my  rosin  (p.  1075),  liknwiso  existing  f!ierein.  Acconlin^^lj, 
it  is  not  produced  unless  the  iaiuUrd*floiir  is  maeerated  with  water  for  some  tune 
previous  to  distilkfcbn.  Iti  fofVAtaOB  is  IflwwiM  pnTtnted  by  drving  th*ft»r  «t  » 
bigh  tMnperatara,  or  by  heatug  it  tvidi  aboliol  «r  idds»     «j  thaae  pweeuM  tbe 

aiyro«in  is  rPTidered  inactive. 

The  quantity  uf  volutilc  oil  obtaim  d  from  black  mustard  is  but  small,  amountijig  to 
only  0'2  p<>r  cent,  according  to  Boutron  and  Robiquet^  0*65  par  oant.  aoeoidiB^  to 

Asoli of  f,  and  0  5  per  cent,  according  to  W i  1 1  >  t . . c k. 

White  mustard  docs  not  yield  any  volatile  oil,  bccuu^u  it  does  not  contain  myrouic  acid. 

IkKYCXiOCZiOMB.   Syn.  with  Cb&eb&otb  (L  830). 

MVOMnailA*  A  geneite  mm»  of  llio  Aingi  (also  ealkd  Tbrvula},  which, 

aeoording  to  Pasteur  and  others,  arc  essential  to  the  processes  of  rinotis  and  acetous 
fermentation.  See  Pasteur  (Bull.  See.  Chim.  de  Paris,  1861,  p.  94;  Jahresb.  1861, 
p.  726 ;  Compt  rend.  Iv.  28 ;  Juhrcsb.  1862,  p.  475) ;  also  the  articles  Fxr^sstjitium, 
vntmMM,  ana  Wni^  in  thia  Diolionaij* 

MTCOMB&ZO  ACZI>i  AHf.r'niJe  rLaun-nt),  AUcxanarnhh.  (Gerhardt^ 
C*B*iN*0«.iH"^0.  (Liebig  and  Wohler,  Ann.  Ch.  Pharm.  xxvi.  804.)— ^^^^^ 
aqueous  alloxan  is  heated  gently  with  ammonia,  it  becomes  yoUow,  and  on  cooling 
daposits  a  yelloir  teaat^paaraat  jelly  of  mycomelat«  ci  ammonium  (see  Axxoxak,  i.  137  K 

fi'om  the  liot  aqueous  solution  of  which  salt  sulnhurie  acid  preeipitatrs  mypomt  lit-  oa-i  ]. 
When  fmsiily  precipitated,  it  is  tranKparcut  ;iuJ  gtlulLuuus;  but  whtu  vTiLbUid  auU 
dried  it  ia  a  loose  yellow  powder,  which  reddens  litmus.  It  is  scarct'Iy  soluble  in  cold 
w-iter,  mom  soluble  in  hot;  insoluble  in  alcohol  and  ether;  ssolul'Ie  in  nikilis  with- 
out forming  crj-stalliHaLlt;  salts :  its  solution  in  potash  is  deeompo&ed  by  boiling,  with 
evolution  of  ammonia.    It  decomposes  alkaline  carbonates. 

It  is  a  monobasic  ai-itl.  The  only  mycnnit  lafi*  known,  1"  sido  the  amraonium-salt*  is 
the  silver-salty  which  is  precipitated  in  yellow  flakes  when  the  ammonium-salt  is  added 
to  nitiaite  of  nlTer. 

According  tn  I.icbifr  find  Wnhl  i^r's  analysis,  the  noid  rf  talns  its  \  atom  of  ■wr.tpr 
iHien  dried  at  lOO''.  Gerhardt  {'lYait^  i  614)  regards  it  as  aUoxaiiamidc  (alloxan 
+  iSS*  —  8H7*0);  Laurent  (Oompt.  Tend.  zxxr.  920%  aa  aUozanide  (alkinaie 
acid  +  2Nn»  -  r^IPO). 

According  to  Hlasiwets  (Ann.  C!h.  Phorm.  ciii.  211),  mycomelioadd  is  formed 
when  nrie  add  ia  haatod  with  iwtnr  to  180~190<^  in  a  doaed  TeaeeL  F.  T.  a 

MTOO—  or  TUUliMB.  C>*H>K)".— Wig gera  in  18SS  (Ann.  Ch.  Fhaim. 

i.  173),  ol  Kcrrcd  in  ergot  of  ry.-  a  p<  (ndi:ir  kind  of  ftnp-nr,  which  was  more  i'xaofly  in- 
▼esti^ted  in  1&57  by  Mitscherlich  {ibid.  cvi.  15),  who  deeigoated  it  as  mjcoae. 
Berthelotin  thesama  year  (Ann.  Ch.  Phys.  [3]  till  2S3.  It.  872,  891),  obtained 
from  trehala-manna,  tlie  produce  of  a,  s]>eoi<  s  o(  nchivops,  gro v. ::  in  the  K.ist,  a  Mii,Mr 
which  he  called  trehaloae,  and  at  first  regarded  as  differeut  from  mycoe«;  but  un 
fbrther  ex^inataon  ha  waa  lad  to  inftv  tiiat  tha  two  are  identi<»d.  (See  OimUn^t 
Handbook,  xt.  299-301.) 

Mycose  is  obtained  from  ereot  of  rye  by  precipitatinfr  tho  aqueous  extract  of  the 
fungus  with  basic  acetAte  of  lead,  removing  the  lead  iVum  the  iilinile  by  sulphydric  acid, 
•vaporating  to  a  ^rrup.  and  leaving  the  liquid  to  crystaUiaa*  Trahaloaa  ia  obCaiBMi 
from  trehala-manna  by  exhaustion  with  boiling  alcohoL 

Mvcosc  (trehalose)  forms  shining  rhombic  crystals,  containing  C"H'*0".2H'0, 
whi<m  melt  when  quickly  heated  to  109^;  but  if  slowly  lit  :< ted  give  off  then*  water 
even  below  100-.  It  has  n  strongly  Baccharine  tjiste,  dissolves  easily  in  vtUir  and  in 
boiling  aicoM,  but  is  insoluble  in  ether.  The  aqueous  solution  ia  dextro-rotatoiy. 
For  txehaloaeb  Bttthelot  finind  [«1  «  +  199'>  (for  C"H«0".2H*0);  the  apeeiflc  rato- 
tory  power  of  myrosp  i?,  aoonrdmrj  to  ^rifscherlich,  [o]  ■=  +  192-5''. 

By  sereial  hours  boiling  with  dilute  gtUpkuiio  aeid,  it  is  converted  into  dextro- 
elncoee.  With  etroog  mine  aeid  it  fcnna  a  oeconathig  nitro-eompoond ;  hiKtod  with 
dilute  ni trio  acid  it  yiehls  oxalic  acid.  In  confaet  with  f/nisf  it  pasi^eH  wlowly  and  ini« 
peifectiy  into  alcoholic  fermentation.  It  is  not  altered  by  boilW  with  alkaU»t  ami 
doea  not  rednee  ennoof  oodda  ftom  alkaline  <wpr^  tokMnu.  Etaatod  -widk  aeeik  or 
hnij^ric  acid,  it  yields  saccharides,  not  distiiignidiAhlaihM  ihoaai^llioh  wa formed 
in  like  manuor  from  dextro-glueose  (ii.  85 1,  85'J). 

IKTBIiXVa  A  kind  of  kaolin,  found  at  Kochlitz,  of  a  yellowish  or  reddish  cdoor, 
and  eonfaintng^  aoeoiding  to  Eerrten,  87-68  per  cent  ^vtr,  90^99  ahiraina,  0.88  nag- 

liosi.i,  0-63  m:  nganie  oxide,  and  a  tiacc  of  U  rr'c  oxide. 
The  name  myelin  is  aim  applied  by  K.irchow  and  Beneke  (Ann.  Ch.  Phaim. 
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cadi  249)  to  a  peculiar  fatty  gabttaaee  obtained  eraporattng  tho  alcoholic  extract 
of  hwd>b(nled  yolk  of  egg,  Imiiii-mibatance,  crystalline  lenses,  aira  (^her  animal  tiaauea. 
This  substance — which  is  especially  characterised  by  shooting  out  into  peculiar  spiral 
threads,  or  loops,  when  immersed  in  water  or  in  a  solution  of  sugar — is  found,  acennling 
to  Ben  eke,  in  some  of  the  lower  animals  {e.g.  in  fMue  Pomatia,  p.  140),  and  likewise 
in  plants,  viz.  in  yovog  cUorophyll,  in  some  flower-stalks,  in  certain  seeda^  eepedally 
in  p«>;!«  ;nid  n1\viy«  acroropanied  by  cholesterin.    (Jahresb.  1862,  p.  507.) 

MmuCA,-TAXAOW.  Myrtk-wax, — A  solid  fatj  obtained  by  pressing  the 
berries  of  Jtfyries  omfcra  (or  M.  torH/Ma,  J uhn)  witii  water.  It  is  pale-green,  trans- 
lucent^ brittle, and  friable  in  tlif  cold;  of .■^pliurcry  fraofurr,  bss  ixti'iisiblr  when  warm 
than  beeswax;  has  aa  aromatic  taste  and.  odour.  Specific  gravity  1-005  (Moore^ 
SOL  Am.  J.  m  zzsni.  118).  Melts  at  4r»  to  4«»  (Moore).  Wbsti  pnriAsd  by 
treatment  with  boiling  water  and  cu\<\  alcohol,  it  nu  Its  at  47  6°  and  contains  74'03  per 
cent.  C,  1207  H,  and  13-70  0  (Lewy,  Ann.  Ch.  Phys.  [3]  xiii.  448).  It  contains 
a  large  quantity  of  palmitic  and  a  snudl  quantity  of  myristic  acid,  for  the  most  part  in 
the  free  state,  but  to  a  smaller  eacteiitMUibiiied  with  pjevnn ;  no  olsie  nor  aaj  volatile 
acid.  (Moore.) 

It  dissolvc-s  in  20  pts.  of  hot  aloohol,  a  ]^>ortiuii  (pahn  i  j:  lecording  to  Moore)  re- 
maining, however,  undissolved,  and  on  cooling  |  separut^  s  out ;  the  solution,  Ibnnedi 
MTiih  aid  of  heat,  solidifit  s  on  cooliiiL'.  and  wlirn  perfectly  cold  is  no  longer  pree! pi- 
table  by  Wiiter.  It  is  nearly  insoluble  iu  cold  ether,  but  dissolves  in  4  ^Is.  of  boiling 
ether,  the  solution,  as  it  eoob,  depomting  th<>  greater  part  of  the  tallow  withont  eolour, 
and  itsrdf  n  taining  a  fine  green  colour,  fold  oil  of  fnrprntiiic  .--ofYpn^,  and  hot  oil  of 
turj^ntinc  dissolves  ^  pt.  of  it,  the  solution  on  cooling  depositing  white  opaque  granules. 
It  Bkewiaa  dissoltes  easfl j  in  Used  oils. 

IRHXOZir.   (Brodie,  Ann.  Ch.  Pharm.  IxzL  21().— The  portion  of  beeswax' 

which  is  insoluble  in  boilini^  alcoliul.  It  prepnrt  d  by  t  xhanstiug  beeswax  ^vith 
boiling  alcohol  till  the  alfoiiobc  liquid  no  longt  r  givui>  u  precipitate  with  acetate  uf  kuiL 
The  myricin  thus  ol^tainrd  melts  at  fi  l*^,  and  has  a  faint  waxy  odour.  It  consists 
chicnyof  {.alniifat.'uf  niyricyl.  C'lb'-O'  =  C'«n*'(  C^TT«)0» ;  and  by  d)V'olvin)-  it 
in  eiher,  aud  k-aviug  the  solution  to  uvuporatc',  tht-  palmitate  of  myricyi  is  obtained  in 
light  plumose  cirstals,  melting  at  71-o**  or  72°,  and  easily  saponified  by  potash, 
espi  cially  in  aleofiulic  solntion,  yit'lding  palmitic  add  and  liydrafo  of  myriryl.  Crudo 
myricin  yields,  bv  sapouiiication,  the  same  products,  together  with  sni.til  quantities  of 
another  add,  ana  a  nentral  snbatanoo  resembling  hydrate  of  ct  ryl  (i.  838).  Omdo 
myricil  yield""  by  dry  distillation  a  number  of  fatty  adds,  of  which  palmitic  acid  fomia 
tho  lar-T'  -^f  portion,  tog.  tlu  r  with  solid  and  liquid  hydrocarbons.  (See  MwJUi^p. 868), 

(Tlrodie,  Phil.  Trans.  1848 ;  Ann.  Ch.  Phami.  bad.  144.) — This  compound,  which  I.s 
the  highest  known  alcohol  of  the  series,  CH"*'©,  is  obtained  by  the  action  of  melting 
potash  upon  myricin.  On  dissolving  the  prodnet  in  water,  precipitating  tho  milky 
liquid,  whiidi  contains  tlio  alcohol  in  suspension,  with  chloride  of  barium,  cxliaustinr^ 
the  precipitate  with  ether,  and  leaving  the  solution  tu  evaporate,  hydratts  of  myricyi  is 
deposited,  and  may  be  purified  by  crystallising  it  from  ether,  till  it  melts  at  So^,  A 
good  mode  of  purificati(.'n  also  is  t()  exhau.st  tJic  ]ircci]iitatc  with  lioilin^  alcohol,  and 
dissolve  the  substance  which  is  Uupoi>iLed  £a)m  the  alcohol  iu  rock-oil  ur  rectilied,  cool- 
taroiL 

The  mot lier-liquor  then  retains  in  solution  a  small  qnantityof  another  substance 
which  melts  at  72^  and  gives  by  ana^sis  the  same  numbers  as  hydrate  of  myricyi. 
Brodm  supposes  it  to  be  an  aloohol  of  nndlareoniititation.  When  treated  with  potasn* 
lime  it  yields  an  acid  containinf,'  C*'WO*.['}) 

Hydrate  of  myricyi  is  a  crysudluM  substance  having  a  silky  lustre.  It  contains,  ao- 
cording  to  Broaie's  analysis,  83*02 — 63*77  per  cent  0,  and  18*97— 14*2d  H.  (ealc; 
88-19  C,  14-15  H,  and  3-66  0.) 

When  subjected  to  dry  distilhtion  it  partly  sublimes  unaltered,  and  is  partly 
resolred  into  water  and  a  solid  hydrocarbon  (melene,  p.  8G8).  Heated  with  potwsk' 
Urn  it  givet  offhydrogeaa,  and  is  oonTsrted  into  meHnate  of  potaasinin: 

C«>H«0  +  KHO  =  C^^n^KO'  +  n*. 

TVitli  stronf*  sidphuric  acid  it  forms  acid  sulphat«'  of  ceryl.  Chlorine  converts  it 
into  a  resinous  body  {chluu/mdai),  which  gives  by  analysis  numbers  correspundiu^  to 

IRBmTSO  AiOBD.  0»<H*0»-^"2[o.   (Playf air.  PKL  Mag.  [S]  wiii 

Wli  Ann.  Ch.  Fharm.  nxviL  168.— Hoiat^  Pogg.  Ann.  ImviL  267;  »l  197; 
vtiL  429  ind  086.  Buwmarjf  «f  tkf  MetyUi,  J.  pr.  Chcm.  Ixri.  l^V riooeehea,  Ann.  * 
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Cb.  Pharm.  xc  369. — Schlippe^  add.  cv.  L—0 adorn anns,  J.  pr.  Chiem,  haxL  366 

This  acid  was  discoTcrod  by  P 1  a  y  f a i  r,  and  obtained  purr  by  JT  o  i  n  t  z.  It  occiirf!,  as 
■jBstin  (mjriaUte  of  fflyoexyl),  ia  Dtttautt-buttar  (Plajrfair),  in  otob«-irax  (Uri- 
«oteli«sX  in  4ika-lNrwa  (it  99b\  anomtng  to  mora  tinn  eo^-faalf  «f  llui  iMj  addi 

contained  tborriu ;  also  in  small  qnantity.  tngother  with  mnny  other  £itty  aeidfl.,  in 
cocoanut-oil  (Gorgeu,  Ann.  Ch.  Phurm.  ixTLj314X  in  common  batter  (Heintc)  ;  in 
croton-oU  (Schlippe);  and  in  combinatimi  with  ethal,  or  an  analo^oa  bodv,  in 
■pennaceti  (Heintz).  According  to  Heinta  and  Scharling,  it  n»f  be  produoai 
nrtifirially  by  heating;  ethal  with  potash-lime ;  but  its  formation  in  this  waj  isooubtleM 
due  to  the  presence  of  methal  or  mjriatic  alcohol  (p.  1072)  iu  ihv  ethal  emj^yed. 

Prrparatietu  «.  From  BpermmetiL  When  the  iktty  acids  obtained,  together  with 
rtlial,  hy  tho  MMponifiiMtion  of  spermacpti,  iis  desorilit'd  under  Lauric  Acid,  (p.  474 \ 
are  dissolved  in  ulcuhul,  a  mixture  of  palmitic  and  stearic  acids  crystallises  on  cooling 
while  a  portion  of  both  the^,  and  the  whole  of  thm  mjpiiitio  md  lMUMMid%  remain  ui  I 
solution.  By  fracf ii  nal  prooipitation  (at  last,  in  presence  of  excels  of  ammonia)  the; 
alcoholic  solution  is  again  divided  into  two  parts :  the  stearit^  oalmitic,  and  a  portion 
of  llw  vyfiili*  MMlMbg  thrown  do 
the  rest  of  the  m^Tistic  acid  n  main  in  eolution. 

Trtatment  of  the  prccipitaUd  nuufnetiMHsalU. — The  magneeia  is  separated  fiom  the 
fiittj  acids  by  boiling  then  mth  oShite  hydroeUorie  add ;  the  nelbng-point  <if  «Mh 
portion  of  acid  so  obtained  is  dotcrniiued  ;  and  those  portions  which  melt  nearly  «t 
the  Mune  temperature,  and  do  not  differ  eesentiallr  in  their  mode  of  solidifying,' axe 
nixed  togethw.  When,  now,  the  nbtare  of  adds  is  repeatedly  oyetaUised  from 
alcohol,  and  the  melting-point  of  the  crystallising  portion  determined  every  time,  i 
several  successive  crops  of  crystals  are  obtained  from  each  mixture.  These  are  to  bo 
considered  pure: — 1.  When  their  melting-point  remains  the  same  after  repeated  crys- 
tallisation ;  2.  When  they  solidify,  on  cooling,  in  crystalline  scales;  and  S.  WhSB*  OB 
fractional  precipitation  of  their  alcoholic  solutions  with  acetate  of  magnesium,  portions 
baring  one  aiid  the  same  melting-point  are  obtained.  The  several  portions  of  the 
same  add  show  also^  when  purs,  the  same  mettmg-poiBt  after  being  mixed  together  aa 
whpn  separate.  Sometimes,  especially  in  the  preparation  of  niyrislic  acid,  it  is  nrces- 
snry  to  Hubject  the  single  cxystallisatious  anew  to  fractional  precipitation,  and  to 
repeat  the  aboiT«  tnatouiit  and  fmrnfaathm  of  tiie  nagMaian*flalla  tins  obtainad. 
(Heintz.) 

In  this  way  Heints  obtained,  by  the  first  precipitation  with  acetate  of  ma^esiaiiL 
ninelneii  ma^Mritsn-salta,  IhMB  eadi  of  whidi  ho  separated  tiio  adda.  K  nixed 

togetlior  tho  .^r.v)'  six  porticms  of  acid,  the  melting-points  of  which  vuriod  from  42*7°  to 
46°,  allowed  them  to  separate  firom^  alcohol,  and  repeated  the  crystaUisatioa  fooxteen 
times !  hut  eren  the  last  eryslalhaatioii  prared  to  he  a  nlxtnra  oc  palnStlo  and  otearia 

acids,  and  in  no  case  was  a  pure  acid  obtained.  By  precipitating  the  mother-liquor  * 
from  the  first  nine  crj-stallisations  iu  seven  portions  with  acetate  of  ma^esinm,  he 
succeeded  in  obtaining,  from  the  first,  second,  and  third  portions,  after  eight  or  nine 
times  rep«ited  cr}-!<talIiiiation,  pore^  or  nearly  pure,  palmitic  acid.  The  fourth  and 
fifth  portions,  yielded  by  seven  times  repeated,  the  sixth  and  fovenlb  by  three  times  ' 
repeated  cryHtallisation,  myristic  acid  melting  at  63  7,  which  showed  the  above 
signs  of  purity.  Of  the  remaining  adds  of  the  nineteen  magnesium-salts,  the  aramlft 
and  eighth  porfi('7is  did  not  yield  a  pure  acid  by  ropoated  crystallisation,  but  were 
recognised  as  mixtures  of  palmitic  and  myristic  acida  The  9 — nth  portions  were 
mixed  together.  The  part  whidi  first  separated  ftou  an  alcoholic  solntioo  did  not 
yield  a  pure  acid  on  repeated  crystallisation  ;  after  returning  it  to  the  mother-liquor, 
therefore,  a  portion  of  the  acida  present  was  precipitated  by  the  addition  of  a  little 
aeetala  of  harivm.  The  filtrate  nobsd  with  water  depodted,  in  the  eold,  cr}'8tals 
melting  at  53-8°.  which  yielded,  on  recr}'8tallisation,  pure  myristic  acid.  The  acid 
separatedfrom  the  cighUenth  and  nineteenth  portions,  proveil,  after  three  cn'8talliBation& 
to  be  alsonyriatioaeid  (Heintz,  Pe^^.  92,  429).  The  quantity  of  mytistio  add 
obtained  from  spermaceti  is  but  small. 

fi.  From  common  butter. — The  mixture  of  acids  obtained  b^  saponifying  butter  and 
decomposing  the  soap,  is  freed  from  volatile  adds  byhoUing  with  water,  and  from  ddo 
add  by  treating  the  lead-salt  with  ether  and  afterwards  dissolved  in  alcohol  and 
allowed  to  crystallise.  After  removing  by  recrystallisation  a.«s  much  of  the  acid  present 
as  can  be  obtained  with  a  melting-point  of  66°  or  57°  (containing  pidmitic  and  stearic 
adds),  the  coUeetad  alcoholic  mother-liquors  are  subjected  to  fractional  predpitatioB 
with  acetate  of  magnesium  ;  the  mTri.«tic  acid  is  thrown  down  in  the  la.st  portions  of 
the  precipitate,  and  may  be  obtained  therefrom  by  recr}-6talli8ution,  removing  if  • 
neeesKary,  the  substances  at  first  predpitable  by  acetate  of  barium  (Heints).  The 
adds  obtainad  by  the  ■aponifloatfan  of  dihi-At  yield  nyifatia  aaid  on  repaatedaiyS' 
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talliaation  from  aloohol,  vhile  a  second  portion  of  the  acid,  togedier  with  koxic  acid, 
ivnates  in  aohillofi.  TMa  latter  poftkn  nay  be  leeovered  by  precipitating  the  wdvtiok 
in  sereral  parts  with  acetate  of  magnesium,  sepamtincx  the  mapiiesiu,  and  ciystaliising 
Ibe  separate  portiona  of  acid  until  the  meltins  point  rises  to  63*8^.  (Oudemanns.) 

7.  From  MyrUtin.  PI  ay  fair  saponifies  uie  myrtstin  of  nutmeg-butter  with  Btrong 
caustic  polMk;  washes  the aei|^ npeatedly  with  solution  of  common  salt;  and  after- 
wards decomposes  the  hot  aqueous  solution  with  hydrochloric  acid.  The  acid,  whieli 
separates  as  a  c-olourlesa  oil,  solidifying  on  cooling,  when  fretid  £rom  all  tracee  of  hy* 
drochlorie  add  b^  washing  with  water,  yields,  on  repeated  cryatftUisation  from  ulooholi 
Playfair's  myristic  acid,  having  a  mfltintj-point  of  49-8°  (impure,  therefore,  and  QOa- 
laminated  with  an  acid  containing;  a  smaller  proportion  of  carbon).  (Heintz.) 

ft.  By  saponifying  otote/o/,  aeidi  av»  dbtaroed,  from  an  alcoholio  sdntioQ  oc  wbieh 
;icrtat(>  of  magnesium  precipitates  only,  oc  chiefly,  Bqfziatio  «ek^  while  olsic  loid 
remains  in  solution.  (Uricoechea.) 

lVt>pwliM.~Myriatte  add  fvma  white^  iMiihig,  erTitalliBe  hmiiUB^  Msembling 
palmitic  acid.  It  has  an  acid  reaction,  is  perfectly  insoluble  in  uaffr,  but  dissolves 
easily  in  hot  alcohol,  crystallising  on  cooling ;  it  is  perfectly  insoluble  in  ttJUr.  It 
melts  at  53'80,      solidifies  on  cooling  in  ciyatdKna  eealea.  (Heintz.) 


Xablb  qf  iJU  JSitMHff-peiittt  0/  Mixtures  of  Lamrio  and  IfyruHe  Addt,  aoooribkig  to 

Hiintz, 
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Myritttc 
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10 

51-8° 

Crystalline  scales. 

80 

ao 

49-6 

44-6 

Very  fine  crystals,  not  distintrui>h- 

u 

able  aa  either  needles  or  scales. 

1' 

70 

30 

43-7 

30 

Ditto  ditto 

t'- 

60 

40 

46 

89 

Uncrygtallised,  wilh  iaobfead  Uw- 

!.** 

<0 

trous  spots. 

iO 

87*4 

86*7 

Large  cryalaffiBt  IobIba 

40 

60 

m 

88*6 

Uncrystallised,  w&h  in^itf^  Im- 

trous  spots. 
Uncryst^ulised,  wavy. 

70 

S6-1 

82-8 

20 

80 

38-5 

33 

Ditto  ditto 

10 

00 

41-3 

86 

Ciyetalline  needlHk 

It  will  be  obaerred  that  when  the  lauric  acid  amoants  to  40  per  cent  or  more,  the  melt- 
iog^point  of  the  mixture  lies  below  that  of  either  constituent.    This  is  gi  nerally  the 
'  case  in  mixtures  of  fatty  ncids,  when  the  qvaatitj  <d  the  more  foaiUfi  oonstituant 

exceeds  a  certain  portion  of  the  whole. 

Decompositions. — 1.  MTristie  add  milgaeted  to  dry  HaHB^Mom^  ia  paortly  daeomooeed 

ft  nnd  partly  volatilised  unaltered. — 2.  On  boiling  with  wiVrje  acid,  apart  is  converted  into 

soluble  products^  with  evolution  of  red  vapours,  the  remaining  undissolved  portion 
behaTiog  like  tmcbanged  myristie  add  (P 1  a  y  f  a  i  r).— 3.  By  the  dry  diatiUation  of  dia 
.  calcium-salt,  myristone  is  produced  (Over  bee  k). — 4.  A  mixture  of  myristate  and  ^TITMltl* 

of  calcium  yields  a  repulsive-smelling  oil,  which  deposits  a  small  quantity  of  a  atdid 
product.   This  last,  purified  by  recrystallisation,  forms  small,  white,  cr^stal&ia  aealNi 
I  oontaining  a  larger  proportion  of  carbon  and  hydra|[an  than  would  be  contained  in 

(  myristie  aldfhyile  ( Lim  pri ch  t,  Ann.  Ch.  Pharm.  xcvii.  371). — 5.  Myri&tate  of  poUui- 

t  sium  heated  ^ixkoxychloride  0/ phosphorus,  yields  myristie  anhydride;  with  chloride 

ttfbmuojfl,  bMUDO-uyriatic  aidiydnda.  (Ohiosia  and  Halorba.) 

I-  MvinsTATFS. — ^lyristio  acid  is  monoliasic,  the  pemral  formula  of  the  myristatwi 

being  C'*H"ittO*  or  C*"H*'M"0',  according  as  they  contain  mono-  or  di-atomic  metals. 
ThiB  myriatataa  of  the  alkali-metals  are  not  decomposed  1^  water  (like  the  atearates) 
with  formaliQB  of  acid  salts.  (Playfair.) 

Myristate  of  Barium,  C="IP'Bl)a"0',  is  obtained  firom  chlorifle  of  barium  and 
4,  myristate  of  potassium  by  double  decomposition  (Playfair).  Hein  ts  precipitates  hot 

y  akoholienyriBtioaddwIthahotoraeeBtraftedaqiieoaaiolntianof  ae^^ 

^  waahaatba precipitate  with  weak  alcohol  and  hut  Mater.    Oudemanns  precipitates  the 

^-  wnmonia  add  with  chloride  of  barium.   It  is  a  veiy  light  cirstalline  powder,  consistins 

^:  of  thin  nisfOioopic  naCMOM  laaiua.    It  ia  Tery  slightly  soluble  in  iMfeer  and 

!^         dcdholpiaddiOQaipoftbetoasdtip^  ^    ^  ^ 
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Mj/riatate  of  Copper^  C^H**Ccu'  0',  is  obtained  by  precipitation,  as  a  reiy  iight, 
loose,  bluish-green  powdeiv  eonriflting  of  jBkaamaf&a  iiMdkt.  It  hiwpmai  deopcv* 

oolottred  when  heated  above  lOO*',  and  cukes  together  before  melting. 

Myristate  of  Lead,  C^II*'Ppb''0^  obtained  bv  precipitation,  is  a  wliite,  loose, 
amorphous  powder  which  melts  ut  100° — 120^,  and  solidities  on  cooling,  in  a  wlii  te,  opaaue, 
nmorphous  mass  (Heintz).  An  accto-myristaU  of  Uad,  C*H«Ppb'*0*.40»fl»*Pjpib^, 
is  oI>t.\iiird  as  a  hear}'  white  })ovdar,  inaofaiUB  Imrator,  ty hertiiig  myriitin iat  wimit 
daj  s  witJi  basic  acetate  of  lead. 

Myri^iaU  of  Magn»9i%m,  0*^B¥l|biig^O«--Hjzla(fe  add,  to  wUeb  iBaaatnS^ 

and  sal-ammoiil:to  have  been  added,  is  precipitati  <1  T>j  sulphate  of  mngnesium,  and  tlie 
precipitate  washed  with  water.  Very  light  powder,  consisting  of  microscopic  needles ; 
becoming  transparent  at  140°,  semi-fluid  at  160°  and  decomposing  at  a  higher  tempers* 
tore.  Tlu  s:iit  dried  in  the  ttit  eonteutt  9*M  p«r  cent  water  (S  at     10*15  par  eflot. 

H*0).  (H^'intz.) 

My  ristate  of  Potassium,  C"H*^0'.  — Mjriwtic  add  is  digested  with  oon<^> 
trit«d  aqueous  «arboiiiate  of  pcteMsiim ;  tiie  ptocroet  eraponted  to  drjiMN,  and  tiM 

myrl.statt'  of  potassium  cxtnictcd  by  absolute  ak-oliol.  It  forms  a  white  ctyvtaOilie 
sosip,  ♦•asily  .siilulilp  in  water  and  in  alcohol,  insoluble  in  »?ther.   (Phty f.Hi r.) 

Myristate  of  Silver,  C'*ll''AgO^,  is  ubtuiued  by  double  decomposition,  from 
till  sodiam<«alt  ttid  nitnto  of  silver,  as  a  wlute,  Ug^t,  amotphous  powder,  turning 
siiulitly  when  exposed  to  light.  It  di^compofcs  abave  100**,  without  melting 
(Ueiutz);  dissolT<»  u  aqueous  ammonia,  and  forms,  by  spontaneous  eyaporation* 
lug*  tnuiapannt  erjtttaia.  (Flayfair.) 

^f//  rixfate  of  Sodtv  m,  C'*H*^aO*. — A  boiling  acjneous  solution  of  carbonate  of 
sodium,  quite  free  firom  sulphate  and  chltmde^  is  added  in  excess  to  boiling  alcoholic 
myristic  acid,  and  the  mixture  is  evapoiated  eompletcly  to  dryness  in  the  water-bath. 
The  residue  b  then  extracted  with  boding  absents  alcohol,  and  flltarod  boiliag  hot. 
The  filtnitf,  which  solidifies  to  a  jelly  on  coolinp,  is  liquefied  by  w«rminp,  and  mixrd 
with  walcT  Lq  the  proportion  of  oue-eighlii  uf  the  ulcobul  tiUJ ployed,  whereby  a  mutiirr- 
Ikuor  is  formed  whi<A  takes  op  muw  foreign  saltspresenL  On  Sfida  scHm^fiag^  this 
BMt  IB  collected  on  liaan  and  strcngy  pressed.  (Eeints.) 

p^ed  to  exist  tc^ether  with  cetylie  alcohol  or  ethal,  C'*n"*0,  and  others  of  the  same 
scries,  in  commercial  gpprmaeeti.  "^^^l(■n  thifi  substance  is  saponified^  salts  of  etearic, 
palmitic,  myrktie,  and  iauric  acids  arc  ubtuined,  together  with  crude  ethaL  Now  when 
the  latter  is  rccrystallised  from  aloohol,  pure  ethol  or  cetylic  alcohol  (i.  841),  crystallises 
whilst  llie  homolopnns  compoTiTid';,  sf-  iLl  C'lT  K\  C"II»0,  and  /<th<jJ  C'-H^-O, 

remain  in  smaller  quantity  iu  iha  mulhor-liquors,  inasmuch  as  the  alcohols  obtained 
ftom  these  mother-uquors  (after  the  removal  of  tiie  admixed  £itty  acids  by  rmeatcd 
tn^tmcnt  with  alcoholic  potiish  and  uddi' '^n  of  wator),  yi«ld,  whm  hfat.d  with 
potash-lime  to  276^ — ^280*^,  as  long  as  hvdro^n  continues  to  escape  stearic,  palmitic, 
myristifl^  and  laniie  addst  (Heints^  Ann.  uh.  Pbarm.  xeiL  290;  nevii.  871 ;  J.  pr. 
Chem.  IxvL  19.) 

MTSZSTZC    AITBTBBZBE.     C»H*«0»   =    (CH^Oj-.O.    (Chiozia  and 
Malerba,  Gtrh.  I'ratte,  ii.  789.) — Obtained,  like  other  anhydrides  of  the  same  sedss^ 
the  action  of  oxycUoride  of  phosphoms  on  myristate  of  poteseittm.    It  is  a  ftttj 

Hub^stnnec,  which  ht'urL-oly  oxhil>ifs  any  i^ryst;JliuL'  texture.  Itn  melting  point  i>  ft  few 
degress  lower  than  that  of  myristic  acid.  When  slightly  heated,  it  gives  off 
Taponm  baring  a  digagrceabita  odimr.  It  ia  bat  dowly  saponiAed  bj  boiling  camia 
potasb. 

nmUSTZC  STBZSHS.   a.  Mj/rislatf  "Dry  hydrochloric  acid  iffis 

is  passed  into  a  hot  solution  of  myristio  acid  in  absolute  aloohol,  andUhe  oil  which 
separates  <m  ooofiag  is  mMhed  rep*-ate<Uy  with  oold,  and  afterwards  msscrfred  in  a 
small  quantity  of  warm  aleohol.  The  layer  of  oil  again  formed  on  cooling,  after  beii!i» 
separated  from  the  aloohol  and  cooled,  deposits  large,  hard,  very  easily  fusible  crystals, 
fmn  vbich  the mother-liqiior  is  to  be  decanted  (Heintz).  The  specific  gravity  of 
iqyristio  atfaer  ia  0*664  (Play f ai  r).  It  diaNilTea  euilj  in  bot  alcobd  and  in  etiier. 

fi.JlffrUtaUof  Glyceryl.  Myriein,  C*WH>»  - ^^?/^/;^J^|o«.  (Playfair, 

loc.  Cftf.)— >Wh«n  nntmugs,  after  exposure  to  the  vapour  of  boiling  water,  are  pressed 
between  hot  iron  plates,  a  fiitty  matter  called  nutmeg-butteris  separated,  consisting 
of  an  oily  liquid,  which  has  not  bpcn  examinod,  and  a  wlid  er^  ^^^-dlic  ,Mo  fat,  whirh  is 
luyi'istin.    To  separate  the  latter,  the  crude  fat  in  digested  witii  uicuiiul  of  ordinary 
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strPTigth;  Um  mynftin,  w  hich  floats  on  th«  mabu»ci  the  liquid,  W  dissolTed  in  boiling 
ether ;  and  tlw  oyttals  which  separate  on  cooling  are  i«ewed  between  bibulouB  paper, 
then  T«dias(dted,  and  mlimitted  to  aUnnate  pressure  aad  erTstalliMiftiai  till  tiiej  melt 

constantly  at  31^.  (Playfair.) 

Myhsttn  thus  ^r^pared  is  crystalliiM^  aad  has  a  silky  lostee.   It  is  solaUa  in  aU 

S portions  in  boiling  ether,  tew  sdnbte  in  ^boilfaiff  aleolu^  innliiUa  In  water*  Bf 
distillation  it  yields  acrolein  and  a  fatty  acid.    Digested  in  the  water-bath  with  a 
ition  of  basio  aaetata  of  kad,  it  jrields  laiohiMa  ngrzistafce  of  lead  and  a  sohitioa  of 
glycerin. 

'.  Myristin  contains,  aeootding  to  Plajfiiirs  analysis,  76'61 — 7415  per  oont.  C,  and 
12-22— 12-36  H,  numbers  apvHng  nparlywith  the  formula  C»'«H*»0»»  (calc.  74-51  C, 
12-22  H,  and  13*27  OX  according  to  which  mynstin  contains  the  el^ente  of  i  at. 
mytntie  add  and  1  at  g^jeerin  mmu  7  at.  valor: 

C«i»H»«0»  urn  8C»«H»0«  +  2CTHH)*  -  7HK). 
Such  a  const ifution  is,  howcTor,  not  r^ry  pmhal  lo.  no  corresponding  exaraplt'  of  it 
b<'ing  foiuul  ajnong  glycerides  of  well-known  coiibtitutiou.  The  above  fonuuia  (J"H**0* 
proposed  bv  Weltzion,  reqiiinnfr  74*82  per  ceaL  eaiboa  and  11*91  hjdMgettf  agraea 
satiKfactorily  with  the  rt  .'siiUs  of  Playfair's  analyses. 

The  fat  or  wax  of  the  firuit  of  Njfri«ticQ  oj^'inaiis,  and  that  of  M.  »ebifera,  possess 
properttea  nwOar  to  those  ik  nntmeg^mttor. 

IcmSTZCA^  A  genus  of  plants,  including  the  nutmeg  {MfHUka  mo9chata\ 
t!u'  fruit  and  seeds  of  sereral  »p<  cies  of  which  yiolrl  solid  fats  or  whips.  Ttirhuhi/hn- 
wax  is  obtained  from  Myrutica  Bicuhjt/6a ;  Oca^nt-tcnx  from  M.  Ocaba  or  M.  stbt/rra, 
Otoba  wttiy  or  OtobiU,  ttam  M.  Otota  (see  Wax).  Tht>  seeds  and  arillua  (maoe)  of  3L 
moschaia  also  yiold Tolatile oili  ty dialallarion  vkk water.  (8oe  MACM,p,74Ai  and 

MY&xaTZGXH.    The  camphor  ur  steuroptene  of  volatile  oil  of  nutmeg,  (bee 
Ntnriow.) 

nmtZSTO-BSirzozc  AITBTSRZBZ:.  Mi/rhtnt^  ufB'  iuoyl  or  Brneoate  of 
Myristyl  C"H«0»  -  C'*H"0.eH'O.U.  (Chiozzti  uud  Malerba,  Loc.  cii.)~- 
Produced  by  the  action  of  chloride  of  beOMjl  on  flBjristate  of  potassium.  Crprstal- 
lisc's  in  Iamin«>  hiv'iun  a  silky  lustre  and  affEMaUa  odonr.  Meka  It  S8°;  sohdifieo 

at  36''.    Not  very  suiubie  in  ether. 

MmzSTOWB.  C»'H"0«  -  C»*H"0.(?»H».  (OTorbeck,  Pogg.  Ann.  Ixxxvi. 
691.) — A  prodoct  obtained  by  distilling  myristate  of  caldmn  by  small  portions  and  at 
a  pnidually  incwnsing  temperature.  It  is  purified  by  r^peat*^  ctysfaUiaation  ftoa 
boiling  alcohol,  and  decolorised  if  necos^ary  by  auimal  cLai-coal. 

Hyristone  forms  colourless  n^^n'ou^  scales,  inodorous  and  tastalssa;  tliey  become 
elf>;nri  al  by  frii  tion.  It  melts  at  7')^,  and  solidifi>  s  in  a  radiated  maw  on  coolinfr.  It 
mivo  by  analysis  bl'81  per  oent.  C,  and  H-07— 13  yi>  H,  whence  Overbeck  dtnluees  the 
formnla  C*'H**0  (cale.  81*96  0^  18*65  H).  Gerhazdt  suggeatedtlia  ftnoula  above  giroi 
(calc.  82*28  0, 18*7  4*67  OX  Tt^mniiag  the  eompoonda  aa  Che  aeetone  of  njiiatie 
acid. 

MnzSTYI.,  HYI»KXI>£  OP.  C'«H"  C'lI^.II.  —  Tlii.H  alcoholic  hydride, 
more  properly  called  hjdride  of  t .  t  radecatyl,  is  contained,  together  with  many 
other  hydrides  of  th<-  sittmo  sTrlrs,  in  American  petrolennu  It  boils  batwaen  286^  and 

240®.     (^it'O  l'trUul.EUJ4  UUd  TKlUAUiiLATYL.) 

amtOHZC  ACZB.  C'*H"'NS'^i*  ^from/ii^poi',  a  sweet- smelling  ointment).^An 
acid  occurring  in  the  form  of  apotaasium-salt  in  the  seed  of  black  mustard,  and  giviag 

ris(»,  by  its  reaction  with  m^Tosin,  to  the  [vrodiiftion  of  thr  vohifilc  oil  of  blacfe 
mustard  (sulphoryanatt;  uf  ailyl ).  It  was  discovered  by  li ub«  v  (J.  I'hariu.  xvL  3y) ;  and 
its  existence,  which  was  afterward <  calle  d  in  question  by  Thielau  (Vierte\jahrsficlur. 
pr.  Phsrm.  vii,  161X  has  been  fully  conrirnu^l  by  tho  rxpcritHcnts  of  Lndwi;; 
and  Lange  (Zeit^chr.  Chem.  Pharm.  1860,  pp.  430  and  577)  and  of  Will  and 
Korner  (Ann.  Ch.  Thurm.  eixr.  267;  Jam«sb.  1868,  p.  496).  According  to 
Win  <  klar  (JaliMsbw  1849,  486^  mjMoata  of  polaaaittn  likewise  aaiats  in  horse- 
radish. 

PteparaHonof  tie  P^ftmmm  telt—Two  poimda  of  UadE  in«ttid*seed  pnlTOsed 

but  not  freed  from  fixed  oil  by  pressure,  an  boiled  with  2k  to  3  pounds  of  alcohol  of  80 
to  85  Der  cent  in  a  glass  flask  paced  in  a  water-bath  till  about  half  a  pound  oi  the 
akohoi  has  passed  off ;  the  powder  is  then  pressed,  and  the  rssidne  Is  alugeeted  to  the 

sami  treatment    The  preas-cmke  (weighing'  from  660  to  670  grms.),  after  being  well- 
dried  and  pulverised,  is  next  macerated  for  about  twelve  hoars  with  3  pts.  of  cold  water  : 
the  liquid  is  remor^  by  decantatiou  and  pressure ;  the  residue     again  treulud  with  2 
You  XSL  ZZ 
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Dti.  vater ;  the  watery  extracts  aro  eva^)oratdd  to  a  syrup,  with  addition  of  carbonate  o£ 
woiimi  (<ari>onata  of  lead  would  give  nse  to  tin  IbnaMiaB  of  sulphida  of  lead) ;  the 

syrup  ia  boiled  with  3  or  4  pounds  of  alcohol  of  85  per  cent. ;  and  the  undiasolred  n  f^idue 
is  treated  in  the  same  manner  with  2  pounds  of  aJcohoL  The  united  alcoholic  extracts 
are  filtered  after  standing  for  24  hours ;  the  alcohol  is  distilled  of^  and  the  dear  rendne 
left  to  crystallise  in  shallow  dishes.  Lastly,  the  crystailiM  MM  widfsh  separate  aAar 
a  few  days  is  stirred  up  to  a  thin  pulp  with  alcohol  of  75  percent,  then  strougly  prws«e<i 
b^ween  linen  cloths,  and  the  nearly  wlute  cake  thiu»  obtained  is  repeatedly  cry  staliiii*^ 
hem  aleohol  of  84  to  90  psr  oaat.  Two  poandi  of  mustard-seed  thai  tni^  yiaUt  on 
the  average,  from  5  to  6  pros,  of  myronatc  of  potassium.  The  portion  rcmw-ir'r  i'  in  the 
inother4i^uor8  may  be  used  £ar  the  preparation  of  cyanide  of  ally!  ( W 1 1 1  and  ii.  or  u  er^ 
Thii  Bioda  of  prepazation,  tad  fl»  fuukr  ms^oa  adopted  by  Ludwig  and  LaBg«^ 
do  not  diffiT  in  iiiiy  essential  particular  from  that  originally  givfn  by  Bussy. 

Mjimdc  acid  maj  be  obtained  from  thapotasaittm-salt,  either  by  mixing  the  a^neooa 
■oihitimw  of  100  pta.  of  tibis  aalt  and  W  ptM,  taitarie  add,  evaporating  to  a  eertain  as- 
tent>  and  extracting  the  myronic  acid  with  alcohol ;  or  better,  by  converting  thepotasaium- 
salt  into  a  barium-salt,  and  precipitating  its  aqueous  solution  with  an  equiviuent  quan- 
tity of  sulphuric  acid.  The  coloarloss  aqueous  acid  thus  obtained  leaves  on  evaporaiioo 
an  inodorous,  bittar  and  sour,  uncryRtallisable  syrup,  which  reddens  lifena  itcotRg^, 
dissolves  in  a^cnhryf,  but  is  not  pt-n-t'ptihly  f-oluble  in  ether.  It  decomposf*  when  Tn«>re 
strongly  heated,  yii-Ming  variuus  volatile  products.  Its  dilute  solution,  when  botied  for 
■ono  time,  gives  olf  .'-ulpbydric  acid  "WUk  aa  aqnaowi  aolntiaB  of  MyvMAiit  jiaUa  asl- 

phocTunato  uf  allyl.  (Bussy.) 

The  myronates  are  inodorous  and  likewise  yield  oo^iocyanate  of  alijl  with 
■mwMHiiijRMiiL  Thy  aioall,o¥eii  the  l)ariniii»»  load-,  aadailvat  iilt^ 

aiMKMUum>,  barium*»  potassium-  and  sodium-salt!^  ui  <    : yatalKiaibla>  (Bossy.) 

Myronate  of  Barhiv,  r'«n "BhNR'O'*  obtained  by  decomposinp  the solut ion  of 
the  potassium-aalt  with  i  <  i  r  ucid  uud  absolute  alcohol,  and  digesting  the  resulting 
aqueous  ujvonio  aoid  'c^    i    arbonate  of  baillim,  cry»taUi!*es  in  easily  sohlUa  platoo 

which  liccnmp  opaque  and  milk-white  on  pxposure  to  the  air,  and  are  decomposed  by 
beat,  giving  ofi'cil  of  mustard  and  leaving  t^ulphate  of  barium.    (Will  and  Koruer.) 

Myronate  of  Potaiiium,  C'»H'"KNS«0'»  crystallises  from  alcohol  in  silky 
acedles  grouped  like  crystals  of  wavellite ;  from  water,  in  shorty Ina^arent  glassy  prisms 

of  rhombii'  charaottr.  If  luis  a  cooling  bitfcr  f.a.stc.  dissolvP55  rpry  caKilT  in  ?rat*r,  with 
difficulty  in  dilute  alcohol,  is  nearly  insoluble  in  absolute  alcohol,  and  quite  iiuoiubic 
in  t-thor,  1  >  lu  ne,  and  chloroform.  Tho  solutions  are  neutral  and  do  not  act  on  pobriaed 
light.  The  salt  is  anhydrous  and  contains  tho  eloraonts  of  oil  of  mustard,  {^MQtaaBd 
acid  sulphate  of  potassium,  into  which  products  it  is  easily  decompui>ed : 

Th»  dflnta  aqveoiia  aotntum  nuiad  with  myrotiii,  or  with  a  meently  prepared  aqueowa 
extract  of  whit»^  mustard,  becomes  turbid  in  u  short  time,  acquiring  an  acid  rcftotion, 
and  giving  oft'  the  odour  of  oil  of  mustard.  The  solution  then  contaioa  siUphuric  acid 
and  daztroglucose ;  the  turbidity  arises  from  free  sulphur  mixed  with  an  inofaiUe  or- 
ganic substance  probably  formed  from  the  myrosin  (Will  and  Korner).  S<nnewhM 
similar  results  of  the  decomposition  of  myronato  of  potasidum  hav^  be«^n  obtained  by 
Ludwig  and  Laoge^  who  however  assign  to  it  the  improbable  £unnula  0^M^*KIf8*0*\ 
JHyionato  of  potMamm  ia  not  deoompMod  bgr  aniaibiii,  <n  tm  aBtcaot  of  will  dwoiH 
or  by  yesst  or  saliva. 

When  myronatc  of  potassium  is  heated  to  boiling  with  a  small  quantity  of  baryt^t- 
wntevt  a  pKctpitate  of  Daxytic  sulphate  is  ibrmcd,  with  copious  evolution  of  muataid-oiL 
The  same  pr>  cipitato,  containing  half  the  eulphurin  the  original  salt,  is  likewise  formed 
when  the  solution  of  the  Dotassiou-salt  previously  made  alkaline  is  precipitated  bv 
baiyta-water  in  tiia  cold;  but  in  Hm  oaae,  tho  other  dMBaata  of  uo  mnated-ou 

remain  in  the  solution  in  the  form  of  a  Xtttponnd pgactpatlMo  bjload^ltii  aaioMHj 
•eparable  iuto  mustard -oil  and  glucose. 

TotMk-ky  of  specific  gravity  128,  mixed  with  drf  BijRiiiata  of  potassium,  beooniea 
spontaneously  heated  to  the  bailing  point,  pnag  OK  the  odow  of  Brartaid^ofl^f^anda 

of  ally],  and  ammonium. 

Myronate  of  potabsium,  treated  mth  einc  and  hydrochloric  aeui,  continually  gives 
( ff  sulphydric  acid,  which  is  likewise  evolved,  thoa^  more  ^UnAj,  by  boiling  with 
hydrochloric  acid  alone.  The  solution  then  eontaiu  I^WWWt  i»i»«t«nni  lallj^  and 
half  the  stilplmr  in  the  form  of  sulphuric  acid. 

A  solution  uf  myronate  of  potassium,  mixed  with  nmiral  aettaU  of  ImiL^  jiddaa 
yellowish-white  precipitate,  easily  poltible  in  acetic  acid,  and  apivir-  utly  containing  al! 
the  elements  of  myronic  acid.  Mercv.rou»  nitrate  forma  a  jaUoviah- white  precipitate, 
which  ia  decomposed  by  heat,  with  fafdoii  otmu^tnML 
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When  a  moderately  concentrated  ai^ucous  solution  of  myronate  of  potamium  ia 
mixed  with  nitrate  of  silver,  nitxie  acid     set  free,  and  a  whit<  L  urdy  precipitate  ia 

fornu  d,  containing,  wIk  ii  drit-d  orer  oil  of  ritriol,  tho  elementa  of  f>iil}>n<>rrnnatp  of 
aUyi  and  sulpbatA  of  silver  (C'H^Ag'Kti'O*  -  C*H'liaAg>i50*).  Ita  formation  ia  re- 

This  Rllrer-componnd,*  heated  either  alone  or  with  water,  ia  resolved  into  8nIpho> 
eyanato  of  al!yl,  sulphate  of  silTor  and  sulphidp  of  ailver;  it  is  also  decomposod,  with 
evolution  of  mustard-oil,  by  chloride  or  sulphide  of  barium^  or  hy  zinc.  When  it  ia 
treated  with  hifdrochlofio  acid,  the  liquid  filtered  from  the  chloride  of  silver  contains 
half  tbr>  Fulphnr  in  the  form  of  sulphuric  acid,  bnt  no  siilphydric  acid  or  sulphocyanate 
of  allyl  is  prodnced.  The  silver-compoand,  «a»peiidcd  in  u  large  quantity  of  water,  ia 
deemnpoaea  hr  mtpkyehic  acid,  with  ronuation  of  a  precipitate  of  snlphur  and  anipfaide 
of  silver;  ana  thn  -'rongly  acid  filtrate,  which  eoKiHin«  half  the  oripnnl  -mntity  of 
aulphor  in  the  form  of  sulphiuic  add,  yielda  by  repeated  distillation  an  oUy  layer, 

The  cyanide  of  allyl  thna  produced  differs  conaiderably  in  ita  properties  from  tiblt 
which  Li  eke  obtained  by  the  action  of  cyanide  of  ailver  on  iodide  of  allrl  (ii.  203). 
It  ia  a  colourless  neutral  oil  of  agreeably  alliaceous  odour  and  bui-uiog  aromatic  tasto. 
Specific  gravity  -  0  83S9  at  12-80.  Vapour-denaity  -  2-32  (calc  2-31);  boiling 
point  116°  (corrected  IIH  3"^).  Heated  with  Btr<ing  pntash-lry  in  a  Hcalf  d  tube^itia 
resolved  into  ammonia  and  crotonic  acid,  Oli^O^.   (Will  and  Koruer.) 

acntOSnr.  An  emulsion>like  anbetance,  of  the  albuninons  or  protein  elaiM*,  con> 
feained  in  tba  seeds  of  black  and  whita  Bwatard,  and  pusswwiiig  the  property  of  df  -  nu- 

]»<'«!n<L'  the  myronate  of  potassinm  contained  in  the  fWrmer,  with  production  of  »ulpho- 
cyuuiili-  of  aUyl  or  volatile  oil  of  mustard.  It  is  likewise  contained  in  the  seeds  of 
Other  eniciferoua  plants,  viz.  Jiaphantis  satims,  Brtugica  Napm^  Br,  ^leracea  and 
Br.  cnmpegtris,  Atliaria  offirinalis,  Chtiranfhns  Chcir%  DnutO,  eefM^  dsnfOMiM 
£raten*i«f  C.  amara  and  2'kiatpi  arvense,  (Lepage.) 

To  prepare  it,  polTfvised  white  nraatard  is  exhausted  with  eold  vater ;  tba  ffitnttt 
evaporated  to  a  syrap  at  a  tomporature  W-low  40°;  the  Rvrup  precipitated  by  a 
moderate  qoiuitity  of  alcohol ;  the  {orecipitate  disK^lTed  in  water  after  the  alcohol  has 
been  poiared  off;  and  the  solntica  orsporsted  to  di^pcM  «fc  ft  tempentovp  below  40°. 

Myrosin,  ai«  thus  obtained,  resMliUsSOtJuc  piOt«iB*«01lipOTOd^  Wb«D  isdlMntod, 
iX  laavee  eulphate  of  Aaininm 

In  the  elste  of  aqtieoin  soliiti<m,!t  is  eosgdated  by  heat  and  also  by  aleohol,  and 
loses  its  power  of  tliininating  oil  of  mustard  from  myronic  acid,  but  recoren  this 
power  after  immersion  in  waterfortwentj^-foiurtothirtjf-aijihoiua*  ItdoesnoteliBiiasto 
nydrocyanic  acid  from  amygdalin. 

Tile  aqueous  solution  of  tnyrosiii  is  tm&sparent,  colour!  nd  gummy,  and  froths 
Whi'n  r'.irituted.    (I'n  >  \ ,  J.  I'harm.  xxvi.  44  ;  Wincklt'r,  Jalirb.  pr.  riiarm.  iii.  93.) 

HmUIXOCARPUr.   (Stenhoase,  Ann.  Ch.  Fharm.  Ixxviii.  306.)— A  crystal- 
*    lisabie  snbetance  eztneted  from  wMta  Pern  balsam  (I  406).  On  digesting  this  balsam 
with  aloohol  of  ordinary  strength,  a  great  part  dissolve^  and  the  solation  gradually 
deposits  large  crystals  of  myroxooarpin  mixed  with  TCsin;  thij  najbe  [fuified  bj 
recrvstallLsatiou  with  aid  of  animal  chiircoal. 

lljrozocarpin  crystallises  in  laive  thin,  colourless,  shining  prisma,  often  an  tndi  long. 
According  to  a  determination  by  Milli  r,  they  belong  to  the  trimetric  system,  the  ratio 
of  the  principal  axis,  macrodiagoual  and  brachydiagonai,  for  the  primary  octahedron  P, 
bong  ae  1 :  0-9363  :  0*7M8.    Observed  anabinataoa  odP  .  oP . 

.  2Pao .  Angle  «P  :  ccP  s  102*  12';  Poo  :  oP  ■■  127^  1';  2Pcc  :  oP 
-  IIQO  4l'i  t**  :  oP  -  133«  7';  2Pao  :  oP-  116»  6'.  ThecrysUila  are  hardand 
brittle^  iasdhible  in  water,  rerr  sohible  in  hot  aleohot  and  ether,  tsstdsss,  and  nential 
to  test-papers.  They  pivo  l>v  analvpis  771S  per  cont.  carbon,  and  h|7dMg|Sn| 
which  n»ay  be  represoited  by  the  formula  or  C*«fl'^>*. 

MyiOBoearpin  mdts  at  110''  to  a  tvanaparent  g1a«s,  whidi  does  not  ciystidlise  on 
eoolinp,  but  if  rodi^solvid  in  boiling  alcohol,  is  apiin  dopusitod  in  the  crystalline  form. 
Heated  considerably  above  its  melting  point,  it  yielda  a  sublimate^  together  with  much 
acetic  acid,  and  an  onciTstalUaable  reain. 

It  does  not  mito  with  aeid§,  «v  with  «£M^  and  Is  not  atlsoked  bj  boOiBg 

fotash-lry. 

Hot  nitric  acid  slowly  convtrts  it  into  oxalic  acid  and  an  uncryatallisable  resin. 
CktoriHt,  with  tid  of  herti  likewise  converts  it  into  «b  unoxphoiM  cesin. 
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1076  MYROXYLIC  ACID— MYSORIN.  '  * 

nmtOX'VXXO  ACZS.  The  name  given  by  Plantamour  to  a  product  of  the 
decomposition  of  cinnameiu  (i.  98L)  by  ucoholic  potash ;  probably  impure  benxoic 

acid. 

BrmoXTIiOV  PEKEia..a.lL  The  tree  which  yields  Pern  balsam.  From  the 
bark  of  this  tree  there  exudes  a  gnm-resin,  which,  according  to  Attfield  (Pharm.  J. 
Trans.  [21  v.  248),  contains  77-4  per  cent,  resin,  17]1  pum  (liko  it^um-amlnc).  LA  wo*jdy 
fibre,  and  i  water,  together  with  volatile  oiL  It  is  uiicrybiiiilkabl&,  and  its  alcoholic 
solution  reddens  litmus  slightly.  This  gum-resin  is  therefore  altogether  of  difiTerent 
nature  from  the  balsam  obtains  from  the  fruit  of  the  same  tree  (1  406). 

MlJtXS.  A  gnm-resin  winch  oxudof  frum  Bnharnorhndrtin  Mi/rrha,  a  tw»bin- 
thaceous  shrub  growing  in  Arabia  and  Abys&inia.  It  occurs  in  largv  hfuvy  tvars  of 
vafious  size,  reddish  colour,  and  irregular  shape,  having  an  appearance  of  efflorescence 
on  the  surface,  semi-tnitisjiurt'iit,  frugilc,  sliiniiifr  with  a  groasy  lustre  on  the  fractured 
surface.    It  has  a  rou^h  latter  La^ite,  and  a  strong,  very  peculiar  aromatic  odour. 

The  following  are  aualyaea  of  myrrh : 

Resin    ....    23  0    .  22:8  44-76 

Essential  oil  ...     2:6  2:5.  ■  2lL& 

Gum     .      .      .      .46-0  HlA  iQ31 
Mucilage 

Foreign  matters  (potas- 
sium-salts of  Bulpnuric, 
benzoic,  malic,  acetic 

acid),  &c   Li  (foreign  matter  and  ash)  7-51 

Water  and  impurities   ...  LG  'l  ib 

An  alcoholic  solution  of  myrrh  concentrated  by  distillation,  deposits  as  it  cools  a  soft 
resin,  like  turpentine,  solubln  in  ether,  slightly  soluble  in  caustic  potash,  and  imparting 
a  violet-n'd  colour  to  nitric  and  acetic  acid. 

Another  resin,  called  my  rrhin,  remains  dissolved  in  the  alcohol,  and  may  be  ob- 
tained by  evapomtion.  It  has  the  odour  of  myrrh,  melts  betwi^t'ji  90^  and  95°,  and  is 
soluble  in  ether.  IJeated  for  some  hours  to  lG»'^,it  hwells  up  and  gives  ufl"  acid  vapours 
(acetic  or  formic  acid?),  and  leaves  a  red-brown' transparent  shining  mass,  without 
taste  or  smell,  soluble  in  alcohol  and  ether,  insoluble  in  cold  and  very  slightly  soluble 
in  boiling  potash.  This  product  imparts  a  violet  colour  to  cold  nitric  acid,  and 
dissolves  in  sulphuric  acid  with  red-brown  colour.  It  gave  by  analysis  74'78  per 
cent. carbon,  Sillfi hydrogen,  and  171G  oxygen.  (Ruikholdt.) 

The  essential  oil  (myrrhol)  obtained  by  distilling  the  alcoholic  extract  of  myrrh 
with  water,  is  thick,  yellowish,  has  a  rough  taste  and  pungent  odour.  It  tliickens  and 
turns  brown  in  contact  with  the  air,  dissolves  in  alcohol  and  ether,  and  is  precipitated 
by  water  from  its  alcoholic  solution  in  the  form  of  a  yellowish  miUt,  acid  to  test-paper. 
It  contains,  according  to  RuikhulJt,  7'J  <U  per  cent,  carbon,  U'-4J  hydrogen,  and  996 
oxygen. 

Gladstone  (Chem.  Soc.  J.  xvii.  11)  has  examined  the  volatile  oil  obtained  by 
directly  di&t  illiag  myrrh  with  water.  It  was  very  viscid  and  of  a  brownish-grven 
colour ;  and  begun  to  boil  at  about  266^,  giving  an  oxidised  oil,  which  quickly  rcsinised 

and  rrtained  its  ^enisb  colour,  and  strong  sjnell  of  myrrh,  af^er  ropf-ated  rectification. 
Sptcitif  gravity  =  lOlHO  at  lo  d^.  Index  of  rofractiuu  at  1:5  fur  the  line  A,  1'6196; 
D,  1-5278  ;       1-6472.    Rotatory  power  «  -  ISfi. 

KTSRHna'  un  1  XnrTRRHOlj.   See  the  last  article. 

MTSTXiS.  Myrtiu  communis. — The  berries  of  this  plant  contain,  according  to 
Riegei  (Pharm.  Centr.  1850,  p.  319).  chlorophyll,  a  green  soft  resin,  a  volatile  oil 
(occurring  also  in  the  leaves),  a  fixed  oil,  tannin,  sugar,  citric  acid,  malic  acid,  mucus, 
humous  substances,  and  small  quantities  of  poLa.<th  and  lime. 

Of  afspf'ciraen  of  the  volatile  oil  of  rnyrtle.cxamined  by  Gladstone  {h-c.  r?7.),  three- 
fourths  distilled  over  between  160°  and  176°  leaving  a  roddish-browu  rtsiJue  which 
evolved  sulphydric  acid.  The  rectified  distillate  smelt  like  oil  of  bay,  and  exhibited  the 
composition  of  a  hydrocarbon  isomeric  with  oil  of  turpentine,  C*H".  Specific  gravity 
-  0-891 1  at  16-6°.  Index  of  refraction  at  14°,  for  the  line  A,  14623 ;  for  D,  1 -4680; 
for      14879.    Specific  rotatory  power  ■»  +  21°. 

MTSOSnr.  Anhydrous  cupric  ortho-carbonate,  found  in  Mysore  (see  Cabbomatbs, 

L  783). 
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Harmotome   — 

Baryta-barmotome ....  — 

Lime-  or  Potash -harmotome  .  .  13 
Harringtonite  (s.  Katrulit«). 

Tlniri^iite   14. 

Hartia   — 

Hartite   — 

n.itchf'ttin   — 

Hauurite       ...       ...  — 

Hansmaaiiite   — 

Uauyne   — 

Hauynnpbyr   1^ 

Haydenito     .       .       .       .       .       .  ~ 
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Kegnault's  Hydrogen  Pyrometer  22 
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Calnriinfitry   24 

Changes  of  Temperature  produced 
by  Heat. 

Specific  Hbat  ...  — 
Determination  of  Specific  Heat 

by  the  method  oi  mixtures  .  25 
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By  the  metho«Tof  cooling  .  — 
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mentfl'   M 

of    Inorganic  Cora- 

pounds  .      .      s  ai 

of  Alloy's   .      .      .  M 

of  Liquids  .      .  M 

of  Gases  and  Vapours  25 
of  Platinum  at  diflbr- 

ent  temperatures    .  M 
Relations  between  Specific  Heat 

and  Chemical  Composition  .  $][ 
Real  and   apparent  Specific 

Heat   ia 

Changes  of  Volume  produced  by 

Heat   11 

Expansion  of  Gases  ...  45 
Expansion  of  Liquids     .      .  52 
Absolute  Expansion  of  Mer- 
cury   ^ 

Apparent  Expansioo  of  Mer> 

cury  .....  |fi7 

Expansion  of  other  Liquids  .  — 

Expansion  c>f  Water     .      .  ^ 
Points  of  maximum  Density 
and  Congelation  of  Aqueous 

Solutions  .      .      .      .  QQ 
Tables  of  Expansion  of  Li- 
quids, as  determined  by 
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Expansion  of  Solids       .      .  fiZ 
Linear  Expansion       .      .  £B 
Cubical  Expansion      .      .  IQ 
Expansion  of  Crystals  .      .  72 
Belation  between  tlie  Specific 
Heata  of  Liquid  and  Solid 
Bodies,  and  their  co-e<B- 
cients  of  ExpiygsioD  at  dif- 
ferent Temporatures        .  13 
Changes  of  State  of  Aggregation 
produced  by  Heat : — 
J^usion  and  Solidification  .      .  7A 
Melting  and  Freezing  Point*  — 
Latent  Heat  of  Fluidity      .  26 
Changes  of  Volume  accom- 
panying Fusion  and  Solidi- 
fication    .      .      .      .  Ifi 
Solution  of  Solid  Bodies  in 
Water      ....  22 
Table  of  Freezing  mixtures .      .  M 
Vaporisation  and  Condensation  .  — 
Tension  of  Vapours .      .      .  fil 
Maximum  tension      .  . 
Distinction  between  Vapo«rt 

and  Gases .      .      .      .  £S 
Boiling  points:  Ebullition  .  — 
Determination  of  Boiling 

points    .      .      .      .  M 
Kopp's  Table  for  the  cor- 
rection of  Boiling  points  8fi 
Circumstances  which  mo- 
dify the  Boiling  point  .  81 

Spheroidal  state         .      ,  fig 

Effect  of  Substances  in  so- 
lution on  the  Boiling 
point  of  Liquids  .  . 
Relation  between  Boiling 
point  and  Cbemica.1  Com- 
pt>8ition ....  — 
Measurement  of  the  Tension 

of  Vapours   .      .      .  ftl 
Tension   of  Vapours  of 
mi  xed  Liquids  and  saline 

Solutions      .      .      .  94 

Tension  of  Vapours  in  an 
unevenly  heated  space  . 
Complete  Vaporisation  of 
Liquids  under  great.prea- 
sures  .... 
Latent  Heat  of  Vaporisation  . 
Cold  produced  by  Vaporisa- 
tion :  Liquefaction  of  Gau» 
Distillation  .       .  . 
Sublimation .      .      .  '_ 
Changes  of  Physical  Structure, 
produced  by  fleat  . 
Kelations  of  Heat  to  Chemical  Affi- 
nity   

Heat  evolved  in  rapid  Combns- 

lions  

Heat  of  Combustion  of  Elementarj 

Substances  in  Oxygen 
Heat  of  Combustion  of  Compounds 
in  Oxygen  .... 
Combustions  in  Chlorine,  &c. 
Heat  produced  bj  Reactions  in 
the  wet  way  .... 
Cold  produced  by  Chemical  De- 
composition 
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Relations  of  Heat  to  Mechanical 

Energy   LIS 

Work  produced  by  Heat     .      .  12Q 

Heat  produced  by  Work     .      .  125 
Experimental  determination  of 
the  Mechanical  Equivalent  of 

Heat  

Dpiamical  Theorv  of  Heat .      .  IBd 
Radiation  and  Conduction  of  Heat 

(s.  Radiation). 
Appbxdix  : 

Table  of  Temperatures  at  which  the 
vapour-tensions  of  certain  liquids 

=  7G0  mm.  of  mercury       .       .  1S5 
Table  of  Specific  Heats  of  various 
substances  in  different  states  of 

Aggregation      ....  LM 

Heavy  spar   13Z 

HebeUn   188 

Hedenbergite   — 

Hedera   — 

Hederic  add   — 

Hederin   — 

Hedyphane    — 

Helenene   — 

Helenin   — 

Helianthic  acid   — 

Helianthus   — 

Helicin   — 

Hclicoldin   liA 

Heliotrope   — 

Helix   — 

Helleborine   — 

Helleflinta   141 

Hellencne  (s.  Helenene). 
Hellenin  (s.  Uelunin). 

Helminth   — 

Helmintholite   — 

Helvin   — 

Hemibromhydrin  (s.  Bromhydrini^  L 

668). 

Hemi- compounds   — 

Hemihedry  (s.  Crystallography,  ii.  121« 
128.  136. 140.  150.  156). 

Hemilogous  series   — 

Hemimorphism   — 

Hcmimorphite   — 

Uemipinic  acid   — 

Hemi  pi  nates   IM 

Hepatin  (s.  Glycogen,  iL  906). 

Hepatite   — 

Hcptyl   ~ 

Hoptyl,  Ar-etate  of       .      .      .      .  — 

Heptyl,  Bromide  of      ...      .  144 

Hoptyl,  Chloride  of      ...      .  — 

H'  ptyl,  Hydrate  of      ...      .  — 

Hcptvl,  Hvdride  of      ....  Itt 

Heptyl,  Iodide  of   liZ 

Hcptyl,  Sulphydrate  of .      .      .      .  — 

Hcptylamine   — 

Hi  ptylamylic  ether      ....  — 

Ueplvlene   — 

firomide  of  Heptylene   .      .      .  148 

Chloride  of  Heptylene   ...  — 

Chlorheptylenc      ....  — 

Hvdriodate  of  Heptylene      .      .  Ii2 

Heptyl-ethylic  ether    ....  — 

Heptyl-aldehyde  (s.  CEnanthol).  .      .  — 

Heptyl -met hylic  ether  .       .       .       .  — 

Heptyl-sulphuric  acid  ...       .  — 

Herapathite  .....      .  ~ 

Hercinite   — 
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Herderite  142 

Hermannite  (a.  Rhodonite). 

llerrerite  — 

Ilerschelite  15(1- 

Hesperidin  — 

Hessite  — 

Ht'ssonite  (s,  Essonite,  ii.  507). 
Hetepozite  (a.  Ueterosite). 

Heterocline  — 

Heteromerite  — 

Heteromorphism  — 

Hetcromorphite  l£l 

Heterosite  — 

Heuljundite  (s.  SUlbite). 

Heveene  — 

Hcxachlorxylin  — 

Hexacroleic  acid  — 

Hexametaphosphorio  acid   (a.  Pboa- 

pboric  acid). 
Hcxamethvlenaniine    .      .      .      .  — 
Hexmethyl-etliylene-diphoephoiuum(8. 

Phosphorofl-baaes). 
Hexyi  .... 

Xcetates  of  Hexyl  . 

Hexyl-alcohols 

Hexyl-aldehvdea  . 

Chlorides  of  Hexyl . 

Hydrides  of  Hexyl  . 

Toilides  of  Hexyl 

Hexyl-oxide  . 

Hexyl-sulphuric  acidfl 

Sulp'hydrate  of  Hexyl 
Hexylene 

Hipparaffin    .      .  . 
Hippurin 
Hippophafi  . 
Hippummide  '      .  • 
Hippuric  acid . 

Estimation  in  Urine 

Hippuratea 

Aniido-hippuric  acid 

Chloro-bippuric  acida 

Compoundtt  produced  by  the  action 
of  PentachlorideofPhosphoroaon 
Hipnuric  acid  .... 

Nitro-nippuric  acid .... 

Sulpbo-hippuric  acid      .      .  . 

Hippuric  eihera  

Hircic  acid  

Hisingcrite 

Hislopite  

Hitchcockite  

Hjelmite  

Hoernesite  

Holcus   .  — 

Holmeaite  (a.  Clintonite,  L  1026^. 
Horacoomorphism  (a.  laomorpEiam,  iii. 
423). 

Homicblin  — 

Homocuminic  acid  — 

Homolactic  acid  — 

Homologoua  substances  ....  IM 

Honey  — 

Honey>atono  (a.  Mellite,  iiL  871). 

Hop  — 

Hopeite  166 

Hops,  Oil  of  — 

Hordein  I£Z 

Hordeum  — 

Horn  fa.  Homy  Tiasue,  lii.  170). 

Uoroblende  — - 

L  Hornblendes  with  little  or  no  Alu- 
mina : 
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Hornblende : 

Treniolite,  ActinoHtey  Asbestos^ 
AHtliophyllite       .       .       .       .  lf>9 
ChfrnmingtoHtte,  Arfvedtonite      .  HQ 
2.  Hornblendes  containinp;  Alumina: 
Cummon  Hornblende.,  Uralite,  Di' 

aslatite  — 

Altered  forms  of  Hornblende     .      .  — 

Hornblende-rock  — 

Horn-lead  — 

Hom-quickailver  — 

Horn-silver  — 

Horn^tone  >- 

Homy  Tissue  — 

Horse-chestnut  HI 

Ash  of  Ilurse-chestnat     .      .      .  17.S 

Hors«-6esh  ore  174 

Ilouf^hite  — 

Hovite   

Ilowardite  125 

Iluanokine  — 

Hudsonite  — 

Humboldtilite  (a.  Mellilite,  iii.  869). 
Humboldtine  (s.  Oxalite). 
Humboldtite  (s.  Datholite,  p.  805). 
Humic  acid  (s.  Ulmic  acid). 
Humite  (a.  Chondrodite,  930). 

Humopic  acid  — 

Humours  of  the  Eye  (a.  Eye,  iL  654). 

Humus  lis 

Hunterite  —i 

Hurcaulite  — 

Hurin  — 

Huronite  — 

Hreraalt  — 

Hyacinth  (a.  Zircon). 
Ilyajnanche 
Hyalite  (s.  Opal). 

Hyalomelane  (a.  Tracbylyte).      .      .  — 

Hyalophane  — 

Hyalosiderito  HZ 

Hyblite  ^s.  Palagonite). 

Hydantoic  add  — 

Hydantoin  — 

Hydracida  — 

Hydracrx'lic  acid  c 

Hydramides  

HydranzoUn  Hfl 

Hydrargamyl,  Hydrargethyl,  &c.  (a. 

Mcrcurv-radicles,  Organic,  iii.  922). 
nydrarg3"llitc  fa.  Gibbsite,  iL  838)7"^ 
Hydrargyrum  (s.  Mercury,  iii.  883). 

Hydrastine  — 

Hydrates       ,  Ufi 

Hydrides  1^ 

Hydriodic  acid  (a.  lodhydric  add,  iii. 

284). 

Hydroaloetic  add  

Hydroapatite  — 

Uydrobenxamide  

Chloride  of  Hydrobenzamide  .      .  184 
Chlore-hydrobeiizamide        ,       .  — 
Chloro-nitro-hydrob«uizamide       .  IM 
Hydrobenzile        .      •      •      .  •    .  — 

Ilydrobenzoln  — 

Hydrobcrberino  — 

Ethyl-hydroberberino    .      .      .  186 

Hydroboracite  ~ 

Hydroborocalcite  (s.  Borocalcite,  L  626). 
Hydrobromic  acid  (a.  Bromide  of  Hy- 
drogen, L  672). 

Hvdrobryetin  

Hydrobttcholzite  (a.  Kyanite,  ill  449). 
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Hydroralcite  liifi 

Hydrocarbons  — 

HydrocArboxylic  acids  ....  IM 

Hydrocarotin  Iflfl 

Hydrocerite  (s.  Lanthanite,  iii.  467). 
llydrochinonc  (s.  IJydroquinoDe,iii/:?18). 
Ilydrochlore  (a.  Pyrochloro), 
Hydrochloric  acid  (a.  Chloride  of  Hj'dro- 

pen,  L  890). 

Hydrochrysamide  191 

Hydrocionaniide  - 

Hydrocotyle  — 

Hydrocroconic  add  .  .  .  .  — 
Hvdrocvanbarmaline   (a.  Harnialine, 

iil.  8^ 

Hytlroc^anic  acid  (a.  Cyanide  of  Hydro- 
gen, li.  514). 

Hydrodolomite  122 

Hvdroclectric  machine  (a.  Electricity, 
H.  408). 

H  vd  roferricyanic  acid  (a.  Ferricyanides, 
'ii.  244). 

Hydroferrocyanic  acid  (s.  Ferrocyanidea, 
ii.  226). 

HvdroHooborates  (a.  Boron,  Fluoride  of^ 

1  C32). 

Hvdroduoric  acid  (a.  Floorhydric  acid, 
'ii.  669). 

Hydroflucwilicatea  (s.  Silicon,Flaoride  of). 
Hydrogalactometer       ....  — 

Hydrogen  — 

Hvdrogen,  Antimonide  of  (a.  Antimony, 

Hydride  of,  L  322). 
Hydrogen,  Arsenide  of  (a.  Arsenic,  Hy- 
drides of,  L  37 1 ). 
Hvdrogen,  Bromide  of  (s.  Bromide  of 

"Hydrogen,  L  672). 
H>  crrogen,  Chloride  of  (a.  Chlorbydric 

acid,  L  890). 
Hydrogen,  Fluoride  of  (a.  Fluorhydrio 

acid,  ii.  669). 
Hydrogen,  Iodide  of  (s.  Iodide  of  Hy- 
drogen, iii.  284). 
Hydrogen,  OxidM  of : 

Protoxide:  Water  .  .  .  195 
Dioxide  or  Peroxide      .      .      -  196 

Trioxidc  ?  129 

Hydrogen,  Phosphide  of : 

Pbosphorettod  Hydrogen  or  Phoa- 

phamine  

Liquid  Pho^phida  .... 
Solid  Phosphide  .... 
Hydrogen,  Selenide  of  . 
Hydrogen,  Sulphides  of: 

Protosulphide :  Suhihydric  or  fly- 
drntulphuric  acid  ... 

Pereulpliide  204 

Hydrogen,  Telloride  of  . 

Hydrohalite  

Hydrokinone  ^8.  Hydroqninone,iii  213). 
Hydroleic  acid  (s.  Oleic  acid). 
Hydrolite  (s.  Graelinite,  iu  924). 

Hydromagnesite  

Hydromagnocalcite  (a.  Hydrodolomite, 
iiL  192). 

Hydromargaric  and  Hydromargaritic 

acids  

Hydromellone  (a.  Mdlone,  iii.  874). 
Hydrometer  

Gradoation  of  Hydrometers  .      .  2M 

Sykes's  Hydrometer      .      .      .  208 

JtnL's's  nydrom(»tcr 

Bamue's  li^  drum«tcr     .      .      .  2fiS 
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202 
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Hydrometer : 

Cartier's  Hvdrometer 
Beck's  Hytfromcter . 
Desparcieox's  Hydrometer 
Mnriiie  Hydrometer 
I^actometer 
Wilson's  Beads 
Fahrenheit's  Hydrometer 
Nicholson's  Hydrometer 
Hydronickelmagneaite  . 
Hydrophane  .... 
Hydrophilite  .... 
Hydrophite  .... 
Hydropite  .... 
Hydropsin  .... 
Hydronuinone 

Sulphydrates  of  Hydroquinone 
Green  liydroquinone,  or  Qui 

drone  .... 
Derivatives  of  Hydroqninone 
Carbobydroautnonic  acid 

Kthyl-carbohydroquinonic  acid 
Chlorinated  Hydroquinones 
Chlorinated  Quinhydrones 
Phospho-bydrofuiinonic  acid 
Sulphate  of  Hyaroquinone 
Sulphuhydroquinonic  adda. 
Hydrosalicylamide 

Hydrobromosalicylamide 
Hydrochlorosalicylamide 
Hydrosclcnic  acid  (s.  Hydrogen,  Sele 

nide  of,  iii.  202). 
Hydroailidte  .... 
Ha  drostcatito  .... 
Uvdrosulphuric  acid  (a.  Hydrogen,  Sul 

"phides  of,  iii.  208). 
Hydrotaicita 
Hydrous  Antbophvllite 
Hydrozincitc  (s.  ^^inc-bloom). 
Hydurilic  acid 
Hydiirilatea  . 
Dichloro-hydorilic  add  . 
Hygrine  .... 
Hygrometer,  Hygrometry 
Prindplea  or  Hygrometry 
Condensing  Hygrometers : 

Danic'll's  Hygrometer  .      .  . 
Hygrometers  of  Jones,  Pouillet, 
Belli,  Connell,  Camming,  and 
Dobcreiner 
Refrnault's  Conden$fr  Flygromett, 
Hygrometrv  by  Evaporation  . 
Dry  and  %Vct  Bulb  Hygrometer, 

or  I'st/chroincirr 
Theory  of  the  Psvcbrometer 
Hygroinotric  C'ulculations 
Chemical  Method  of  Hygrometiy 
Hygroscopic  Bodiea 

Saussurc's  Hair  Hygrometer 
Hyocholalic  acid  (s.  Hyocbulic  acid) 
Hyocholic  acid  .... 
Hyoglycocholic  add   '  . 
liyochololdic  add  .... 

Hyodyslysin  

Hyoecyainine  ..... 
H^-pargyrite  (s.  Miarg^fi^e). 
Hyper  (s.  Per). 

Hyperspirollic  add  (a.  Salicylic  add). 

Hypcrsthcne  

Hypersthenite  or  Hypersthene-rock 
H}'pobromous  acid .... 
Hy|K)chloric  add  .... 
UypocUlorite  
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Hypochlorites  282 

Hypochloroua  acid  and  anhydride       .  23S 

Hypogieic  acid  '  — 

Hypogallic  add  22S 

Hypo-iodoua  acid  (s.  Iodine,  Oxygen- 

acida  of,  iii.  '297). 
Hypo-niobic  acid  (s.  Xiobiam). 
Uyponitric  acid  (s.  Nitrogen,  Oxides  of). 
H^'ponitromeconic  acid  ....  240 

Hyponitrous  acid  — 

Hypopbosphorous  acid  (s.  Pbospboroa, 

Oxygen-acids  of). 

Hyposclerite  — 

Ilypostilbite  (s.  Stilbite). 
HypoAulphamylic  acid  ....  — 
Ilypoaulpbarsenious  acid      ...  — 
Hyposolpbetbylic  acid  ....  — 
llyposulphindigotic  or  Ilyposulpboooe- 

rulic  ucid  (s.  Indigo>sulpburic  acids, 

iii.  -2  58). 

HypoAulpboglutIc  acid  (s.  Sulphoglatic 
acid). 

Hyi>o.sulphometbylic  acid  .  .  .  — 
llyposulpbonapbtbalic  and  Hyposalpbo- 

napbtbenic  acids  (s.  Sulpbonapbtbalic 

acids). 

Hyposulpbophosphoric  and  Hypnsulpho- 
phorous  acids  (s.  Phosphorus,  Sul- 
phides of). 
Hyposulpburic    and  Hyposnlpharoos 

acids  (».  Sulphur,  Oxvgen-nciils  oQ. 
Hypovanadic  acid  (s.  Vanadium). 

Hypoxanthine  — 

H.vsaopine  — 

Hvssop,  Oil  of  — 

Ilystatite  211 


laspachates   211 

Iberite   — 

Ice^spar   — 

Iceland -spar   — 

Ichthidin   — 

I'>bthin   — 

Ichtbulin   — 

Ichthyocoll  (s.  Gelatin,  ii.  826). 
Icbthyophtbalmite  (s.  Apophyllite  L  35 1 ). 

Icica-resin   — 

Idiotype   212 

Idocrase  (s.  Vesuvian). 

Idrialin  

Idrialite   — 

Idryl   — 

Igasuric  add   — 

Igasurine   212 

Iglesiasite   — . 

Iglite  or  Igloite   211 

Ildefonsite   — 

Dicic  acid   — 

Ilicin   — 

Ilixanthin   — 

Ilmenite   24i 

Ilmenium   — 

Ilvaite  (s.  Lievrite,  iii.  589). 

Imabenzile  ,  — 

linasatic  acid  (s.  Jsaraic  acid,  iii.  403). 

Imasatin   — 

Imatra  stones   — 

Imesetin   216 

Imides    — 

Imperatoria   — 
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Imperatorin  (s,  Pencedanin). 
Incineration  (a.  Ash,  L  417). 

Indelibrorae   2111 

Indianite   — 

Indian  Ink,  or  China  Ink      ...  — 

Indian  Red   — 

Indian  Yellow   — 

Indican   — 

Oxindicanin,    Oxindicasin,  and 

Indicasin   21Z 

Indicanin   21S 

ludifnlvin   — > 

Indifuscin  and  Indifuacone    .      .      .  21S 

Indiglucin   — 

Indigo-blue   2M 

Preparation  of  Comnaerdal  Indigo  .  — 

Purification   2&1 

a.  Cold  Vats : 

1.  Copperas  or  Common  Blue  vat  — 

2.  Orpiment-vat  .  .  .  252 
S.  Tin  -vat      .      .      .      .  — 

b.  Warm  Vats : 

L  Woo*l-vat  or  Pastel-vat      .  — 

2i  Potash  or  Indian- vat  .      .  — 

fi.  Urine-vat  ....  — 

Purification  by  Sublimation    .  253 
Preparation  of  Indigo-blue  from 

Indican   — . 

Properties   ~ 

Decompositions      ....  — 

Testing  and  Valaation  .      .      .  2^ 

Indigo- brown   2aZ 

Indigo-gluten   — 

Indigo-green   — 

Indigo-purple   — 

Indigo- red   — 

Indigo-sulphuric  acids  ....  258 
Hyposulphindigotic,    or  Uypo- 

sulpbooocrulic  acid      ...  — 
Salpbindigotic  acid  and  Sulpbindi- 

gotates   2^ 

SuTphophoenicic  acid      .      .      .  2fil 
Decomposition  products   of  the 
Indigo-sulphuric  adds: — Sul- 
phonavic,Sulpbofulvic,  Sulpho* 
rufic,  Sulphopurpuric,  and  Sul- 

phoviridic  acids      .      .      .  2fi2 

Indigotic  acid   2M 

Indigoten  (s.  Indigo-blue). 

Indigo-white   — 

Indigo-yellow   264 

Indinumin   ^ 

Indin   — 

Dibromindin   2^ 

Dichlorindin   — 

Ttitracblorindin      ....  2£6 

Hvdrindin      .....  — 

Nitrindin   — 

Indin-sulphnric  acid      ....  267 

Hydrindin-sulphuric  acid      .      .  — 

Lcucindin-sulphuric  acid       .      .  2Q& 

Indiretin   — 

Indirubin   — 

Indium   — 

Induction.  Electrical  (s.  Electridty,  ii. 
S84.  451). 

Induction,  Magnetic  (s.  Magnetism,  iit 
761). 

Induction,   Photochemical  (s.  Light, 
Chemical  Action  of,  iiL  680). 

Infusoria   2fifl 

Infusorial  earth   — 

Ink   na 
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Ink: 


Black  Inks  270 

Red  ink  271 

Blue,  Yellow,  and  Green  Inks  .  212 
Svmpathelic  Inks  ....  — 

Marking  Inks  — 

Printing  Ink  .....  — 
Lithographic  Ink   ....  278 
Inocarpin      ......  2IA 

Inosic  acid  — 

Inoeite  — 

Kitro  inodte  2Z£ 

Insolinic  acid  (s.  Terephthalic  acid). 
Intestinal  Concretions 

Intestinal  Juice  277 

Inulin  — 

lodacetic  add  213. 

Di-iodaoetic  add    ....  — 

lodacetyl  SSQ 

lodal  — 

lodamides  and  lodammoniums : 

L  lodamides  — 

2.  lodammoninm    ....  282 
8.  Iodide  of  lodanimonium     .      .  — 
lodaniline  (s.  Fbeuylamines). 

lodanisic  acid  283 

lodarsenioos  add  (s.  Arsenic,  Oxy-iodide 
of;  L  386). 

lodates  (a.  Iodine*  Oxygen-acids  oi^ 

iii.  800). 

lodauratea  (s.  Ciold,  Iodides  of,  it  929). 
lodcthylamine  (a.  Ethylamine,  ii.  538). 
lodethylene  (s.  Ethylene,  lodated,  il. 
579). 

lodbvdric  acid  (s.  Iodide  of  Hydrogen, 

iii.  284). 

lodhvdrinfl  — 

Iodide  of  Acetyl  2M 

Iodide  of  Aluminium  ....  — 
Iodide  of  Ammonia  (s.  lodammoninm, 

iii.  2S-2) 

loilide  of  Boron  (s.  Boroiit  L  627). 

Iodide  of  Hydrogen      ....  — 

Iodide  of  Nitroeen  (s.  lodamides,  iii.  2SD). 

Iodides,  Metolfic  286 

Iodides,  Organic  2S& 

Iodides  of  Nitrogen  (s.  lodamides,  ilL 
280). 

Iodides  of  Phosphorus,  Selenium,  Sul- 
phur, and  Tisllurium  (s.  the  several 
elements). 

Iodine  288 

Sources   

Preparation : 
*        L  From  Varec  or  Kelp      .      .  22ft 
2x.  From  the  mother-liquor  of  the 

Caliche  of  Peru      .      .      .  291 
g.  From  Mineral  waters 

Properties  .... 
Iodine,  Bromides  of  .  .  . 
Iodine,  Chlorides  of     .      .  . 

Protochloride        .  . 

Trichloride  .... 

Tetra-  and  Penta-cbloride 
Iodine,  Detection  and  EstimiUion  of 

Reactions  .... 

Quantitative  estimation .  . 

Atomic  Weight  of  Iodine 
Iodine,  Oxides  and  Oxygen -adds  of 

Hypolodous  acid 

Pcrioilic  Oxide  and  allied  Oxides 

Iodic  acid  and  anhydride 
lodates  Sfift 
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Iodine,  Oxides  and  Oxygen-acids  of: 

Periodic  acid  and  ajinydnde  .      .  807 

Periodates  2il8 

Iodine,  Sdenide,  Sulphide,  and  Tellnride 
of  (s.  Selenium,  Sulphur,  and  Tel- 
lurium, Iodides  of  ). 
loditc,  lodopyrite,  Iodic  Silver     .      .  Slfl 

lodobenzoic  acid  — 

lodobrodne  — 

lodo-caoutchin  (s.  Caoutchin,  L  737). 
lodo-chloro-nitroharmine  (s.  Ilarmine, 
iii.  11). 

lodocinchonine  (s.  Cinchonine,  L  979). 

lodocinnamic  add  — 

lodocDdeine  311 

lodofonn  — 

lodolito  812 

lodomeoone  — 

lodomeconin  (s.  Meconin,  iU.  861). 
lodomelaniline  (s.  Melaniline,  tinder 

Phcnylamines). 

lodomercurates  — 

lodomethylamine  (s.  Hetbylamines,  iiu 

997). 

lodom  ethyl -selenious  acid  (s.  Selenioos 
ethers). 

lodomorphine  (s.  Morphine,  ill.  8C1). 
lodonicotine  (s.  Nicotine). 
Idonitroharmine  (s.  Ilarmine,  iiL  11). 
lodonitrophenic  add  (s.  Phenic  acid. 

Derivatives  of), 
lodopapaverine  (s.  Papaverine). 
Iodophen_vlamine  (s.  Phenvlamines). 
lodophenylcitraconimide  (s.  CitraoMiie 

acid.  Amides  of,  L  993). 
lodopianyl  (syn.  with  loidomeconine). 

lotioplatinates  — 

lodopropylene  (s.  Allyl,  Iodides  of^  L 

142). 

lodopyrite  (s.  lodite). 
lodopvromeconic  acid  (s.  Pyromeconie 

acid).  ^ 
lodoquinine  (s.  Quinine), 
lodosalicylic  acid  (s.  Salicylic  add), 
lodostrychnine  (s.  Strychnine), 
lodo-substitution -compounds       .       .  SIS. 
lodosulphide  of  Antimony  (s.  Antimony, 

L  338). 

lodotel  I  urates  ^s.  Tellurium,  Iodide  of), 
lodotoluvlic  acid  (a.  Toluylic  add), 
lolite  (s.'DicbroUe,  ii.  820). 

lonaphthin  

Ipecacuanha  ......  — 

Ipecuanic  acid  fili 

Ipomnic  acid 

Iridium  — 

Extraction  — 

Properties  317 

Iridium,  Allors  of  .  •  .  .  .  — 
Iridium,  Carbide  of  .  .  .  -  818 
Iridium,  Chlorides  of    .      .      .      .  — 

Protochloride  — 

Sesquichloride       .      .      .      .  — 
Cnloriridites      .      .      .      .  — 

Dichloride  — 

Chloriridiates     ....  819 

Trichloride  — 

Iridium,  Detection  and  Estimation  of: 

Reactions  — 

Quantitative  Estimation  and  Sepa- 
ration  320 

Atomic  Weight  821 

Iridium,  Iodides  of       ....  — 
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Iridtam,  Oxides  of  S22 

Iridiom,  Oxygen -salts  of  ,  .  ,  — 
Iridium,  Sulphides  of  .  .  .  .  828 
Iridlam-baseSy  Ammoniacal  ...  — 

Iridosmine  221 

Irisine  (s.  Chinoline,  L  871). 

Irite  S2& 

Iron  — 

Malleable  Iron       .      .  -  326 

Analyses  of  British  and  Foreign 
malleable  iron  ....  828 
Cast-iron,  Pig-iron ....  829 

Analyses  S32 

Occurrence  of  Metallic  iron : 

L  Telluric  iron   .      .      .      .  886 
2.  Meteoric  iron  .      .      .      .  886 
Iron  ores: 

Native  Magnetic  Oxide 
Nativi- Ferric  Oxide:  HeJIIccmaiite;  S3Z 

Specular  iron  ore 
Native  Ferric  H/drate :  Brown 

iron  art  .... 
Native  Ferrous  Carbonate :  Spa 

thic  iron  ore     .    -  . 
Clay  iron  ore      .      .  . 
Native  Iron  sulphides  .  , 
Preparation  of  malleable  iron 
L.  Direct  production  from  the 

ore :  Catalan  method 
2.  Indirect  process: 
Kefining  . 
ruddling  . 
"  Pig-boiling  *' 
Shingling  or  Blooming 
Kolling    .  . 
Ke-heating 
Waste  of  Iron  and  consamp- 
tion  of  Fuel  in  the  Refin- 
ing and  Puddling  process  . 
Bessemer's  Atmospheric  process 


853 
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Iron  smelting  866 

Blast-furnace      .      ,      .      .  857 
Analyses  of  Blast-furnace  Slagt .  $69 
Conditions  of  the  economical  con- 
sumption  of  Fuel  in  Iron- 

emelting  2ii2 

Analyses  of  Gas  from  Blait-lnr* 

naces  865 

Hot-blast  867 

Iron,  Alloys  of  — 

Iron,  Bromides  of  SZl 

Iron,  Carbides  or  Carburets  of      .      .  — 
Iron,  Carbonate  of  (a.  Carbonates,  L  784). 
Iron,  Carburetted,  Analysis  of      .      .  — 
L  Estimation  of  the  entire  amoont 

of  Carbon  — 

2x  Estimation  of  the  Graphite,  or 

mechanically  mixed  Carbon      .  212 
fi.  Estimation  of  combined  Carbon  — 
4m  Estimation  of  Silicon  . 
&  Estimation  of  Nitrogen     .      .  878 
6.  Estimation  of  Su!{>hur 
Zi.  Estimation  of  Pboi>phonu 
&  Estimation  of  Arsenic       .      .  374 
9.  Estimation  of  Iklangancse 
IQ.  Estimation  of  Copper  and  Lead  .  — 
LL  Estimation  of  Aluminium  .      .  — 
I2l  Estimation  of  Magnesium,  Cal- 
cium, and  the  Allcali-metals      .  — 
13l.  Estimation  of  Chromium,  Va- 
nadium, Titanium,  Molybdenum, 
and  Tungsten      ....  — 
IL.  Estimation  of  the  Iron      .      .  2Zfi 
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879 
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Mellilitc  ....... 

Alellimide  (a.  Meliitimide). 
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2.  JieacUflBa  ia  SdiiUea— 
A.  or  MercQKNia  8aHs 
p.  Of  MtTOuric  Salts  .       .  , 

3.  Quantitative  i'^timation   .  • 
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under  Carbamides,  L  754). 
M  t  h yi  -  xanUdeadd  (a.XantUeBthfln). 
JUelhvsticin  ......  1010 

Hetofoidine  (a.  MtMm^jlmaSMi  a. 

Hcnzylaniine,  i.  576). 
Mezeruum-geeda    .      .  •    ,      .      .  — 

Miargyrita  — 

Hiaadta  ~ 

Mica  — 

I.  PoladMiieaa: 
Mnscorlte  .....—> 

Lepidolite  lOlS 

IL  Magnesia- micas : 

Phlogoptte  .      .  .      .  _ 
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Hka: 

Biotita.     •     •     •     .     .  1013 
Mica-slala  1014 

Michaelite  ^ 

Microbromite 
Microclin 

Mieroooamk  aalt  .  .  .  '.  .  — 
MicFolita  ...«,, 

Middletonite  .      .      .      ,      .      ,  _ 

Mieraite:  Ql  Dolomite). 

Miesite  (iLVrnmonhiUii!), 

Milk     .      .      .      .      .      .      .  _ 

Analysis  of  Milk    .      .      .  .1015 

Composition  af  tha  Milic  of  dUhnnt 

Animals     .      .      ,      ,      .  1016 
Percentage  of      in  diflbiiBllinda 

of  Milk  1017 

Percentage  of  Sugar  .  ...  1U1« 
Porcentage  of  Ash  .  .  ,  1019 
TesU  for  Milk  Adulterations  .  .1021 

Milk-qaartz  1022 

Mflk-su^Mr   «- 

Producta  of  its  Transformation: 

1.  LaefoiaarGalaoloaa  .  1088 

2.  Lactoc.iramrl  ....  lOJl 

3.  Gallactic  andj'octolatic  acids  — 

4.  NitidaetfB    .     .     .     .  ^ 

MiUerito  — 

UnMnfftooia  — 

Miloscmn 

Mimetesite 

Mirooea  or  Acada  Ghna       .      .      ,  lOSS 

Mimotannic  arid   — 

Mindereri  Spiritus  ...... 

Mineral  . 

Mineral  adds       •     •      •      ,      ,  .1. 

Mineral  alkaH   — 

Mineral  Caoutchouc 

Mineral  Cliania:leon      .      ,      •      ,  » 

Mineral  Green   » 

Mineral  Indigo   •» 

Mineral  Kermes   » 

Mineral  Oil,  Pitob|BaaiB(&P«lrolaam).  — 

Mineral  Purple  — 

Mineral  Tallow  (sl  Hatefaettin,  iiL  14). 

Mineral  Turpethum 
Mineral  Waters  (s.  Water). 
Mineral  Yelknr 

Minetta  lOM 

Mlnlvn  aw 

Minj  ic  Tankawan  or  Tinkawaa  •  • 

Mirabellea  (a.  Fruit,  iL  714). 

Mirabilila     .      .     .      .     .     .  ^ 

Mlaenite  

Misplckd  

Mistleloa  — . 

Misy  ,      .  1027 

Mitis-green  ,  . 

Mizzonite  (s.  Meconlte,  iii.  865). 
Mocha-stoue  ......  ..i. 

Modamlta  .i.. 
Mohaina 

Mohdta  _ 

Molecule 

Molybdenum  « 

Molybdenum,  Alloys  of       .      ,      ,  1018 

Molybdenum,  Bromides  of  ...  — 
I)i-,  Tri-,  and  Tetra-bromide  .  .  1029 
Molybdic  Oxy bromide  .      ,      ,  — 

Molybdenum,  CUoadea  of: 

Dichlorida  or  Holybdoaa  GUorida  .  — 
TrirhlonMe  or  Molybdoao-flioljbdlc 
Chloride  108U 
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llolyMennm,  rhloridp'?  of : 

TetrachloriUe  or  Mulybdic  ChKvide  1031 
Aramonio-molybdic  Chloride 
Molybdenum,  Chlorobromides  of  . 
Mofybdcnum:  Detection  and  EflUautioii: 

1.  Blowpipe  reaotioiiH 

2.  BeacUooj  in  Solution 
t.  Qiumtit«thr«  Eadnutioa  uid  8e- 

ptration 
4.  Atomic  Weight . 
Molybdenum,  Flnorltet  at    »  • 
Uolybdcnitm  QluM 
Mol  jbdmam^  lodfdet  of 
MolybdONOn,  Nitrates  and  Ainidll  «f 
Aiolybdenam,  Oxides  of       ...  10d2 
Protoxide  or  Molybdous  <i\:d« 
Dioxide  or  Moly  lidic  oxide  . 
^rioxidc  or  MoIvImHc  Anhydride  .  1033 
Combinatioiii  nf  iho  I'riuxide: 
1.  WiU»W»ter.— 2.  WithAcid*  1086 
$.  With  Bmm:  Mofybdatt$   .  1087 
lloljrbdenum,  Oxybron:iilcs  of      .       .  1041 
Molybdenum,  Oxychloridcs  of      .  . 
Molybdenum,  Phosphide  of  .      #•     .  1M2 
Molybdenum,  Sulphides  of   .      .      •  — - 
Dianlpbide  or  Molybdic  sulphida  •  1048 
IVisulpbide:  SulfJinmalgbdm  mid  .  — 
SulpbomolybdfttM      .      .     *  — 
TstrMslpUd*  t  Ftrtmljpkme^^die 

acid  ......  1045 

PersulphomohrbdlttM  .      .      .  — 
M«l7bdin     .     .     .     .     .  .1048 

Momofdka 

Monotdiois  "~~ 

Monardii,  QllfiC  — 

Mooazite  — 
MoDMdloU  •     <     •     •  — 

Monesin  1047 

Alonheimito  — - 

Rlono-compoandi 

Alonopbtne  — 

If onotrafNt 

MoimditA  •«....— 

Monrolite  — 

Moutanine     .      »      •      m      •  » 

Montioellite  — 

MonUnorillonite  ^ 

Moonstone  ...«••» 

MordanU  (s.  Dyeing,  IL  868). 

Mordenit«      •      .      .      .      .      •  — 

Morir  acid  

Morindin  1048 
Morindone     ••••••  1049 

Moiingio  add .     •      •      •      •      •  — 

HorioUunrie  Mid  .  .  *.  .  •  ~~ 
Moroxite       ......  1060 

Moroxylic  acid  — 

Morpbetine  ♦,.»•••— 
Morphine  — 
Morphine-salts      ....  1051 

lodoniorphinc  lOiiti 

Methyl-  and  Ethyl-morphtoe  •  — 
Morpbinm  — 

Morpholites  — 

Murtar  j.      .  — 

MofTwite  .  •  .  7  •  •  •  — 
Mflsaic  Gold  .     .    •  -  . 

Hoaandrito  . 
JToss  Airato    .  . 
Motber-lKjUor  . 
MoCher-of-Pcdrl 
Houataio  Cork*  or  Mount 
llMiiitaIn  BlM 


1067 


Mountain  Green 
Mountain  Soap  Steatite). 
Macamide 
Mncic  add 


.  1087 


a.  443). 


Mncatea  . 
Mucic  Kthera 
MucidineM 
Mudlago 

Mucin  . 
Mucus  . 
Mudarin . 

Mudaaicadd 
M«dfl«Muaeid 

Mnlhouse  Blue 
Mtiller's  Gla«i 
Miillerite  (s.  Sylvanile). 
Mn!li("ite  (•*.  Vivianitc). 
Multiplier  (a.  Llectricity 
Munjfct  .  . 
Mimiiatin  . 
M«ats^  Metal 
Murobisonitc  . 
Murexan 

Marexida  (a  Fwpanrtfli). 

Marexdn  • 
Muriadta  . 
Muriatic  acid  • 
Murimontita  . 
Mnaa 
Mu««le  . 
Modcovite 
Macular  Tiaiue : 

A.  Striatad  Moadco 

K  NoQ>«tdatad  or  Smooth  liaielM 

C.  MnadM  of  InTertebniti 

D.  ProtoplaMna  or^Sarcode 
Motiuno; 

Muscna  bark  *. 
Musenite 
Mu&k 

Miuael-abella  (a.  SLdls). 
Mittdta  . 

Mussonite  (s.  Parisite). 
Mustard  . 

Mustard,  Oila of  • 
Myclodona  •  • 
Mycodomui  . 

Mycomelic  acid 
Mycose  or  TrehaloM 
Myelin    .      •  -  . 
Myrica  Tallow 
Myricin  .      .  . 
^lyrit  \  1,  Ilydrata  of 
Myriatic  acid  .  . 
Myriatic  Akohol  . 
Myristic  Anhydride 
Myristic  iilthers: 
Myristica      •.  • 
Mvristicin      .  • 
Myristin  (a.  Myriatie  Ethm). 
My  rist  i  -beazoio  Aoh/dlidt 
Myristine 

Wyristyl,  Hydridaof 
Myronic  acid  . 
My  rosin  .  .  . 
Myroxocarpin  • 
Myroxylic  add  • 
MvroxylOB  .  • 
Myrrh  . 

Myrrhin  and  Myrrhol 
Myrilo  .      .  . 
MysodB . 


1068 
1069 


1089 


1081 


1081 


1068 


1064 


1066 


10G7 


1068 


1069 


1078 


1078 


1076 


1076 


Digitized  by  Gopgle 


1 


Digitized  by  Google 


4 


y 


